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ABSTRACT

Background. Abemaciclib is a CDK4/6 inhibitor used to treat
hormone receptor–positive, human epidermal growth factor
receptor 2–negative advanced breast cancer. The prognostic
value of patient-reported outcomes (PROs) has been minimally
explored for treatment outcomes with CDK4/6 inhibitors. The
performance of PROs compared with Eastern Cooperative
Oncology Group performance status (ECOG-PS) is unknown.
Materials and Methods. This study pooled data from sin-
gle-arm trial, MONARCH 1, and randomized trials, MON-
ARCH 2 and 3. In total, 900 patients initiated abemaciclib
and 384 comparator therapy. Pretreatment PRO association
with progression-free survival (PFS) was modeled using Cox
proportional hazards regression. Prediction performance
was assessed via the C-statistic (c). PROs were recorded via
the European Organisation for Research and Treatment of
Cancer QLQ-C30.
Results. Patient-reported physical function, pain, role func-
tion, fatigue, and appetite loss were associated with PFS on

univariable and adjusted analysis (p < .05). Physical function
(c = 0.55) was most predictive, superior to ECOG-PS (c
= 0.54), with multivariable analysis indicating both provide
independent information (p < .02). In the pooled random-
ized arms of MONARCH 2 and 3, the PFS treatment benefit
(hazard ratio [95% confidence interval]) of abemaciclib
(vs. comparators) was 0.75 (0.57–1.0) for low physical func-
tion, compared with 0.48 (0.40–0.59) for intermediate/high
(p[interaction] = .01).
Conclusion. PROs were identified as prognostic factors for
PFS in patients initiating abemaciclib, with patient-
reported physical function containing independent pre-
dictive information beyond ECOG-PS. Low physical func-
tion was associated with a decrease in the magnitude of
PFS benefit from abemaciclib. PROs should be explored
as prognostic, predictive, and stratification factors for
clinical use and research trials of CDK4/6 inhibitors. The
Oncologist 2021;26:562–568

Implications for Practice: For the first time, pretreatment patient-reported outcomes have been shown to be indepen-
dent prognostic markers for progression-free survival (PFS) in patients diagnosed with hormone receptor–positive,
human epidermal growth factor receptor 2–negative (HR+/HER2�) advanced breast cancer treated with abemaciclib.
Importantly, patients with low physical function had a smaller PFS benefit from abemaciclib (vs. comparator) than
patients with intermediate/high physical function. The present study demonstrates patient-reported outcomes as a sim-
ple, effective, inexpensive, and independent prognostic marker for patients with HR+/HER2� advanced breast cancer
treated with abemaciclib.

INTRODUCTION

Patient-reported outcomes (PROs) are structured self-
reported measures encompassing physical, emotional,
social, cognitive, disease, and quality of life status [1]. In
cancer clinical trials, PROs are an important secondary

outcome for establishing the effectiveness of treatments
[2–5]. More recently, a range of PROs have been found to
be prognostic of cancer outcomes [6–15], potentially even
more so than common clinicopathological data or
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established metrics such as the physician-assessed Eastern
Cooperative Oncology Group performance status (ECOG-PS)
[10, 16, 17]. However, it is still unclear whether the prog-
nostic importance differs significantly between treatments
and cancers and whether PROs can predict treatment effi-
cacy in addition to prognosis [7, 8, 10]. Limitations of the
broader research in this area include small sample sizes and
haphazard approaches to evaluating the broad range of
PROs commonly collected [18].

Abemaciclib is a CDK4/6 inhibitor—a treatment option
for hormone receptor–positive, human epidermal growth
factor receptor 2–negative (HR+/HER2�) advanced breast
cancer (ABC). Abemaciclib in combination with a nonsteroi-
dal aromatase inhibitor (NSAI) (first line) or fulvestrant (sec-
ond line) has demonstrated significant ability to improve
progression-free survival (PFS) in participants compared
with an NSAI or fulvestrant alone [19–23].

However, there has been minimal research investigating
prognostic factors for patients with HR+/HER2� ABC initi-
ating CDK4/6 inhibitors, limiting the ability to provide realis-
tic expectations for this increasingly used emerging
medicine [24, 25]. Di Leo et al. [26] previously identified
liver metastases, progesterone receptor–negative tumors,
and high histological grade tumors as important factors for
prognosis and/or treatment benefit in patients with HR
+/HER2� ABC initiating abemaciclib.

