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Aim: To evaluate the impact of palbociclib treatment on health-related quality of life (HRQol) in patients
with hormone receptor-positive, human epidermal growth factor 2-negative advanced breast cancer
(HR+/HER2- aBC) or metastatic breast cancer (mBC) in both the clinical and real-world setting. Materials
& methods: A systematic literature review was conducted to identify clinical trials and real-world evidence
studies up to June 2023 that reported HRQoL outcomes in patients with HR+/HER2- aBC or mBC treated
with Palbociclib. Results: 15 unique studies reported across 35 records were identified. Of these, seven
were randomized controlled trials (RCTs), three were single-arm clinical trials and five were real-world
evidence (RWE) studies. HRQoL was generally found to be maintained in patients with HR+/HER2-
aBC or mBC across RCTs, single-arm clinical trials and RWE studies. HRQoL measures across instruments,
study types and line of therapy, were largely reported to be at least maintained if not improved from
baseline among patients treated with palbociclib and were observed to be comparable or better in
the palbociclib group versus monotherapy control arm in RCTs. Similar results were seen for treatment-
related outcomes (e.g., sexual functioning, upset by hair loss, systemic therapy side effects etc.), and
important individual patient outcomes, including pain, fatigue and physical functioning. Findings were
also consistent across key clinical characteristics (visceral metastases, neutropenia), as well as patient
populations often underrepresented in clinical trials (Asian patients, older adults). Conclusion: Overall,
current evidence suggests that HRQoL is largely preserved with the addition of palbociclib to endocrine
therapy in patients with HR+/HER2- aBC or mBC across study types and populations.

Plain language summary: What is this article about?: To fully understand the impact of treatment
for advanced breast cancer that has spread to other parts of the body, or metastatic breast cancer,
it is important to not only assess whether patients lived longer or if their disease improved (clinical
improvement) but also patients’ quality of life and experiences while on treatment. In this study, we
identified and summarized all the publicly available evidence on the quality of life of patients with a
certain type of metastatic breast cancer who were receiving treatment with a medication called palbociclib
(a cyclin-dependent kinase 4/6 inhibitor). The type of breast cancer is advanced or metastatic hormone
receptor-positive/human epidermal growth factor-negative breast cancer, also called HR-positive (or
HR+)/HER2-negative (or HER2-) aBC or mBC.

What were the results?: We identified 15 studies that assessed quality of life during palbociclib treatment
among patients with HR+/HER2- aBC or mBC, including both clinical trials and real-world evidence.
Quality of life was generally maintained, or did not worsen, with palbociclib treatment across all studies
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evaluated. Similar results were found for symptoms often associated with breast cancer treatments (e.g.,
sexual functioning, upset by hair loss, systemic therapy side effects) and other important breast cancer
patient symptoms and measures, such as physical functioning, pain and fatigue. These results were also
consistent across specific populations, such as Asians and the elderly, and across patients with various other
medical conditions in addition to breast cancer, such as visceral metastases (cancer spreading to specific
locations such as the liver, lungs and brain etc.) and neutropenia (low levels of a specific type of white
blood cells called neutrophils).

What do the results mean?: The addition of palbociclib to other traditional breast cancer therapies, such
as endocrine therapy, in patients with HR+/HER2- aBC or mBC, while providing a clinical benefit, does not
negatively impact or worsen quality of life.

First draft submitted: 9 July 2024; Accepted for publication: 30 August 2024; Published online:
10 September 2024
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Background

Health related quality of life (HRQoL) is increasingly being acknowledged as an important element in assessing
how anticancer therapies influence patient outcomes (1. HRQoL refers to the patients’ own cognitive, physical,
emotional and social functioning and symptoms, which are measured using validated tools for collecting patient-
reported outcomes (PROs) [2]. Due to its recognized importance to patients, optimizing HRQoL has become a
primary goal of breast cancer therapy, alongside prolonging survival and managing symptoms, particularly in the
advanced setting where outcomes are often poor [3,4]. In both drug evaluation processes by agencies such as the US
FDA and cost—effectiveness analyses in support of healthcare resource allocation, HRQoL has become an accepted
parameter to include alongside clinical end points [2,5,6]. In addition to global HRQoL, physical functioning
and prominent symptoms such as pain and fatigue, are identified as clinically meaningful outcomes for cancer
patients (7-9].

Hormone receptor-positive (HR+) and human epidermal growth factor receptor 2-negative (HER2-) constitutes
the most common breast cancer subtype. Standard of care for treating patients with advanced disease involves the use
of cyclin-dependent kinase 4/6 (CDK4/6) inhibitors in combination with endocrine therapy (ET) (4. Palbociclib,
a first-in-class CDK4/6 inhibitor, received approval for the treatment of HR+/HER2- advanced breast cancer
(aBC) or metastatic breast cancer (mBC) from the US FDA in 2015 [10]. To date, several phase III randomized
controlled trials (RCTs) [11-13] have demonstrated that palbociclib treatment not only demonstrated a clinical
benefit, but also improved or preserved HRQoL in patients with HR+/HER2- aBC compared with the placebo
group. Additionally, several real-world evidence (RWE) studies conducted across a variety of countries and patient
subgroups have demonstrated consistent results, with HRQoL maintained or enhanced in comparison to baseline
values [14-16]. These results are noteworthy as often in the oncology setting, enhanced clinical efficacy typically
comes at the cost of additional toxicity, which can negatively impact patient HRQoL [17]. Consistency of findings
across trials and real world are encouraging as RWE studies allow for the inclusion of a more diverse patient
population compared with clinical trials, and thus may be more representative of the true population in clinical
practice [18,19].

