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Abstract
Background: The phase III MONALEESA-7 trial (NCT02278120) assessed ribociclib + endocrine 
therapy (ET) versus ET in premenopausal women with HR+/HER2− advanced breast cancer 
(ABC). The relationship between work productivity loss (WPL) and domains of European 
Organisation for Research and Treatment of Cancer Quality of Life (EORTC QLQ-C30) and 
the breast cancer (BC)-specific module (QLQ-BR23) has not been explored in ABC. In this 
post hoc analysis (data cutoff, November 30, 2018), we assessed the correlation between the 
WPL component of the Work Productivity and Activity Impairment: General Health (WPAI:GH) 
questionnaire and EORTC QLQ-C30/BR23 domains.
Methods: We analyzed EORTC and WPAI:GH data from 329 patients in both treatment arms 
of MONALEESA-7 who were employed during the trial. Separate univariable mixed-model 
repeated measures (MMRM) regression models were fitted for each domain, with WPL as 
dependent variable and each EORTC domain score as a single fixed-effect covariate. Linear 
and quadratic relationships were considered based on the Akaike information criterion. Next, 
two separate multivariable MMRM regression models were fitted with WPL a dependent 
variable and all QLQ-C30/BR23 domain scores as fixed-effect covariates. The strength of 
correlation between WPL and EORTC domains was assessed in terms of minimally important 
differences for the QLQ-C30/BR23 modules.
Results: Our univariable analysis showed that greater WPL was statistically significantly 
associated with lower levels of overall quality of life (QoL) and other functional domains 
and with higher levels of all symptomatic domains of the QLQ-C30/BR23 modules. Our 
multivariable analysis determined that this correlation was primarily driven by changes in 
QoL; physical, role, social, and future perspective domains; and BC-specific symptomatic 
domains.
Conclusion: This analysis determined the QoL domains that correlate with WPL in 
premenopausal patients with HR+/HER2− ABC. These results may inform prognostic tools 
to identify and characterize patients with greater risk for WPL and help design interventional 
strategies to minimize WPL.
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Introduction
Breast cancer (BC) is the most commonly diag-
nosed cancer (24.2%) and leading cause of can-
cer deaths (15.0%) among women worldwide.1 
While the majority of deaths due to BC occur in 
older women, the latest Surveillance, 
Epidemiology, and End Results (SEER) Program 
(2014–2018) reported that approximately 5.5% 
of BC-related deaths in the United States occur 
in women aged <45 years.2 Hormone receptor–
positive, human epidermal growth factor receptor 
2–negative (HR+/HER2−) subtype is the most 
common type of BC comprising approximately 
73% of BC cases.3

In recent years, there has been an increased focus 
on self-reported quality of life (QoL) in patients 
with BC, particularly among younger women 
who are of working age.4 Younger women (aged 
<50 years) with BC score worse on multiple func-
tional and symptomatic domains of QoL than 
women aged ⩾ 50 years.5 Furthermore, prognosis 
is worse in younger women with BC than older 
women.6,7 Deterioration of QoL is common with 
disease progression,8,9 and women whose disease 
had progressed to advanced breast cancer (ABC) 
have been shown to have lower QoL and higher 
symptom burden, including BC-related symp-
toms, compared with patients with early-stage 
BC.10,11

Disease progression is also associated with 
increased workplace hours missed,12 which 
imposes an economic burden, especially in 
younger women.13 A recent study showed that 
annual per-woman costs associated with lost pro-
ductivity due to ABC was $5169 for younger 
women compared with $680 for older women.13 
Thus, there is a need to evaluate the various 
aspects of QoL in younger working women with 
HR+/HER2− ABC as they relate to changes in 
work productivity.

The international, randomized, double-blind, 
placebo-controlled, phase III MONALEESA-7 
trial (NCT02278120) was the first phase III trial 
that assessed the cyclin-dependent kinase 4/6 
inhibitor (CDK 4/6i) ribociclib (RIB) exclusively 
in premenopausal women with HR+/HER2− 
ABC.14,15 MONALEESA-7 reported statistically 
significant benefits in progression-free survival 
and overall survival with RIB plus endocrine ther-
apy (ET) versus placebo plus ET in the intent-to-
treat (ITT) population.14,16 MONALEESA-7 

also reported that time to deterioration ⩾ 10% in 
pain and in global health-related quality of life 
(HRQoL) was significantly delayed, along with 
maintenance or improvement in work productiv-
ity, with RIB plus ET compared with placebo 
plus ET.17,18

The Work Productivity and Activity Impairment: 
General Health (WPAI:GH) questionnaire evalu-
ates work productivity loss (WPL), which meas-
ures work impairment due to any health 
problems.19 The European Organisation for 
Research and Treatment of Cancer Quality of 
Life (EORTC QLQ-C30) questionnaire evalu-
ates QoL by functional and symptomatic domains 
in patients with cancer.20 While the EORTC 
QLQ-C30 is aimed at a wide range of cancer 
patient populations, the questionnaire can be 
supplemented by the tumor-specific question-
naire module for patients with BC (QLQ-BR23). 
To our knowledge, the relationship between the 
QoL domains and WPL in patients with ABC has 
not been investigated. A comprehensive under-
standing of this relationship is crucial to imple-
ment strategic interventions to minimize WPL in 
patients with ABC.