More general to ABC, pretreatment PROs have been
shown to be prognostic of PFS in patients initiating che-
motherapy options [27, 28]. PROs have also shown to be
associated with PFS in other cancer types [6–15]. How-
ever, as the importance of prognostic variables can differ
vastly between received treatments and cancer types,
there is a need to evaluate PROs for CDK 4/6 inhibitors
specifically. To date, there has been no research on the
prognostic significance of PROs for CDK 4/6 inhibitor ther-
apies. In addition, the potential for PROs to guide treat-
ment decisions on CDK 4/6 inhibitors have not yet to be
evaluated.

In a cohort of patients with HR+/HER2� ABC treated
with abemaciclib, this study aimed to evaluate (a) the prog-
nostic association between pretreatment PROs and PFS,
(b) the prediction performance of PROs compared with
ECOG-PS, and (c) the effect of PROs on the treatment bene-
fit of abemaciclib versus comparator therapy.

MATERIALS AND METHODS

Patient Population
This study was a secondary analysis of individual-participant
data from clinical trials: MONARCH 1 [19] (phase II trial
NCT02102490), MONARCH 2 [21, 22] (phase III trial NCT02107703),
and MONARCH 3 [20, 23] (phase III trial NCT02246621).
Briefly, inclusion criteria of all trials included patients with
HR+/HER2� advanced/metastatic breast cancer, an ECOG-PS
of 0 or 1, and postmenopausal status [19–23]. MONARCH
1 included patients who had disease progression with prior
endocrine therapy and at least two chemotherapy regimens
in the metastatic setting [19]. In MONARCH 1, patients initi-
ated abemaciclib at 200 mg oral twice daily [19]. MONARCH

2 included participants randomized, 2:1, to abemaciclib
(150 mg oral twice daily) plus fulvestrant or placebo plus
fulvestrant, following early disease relapse with neoadjuvant
or adjuvant endocrine therapy or progression on first-line
endocrine therapy [21, 22]. MONARCH 3 included partici-
pants with no prior systemic therapy in the advanced setting
who were randomized, 2:1, to abemaciclib (oral 150 mg
twice daily) plus NSAI (daily anastrozole or letrozole) or pla-
cebo plus NSAI [20, 23].

Predictor and Outcome Definitions
The primary assessed outcome was PFS. Overall survival
(OS) was assessed as a secondary outcome. PFS was mea-
sured from randomization to the time of disease progres-
sion or death from any cause, with disease progression
investigator-assessed as per RECIST version 1.1 [19–23, 29].
OS was defined as the time from randomization to date of
death from any cause [19–23].

Pretreatment PROs were recorded in all three studies
via the European Organisation for Research and Treat-
ment of Cancer (EORTC) QLQ-C30 (version 3.0) question-
naire [1]. The QLQ-C30 incorporates multi-item and
single-item measures that are linearly transformed to
standardize scores to a range between 0 and 100 [30].
These include five functional scales (physical, role, cognitive,
emotional, and social), three symptom scales (fatigue, pain,
nausea, and vomiting), a global health status, and six single
items assessing symptoms commonly reported by patients
with cancer (dyspnea, loss of appetite, insomnia, constipa-
tion and diarrhea, and financial difficulties). Single-item raw
scores were captured on a four-point scale ranging from
1, “Not at all,” to 4, “Very much” [30]. For functional scale
measures, higher scores represent a better level of function
from a patient perspective. For symptom scales, higher scores
represent a worse level of symptoms.

Statistical Analysis
The association between pretreatment PROs and PFS was
assessed via Cox proportional hazards regression. All ana-
lyses were stratified by study and treatment arm. Com-
plete case analyses were conducted, as there were
minimal missing data. Akaike information criterion and
visual checks were used to evaluate potential nonlinear
associations between PROs and PFS. Prediction perfor-
mance was assessed using the C-statistic (c). Upon stan-
dard guidelines recommending ≥10 events for every
degree of freedom, the study was well powered to evalu-
ate available PROs. For identified PRO-PFS associations, a
sensitivity analysis of the PRO association with OS was
conducted. All values of p < .05 were considered statisti-
cally significant. Analyses were performed using R ver-
sion 3.4.3.