The number and variety of studies available, along with the significant heterogeneity between HRQoL instru-
ments, scales and analysis methods, make it challenging to assess the overall impact of palbociclib on a patients’
quality of life (20]. Therefore, it is important to understand the totality of HRQoL data for palbociclib in this pop-
ulation. While a recent systematic review indicated that CDK4/6 inhibitors overall generally maintained HRQoL
in breast cancer patients of any stage, the systematic assessment of palbociclib on HRQoL in aBC patients within
clinical trials and real-world data has not been conducted [21]. Therefore, we aimed to answer what is the impact of
palbociclib treatment on HRQoL in patients with HR+/HER2- aBC or mBC in both the clinical and real-world
setting. To bridge this knowledge gap, we conducted a systematic literature review (SLR) to identify and summarize
all the publicly available evidence pertaining to HRQoL in patients with HR+/HER2- aBC or mBC treated with
the CDK4/6 inhibitor palbociclib, thereby providing the most informed evidence base on this subject.
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Methods

This SLR follows best practices for implementation and reporting in accordance with the Preferred Reporting Items
for Systematic Literature Reviews and Meta Analyses (PRISMA) statement [22] (Appendix Table A1). The structure
of the clinical question and eligibility criteria, as well as the search strategy were developed using the Population,
Intervention, Comparator, Outcome, Study Design (PICOS) framework [23]. The review protocol was designed in
alignment with the PRISMA for systematic review protocols (PRISMA-P) statement and was registered with the
international prospective register of systematic reviews (PROSPERO; registration no. CRD42023442447) [24).

Literature search

An experienced medical information specialist developed and tested the search strategy in consultation with the
review team (Appendix Table A2). Prior to execution, the strategy was independently peer reviewed by a second
medical information specialist using the Peer Review of Electronic Search Strategies (PRESS) checklist [25]. Embase,
MEDLINE® (including ‘in-process’, ‘Epub ahead of print, ‘in-process and other non-indexed citations and
‘daily’), the Cochrane Central Register of Controlled Trials and the Cochrane Database of Systematic Reviews were
searched from inception using the Ovid® interface. All searches were performed on 21 June 2023.

The search strategies used a combination of both controlled vocabulary (e.g., ‘breast neoplasms’, ‘receptor’, ‘ErbB-
2’, ‘receptors’, ‘estrogen’ or ‘receptors’, ‘progesterone’) and keywords (e.g., ‘breast cancer’, HER2’ and ‘palbociclib’).
Vocabulary and syntax were adjusted across databases. There were no language restrictions on any of the searches.
Grey literature searches were conducted to capture recent studies not yet published in full text from January 2019
to June 2023. Searches of several key congresses were also performed to identify additional relevant posters and
abstracts (Appendix Table A3). Searches of ClinicalTrials.gov and the bibliographies of relevant published SLRs
were also performed to avoid missing any eligible studies and validate the literature search findings.

Study selection & data extraction

Studies were screened independently by two reviewers (AH and B-NN) using DistillerSR (DistillerSR Inc. 2021,
Ottawa, Canada) [26]. The title and abstract of each citation were first screened for relevance, and then assessed in
full-text form according to prespecified PICOS criteria (Appendix Table A4). Conflicts between two independent
reviewers were resolved by a third reviewer (MB).

Data extraction was performed by a single reviewer (AH or B-NN) using a standardized form and confirmed
by a second reviewer (AH or B-NN). Publication characteristics, study setting, study design, treatments, patient
characteristics and HRQoL outcomes were extracted. Results between treatment groups, in the case of RCTs,
as well as among patients treated with palbociclib in all study types, for any HRQoL instrument and metric
(e.g., time to deterioration [T'TD], change from baseline [CFB]) were included. This allowed for the comparison
of results between RCTs and single-arm studies (i.e., single-arm trials and RWE studies). No quantitative syntheses
(e.g., meta-analysis) were performed because of the substantial heterogeneity across RCTs and RWE studies.

Quality assessment

The risk of bias of included full-text studies was assessed using the National Institute for Health and Care
Excellence Single Technology Appraisal Quality Assessment Checklist [27] for randomized controlled studies and
Newcastle—Ottawa Scale Appraisal (28] for non-randomized studies. The risk of bias assessment was not performed
for conference abstracts as limited methodological information was available. The assessment for all included
studies was focused specifically on the reporting of HRQoL outcomes, in alignment with the purpose of the
present review. In cases where necessary trial details were not available in the included records, external sources
(i.e., trial registries or published articles not pertinent to this review) were consulted. Non-randomized studies
assessed using the Newcastle-Ottawa Scale were given a total score from 0 to 9. Studies were considered high
quality if they achieved a total score of >7, while studies with total scores of <5 were considered low quality, and
scores in-between considered moderate quality [29]. Quality assessment was performed by a single reviewer (AH or
B-NN) and confirmed by a second reviewer (AH or B-NN). Conflicts between two independent reviewers were
resolved by a third reviewer (MB).
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Results

Literature search & study selection

The database searches identified 167 relevant records following deduplication. After the initial screening of titles
and abstracts, 107 records were excluded. Of the 60 records assessed at the full-text stage, 23 fulfilled the eligible
criteria and were included. The grey literature searches identified 189 records, of which 12 were included. In total,
15 unique studies reported across 35 records were included (Figure 1 & Appendix Table A5).

Study characteristics

The 35 identified records consisted of 18 full-text publications [14,31-47], 11 conference abstracts and/or
posters [15,16,48-56] and six clinical trial registry records [57-621. Among the 15 included studies, seven were RCTs
(Table 1) [11,51-43,49-51,57-61], three were single arm clinical trials studies (Table 2) [44-46,62], and five were RWE
studies (Table 3) [14-16,47,52-56]. The included studies accounted for a large number of patients receiving palbociclib
(Tables 1, 2 & 3).

Among the seven included RCTs, four were phase III [33,35-38,41,42,48-50,58-61] and three were phase
IT [31,32,43,51,57]. Regarding location, six were international or conducted at least two countries [11,31-38,41,42,49—
51,57-61], while only one was conducted in a single country (South Korea) [43]. Palbociclib was evaluated as a first
line-therapy in four RCTs [11,31-35,50,51,57,58,61], while the remaining three RCTs evaluated palbociclib regardless of
line of therapy (36-38,41-43,49,59,60]. Palbociclib plus letrozole was evaluated in three RCTs [32-35,48,50,57,58,61], two
evaluated palbociclib plus fulvestrant [31,36-38,49,51,59,60], while one study each assessed palbociclib plus ET (41,421,
and palbociclib plus ET and a gonadotropin hormone-releasing hormone agonist (43].