Thus, the aim of this study was to understand 
how symptoms and functioning of premenopau-
sal women with HR+/HER2− ABC, as assessed 
by the EORTC QLQ-C30/BR23 questionnaires, 
correlate with changes in WPL.

Methods

Overview
The MONALEESA-7 trial was a phase III, rand-
omized, double-blind, placebo-controlled trial 
conducted in 188 centers in 30 countries and 
enrolled 672 patients with HR+/HER2− ABC. 
Briefly, patients were randomized in a 1:1 ratio to 
receive RIB or matching placebo with either a 
nonsteroidal aromatase inhibitor (NSAI) or 
tamoxifen; all patients also received goserelin. 
MONALEESA-7 was approved by each partici-
pating site’s institutional review board or inde-
pendent ethics committee, and the trial was 
performed in accordance with the Good Clinical 
Practice guidelines and the Declaration of 
Helsinki. Written informed consent was obtained 
from all patients at enrollment. The study was reg-
istered with ClinicalTrials.gov (NCT02278120) 
on October 29, 2014, and patients were enrolled 
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from December 17, 2014, to August 1, 2016. 
The complete MONALEESA-7 methodology 
has been described in detail previously.14

This study was a post hoc correlational analysis of 
the MONALEESA-7 trial to assess the existence 
and strength of the relationship between the WPL 
component of the WPAI:GH questionnaire and 
all the functional and symptomatic domains of 
the EORTC QLQ-C30 and QLQ-BR23 ques-
tionnaires in premenopausal women with HR+/
HER2− ABC. The data cutoff for the analysis 
was November 30, 2018.

WPAI:GH Questionnaire
Patients were asked to complete the WPAI:GH 
version 2.0 questionnaire throughout the trial, 
namely, at screening (day −28 to day 1), subse-
quent cycles (every 8 weeks during the first 
18 months after randomization and every 12 weeks 
thereafter), and at the end-of-treatment visit, 
which occurred within 15 days of permanent 
treatment discontinuation. The questionnaire 
focuses on the number of hours missed from work 
and usual daily activities as well as the extent to 
which these were limited over the past 7 days due 
to one’s overall health (including physical or emo-
tional problems).19 The WPAI:GH scores 
obtained from the questionnaire thus characterize 
absenteeism (work time missed), presenteeism 
(degree of impairment while working/reduced on-
the-job effectiveness), WPL (overall work impair-
ment/absenteeism plus presenteeism), and 
activity impairment (impact on usual daily activi-
ties).19 These four scores are expressed as ‘impair-
ment percentages’, in which high numbers are 
associated with greater impairment and decreased 
productivity. For example, a WPL of 40% at any 
time point (e.g. screening) would suggest that 
40% of work hours over the past 7 days were lost 
due to either absenteeism or presenteeism. A 
change from baseline of, for example, +20% 
would suggest a 20% reduction in work produc-
tivity from baseline over time.

EORTC QLQ-C30/EORTC QLQ-BR23
The EORTC QLQ-C30 and QLQ-BR23 ques-
tionnaires were administered according to the 
same schedule as the WPAI:GH questionnaire 
during the treatment period as well as at the safety 
follow-up visit and throughout the efficacy fol-
low-up period.

The EORTC QLQ-C30 questionnaire consists of 
nine multi-item domains: five functional domains 
(physical, role, cognitive, emotional, and social), 
three symptom domains (fatigue, pain, and nau-
sea/vomiting), and a global health status (GHS)/
QoL domain.20 In addition, there are five single-
symptom item domains: dyspnea, insomnia, 
appetite loss, constipation, and diarrhea, along 
with the perceived financial impact of the disease. 
The BC-specific module (QLQ-BR23) supple-
ments the QLQ-C30 with five additional multi-
item domains (systemic therapy side effects, arm 
symptoms, breast symptoms, body image, and 
sexual functioning) and three single-item domains 
(sexual enjoyment, upset by hair loss, and future 
perspective).

