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Abstract

Cyclin-dependent kinase 4 and 6 inhibitors (CDK4/61) are the preferred regimen for patients with hormone receptor-positive
and human epidermal growth factor receptor 2-negative (HR+/HER2—) advanced or metastatic breast cancer. However,
the optimal treatment sequencing for CDK4/6i with other available therapeutic options is unclear. We conducted a targeted
literature review to identify the current evidence on CDK4/6i treatment patterns in patients with breast cancer. The search
was initially conducted in October 2021 and subsequently updated in October 2022. Biomedical databases and gray literature
were searched, and bibliographies of included reviews were screened for relevant studies. The search identified ten reviews
published since 2021 and 87 clinical trials or observational studies published since 2015. The included reviews discussed
CDK4/6i usage with or without endocrine therapy (ET) in first-line and second-line treatment for patients with HR+/
HER2- advanced or metastatic breast cancer, followed by ET, chemotherapy, or targeted therapy with ET. Clinical studies
reported similar treatment sequences consisting of ET, chemotherapy, or targeted therapy with ET prior to CDK4/6i with ET,
followed by ET monotherapy, chemotherapy, targeted therapy with ET, or continued CDK4/6i with ET. Current evidence
suggests CDK4/6i are effective for HR+/HER2— advanced or metastatic breast cancer in earlier lines of therapy. Efficacy
of CDK4/6i as measured by progression-free survival and overall survival was similar within a line of therapy regardless of
the type of prior therapy. Survival on different post-CDK4/61 treatments was also similar within the same line of therapy.
Additional research is needed to investigate the optimal place in therapy of CDK4/6i and the sequencing of treatments fol-
lowing progression on CDK4/6i.

HR positive and HER2 negative (HR+/HER2—), account-
ing for approximately 70% of cases in the USA and Canada
[2—4]. Other subtypes include HR+/HER2+, HR-/HER2+,
and HR—/HER2— (triple negative). Therapeutic options for
breast cancer (e.g., surgery, chemotherapy, endocrine ther-

1 Introduction

Breast cancer is the most commonly diagnosed cancer
worldwide and is the leading cause of cancer-related mor-
tality in women [1]. In 2020, there were 2.3 million newly

diagnosed breast cancer cases and 685,996 deaths from
breast cancer globally [1]. Breast cancer is a heterogene-
ous disease classified by disease stage and by four major
subtypes based on molecular markers for hormone recep-
tors (HR; i.e., estrogen receptor [ER] and progesterone
receptor [PR]) and human epidermal growth factor receptor
2 (HER2) [2-5]. The most prevalent molecular subtype is
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apy [ET], and targeted therapy) vary depending on patient
and disease-specific characteristics, including molecular
subtype and disease stage [6].

The emergence of the cyclin-dependent kinase 4/6 inhibi-
tors (CDK4/61) has transformed the treatment landscape for
patients with HR+/HER2— advanced or metastatic breast
cancer (aBC/mBC). Since the US Food and Drug Admin-
istration (FDA) approved the first-in-class CDK4/6i, palbo-
ciclib, in 2015 [7], each of the currently approved CDK4/6i
(palbociclib, ribociclib, and abemaciclib) has demonstrated
clinical effectiveness and a well-tolerated safety profile when
combined with ET to treat HR+/HER2— aBC/mBC in first-
line (1L) and second-line (2L) settings [8—15]. As a result,
CDK4/6i are a preferred 1L option for unresectable, HR+/
HER2- aBC/mBC, and a preferred 2L option in patients
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Based on a targeted literature review on the place in
therapy of cyclin-dependent kinase 4 and 6 inhibitors
(CDK4/61) in breast cancer published since 1 Janu-
ary, 2015, patients with hormone receptor-positive and
human epidermal growth factor receptor 2-negative
(HR+/HER2-) advanced or metastatic breast cancer
commonly receive CDK4/6i in first-line or second-
line treatment in combination with endocrine therapy,
chemotherapy, or everolimus.

The evidence suggests that CDK4/6i are generally more
effective in earlier lines of therapy for the treatment of
HR+/HER2—- advanced or metastatic breast cancer,
regardless of prior treatment received.

CDK4/6i1 in combination with endocrine therapy is the
preferred first-line treatment option for patients with
HR+/HER2— advanced or metastatic breast cancer, and
the preferred second-line option in patients without prior
exposure to CDK4/6i in the metastatic setting.

More research is needed to investigate optimal treatment
sequencing of CDK4/6i rechallenging and treatment pat-
terns following progression on CDK4/6i.

without prior exposure to CDK4/6i in the metastatic set-
ting [6, 16, 17]. Additionally, after demonstrating efficacy
in treating HR+/HER2— early breast cancer (eBC) [18, 19],
abemaciclib was the first CDK4/6i to receive FDA approval
(October 2021) for adjuvant treatment of HR+/HER2— eBC
[20]. Alternative treatments for endocrine-resistant breast
cancer include other targeted therapies, such as the mamma-
lian target of rapamycin inhibitor (mTORi) everolimus, and
regimens using targeted therapy in combination with chemo-
therapy [6, 16, 17]. Overall, treatment selection is based on
patient characteristics, guideline-recommended therapy, as
well as physician and patient preferences [6, 16, 17]. Given
the availability of various targeted treatments for breast can-
cer, ongoing research on genomic biomarkers aims to sup-
port the development of a personalized approach to treatment
selection [17, 21].