Results from several HRQoL instruments were reported across RCTs (Figure 2A). The most commonly reported
HRQoL instruments were the European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire-Core 30 (EORTC QLQ-C30) (n = 4 trials) [31,36,37,41-43] and EuroQoL five dimensional (EQ-
5D) (n = 4 trials; three trials reported EQ-5D-3L and one trial did not report the version) [33,35,41,42,49,50). The
EORTC quality of life questionnaire-breast 23 (EORTC QLQ-BR23) was reported in three trials [31,36,41,42] and
the Functional Assessment of Cancer Therapy-General (FACT-G) and FACT-Breast (FACT-B) were each reported
in two trials [33-35,50]. The least reported instrument was the Brief Pain Inventory (n = 1 trial) 32].

Among the three single-arm clinical trials, two were conducted in two or more countries [44,46] and the remaining
study was conducted in Japan [45,62]. One study evaluated palbociclib as a first-line therapy (45,62], one study evaluated
palbociclib regardless of line of therapy [44], and the remaining study did not specify the line of therapy palbociclib
was administered [46]. All three single-arm trials evaluated palbociclib plus letrozole [44-46,621. HRQoL instruments
reported by the single-arm trials included the EQ-5D, FACT-B and the FACT-G (Figure 2B).

All five of the included RWE studies were cohort studies, with four being prospective [15,16,47,52-56] and one being
ambispective (incorporating both retrospective and prospective components) [14]. Three of the RWE studies were
conducted in a single country (one each in France [15,55], the US (471 and China) [14], one was conducted in two or
more countries [16,52-54] and the remaining study did not report the region [56]. Palbociclib was evaluated regardless
of line of therapy in four studies [14-16,47,52-55], with the remaining study not reporting line of therapy (56]. All
five studies evaluated palbociclib plus ET [14-16,52-56], often fulvestrant or an aromatase inhibitor. Several different
HRQoL instruments were reported across the five RWE studies (Figure 2C), including both general (e.g., EORTC-
QLQ-C30, EQ-5D) and elderly-specific scales (e.g., EORTC-elderly cancer patients [EORTC QLQ-ELD14],

geriatric 8 questionnaire, activities of daily living and Geriatric Core Dataset).

Assessment of study quality
Quality assessment was conducted for six RCTs, three single-arm trials and two RWE cohort studies with available
full-text articles (Appendix Tables A6 & A7).

All six RCTs provided clear evidence of appropriate randomization [32-37,41-43,63] (Appendix Table AG). Three
trials reported appropriate methods of concealment/blinding (51,33-37), while the remaining three trials were open
label (32,41-43]. Trials generally reported all outcomes measured, balanced populations and appropriate analysis
methods.

Three single-arm trials and two RWE cohort studies were assessed using the Newcastle—Ottawa Scale Appraisal
(Appendix Table A7). Total scores ranged from three to five out of a maximum of nine stars, indicating studies
were of low (n = 4) [14,45-47] or moderate quality (n = 1) [44], largely as a consequence of the lack of a comparator.
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HRQolL results
HRQoL results from validated scales reported in more than one included study, as well as scales reporting important
patient outcomes such as overall QoL; physical functioning, pain and fatigue, as well as treatment-related outcomes
(e.g., sexual functioning, upset by hair loss, systemic therapy side effects), are qualitatively summarized below.
HRQoL results of palbociclib versus the control group from included RCTs are summarized in Table 4 and
HRQoL results relative to baseline among patients treated with palbociclib, regardless of study design (i.e., RCTs,
single-arm trials, RWE studies) are summarized in Table 5.
Full detailed HRQoL results across all included studies and instruments are included in Appendix Tables AB—A10
for RCTs, single-arm trials and RWE studies, respectively. Definitions of minimal important differences (MIDs)
used across included studies are summarized in Appendix Table A11.

Palbociclib versus the control group within RCTs
EORTC QLQ-C30: Global QoL ¢& EQ-5D index score

Four RCTs (PALOMA-3 36], PEARL [42], YoungPearl 143 and FLIPPER (31]) reported EORTC QLQ-C30 results
comparing patients treated with palbociclib to a control group of placebo plus fulvestrant (PALOMA-3 (3¢],
FLIPPER 31]) or capecitabine (PEARL (42], YoungPearl (43]), with some heterogeneity observed across subscales
and metrics reported (Table 4). For global QoL, three RCTs [36,42,43], concluded that global QoL scores were at
least comparable if not significantly better in the palbociclib group than the control group (placebo plus fulvestrant
[PALOMA-3 [36]], capecitabine [PEARL [42], YoungPearl [43]]) across metrics, regardless of line of therapy. However,
the FLIPPER trial (31] reported that change from baseline (CFB) and time to deterioration (TTD) results for the
palbociclib group were both significantly worse than placebo plus fulvestrant in first line. Of note, it is likely that
the observed differences between groups are the result of improvement in global QOL scores in the placebo group,
and not deterioration of global QOL in the palbociclib group, which remained stable throughout the study.

EQ-5D index score was reported in four RCTs (PALOMA-2 [33), PALOMA-3 (49], PALOMA-4 [50], PEARL (423;
Appendix Table A8). Results were generally consistent with those reported for global QoL — all studies concluded
that the palbociclib group was comparable or performed significantly better than the control group (placebo plus
letrozole [PALOMA-2 [33); PALOMA-4 [50]]; placebo plus fulvestrant [PALOMA-3 [49]]; capecitabine [PEARL [42]])
regardless of line of therapy.

EORTC QLQ-C30: Physical functioning, fatigue ¢ pain subscales
Across the four RCTs (PALOMA-3 (36, FLIPPER (311, PEARL [42], YoungPearl [43]) reporting QLQ-C30 subscale

results, physical functioning, fatigue and pain for palbociclib was generally found to be comparable to or significantly
better than the control group (placebo plus fulvestrant [PALOMA-3 [36], FLIPPER [31]]; capecitabine [PEARL [42],
YoungPearl [43]]) (Table 4). Of note, both PEARL [42] and YoungPearl [43] reported significant improvement in the
TTD for physical functioning, with PEARL [42] also reporting significant improvement in fatigue TTD, in the
palbociclib group compared with the capecitabine group. The difference in CFB for pain in PALOMA-3 [36], and
TTD of pain in PALOMA-3 [36] and PEARL [42] were also reported to be significantly better in the palbociclib
group compared with the control (placebo plus fulvestrant [PALOMA-3 [36]; capecitabine [PEARL [42]). In line with
this, PALOMA-1 32] reported results for brief pain inventory and found that the palbociclib group was comparable
to the control (letrozole monotherapy) for CFB in both pain severity and pain interference in first line (Appendix

Table AS8).