A high score on functional domains represents a 
high/healthy level of functioning or QoL; a high 
score on symptomatic domains represents more 
severe symptoms or worse problems.20

Minimally important differences
Minimally important differences (MIDs) are 
defined as the smallest change in a QoL score 
that is perceived as important by a patient or cli-
nician, which may indicate a change in patient 
management.21 It is important to interpret QoL 
scores in terms of MIDs, as a statistically signifi-
cant change may not reflect a change that is per-
ceived by the patient as important or lead a 
patient or clinician to consider a change in man-
agement.21 The strength of the correlation 
between WPL and EORTC domains was 
assessed in terms of published MIDs for the 
EORTC QLQ-C30 and EORTC QLQ-BR23 
questionnaires (Supplementary Table 1). MIDs 
were selected from suitable publications within 
the literature and were primarily specific to ABC 
or BC.22–24 Where more than one MID was avail-
able for the same domain from multiple sources, 
the most relevant source was selected. To our 
knowledge, no published MIDs are available for 
the WPAI:GH questionnaire.

Statistical analysis
The correlation between WPL and domains of 
the EORTC QLQ-C30 and QLQ-BR23 was 
explored through post hoc regression analyses of 
329 patients who were in paid work (including 
part time and self-employed) at any time during 
the MONALEESA-7 trial and had at least one 
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complete response in the relevant EORTC QLQ-
C30/QLQ-BR23 domain and the WPAI:GH 
WPL questionnaire. Separate univariable mixed-
model repeated measures (MMRM) regression 
models were fitted with the work productivity 
component (absenteeism plus presenteeism com-
bined) of the WPAI:GH questionnaire as the 
dependent variable and each domain score of the 
EORTC QLQ-C30 and QLQ-BR23 question-
naires as a fixed-effect covariate. For each regres-
sion model, the EORTC questionnaire domain 
scores were rescaled such that the interpretation 
of the regression coefficients was in terms of pub-
lished MIDs for deterioration in each domain. 
Both linear and quadratic models were fitted, and 
the favored model was chosen using the Akaike 
information criterion (AIC).25 Linear models, 
which offer a simpler interpretation, were favored 
when AICquadratic – AIClinear ⩾ –2; quadratic mod-
els were selected otherwise.26

Furthermore, two different multivariable MMRM 
regression models were fitted with the work pro-
ductivity component of the WPAI:GH question-
naire as the dependent variable. In the first model, 
all domain scores of the EORTC QLQ-C30 
questionnaire were used as fixed-effect covariates. 
In the second model, all domain scores of the 
EORTC QLQ-BR23 questionnaire were used as 
fixed-effect covariates. The multivariable regres-
sion analysis determined the specific domains of 
the EORTC QLQ-C30/QLQ-BR23 modules 
that may be independently driving the correla-
tions between the EORTC domains and WPL.

Next, the predictive accuracy of the multivariable 
model, including all EORTC QLQ-C30 domains, 
was assessed in terms of prediction of WPL via 
10-fold cross-validation. This consisted of a 
sequential procedure whereby one randomly 
selected subset (one-tenth) of the data set was set 
aside for validation. Based on the multivariable 
model fitted to the rest of the data, WPL in the 
validation subset of the data was predicted and 
the predictions compared against the observed 
scores. This process was repeated 10 times, with 
a separate subset (distinct from all previous vali-
dation subsets) of the data set that was set aside 
for validation at each step.

All analyses were performed in the ITT popula-
tion of the MONALEESA-7 trial, which also 
included patients who were taking tamoxifen. 
The univariable analyses were also conducted in 
the NSAI subgroup of MONALEESA-7 using 

identical methods as per the ITT population. All 
analyses were conducted using statistical software 
R (version 4.0.4).27

Results

EORTC QLQ-C30 correlation analyses
Univariable analyses in the ITT population for the 
QLQ-C30 module.  The favored model (linear or 
quadratic) for each domain of the EORTC QLQ-
C30 module was selected based on comparing 
the linear and quadratic AIC values (Supplemen-
tary Table 2). Linear models were favored by an a 
priori criterion based on the AIC (see ‘Methods’) 
for the following QLQ-C30 domains in the ITT 
population: GHS, role, cognitive, emotional, and 
social functional domains; nausea/vomiting, 
fatigue, insomnia, constipation, and diarrhea 
symptomatic domains; and the financial difficul-
ties domain (Figure 1,  Table 1).

Univariable analyses showed that all EORTC 
QLQ-C30 domains in which the linear model was 
favored were statistically significantly associated 
with WPL (all p values <0.001; Table 1). As 
expected, functional domains were negatively 
associated with WPL (higher levels/scores in func-
tional domains were associated with lower WPL; 
Figure 1(a)–(e), Table 1), whereas symptomatic 
domains were positively associated with WPL 
(higher levels/scores in symptomatic domains 
were associated with greater WPL; Figure 1(g)–
(l), Table 1). The estimates provided in Table 1 
can be interpreted, for example, as follows: a 
worsening in GHS by 8 points, which is consid-
ered the MID for GHS, was associated with an 
expected increase in WPL of 6.24% [95% confi-
dence interval (CI): 5.70, 6.78; Figure 1(a), Table 
1]. Similarly, a worsening in fatigue by 8 points, 
which is considered the MID for fatigue, was asso-
ciated with an expected increase in WPL of 4.84% 
(95% CI: 4.31, 5.37; Figure 1(h), Table 1).