Although CDK4/6i have established a clear clinical ben-
efit when used to treat HR+/HER2— mBC, the optimal treat-
ment sequencing for CDK4/6i and other available therapeutic
options, particularly post-CDK4/6i treatment, is unclear. Fol-
lowing progression on CDK4/6i, treatment options include
chemotherapy, ET monotherapy, alternative targeted thera-
pies (e.g., mTORi, phosphoinositide 3-kinase inhibitor, poly
(ADP-ribose) polymerase inhibitor [PARPi]), or continued
CDK4/6 inhibition [16]. Establishing optimal treatment
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sequencing is critical for maximizing clinical benefit and
improving patient outcomes.

In this study, we summarized the key current treatment
guidelines and recommendations for CDK4/6i treatment for
aBC/mBC and conducted a targeted literature review (TLR) to
examine the current evidence on CDK4/6i treatment patterns
in breast cancer across various disease stages and molecu-
lar subtypes. A TLR was conducted to provide a formal and
focused review of the literature based on a structured search
using selected key terms and phrases. We focused on the place
in therapy of CDK4/6i for breast cancer, the clinical effective-
ness of CDK4/6i across various treatment patterns, and of
therapeutic options following CDK4/6i progression. Addition-
ally, we summarized the treatment characteristics of patients
who received CDK4/6i across various treatment modalities, as
well as ongoing clinical trials investigating treatment options
post-CDK4/6i progression.

2 Methods

The TLR was conducted on 15 October, 2021 to identify
systematic reviews, narrative reviews, and clinical studies
(i.e., clinical trials and observational studies) relevant to
CDK4/6i treatment patterns. In comparison to a systematic
literature review, this study provides a focused review of the
most current literature while being less time intensive. The
MEDLINE® biomedical databases including Epub ahead of
print, in-process, other non-indexed citations, and daily sta-
tus records were searched using the Ovid® interface, from
the year 1946 up to 14 October, 2021. The database search
strategy was developed and executed by an experienced infor-
mation specialist, who provided comprehensive and thorough
documentation of the search strategy and results. In addition
to biomedical databases, gray literature sources were searched
manually (13 and 14 October, 2021), including clinical trial
registries (ClinicalTrials.gov, World Health Organization reg-
istry, European Union Drug Regulating Authorities Clinical
Trials Database) and Google Scholar. Additionally, the bib-
liographies of included reviews were searched for references
relevant to CDK4/6i treatment patterns. An updated search
was conducted on 19 October, 2022 using the same search
terms and strategy to include newly published evidence since
the initial search date (i.e., 1946 up to 18 October, 2022). The
complete search strategies for both the original and updated
search are detailed in the Electronic Supplementary Material
(ESM).

Study selection was based on pre-specified Population,
Intervention, Comparison, Outcomes and Study design
(PICOS) criteria (Table 1). Importantly, the PICOS crite-
ria used to screen identified studies were set a priori. Clini-
cal studies published since 1 January, 2015 were included.
Systematic and narrative reviews published since 1 January,
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2018 were initially included for screening. Given that over
30 relevant reviews were identified up to the search date (15
October, 2021), we further limited the search to only include
reviews published since 1 January, 2021 to focus on the most
recent reviews on the topics of interest.

Screening was conducted by a single reviewer at two lev-
els. First, the titles and abstracts of records were reviewed
for relevance based on the PICOS criteria. Then, the full text
of records included after the first level of screening were
reviewed in detail for formal inclusion in the review and data
extraction.

Key details about study design and characteristics, baseline
patient characteristics, clinical outcomes, treatment sequences
investigated, post-CDK4/6i treatments and reported outcomes,
and any quality-of-life outcomes captured in included stud-
ies were extracted by a single reviewer into a data extraction
form in Microsoft Excel. To visually compare clinical out-
comes across studies, bubble charts were created in Microsoft
Excel using the extracted median overall survival (mOS) and
median progression-free survival (mPFS) data, organized by
study and line of therapy. In each bubble chart, study cohorts
were presented along the X-axis with a unique reference num-
ber assigned to each cohort. The size of each bubble was used

to represent the sample size in each cohort, and the bubbles
were color coded by the treatment class received.

Clinical guidelines for the treatment of aBC/mBC pub-
lished by the National Comprehensive Cancer Network®
(NCCN®), American Society of Clinical Oncology (ASCO
2021), European Society for Medical Oncology (ESMO
2021), and the Arbeitsgemeinschaft Gynikologische Onkol-
ogie (AGO) German Gynecological Oncology Group were
also reviewed and summarized [6, 16, 17, 22].