EORTC QLQ-BR23: Subscales ¢ treatment-related outcomes

EORTC QLQ-BR23 subscales (body image, sexual functioning, sexual enjoyment, future perspective, systemic
therapy side effects, breast symptoms, arm symptoms, upset by hair loss) were reported in three RCTs across lines
of therapy (PALOMA-3 36], PEARL [42] and FLIPPER 31); Table 4). The majority of subscales were found to
be comparable between the palbociclib group and the control group (placebo plus fulvestrant [PALOMA-3 (3¢],
FLIPPER [31]]; capecitabine [PEARL [42]]). Exceptions to this include, FLIPPER [31] where sexual enjoyment CFB,
and arm symptoms TTD were reported to be significantly better for palbociclib plus fulvestrant versus the placebo
arm in first line. The difference in CFB for upset by hair loss was reported to be worse in the palbociclib group
compared with placebo plus fulvestrant in PALOMA-3 [36] and capecitabine in PEARL [42] regardless of line of
therapy. Of note however, in PALOMA-3 [36] the ‘upset by hair loss’ question was only addressed to patients who
had experienced hair loss, resulting in a much lower sample size than other scales. PEARL (42 reported TTD of
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systemic therapy side effects for palbociclib to be significantly better than capecitabine, while FLIPPER [31] reported
that CFB for palbociclib plus fulvestrant was significantly worse than placebo plus fulvestrant.

FACT'B/FACT-G

FACT-B and/or FACT-G results between patients receiving palbociclib plus letrozole or the control (placebo plus
letrozole) as first-line therapy were reported in two RCTs (PALOMA-2 [33,34] and PALOMA-4 [50); Table 4). FACT
B total score, FACT-G total score, trial outcome index (TOI) and the breast cancer subscale were all concluded to
be comparable between groups across metrics in both studies [33,34,501. Of note, the difference in CFB for FACT-B
pain, reported in PALOMA-2 (33,34], was found to be significantly improved in the palbociclib group compared
with placebo plus letrozole.

Change from baseline among patients treated with palbociclib
EORTC QLQ-C30: Global QoL ¢ EQ-5D index score

Among patients treated with palbociclib, CFB in EORTC QLQ-C30 global QoL was reported in four RCTs
(PALOMA-3 [36,60,64], PEARL (421, YoungPearl [43), FLIPPER [51]) and two RWE studies [14,52] (Table 5). All RCTs
reported that QLQ-C30 global QoL was comparable to baseline among patients treated with palbociclib both
in any line of therapy (PALOMA-3 [36,60,64], PEARL (42], YoungPearl [43]) and first line therapy (FLIPPER [31)).
Conversely, both RWE studies [14,52] concluded that treatment with palbociclib significantly improved global QoL
results from baseline regardless of line of therapy. These findings were consistent with CFB in EQ-5D index scores,
where results were reported to be comparable or significantly better than baseline among patients treated with
palbociclib in any line of therapy, across RCTs (PALOMA-2 [33] and PALOMA-3 [36,49,60,64]), single-arm trials
(n = 2) 44,46] and one RWE study [14] (Appendix Tables A8—A10). PALOMA-2 [33] and the RWE [14] study reported
EQ-5D index scores to be significantly improved from baseline, while PALOMA-3 [49,60,64] and both single-arm
trials [44,46] found results to be comparable to baseline.

EORTC QLQ-C30: Physical functioning, fatigue & pain subscales

Two RCTs, one evaluating palbociclib in first line (FLIPPER [311), and the other any line of therapy (PALOMA-
3 [36,60,64]), reported QLQ-C30 physical functioning, fatigue and pain CFB results among patients treated with
palbociclib. Change from baseline QLQ-C30 physical functioning and fatigue results were generally found to
be comparable to baseline, with the exception PALOMA-3 [60,64] where significantly worse fatigue results from
baseline regardless of line of therapy were reported (Table 5). Of note, however, CFB results were also reported
to be significantly worse for the placebo plus fulvestrant group in PALOMA-3 [60,64]. Additionally, two RWE
studies [14,16] evaluating palbociclib regardless of line of therapy, reported physical functioning and fatigue to be
comparable to baseline.

Pain results on the other hand were reported to be significantly improved from baseline among patients treated
with palbociclib, in PALOMA-3 36,60,64] and FLIPPER [31] (Table 5). Similarly, RWE studies reported that
treatment with palbociclib in any line of therapy resulted in comparable or significantly improved pain compared
with baseline [14,16]. Likewise, the PALOMA-1 trial [32] reporting brief pain inventory found that pain interference
scores appeared to be stable over time in patients treated with palbociclib in first line (Appendix Table A8).

EORTC QLQ-BR23: Subscales & treatment-related outcomes

Substantial variation in change from baseline results in two RCTs were observed for the EORTC QLQ-BR23
subscales among patients treated with palbociclib in both first line (FLIPPER [51]), and any line of therapy
(PALOMA-3 [36,60,64]), (Table 5). In PALOMA-3 (36,60,64], subscales were reported to be significantly worse (sexual
enjoyment, and systemic therapy side effects), significantly improved (body image, future perspective, breast and
arm symptoms) and comparable (sexual functioning, upset by hair loss) to baseline, among patients treated with
palbociclib in any line of therapy. However, sexual enjoyment and systemic therapy side effects were reported to
be worse from baseline in both the palbociclib and placebo plus fulvestrant groups. Among the palbociclib group
treated in first line in FLIPPER (31], the majority of subscales were found to be comparable to baseline, except for
breast and arm symptoms that were reported to be significantly improved as well as future perspectives which was
reported to be significantly worse than baseline in both the palbociclib and placebo plus fulvestrant groups.
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FACT-B/FACT-G