Quadratic models were favored by the AIC for 
the following QLQ-C30 domains in the ITT pop-
ulation: physical functioning (p = 0.009; Figure 
1(f), Table 2), dyspnea, pain, and appetite loss  
(p values <0.001; Figure 1(m)–(o), Table 2). For 
these domains, the expected change in WPL 
given a deterioration in the EORTC domain dis-
played was dependent on the starting value of the 
respective EORTC domain. For example, a 
17-point increase (MID value) in pain from 40 to 
57 points versus 10 to 27 points was associated 
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Figure 1.  Univariable regression plots showing WPL (%) in relation to the EORTC QLQ-C30 functional (a–f) and symptomatic (g–o) 
domain scores (%) in the ITT population. EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of 
Life questionnaire; ITT, intent to treat; WPL, work productivity loss.
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with an expected increase in WPL of 12.51% 
versus 9.32%, respectively (Figure 1(n), 
Supplementary Text).

Univariable analyses in the NSAI subgroup for the 
QLQ-C30 module.  Identical univariable analyses 
when conducted in patients who received an 
NSAI (NSAI subgroup) showed that all EORTC 
QLQ-C30 domains were statistically significantly 
associated with WPL (all p values <0.05; Supple-
mentary Tables 3 and 4). Linear models were 
favored over quadratic models by the AIC for all 
functional domains in the NSAI subgroup 
(p < 0.001; Supplementary Table 3), five symp-
tomatic domains, and the financial difficulties 
domain [p < 0.001 except constipation (p = 0.025); 

Supplementary Table 3]. As seen in the ITT pop-
ulation, functional domains were negatively asso-
ciated with WPL, whereas symptomatic domains 
were positively associated with WPL (Supple-
mentary Table 3). Quadratic models were favored 
by the AIC for three symptomatic domains in the 
NSAI subgroup: pain, dyspnea (p < 0.001 for 
both), and appetite loss (p = 0.01; Supplementary 
Table 4), with the expected change in WPL 
dependent on the starting value of the respective 
EORTC domain.

Multivariable analysis in the ITT population for the 
QLQ-C30 module.  The multivariable analysis 
showed that the correlation between WPAI:GH 
WPL and the EORTC QLQ-C30 domains was 

Table 1.  Regression coefficients and p values for the EORTC QLQ-C30 domains in which linear models were 
favored in the ITT population, with WPL as the dependent variable.

EORTC QLQ-C30 item/
domain

MID for deterioration Regression coefficient
(95% CI)

p value of regression 
coefficient

Global Health Status 8 −6.24
(−6.78, −5.70)

<0.001

Role Functioning 6 −3.92
(−4.28, −3.57)

<0.001

Emotional Functioning 6 −2.93
(−3.34, −2.52)

<0.001

Cognitive Functioning 4 −1.35
(−1.66, −1.04)

<0.001

Social Functioning 7 −4.12
(−4.56, −3.68)

<0.001

Fatigue 8 4.84
(4.31, 5.37)

<0.001

Nausea and Vomiting 11 3.93
(2.76, 5.09)

<0.001

Insomnia 15 3.11
(2.38, 3.84)

<0.001

Constipation 3 0.36
(0.17, 0.55)

<0.001

Diarrhea 4 0.55
(0.23, 0.87)

<0.001

Financial Difficulties 5 1.38
(1.06, 1.70)

<0.001

CI, confidence interval; EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life 
questionnaire; ITT, intent to treat; MID, minimally important difference; WPL, work productivity loss.
Domains in white background are functional components, and those in gray background are symptomatic components. 
Statistically significant p values are in bold text.
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primarily driven by the GHS, physical function-
ing, role functioning, social functioning, and 
appetite loss domains (Table 3).

Consistent with previous results, GHS (p < 0.001) 
and the functional domains (physical functioning 
(p < 0.001), role functioning (p < 0.001), and 
social functioning (p = 0.0047)) showed a statisti-
cally significant negative correlation with WPL, 
and appetite loss displayed a statistically signifi-
cant positive correlation (p < 0.001) with WPL 
while accounting for all other domains of the 
EORTC QLQ-C30 (Table 3). Although not sta-
tistically significant, pain (p = 0.086) and emo-
tional functioning (p = 0.097) displayed trends of 
a positive and negative correlation with WPL, 
respectively, while accounting for all other 
domains of the EORTC QLQ-C30 (Table 3).