Analyses adjusted for known prognostic factors (pre-
viously identified pretreatment ECOG-PS, bone-only disease,
liver metastases, progesterone receptor status, and histo-
logical tumor grade) were conducted to evaluate the inde-
pendence of PROs [26]. Exploratory multivariable analysis of
the prognostic performance of PROs compared with ECOG-PS
was conducted, assessed via c.
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Using the intention-to-treat arms of MONARCH 2 and
3, the heterogeneity in PFS benefit of abemaciclib versus
the comparator therapy arms was assessed using a PRO-by-

treatment interaction term in a Cox proportional regression
model.

Kaplan-Meier method was used for plotting the associa-
tion between PRO values and survival outcomes. For plot-
ting, PRO scores were grouped into three levels (low,
intermediate, high) based on the EORTC QLQ-C30 Tables of
Reference Values for “Breast Cancer: recurrent/metastatic”
[31]. “Low” represents PRO scores within the lower 25th
percentile of the reference group, “intermediate” within
the middle 50th percentiles, and “high” within the upper
25th percentile.

RESULTS

Patient Population
In the pooled cohort of patients with HR+/HER2� ABC,
900 participants were treated with abemaciclib and
384 were in the placebo, comparator therapy arms. Supple-
mental online Table 1 presents baseline patient characteris-
tics by study. Differences in distributions by study were
observed with respect to histological tumor grade, presence
of liver tumor site, and bone-only disease. Except for
patient-reported emotional function, the distributions of
pretreatment PRO values were similar between study
cohorts (supplemental online Table 2). Median follow-up
was 22 (95% confidence interval [CI], 21–23) months in the
pooled sample.

Prognostic Performance of PROs for Abemaciclib
Treatment
In the pooled abemaciclib-treated cohort from MONARCH
1, 2, and 3, the association between pretreatment PROs
and PFS was optimally described by a linear association. On
univariable and adjusted analysis, a significant association
between PFS and patient-reported physical function, pain,
role function, fatigue, and appetite loss were demonstrated
in patients who were treated with abemaciclib (p < .05;
supplemental online Table 3). Of these, physical function (c
= 0.55), pain (c = 0.54), and role function (c = 0.54) were
the most predictive (supplemental online Table 3). No hetero-
geneity in the prognostic performance of physical function,
pain, or role function was observed between studies (supple-
mental online Table 4). In the pooled comparator arms (i.e.,
placebo arms) of MONARCH 2 and 3, no significant association
between PFS and patient-reported physical function, pain, or
role function was observed (supplemental online Table 5).

Figure 1 presents Kaplan-Meier estimates of PFS by
patient-reported physical function, pain, and role function
according to EORTC reference value groups [30] for patients
who initiated abemaciclib. The probability of a PFS event occur-
ring within the first 12 months of abemaciclib therapy was,
respectively, observed to range from 54% to 65% for low to
high physical function, from 57% to 62% for low to high pain,
and from 54% to 62% for low to high role function (Fig. 1).

Sensitivity analysis indicated that on univariable and
adjusted analysis, patient-reported physical function, pain,
and role function were also significantly associated with OS
(p < .02; supplemental online Table 6).

Figure 1. Kaplan-Meier estimates of PFS by patient-reported
physical function (A), pain (B), and role function (C) for patients
treated with abemaciclib.
Abbreviation: PFS, progression-free survival.
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Comparison of Patient-Reported Physical Function
with ECOG-PS
The PFS predictive performance (c) of patient-reported
physical function (low vs. intermediate/high) in patients
treated with abemaciclib was 0.55. Comparably, ECOG-PS (1
+ vs. 0) demonstrated a predictive performance of 0.54
(Table 1). Although ECOG-PS was related with physical func-
tion (supplemental online Table 7), multivariable analysis
indicates that both variables provide independent prognos-
tic information (Table 1).

Exemplifying the discordance between physician
defined ECOG-PS and patient-reported physical function, of
the 528 abemaciclib-treated patients assigned an ECOG-PS
of 0 (fully active, without restriction), 19% (n = 100) self-
reported the worst reportable score for physical function,
9% (49) reported the worst score for strenuous activities,
6% (31) reported the worst score for taking a long walk,
and 1% (4) reported the worst score for needing to stay in
bed or a chair all day (supplemental online Table 8).