Change from baseline FACT-G/FACT-B results among patients treated with palbociclib were reported in two
RCTs (PALOMA-2 (53] and PALOMA-4 [61]) and one single-arm trial [45], which evaluated palbociclib in first
line (Table 5). Results across FACT B total score, FACT-G total score, trial outcome index (TOI) and the breast
cancer subscale were generally found to be comparable to baseline, with some inconsistencies to note. FACT-B
total score was reported to be comparable to baseline in PALOMA-2 (33] and the single-arm trial [45], but worse
than baseline in PALOMA-4 [61]. However, FACT-B total score for the placebo plus letrozole group in PALOMA-4
also worsened from baseline [61]. Physical wellbeing on the other hand was found to be worse than baseline in
PALOMA-2 [33] among patients treated with palbociclib, but comparable in the single-arm trial. Pain and TOI
were each reported in one study, where pain was found to be improved from baseline among patients treated with
palbociclib in PALOMA-2 [33] and TOI was comparable to baseline in the single-arm trial [45].

FACIT-Fatigue ¢ PRO-CTCAE Jatigue severity

Results for functional assessment of chronic illness therapy-fatigue (FACIT-F) and patient reported outcomes for
Common Terminology Criteria for Adverse Events-fatigue severity (PRO-CTCAE-fatigue severity) were reported
in one single-arm RWE study (line of therapy not reported) (s6]. On both scales, the incidence rate of fatigue was
reported to be worse than baseline among patients treated with palbociclib.

HRQol results for specific populations & subgroups

Studies included in this SLR also reported HRQoL results for a number of specific populations and subgroups,
including geriatric or elderly patients, Asian patients, Black, indigenous and people of color (BIPOC) patients
and patients with or without visceral metastases or neutropenia. Please see Appendix Tables A8—A10 for detailed
HRQoL results by specific patient populations.

Geriatric or elderly patients

HRQoL was evaluated in a geriatric or elderly population using both general and elderly specific instruments in two
RCTs (PALOMA-2 (401, >75 years n = 48/444 for palbociclib, n = not reported [NR] for placebo plus letrozole,
and PALOMA-3, >75 years n = 27/345 for palbociclib, n = 6/172 for placebo plus fulvestrant [401; Appendix
Table A8) and two RWE studies (POLARIS (53], >70 years n = 414/1242; PalomAGE [15,52,55], >70 years n = 768)
(Appendix Table A10).

Both RCTs reported that in elderly patients (>75 years) treated with palbociclib in either first line or any line of
therapy, results were comparable or significantly better than the control group (placebo plus letrozole) [40]. Change
from baseline results among elderly patients treated with palbociclib within the two trials were also found to be
comparable to baseline (QLQ-C30 global QoL and FACT-B total score) [40].

Similarly, RWE studies, including POLARIS and PALOMAGE, focused on elderly patients (>70 years) reported
that results were comparable or numerically better than baseline on both general QoL (QLQ-C30; global QoL
and subscales) and elderly-specific instruments (geriatric 8 questionnaire, geriatric core dataset and QLQ-ELD14)
regardless of line of therapy [15,52,55]. One RWE study reported that mean CFB activities of daily living results were
significantly worse compared with baseline in patients receiving palbociclib in any line of therapy; however, despite
being statistically significant, the change constituted only 2% of the total score and was not considered clinically
meaningful [52).

Asian patients

HRQoL results comparing palbociclib to a control group were reported for Asian patients in four RCTs [35,37,43,50]
(Appendix Table A8). Two trials reported results for a subpopulation of Asian patients (PALOMA-2 [35]
[n = 95/666], and PALOMA-3 [57] [n = 105/521]), and two trials were only conducted in Asian countries
(PALOMA-4 [50] [n = 340], YoungPearl (43] [n = 178]). Across trials, Asian patients treated with palbociclib in
any line of therapy were found to have comparable or significantly better results than the control group (placebo
plus letrozole [PALOMA-2 35], PALOMA-4 [501]; placebo plus fulvestrant [PALOMA-3 [37]]; capecitabine [Young-
Dearl (43]]) across a variety of instruments (QLQ-C30 global QoL and subscales, EQ-5D index score, FACT-B total
score, FACT-G total score, FACT-B/FACT-G subscales).

Change from baseline results among the subpopulation of Asian patients treated with palbociclib in any line of
therapy from one RCT (PALOMA-3 [37) [n = 105/521])) were reported, as well as two RCTs (PALOMA-4 (50]
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[n = 340], and YoungPearl [43] [n = 178]), one single-arm trial [45] (n = 42) and one RWE study [14] (n = 82) all
conducted specifically in Asian countries (Appendix Tables A8—A10). Among Asian patients treated with palbociclib
in PALOMA-3 1371), QLQ-C30 global QoL results were concluded to be comparable to baseline.

Similar results were reported for YoungPearl (43] (QLQ-C30 global QoL), as well as across the single-arm trial [45]
and RWE study [14], where results were generally reported to be better or comparable to baseline (QLQ-C30 global
QoL, EQ-5D index score, FACT-B total score, FACT-G total score). However, inconsistent results were reported
in PALOMA-4 501, where FACT-B total scores were observed to be worse than baseline.

BIPOC patients

BIPOC patients were specifically evaluated in the POLARIS study where results from 233 BIPOC were found to
be comparable to baseline on the QLQ-C30 global QoL and subscale scores regardless of line of therapy (Appendix
Table A10) [53].

Presence of visceral metastases

Comparing HRQoL in patients with and without visceral metastases, two RCTs (PALOMA-2 (34,39] [visceral
metastases n = 324/666] and PALOMA-3 [36,39] [visceral metastases n = 304/521]; Appendix Table A8) showed
that results for palbociclib-treated patients were comparable or significantly better than the control group (placebo
plus letrozole [PALOMA-2 (34,39]]; placebo plus fulvestrant [PALOMA-3 (36,39]]) regardless of line of therapy
(QLQ-C30 global QoL, FACT-B total score). Of note, FACT-B total scores for the palbociclib arm in PALOMA-
2 [34,39] were found to be comparable to the placebo plus letrozole arm in both patients with and without visceral
metastases. However, in PALOMA-3 [36,39], QLQ-C30 global QoL in patients with visceral metastases was reported
to be improved for palbociclib-treated patients compared with the placebo plus fulvestrant arm, but comparable to
the placebo arm in patients without visceral metastases, across both CFB and TTD results.