When using the model as a predictive formula, 
10-fold cross-validation showed that 48.75% and 
66.45% of predictions from the QLQ-C30 multi-
variable model were within ± 15% and ± 20% of 
the observed WPL scores, respectively. That is, 
48.75% (or 66.45%) of predictions were less than 
0.75 (or 1) working day(s) per week away from 
the patients’ observed WPL scores.

EORTC QLQ-BR23 correlation analyses
Univariable analyses in the ITT population for the 
QLQ-BR23 module.  The favored model (linear or 

quadratic) for each domain was selected based on 
comparing the linear and quadratic AIC values 
(Supplementary Table 5). Linear models were 
favored over quadratic models by the AIC for the 
following QLQ-BR23 domains in the ITT popu-
lation: body image, future perspective, sexual 
enjoyment, breast symptoms, arm symptoms, and 
upset by hair loss (Figure 2(a)–(g), Table 4).

A statistically significant correlation was observed 
with WPL (p values <0.001; Table 4) for all 
domains of the EORTC QLQ-BR23 in which 
linear models were favored, except for sexual 
enjoyment (p = 0.17; Table 4). The functional 
domains were negatively associated with WPL 
(Figure 2(a) and (b)), whereas symptomatic 
domains were positively associated with WPL 
(Figure 2(e)–(g)).

Quadratic models were favored by the AIC for 
the following QLQ-BR23 domains in the ITT 
population: sexual functioning and systemic 
therapy side effects (Figure 2(d) and (h), 
Table 5). Both sexual functioning and systemic 
therapy side effects were statistically signifi-
cantly associated with WPL (p values ⩽0.001; 
Table 5), and the expected change in WPL was 
dependent on the starting value of the respec-
tive EORTC domain. Although statistically sig-
nificant, the relationship between sexual 
functioning and WPL was somewhat unclear 
(Figure 2(d)).

Table 2.  Regression coefficients and p values for the EORTC QLQ-C30 domains in which quadratic models were favored in the ITT 
population, with WPL as the dependent variable.

Linear coefficient (β1) Quadratic coefficient (β2)

EORTC QLQ-C30 item/
domain

MID for 
deterioration

Regression coefficient
(95% CI)

p value Regression coefficient
(95% CI)

p value

Physical Functioning 10 −11.08
(−12.43, −9.73)

<0.001 −0.41
(−0.72, −0.10)

0.009

Pain 17 7.37
(6.08, 8.66)

<0.001 0.90
(0.42, 1.37)

<0.001

Dyspnea 8 1.30
(0.46, 2.14)

0.002 0.25
(0.10, 0.39)

<0.001

Appetite Loss 14 8.49
(6.82, 10.17)

<0.001 −0.72
(−1.13, −0.31)

<0.001

CI, confidence interval; EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life questionnaire; ITT, intent to 
treat; MID, minimally important difference; WPL, work productivity loss.
Domains in white background are functional components, and those in gray background are symptomatic components. Statistically significant  
p values are in bold text.
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Univariable analyses in the NSAI subgroup for the 
QLQ-BR23 module.  Linear models were favored 
by the AIC for six QLQ-BR23 domains in the 
NSAI subgroup (Supplementary Table 6). A sta-
tistically significant association was observed with 
WPL (p < 0.001; Supplementary Table 6) for all 
domains of the EORTC QLQ-BR23 in which lin-
ear models were favored, except for sexual enjoy-
ment (p = 0.15; Supplementary Table 6).

Quadratic models were favored by the AIC for 
the following QLQ-BR23 domains in the NSAI 
subgroup: sexual functioning and systemic ther-
apy side effects (Supplementary Table 7). Both 
domains were statistically significantly associated 
with WPL (p  ⩽ 0.001; Supplementary Table 7).

Multivariable analysis in the ITT population for the 
QLQ-BR23 module.  As for EORTC QLQ-C30, a 

multivariable analysis was also conducted in the 
ITT population for EORTC QLQ-BR23 to 
explore which domains may be independently 
driving the correlations observed in the univari-
able analyses.

Multivariable analysis showed that the correlation 
between WPAI:GH WPL and the EORTC 
QLQ-BR23 domains was primarily driven by the 
systemic therapy side effects (p = 0.0038), breast 
symptoms (p = 0.035), arm symptoms (p = 0.019), 
and future perspective (p = 0.029) domains in the 
ITT population (TABLE6Table 6). The func-
tional domain (future perspective) was negatively 
associated with WPL, whereas symptomatic 
domains (systemic therapy side effects, breast 
symptoms, and arm symptoms) were positively 
associated with WPL (Table 6). In addition, it is 
worth noting that perhaps due to the relatively 

Table 3.  Regression coefficients and p values for the EORTC QLQ-C30 domains from the multivariable 
correlation analysis in the ITT population (with corresponding MID values for deterioration), with WPL as the 
dependent variable.