Treatment Benefit of Abemaciclib
In the pooled, randomized arms of MONARCH 2 and 3, the rela-
tive PFS benefit (hazard ratio [95% CI]) of abemaciclib
(vs. comparator arms) was 0.75 (0.57–1.0) for patients reporting
low physical function, compared with 0.48 (0.40–0.59) for inter-
mediate/high physical function (p[interaction] = .01). Figure 2
presents Kaplan-Meier estimates of the PFS benefit of abe-
maciclib (vs. comparator) in the randomized arms of MONARCH
2 and 3, subgrouped by low and intermediate/high physical
function. In MONARCH 2, abemaciclib (vs. comparator therapy)
was observed to increase the 12-month probability of PFS by
14% (52% vs. 38%) for the low physical function cohort, com-
pared with 22% (64% vs. 42%) for intermediate/high physical
function cohort (supplemental online Table 9). In MONARCH
3, abemaciclib (vs. comparator therapy) was observed to
increase the 12-month probability of PFS by 4% (69% vs. 65%)
for the low physical function cohort, compared with 22% (75%
vs. 53%) for intermediate/high physical function cohort (supple-
mental online Table 10). The above results indicate that low
physical function was associated with a decrease in the magni-
tude of PFS benefit from abemaciclib, with the impact most
pronounced in MONARCH 3.

In the pooled, randomized arms of MONARCH 2 and 3, the
relative PFS benefit (hazard ratio [95% CI]) of abemaciclib

(vs. comparator arms) was 0.60 (0.47–0.78) for patients
assigned an ECOG-PS of 1+, compared with 0.51 (0.41–0.62)
for an ECOG-PS score of 0 (p[interaction] = .3). Supplemental
online Figure 1 presents Kaplan-Meier estimates of the PFS ben-
efit of abemaciclib (vs. comparator) in the randomized arms of
MONARCH 2 and 3, subgrouped by ECOG-PS score.

DISCUSSION

For the first time, pretreatment PROs have been shown to be
independent prognostic markers for PFS in patients diagnosed
with HR+/HER2� ABC treated with abemaciclib, with patient-
reported physical function most predictive in the assessed
cohort. Furthermore, in the pooled randomized arms of MON-
ARCH 2 and 3, patients with low physical function had a
smaller PFS benefit from abemaciclib (vs. comparator) than
patients with intermediate/high physical function.

In this study, PROs, including physical function, pain, role
function, fatigue, and appetite loss, were identified as signifi-
cantly and independently associated with PFS. Patient-
reported physical function was the most predictive. These
results are consistent with previous reports in ABC where
PROs were generally prognostic, with physical function shown
to be of particular value [27, 32, 33]. Nonetheless, this is the
first study to specifically focus on patients with HR+/HER2�
ABC treated with a CDK 4/6 inhibitor, and variability in the
prognostic value of specific PRO measures has been observed
between cancer types and subgroups previously [6, 7, 12].

Although PROs are commonly used as trial outcomes,
their use in routine practice is limited. Emerging evidence indi-
cates their use in routine clinical care can result in enhance-
ment of quality of life, patient satisfaction, and survival
outcomes from anticancer treatments [34, 35]. Preliminary
evidence also suggests PROs may improve a clinician’s ability
to predict clinical outcomes [36], potentially even more so
than common clinicopathological data [16, 10, 17]. However, a
lack of a nuanced understanding of the variability in the
importance of PROs between cancer medicines and cancer
types is limiting the ability to apply PROs in clinical practice
[7, 18, 36, 37]. The present study extends existing research by
(a) focusing on an unexplored ABC subtype treated with an
emerging treatment option, (b) evaluating a range of collected
PRO measures (as opposed to an arbitrary selection), and
(c) evaluating the independence of PROs from other known

Table 1. Associations between patient-reported physical function and ECOG-PS with progression-free survival for patients
treated with abemaciclib

Predictors

Univariable Multivariablea

n m% (95% CI) HR (95% CI) p value c n HR (95% CI) p value

Physical function <.001 0.55 .01

Intermediate or highb 599 63 (59–67) 1 597 1

Lowc 279 54 (49–61) 1.41 (1.16–1.72) 279 1.31 (1.07–1.60)

ECOG-PS .001 0.54 .01

0 528 63 (59–68) 1 514 1

1+ 370 56 (51–61) 1.35 (1.12–1.63) 362 1.29 (1.06–1.57)
aModel includes both pretreatment physical function and ECOG-PS.
bIntermediate/high physical function ≥73.3.
cLow physical function <73.3.
Abbreviations: CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; m%, probability of
progression-free survival within first 12 months.
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prognostic markers. The present study demonstrates PROs as
a simple, effective, inexpensive, and independent prognostic
marker for HR+/HER2� ABC treated with abemaciclib, which
is a patient cohort with a scarcity of validated prognostic
markers. Ultimately, it will be of interest for future research to
consider incorporating PROs in the development of clinical
prediction models and tools, which may be able to provide
patients with realistic expectations of treatment outcomes
and support shared decision-making [6]. At present this has
been minimally explored [8, 24, 26, 38, 39], particularly at a
cancer subtype and treatment level.