Presence 0fﬂ€ulVOP€ﬂiﬂ

The potential impact of neutropenia status on HRQoL was measured in two RCTs (PALOMA-2 (33] and PALOMA-
4 [50); Appendix Table A8) and one RWE study [47] (Appendix Table A10) in patients treated with palbociclib.
In both PALOMA-2 331 and PALOMA-4 [50], no significant differences in change from baseline in FACT-B
total score (PALOMA-2 n = 180/444; PALOMA-4 n = not reported) and EQ-5D index score (PALOMA-2
n = 182/444; PALOMA-4 n = not reported) were observed between patients with and without neutropenia treated
with palbociclib plus letrozole as first line therapy, at the end of the study period. Similarly, in the RWE study
(n=62/139), 12 item short form survey (SF-12), Center for Epidemiological Studies depression scale (CES-D-10),
and overall QoL survey results remained constant throughout treatment with palbociclib, with findings consistent
between patients with and without neutropenia receiving palbociclib as first, second- or third-line therapy (47).

Discussion

Patient reported outcomes (PRO) and HRQoL have become an increasingly important complement to efficacy end
points in assessing the value of treatments, including treatments for breast cancer [4,65]. PRO data provide important
information on how patients feel and function as a result of their disease and treatment; treatment approval and
reimbursement decisions often take HRQoL and PRO data into account [2,5,6]. In fact, the FDA is required to
make a brief public statement about the patient experience data and related information, such as HRQoL, that
is submitted and reviewed as part of all approved drug and biologic marketing applications, according to section
3001 of the 21st Century Cures Act of 2016 [66]. Therefore, it is essential to evaluate HRQoL in clinical practice,
particularly in the case of patients with advanced disease, where survival rates are low [4,67].

CDK 4/6 inhibitors in combination with endocrine therapy, introduced in 2015 for the treatment and manage-
ment of patients with aBC or mBC, are considered an important advancement, with palbociclib being the first in
class to attain FDA approval (4,68]. To our knowledge, this is the first systematic review to synthesize the available
evidence on HRQoL specifically in patients with HR+/HER2- aBC or mBC treated with palbociclib. The present
review not only summarizes the available HRQoL data between palbociclib and comparison groups within RCTs,
but also change from baseline (CFB) results among patients treated with palbociclib for all scudy types, allowing for
a wholistic view of results across RCTs, single-arm trials and RWE studies. In addition to global or overall HRQoL,
individual findings of key parameters important to patients and physicians were also highlighted, such as physical
functioning, pain and fatigue.
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Evaluation of global QoL measures in RCTs between groups across instruments (QLQ-C30, EQ-5D, FACT-
B/FACT-G) were generally found to be comparable or better in the palbociclib arm compared with the control
group, in both the first line setting and beyond. One exception was observed in FLIPPER, where QLQ-C30
global QoL scores for palbociclib examined as a first line therapy were significantly worse than the placebo group;
however, differences between groups were due to improvements in the placebo group, while scores were maintained
from baseline in the palbociclib group [31]. Worse appetite, constipation and systemic therapy side effects with
palbociclib compared with the placebo group were suspected to contribute to these differences in global QoL 31].
Potential reasoning for the improved HRQoL scores observed in the placebo group from baseline was not directly
discussed by the authors, but could be related to differences in population, assessments, or external factors. These
findings are further supported by the scores for the major palbociclib clinical trials using the European Society for
Medical Oncology’s Magnitude of Clinical Benefit Scale (ESMO-MCBS), considered to be a robust validated tool
for evaluating the clinical benefit of oncology treatments [69,70]. Key RCTs evaluating palbociclib, PALOMA-1,
PALOMA-2 and PALOMA-3 included in this review, received ESMO-MCBS scores of 3, 3 and 4, respectively,
out of 5 [70]. PALOMA-3 in particular, was initially assigned a score of 3 due to notable benefits in progression-free
survival [71). Nonetheless, the final score was increased to 4 after adjusting for QoL, reflecting the reported delays
in deterioration of global QoL in the trial (71]. Results from this review in addition to the ESMO-MCBS scores,
demonstrate that palbociclib contributes to improved clinical outcomes, while also maintaining QoL.

CFB results of global QoL were also largely found to be improved or maintained from baseline among patients
treated with palbociclib across RCTs, single-arm and RWE studies, instruments (QLQ-C30, EQ-5D, FACT-
B/FACT-G) and line of therapy. Although FACT-B total score was observed to be worse than baseline among
Asian patients treated with palbociclib in PALOMA-4 [61], these results were in contrast to findings in international
patients in PALOMA-2 (33] and a single-arm trial on Japanese patients that found FACT-B results to be maintained,
all evaluating palbociclib as a first line therapy. Additionally, it should be noted that FACT-B total scores worsened
from baseline for both the palbociclib group, as combination relative to and placebo plus letrozole, effectively a
monotherapy group in PALOMA-4 [61).

It could be speculated that while overall HRQoL was maintained, key components of quality of life may have
improved while others worsened; however, when individual patient outcomes, such as pain, fatigue and physical
functioning were analyzed, where reported, the results were similar such that there was an overall maintenance of
quality of life. Results for pain across all RCTs, single-arm trials and RWE studies, instruments (QLQ-C30 Pain,
BPI, FACT-B pain) and lines of therapy, were found to be maintained or improved from baseline among patients
treated with palbociclib and were observed to be comparable or better in the palbociclib group compared with the
placebo group in all RCTs. Fatigue and physical functioning findings were generally observed to be comparable
between the palbociclib group and placebo group in RCTs and maintained from baseline across study types among
patients treated with palbociclib, with some exceptions.