EORTC QLQ-C30 item/
domain

MID for deterioration Regression coefficient 
(95% CI)

p value of regression 
coefficient

Global Health Status 8 −3.03 (−3.69, −2.37) <0.001

Physical Functioning 10 −2.47 (−3.68, −1.26) <0.001

Role Functioning 6 −1.34 (−1.83, −0.86) <0.001

Emotional Functioning 6 −0.38 (−0.83, 0.07) 0.097

Cognitive Functioning 4 −0.02 (−0.31, 0.28) 0.92

Social Functioning 7 −0.78 (−1.32, −0.24) 0.0047

Fatigue 8 0.20 (−0.48, 0.88) 0.57

Nausea and Vomiting 11 −0.33 (−1.42, 0.77) 0.56

Pain 17 1.06 (−0.15, 2.26) 0.086

Dyspnea 8 0.33 (−0.21, 0.87) 0.23

Insomnia 15 0.02 (−0.69, 0.72) 0.96

Appetite Loss 14 1.73 (0.78, 2.68) <0.001

Constipation 3 −0.04 (−0.21, 0.13) 0.65

Diarrhea 4 0.23 (−0.05, 0.52) 0.11

Financial Difficulties 5 0.21 (−0.09, 0.51) 0.16

CI, confidence interval; EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life 
questionnaire; ITT, intent to treat; MID, minimally important difference; WPL, work productivity loss.
Domains in white background are functional components, and those in gray background are symptomatic components. 
Statistically significant p values are in bold text.
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Figure 2.  Univariable regression plots showing WPL (%) in relation to the EORTC QLQ-BR23 functional (a–d) and symptomatic (e–h) 
domain scores (%) in the ITT population. EORTC QLQ-BR23, European Organisation for Research and Treatment of Cancer breast 
cancer–specific module; ITT, intent to treat; WPL, work productivity loss.
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small MID (0.7) of the future perspective domain, 
the expected change in WPL (0.07%) due to a 
deterioration in future perspective domain was 
relatively small (Table 6).

Discussion
This post hoc analysis of the phase III 
MONALEESA-7 trial assessed the correlation 
between the WPL component of the WPAI:GH 
questionnaire and the functional and sympto-
matic domains of the EORTC QLQ-C30 and 

QLQ-BR23 questionnaires. To our knowledge, 
no previous study has explored the correlation 
between WPL (derived from the WPAI:GH ques-
tionnaire) and domains of the EORTC QLQ-
C30 or QLQ-BR23 module in patients with ABC. 
Our univariable analysis showed that greater 
WPL was associated with lower levels of overall 
QoL and other functional domains, and with 
higher levels in symptomatic domains, as meas-
ured by the EORTC core module (QLQ-C30). 
Multivariable analysis determined this correlation 
to be primarily driven by the GHS, physical, role, 

Table 4.  Regression coefficients and p values for the EORTC QLQ-BR23 domains in which linear models were 
favored in the ITT population, with WPL as the dependent variable.

EORTC QLQ-BR23 
item/domain

Sample size MID for 
deterioration

Regression coefficient
(95% CI)

p value of regression 
coefficient

Body Image 329 11 −3.30
(−4.05, −2.56)

<0.001

Sexual Enjoyment 233 15 0.69
(−0.30, 1.67)

0.17

Future Perspective 329 0.7 −0.21
(−0.25, −0.18)

<0.001

Breast Symptoms 327 6 2.72
(2.05, 3.39)

<0.001

Arm Symptoms 327 11 3.96
(3.07, 4.84)

<0.001

Upset by Hair Loss 237 10 1.58
(0.91, 2.25)

<0.001

CI, confidence interval; EORTC QLQ-BR23, European Organisation for Research and Treatment of Cancer breast cancer–
specific module; ITT, intent to treat; MID, minimally important difference; WPL, work productivity loss.
Domains in white background are functional components, and those in gray background are symptomatic components. 
Statistically significant p values are in bold text.

Table 5.  Regression coefficients and p values for the EORTC QLQ-BR23 domains in which quadratic models were favored in the ITT 
population, with WPL as the dependent variable.