ECOG-PS is a well-established, physician-assessed report of
patient functioning, and it is commonly used to stratify random-
ized control trials in ABC [40–43]. Despite correlation between
patient-reported physical function and ECOG-PS, multivariable
analysis revealed both measures contained independent prog-
nostic information. This independence was likely driven by

observed differences in patient and physician reports of physical
function, highlighting that the considerations of the patient and
clinician do not always align. This study’s findings are similar to
those of Hopkins et al. [10], where ECOG-PS and patient-
reported physical function were demonstrated as independent
prognostic markers for a cohort of patients with lung cancer
treated with the immune checkpoint inhibitor atezolizumab.
This consistency in findings suggests that appreciation of both -
ECOG-PS and patient-reported physical function could allow a
more comprehensive prediction of likely outcomes. Further-
more, it could be considered whether pretreatment patient-
reported physical function has value as a clinical trial
stratification factor to better ensure standardization between
treatment arms [44].

A key finding of this study was the significant reduction of
PFS benefit from abemaciclib (vs. comparator therapy) in
patients reporting low pretreatment physical function. This

Figure 2. Kaplan-Meier comparisons of PFS by pretreatment patient-reported physical function for the randomized arms of MON-
ARCH 2 and MONARCH 3 (abemaciclib vs. comparator).
Abbreviations: NSAI, nonsteroidal aromatase inhibitor; PFS, progression-free survival.
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indicates physical function may be an important predictor of a
subgroup of patients likely to achieve less benefit from abe-
maciclib � fulvestrant/NSAI, compared with fulvestrant/NSAI
alone. There is a need to evaluate whether patient-reported
physical function predicts treatment benefit of other CDK4/6
inhibitor therapies, as well as CDK4/6 inhibitors used at differ-
ent lines of therapy. Of note, patients enrolled in MONARCH
3 had the most pronounced treatment benefit heterogeneity
across patient-reported physical function. This observation will
need to be evaluated in other existing CDK 4/6 inhibitors to
confirm whether there is a difference within the drug class and
between combination approaches with fulvestrant or NSAIs.

Evidence-based medicine is backboned by randomized
clinical trials, which are stringently regulated. The result is that
the data used in this post hoc analysis are high-quality, partic-
ularly the PFS and PRO data, which are not often collected in
routine clinical care. Nonetheless, the inclusion criteria of trials
can limit generalizability. For example, no participants within
the pooled data had ECOG-PS greater than 2, and this exclu-
sion criterion likely affects the distribution of PRO values also.
Thus, future research should aim to confirm the identified
associations within real-world populations with broader
ECOG-PS and PRO distributions. It is acknowledged that this
study does not reveal causative relationships between PROs
and PFS; rather, the research is hypothesis generating and
focuses on associations from a relatively inexpensive, easy-to-
collect marker. A significant strength of the study was the
robustness of the patient-reported physical function associa-
tion with PFS, which was observed to decrease in predictive
performance only minimally when grouped according to the
EORTC references ranges [31]. It is hypothesized that using
the EORTC references ranges will facilitate the use of PROs
within clinical practice—albeit to our knowledge this is the
first time the prognostic performance of PROs has been pres-
ented in this manner.

CONCLUSION

Pretreatment PROs were identified as significant prognostic
factors for PFS in patients with HR+/HER2� ABC treated
with abemaciclib. Patient-reported physical function was
most predictive of PFS, and it contained predictive

information independent of and superior to known clinical
prognostic markers including ECOG-PS. Most interestingly,
in patients reporting low pretreatment physical function, a
decrease in the magnitude of PFS benefit from abemaciclib
was observed. This study highlights significant potential for
patient-reported physical function as simple and inexpen-
sive prognostic factor and as a predictive marker that
informs on likely magnitude of treatment benefit from
CDK4/6 inhibitors for HR+/HER2� ABC.
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