Generally maintained or improved results were also found for palbociclib across outcomes likely to be attributable
to the treatment, as opposed to the disease, including sexual functioning, sexual enjoyment, upset by hair loss,
systemic therapy side effects and TOI, with some exceptions. CFB across treatment-related outcomes were mostly
found to be stable from baseline among patients treated with palbociclib, in first and all lines of therapy, however
sexual enjoyment and systemic therapy side effects were reported to be worse from baseline in one study [36].
Although of note, sexual enjoyment and systemic therapy side effects were reported to be worse than baseline in
both the palbociclib and placebo plus fulvestrant groups (36]. Across RCTs, the palbociclib group was generally
found to be comparable or better than the control group for these treatment-related outcomes, with some exceptions
observed for upset by hair loss and systemic therapy side effects. One study however, only measured ‘upset by hair
loss’ in patients who experienced hair loss, resulting in a much lower sample size than other scales [36].

Opverall, our study demonstrated that treatment with palbociclib generally maintains HRQoL in patients with
HR+/HER2- aBC or mBC across RCTs, single-arm clinical trials and RWE studies. Findings from this review
suggest that the addition of palbociclib to endocrine therapy for patients with HR+/HER2- aBC or mBC confers
benefit on clinical outcomes, that does not come at the expense of a patient’s HRQoL, both in a trial setting and
the real-world. In fact, data suggest that HRQoL is largely preserved with the addition of palbociclib to endocrine
therapy [11-13,72].

Other reviews have been conducted that focused on a broader population of breast cancer patients and/or a variety
of treatments. A recent systematic review by Di Lauro ¢t al. evaluating HRQoL results of breast cancer patients of
any stage treated with a CDK4/6 inhibitor (including palbociclib), concluded that adding a CDK4/6 inhibitor to

/)
we.Becarls 10.57264/cer-2024-0111



Systematic Review Samjoo, Hall, Chen et al.

endocrine therapy generally did not worsen patients’ HRQoL [21]. An additional review conducted by Zhou ¢z al. in
2017 concluded that global health status was maintained or in some cases only slightly deteriorated from baseline
in postmenopausal HR+/HER2- advanced breast cancer patients treated with endocrine therapy in combination
with other treatments (such as palbociclib) in both first-line and endocrine-resistant settings; however, a variety
of combination partners, in addition to palbociclib, were evaluated in this analysis [73]. While the overall findings
presented herein are consistent with these earlier studies, this review provides a focused summary of palbociclib’s
impact on HRQoL in patients with HR+/HER2- aBC or mBC to better inform clinical decision-making in this
patient population. However, it should be noted that HRQoL is just one factor among many (e.g., efficacy, patient
preference, availability, cost) that should be considered in clinical decision making (4].

Consistent effects of palbociclib in maintaining HRQoL were also reported across studies in subgroups that are
often underrepresented in clinical trials, including elderly, Asian and BIPOC patients [15,35,37,40,52,53,55]. There was
a notable data gap in terms of results for elderly-specific HRQoL scales, which were not assessed in the included
clinical trials and only reported in RWE studies. Additionally, HRQoL results were found to be comparable and
relatively stable from baseline in patients with visceral metastases as well as among patients experiencing neutropenia,
versus patients not having either. The presence of visceral metastases is considered an important disease characteristic
and often acts as a stratification factor of patients within oncology clinical trials, while neutropenia is a common
adverse event observed in patients treated with palbociclib [74,75]. Overall, our findings support that HRQoL is
maintained with the use of palbociclib across multiple treatment lines, clinical characteristics and in high-risk
populations.

Of significant note is the relative consistency in results between trial-based and real-world data. When palbociclib
is evaluated in RWE studies, we continue to see preservation in HRQoL across a broader population of patients,
including those who would have been excluded from clinical trials. Recent reviews have reported that although a
number of real-world reports have been published since the approval of CDK 4/6 inhibitors plus ET, quality of
life data is often rarely reported [76]. A systematic literature review by Harbeck ez 4/. identified a total of 114 RWE
studies on CDK 4/6 inhibitors in HR+/HER- advanced/metastatic breast cancer published between 2015 and
2019, of which only four reported PRO or HRQoL results [771. All four studies evaluated patients treated with
palbociclib, and no HRQoL data were reported for other CDK 4/6 inhibitors. Similarly, Di Lauro ez a/. in 2022
identified seven RWE reports in their SLR of HRQoL outcomes in breast cancer patient treated with any CDK4/6
inhibitor, with six evaluating patients treated with palbociclib and the remaining report focused on all CKD4/6/
inhibitors [21). Thus, our review highlights the level of RWE evidence available for palbociclib, which may not be
the same for other CDK 4/6 inhibitors.

While not the focus of the current review, the impact of other CDK 4/6 inhibitors, ribociclib and abemaciclib,
on HRQoL, in patients with HR+/HER2- aBC or mBC has been evaluated in clinical trials. In MONARCH
2 [78) and MONARCH 3 (79, CFB results for the majority of EORTC QLQ-C30 and QLQ-BR23 functional
and symptom scales were found to be generally comparable between the abemaciclib (abemaciclib 4 fulvestrant
[MONARCH-2 (78] or nonsteroidal aromatase inhibitor MONARCH 3 (791]) and control groups (placebo + ful-
vestrant [MONARCH-2 (78] or nonsteroidal aromatase inhibitor [MONARCH 3 (791]), with the exception of
gastrointestinal items. The EORTC QLQ-C30 symptom subscale for diarrhea was found to significantly favor the
control arm in both trials (78,79]. For ribociclib, a pooled analysis of QOL results from the MONALEESA-2, -3
and -7 trials, reported that ribociclib plus ET, generally delayed or maintained time to deterioration in QoL based
on EORTC QLQ-C30 GHS, symptom and functional measures (80]. Overall, these CDK4/6 inhibitors demon-
strated comparable impact on HRQoL to their control groups, similar to the findings from RCTs of palbociclib, as
described herein. Furthermore, to our knowledge, while evidence on the impact of CDK4/6 inhibitors is growing,
formal systematic literature reviews to summarize the totality of the HRQoL evidence for ribociclib or abemaciclib
specifically in patients with HR+/HER2- aBC or mBC, have not yet been conducted.

A main source of heterogeneity across studies was the use of different HRQoL instruments. The presentation
and calculation of results differed as well, with some studies reporting results for a single instrument such as CFB,
TTD, or both. The variety of instruments to evaluate HRQoL and lack of consistent application across studies has
been noted in previous systematic reviews [20,21]; and presents a significant challenge in comparing results between
studies. Nevertheless, our review found that the literature consistently indicates that palbociclib is beneficial in
terms of maintaining HRQoL in patients with HR+/HER2- aBC or mBC.