Linear coefficient (β1) Quadratic coefficient (β2)

EORTC QLQ-BR23 
item/domain

Sample size MID for 
deterioration

Regression coefficient
(95% CI)

p value Regression coefficient
(95% CI)

p value

Sexual 
Functioning

325 11 2.50
(1.58, 3.42)

<0.001 0.44
(0.21, 0.67)

<0.001

Systemic Therapy 
Side Effects

329 10 5.31
(4.08, 6.55)

<0.001 0.80
(0.32, 1.28)

0.001

CI, confidence interval; EORTC QLQ-BR23, European Organisation for Research and Treatment of Cancer breast cancer–specific module; ITT, intent 
to treat; MID, minimally important difference; WPL, work productivity loss.
Domains in white background are functional components, and those in gray background are symptomatic components. Statistically significant  
p values are in bold text.
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and social functioning domains, and the appetite 
loss symptomatic domain of the QLQ-C30. 
These results show that any clinically important 
change in the levels/scores of each of these QLQ-
C30 domains was independently associated with 
a change in WPL. Subgroup univariable analyses 
of the NSAI subgroup were consistent with those 
of the ITT population, which also included 
patients receiving tamoxifen.

Cross-validation of the multivariable model 
explored prediction of WPL that was based on the 
EORTC QLQ-C30 domains alone. Although 
producing better predictions using the multivari-
able model may be desirable, the threshold of 
accuracy that would be acceptable is subjective 
given that, to our knowledge, no MID has been 
published for the WPAI:GH. Furthermore, the 
multivariable model is an interpretable model that 
identifies an important relationship. Such explan-
atory models with simple interpretation need not 
necessarily perform well at prediction, and, simi-
larly, good predictive models may not be easily 
interpretable.28 Further efforts to identify patients 
at increased risk of WPL based on their QoL could 
more accurately factor in additional variables such 
as patient demographics and on-treatment out-
comes via out-of-sample prediction methods.

When considering the EORTC BC-specific mod-
ule (QLQ-BR23), our univariable analysis showed 

that, except for sexual enjoyment, the functional 
domains were negatively associated with WPL, 
whereas symptomatic domains were positively 
associated with WPL. Our multivariable analysis 
found that greater WPL was primarily correlated 
with worsening of breast symptoms, arm symp-
toms, and systemic therapy side effects as well as 
a decrease in future perspective functional score.

The results of this analysis are particularly impor-
tant for young women with BC. Younger women 
show worse HRQoL and lower emotional, social, 
and cognitive functioning scores along with more 
fatigue and insomnia compared with older women 
with BC and female survivors of other cancers.4,5 
Poor body image and decreased sexual function-
ing during BC treatment are also common among 
young women with BC.29 Furthermore, as many 
of these women are likely to be employed, deteri-
oration in work productivity due to BC affects 
them to a greater extent than older women.12,13

In addition, identification of the functional and 
symptomatic domains of QoL that are specifically 
associated with work productivity, as attempted 
in this study, will help oncologists address QoL 
issues that relate to WPL through focused discus-
sions with these patients. This will help them to 
attend to the needs of the patients that relate to 
WPL and can form the basis for tailoring different 
interventional strategies. Finally, an increased 

Table 6.  Regression coefficients and p values for the EORTC QLQ-BR23 domains from the multivariable 
correlation analysis of the ITT population (with corresponding MID values for deterioration), with WPL as the 
dependent variable.

EORTC QLQ-BR23 item/domain MID for 
deterioration

Regression coefficient
(95% CI)

p value of regression 
coefficient

Body Image 11 −1.10 (−2.75, 0.54) 0.19

Sexual Functioning 11 0.66 (−0.94, 2.26) 0.42

Sexual Enjoyment 15 −0.62 (−2.30, 1.07) 0.47

Future Perspective 0.7 −0.07 (−0.14, −0.01) 0.029

Systemic Therapy Side Effects 10 3.35 (1.09, 5.60) 0.0038

Breast Symptoms 6 1.35 (0.10, 2.61) 0.035

Arm Symptoms 11 2.16 (0.36, 3.96) 0.019

Upset by Hair Loss 10 0.53 (−0.39, 1.46) 0.26

CI, confidence interval; EORTC QLQ-BR23, European Organisation for Research and Treatment of Cancer breast cancer–
specific module; ITT, intent to treat; MID, minimally important difference; WPL, work productivity loss.
Domains in white background are functional components, and those in gray background are symptomatic components. 
Statistically significant p values are in bold text.
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awareness among employers regarding the QoL 
domains that affect their employees’ work pro-
ductivity can help them design employment strat-
egies and workplace modifications that could 
support these patients for as long they are able to 
work and sustain their livelihoods.

Hence, a comprehensive understanding of the 
relationship between changes in QoL and WPL in 
this patient population, through studies like this 
that address these questions, is important to help 
lay the foundation for designing strategies that 
can minimize WPL in these at-risk patients.

Strengths
A major strength of this study is that, to our 
knowledge, this is the first study of its kind to 
evaluate the correlation between QoL domains 
and WPL in patients with ABC, a relatively com-
mon disease, using univariable and multivariable 
analysis, with potential application for other types 
of cancers.30 The univariable analysis approach 
used here explored both linear and quadratic rela-
tionships between WPL and domains of the 
EORTC QLQ-C30 and QLQ-BR23 modules to 
allow for nonlinear relationships between WPL 
and QoL domains. For simplicity of interpreta-
tion, the multivariable analyses did not consider 
nonlinear relationships; however, they were able 
to identify which domains may independently 
drive the correlation between EORTC modules 
and WPL. Correlation between domains of the 
QLQ-C30 (and, separately, the QLQ-BR23) 
module likely had a confounding effect on the 
univariable correlations with WPL; therefore, the 
multivariable analyses are important when inter-
preting the results of these analyses.

Finally, all results were interpreted with reference 
to published MID values for deterioration to 
enhance clinical interpretation of the results. 
MIDs were selected from the literature and were 
primarily specific to ABC or BC. When multiple 
sources reported MIDs for the same domain, 
studies in patients most similar to the 
MONALEESA-7 trial were selected. In particu-
lar, MIDs reported in the contemporary study by 
Musoro et al.22 in ABC were prioritized.

Limitations
One limitation of this study is that we did not 
determine the directionality of the association 
between EORTC domains and WPL. While it is 

plausible that, for example, better physical func-
tioning may result in improved work productivity, 
or improved work productivity may result in 
improved overall QoL or future perspective, the 
analyses only explored correlations between these 
variables and not causality. Further research is 
needed to determine whether there are any causal 
relationships in either direction between QoL and 
WPL.

Another limitation of the analyses was that there is 
no published MID for WPL, which would have 
further augmented the clinical interpretation of 
these results. Also, the MID specified for upset by 
hair loss domain in the QLQ-BR23 was taken from 
the work by Osoba,24 whose original MID calcula-
tions applied to the QLQ-C30 questionnaire only 
and not to the QLQ-BR23. This approach was 
taken as, to our knowledge, no other MID estimate 
has been published for this domain, and a similar 
approach has been taken elsewhere.31 Furthermore, 
while most MIDs were specific to BC, the MID for 
upset by hair loss domain included patients with 
lung cancer along with those with BC due to lack of 
an alternative.24 Similarly, the published MID for 
diarrhea23 may have been unreliable due to a limita-
tion in the data used to generate the MID – a num-
ber of the scores contained zero values, as noted in 
the work by Ousmen.23

In addition, factors such as support/benefits while 
away from work and within work in different coun-
tries, along with the type of work, may have impacted 
the patients’ threshold for stopping work during 
treatment. These variables were not captured, and 
thus were not accounted for during the analysis. 
Furthermore, participation in a clinical trial is more 
time-consuming for patients than receiving stand-
ard of care, which could affect the general applica-
bility of the results in a real-world setting.

Finally, the analyses were not adjusted for multi-
ple testing; therefore, some statistically significant 
findings may be false-positive due to chance 
alone. For example, the univariable association 
between WPL and sexual functioning showed a 
peculiar nonlinear relationship but was statisti-
cally significant.

Generalizability
These analyses were conducted in premenopau-
sal women (median age range, 25–58 years) with 
HR+/HER2− ABC.14 These patients are of 
working age and are a suitable sample population 
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for an analysis investigating correlation with WPL 
in patients with this most frequently occurring 
BC subtype. Moreover, as treatment with RIB in 
premenopausal women with HR+/HER2− ABC 
has demonstrated longer maintenance of QoL 
along with maintenance or improvement in work 
productivity in MONALEESA-7, investigating 
the relationship between QoL and WPL is perti-
nent to understanding the clinical benefits of RIB 
in these patients.17,18 MONALEESA-7 did not 
have a high proportion of Black or Hispanic 
women as participants, and no men were eligible 
to participate in the trial as the trial was dedicated 
to premenopausal women. Thus, further research 
is required to determine whether these results are 
generalizable to other populations, including 
patients in different socioeconomic brackets, 
patients in other age brackets, those with early 
BC or different BC subtypes, and those with dif-
ferent types of cancers. To achieve that, there is a 
need for such analysis to be a crucial component 
of other therapeutic cancer trials.

Conclusion
In this study, we determined the QoL factors that 
are associated with loss in work productivity in 
premenopausal patients with HR+/HER2− ABC 
by utilizing patient-reported outcomes collected 
during the MONALEESA-7 trial. This post hoc 
analysis may inform prognostic tools to character-
ize the patient population that is at greater risk for 
WPL. Finally, a comprehensive understanding of 
the factors that drive WPL will help design strate-
gies, interventional or otherwise, to minimize 
WPL in this patient population, including sup-
porting patients with practical help and selecting 
therapies associated with minimal WPL.
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