Our study also raises the importance of detailed reporting and consensus on the definition of minimal important
difference (MID). Although some studies did not report using MIDs, the thresholds used across studies that
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did report MID definitions varied. While a within-patient or within-group change of at least 10 points from
baseline was the most common definition [16,36,40,41,43,47,52,53,55], several studies used 2—10, 5-6 or 7—8 point
thresholds [31,33,42,45,56]. For example, the FLIPPER trial defined deterioration of pain as measured by the QLQ-
C30 scale as an increase in MID of 4 points [63], while the PALOMA-3 trial on the other hand defined deterioration
of pain (QLQ-C30 scale) as an increase in MID of 10 points [36]. This aligns with a recent systematic review
that found that the use of inconsistent definitions for MID was common in RCTs and RWE studies assessing
HRQoL in patients with aBC [81]. Therefore,efore the utilization of different MID definitions may lead to differing
interpretations of results and conclusions reported in various studies. Furthermore, this lack of standardization
imposes a challenge and barrier to comparing the impact of palbociclib on HRQoL across studies. Establishing
recommended MID value guidelines for individual PRO scales would be beneficial to help standardize definitions
and facilitate the comparison of results across different studies.

Our review has several strengths. It was conducted and reported in accordance with the PRISMA statement,
providing a comprehensive and rigorous assessment of the available research. Also, by focusing specifically on
HR+/HER2- aBC or mBC patients treated with palbociclib, the present review also provides a more precise body
of evidence as opposed to previous reviews that evaluated a broader patient population or CDK4/6 inhibitors as
a whole [21,73]. To ensure all available evidence was captured, no date restrictions were applied to the literature
searches. Conference abstracts were also included in an effort to integrate the latest research despite the often-limited
information provided and reduced depth of possible analysis compared with full-text articles.

The limitations of this review should also be acknowledged. First, due to the level of heterogeneity in study
designs, populations and treatment regimens, only qualitative findings are presented. The variability among studies
makes quantitative analyses, such as meta-analyses, infeasible limiting the ability to draw definitive conclusions
regarding palbociclib’s impact on HRQoL within this review. Second, although RWE studies don’t benefit from
randomization, making internal validity and causality more difficult, RWE results can be informative in the
appropriate context, as they often represent a wider patient population commonly excluded from clinical trials
due to strict eligibility criteria. Similarly, many RWE studies use a single arm prospective longitudinal design,
which may be challenging to put into context without a comparator group. However, these studies can offer
valuable data, especially on PROs in a real-world population. For instance, change from baseline results can be
particularly informative as they compare data for the same patients before and after treatment, and in the present
review these RWE results were generally found to be consistent with those observed in the comparative clinical
trials. Thirdly, as this study only focused on patients with HR+/HER2- aBC or mBC receiving palbociclib, the
results may not be applicable for other populations, such as patients with early BC or patients receiving treatment
with different CDK4/6 inhibitors. Additionally, the included HRQoL results are restricted to the time points at
which they were assessed and may vary throughout treatment duration across studies. Side effects that persist after
treatment which may impact QoL are not addressed in the scope of the current review. Exploring these potential
side effects further is an important and interesting area of future research. Future studies may consider assessing
these results quantitatively across common instruments in a meta-analysis or further investigate the relationship
between HRQoL and clinical efficacy of palbociclib in patients with HR+/HER2- aBC or mBC, and other patient
populations. Continued focused efforts should be made to incorporate PRO and HRQoL assessments more widely
in treatment evaluations and clinical practice moving forward. Lastly, while the present review summarizes the
available published HRQoL evidence on palbociclib, we recognize the importance of individual perspectives and
patient experiences in relation to treatment decisions. The FDA highlighted the importance of patient perspectives
for breast cancer treatment in 2015 as part of their patient voice work, which identified fatigue, pain and depression
as symptoms having the greatest impact on patient lives, among other findings (9. Additional studies should be
conducted to better understand individual patient experiences following treatment with palbociclib.

Conclusion

The present review provides the first focused systematic assessment of HRQoL data in patients receiving palbociclib
for treatment of HR+/HER2- aBC or mBC. Palbociclib was generally found to maintain patients HRQoL across
studies both in the clinical trial and real-world settings. Similar results were also shown for treatment-related
outcomes and other important individual patient outcomes, such as pain, fatigue and physical functioning, as
well as across different patient populations often underrepresented in clinical trials. Overall, current evidence
suggests that HRQoL is largely preserved with the addition of palbociclib to endocrine therapy in patients with
HR-+/HER2- aBC or mBC.
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Summary points

e Optimizing health related quality of life (HRQoL) has become a primary goal of breast cancer therapy, alongside
prolonging survival and managing symptoms, particularly in the advanced setting where outcomes are often
poor.

e Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors in combination with endocrine therapy are an important
advancement in the treatment and management of patients with advanced breast cancer (aBC) or metastatic
breast cancer (mBC), and palbociclib was first in class to obtain FDA approval.

e This systematic literature review is the first to summarize the available evidence on HRQoL specifically in patients
with hormone receptor-positive (HR+), human epidermal growth factor receptor 2-negative (HER2-) aBC or mBC
treated with palbociclib.

e A total of 15 studies were identified, including seven randomized controlled trials, three single-arm trials and five
real-world evidence studies, constituting a large and varied body of evidence.

e Treatment with palbociclib was generally found to maintain HRQoL in HR+/HER2- aBC or mBC patients, both in
clinical trial and real-world settings.

e Similar findings were observed for key treatment-related outcomes (e.g., sexual functioning, upset by hair loss,
systemic therapy side effects etc.) and individual outcomes important to patients, including physical functioning,
pain and fatigue.

e Results were also consistent across key clinical characteristics (visceral metastases, neutropenia) and populations
of patients often underrepresented in clinical trials (Asian patients, elderly etc.).

e Overall, current evidence suggests that the addition of palbociclib to endocrine therapy for patients with
HR+/HER2- aBC or mBC confers a benefit to clinical outcomes without negatively impacting HRQoL.
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