3 Results
3.1 Review of Clinical Guidelines

Multiple breast cancer treatment guidelines are available for
clinicians who treat breast cancer. Here, we summarize the
most recent and relevant recommendations for the use of
CDK4/6i as presented in key guidelines by the NCCN® in
2022, ASCO in 2021, ESMO in 2021, and the AGO in 2022
[6, 16, 17, 22].

Table 1 Population, intervention, comparison, outcomes and study design (PICOS) criteria

Criteria Inclusion criteria

Exclusion criteria

Population

metastatic) and by molecular subtypes®

Intervention/comparators Various treatment patterns/strategies of CDK4/6i

Use as first-line vs second-line or later

Adult patients aged > 18 years diagnosed with breast
cancer within and across disease stages (early and

Only patients aged < 18 years
All other diseases

Studies that do not discuss treatment patterns/strategies of
CDK4/6i°

Subsequent therapy following CDK4/6i use in metastatic

breast cancer
Outcomes

Characteristics of patients who received CDK4/6i for

Studies that do not report any relevant outcomes”

metastatic breast cancer across all potential treatment

patterns

Clinical outcomes of patients who received various
CDK4/6i treatment strategies for metastatic breast

cancer

Study design Peer-reviewed publications, including:

Narrative and systematic literature reviews (initial search
conducted for reviews since 1 January, 2018; then fur-
ther limited to since 1 January, 2021 because of a large

number of reviews identified after 2018)

Narrative and systematic literature reviews published prior
to 2018

Conference abstracts published prior to 2018

Clinical studies and clinical trial registry records pub-
lished prior to 2015

Clinical studies (e.g., RWE studies, clinical trials) (since

1 January, 2015)
Gray literature

Conference abstracts (since 1 January, 2018)

Clinical trial registry records (since 1 January, 2015)

Language English

Non-English

CDK4/6i cyclin-dependent kinase 4/6 inhibitor, ER estrogen receptor, HER2 human epidermal growth factor receptor 2, RWE real-world evi-

dence, TNBC triple-negative breast cancer

“Includes all molecular subtypes of breast cancer (e.g., ER+/—, HER2+/—, TNBC; i.e., luminal A/B, HER?2 enriched, basal breast cancer)

"Excludes clinical trials that evaluate the efficacy and safety of CDK4/6i but do not report treatment patterns or place in therapy of CDK4/6i

across multiple lines of therapy
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3.1.1 Advanced or Metastatic Breast Cancer

All aforementioned guidelines recommend CDK4/6i for
the treatment of patients with HR+/HER2— aBC/mBC
[6, 16, 17, 22]. Notably, none of the included treatment
guidelines name specific CDK4/6i treatments, but recom-
mend the class broadly, as there have been no head-to-
head clinical trials to date comparing the three approved
CDK4/6i, and the efficacy of each appear to be similar [6,
16, 17, 22]. In patients with HR+/HER2— recurrent or
stage IV disease who are postmenopausal (or premeno-
pausal receiving ovarian ablation or suppression), the
NCCN Clinical Practice Guidelines in Oncology recom-
mend systemic therapy with CDK4/6i in combination with
an aromatase inhibitor (AI) or fulvestrant as a preferred
regimen in 1L, 2L, and subsequent-line therapy [5]. The
NCCN Clinical Practice Guidelines in Oncology also note
that data supporting treatment with continued CDK4/61
regimens upon progression on CDK4/6i are limited;
therefore, CDK4/6i are recommended for patients with-
out prior exposure to CDK4/6i treatment. Recent ASCO
and ESMO guidelines provide more specific recommen-
dations for CDK4/6i use: CDK4/6i combined with a non-
steroidal Al is recommended for treatment-naive patients
in the mBC setting (i.e., in 1L) with HR+ mBC who are
postmenopausal or premenopausal with chemical ovar-
ian function suppression, and for male patients who are
receiving a gonadotropin-releasing hormone analog [16,
17]. Additionally, CDK4/6i combined with fulvestrant is
recommended either in 1L or after one prior line of chem-
otherapy in the metastatic setting for patients who experi-
ence progression on an Al or recurrence within 1 year of
receiving an Al, and with no prior exposure to CDK4/6i in
the metastatic setting [16, 17]. The ESMO guidelines also
suggest CDK4/6i treatment could be continued after pro-
gression on prior CDK4/6i after a treatment-free interval
of at least 12 months [16]. CDK4/6i combined with ET is
also acceptable as a subsequent therapy for patients who
have not received CDK4/6i in 1L and have progressive
disease [16]. Additionally, ESMO guidelines recommend
that ET alone in the first-line setting should be reserved
for the small group of patients with comorbidities or a
performance status that prevents the use of CDK4/6i.

3.1.2 Targeted Therapies for Genetic Subtypes

The NCCN, ASCO, ESMO, and AGO treatment guidelines
all include similar treatment recommendations for patients
with aBC/mBC with specific genetic mutations. Alpelisib
with fulvestrant is recommended as a targeted therapy for
patients with PIK3CA-mutated tumors, and PARPi (i.e.,
olaparib or talazoparib) is recommended for patients with
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germline BRCA1/BRCA2 (gBRCA1/2)-mutated tumors [6,
16, 17, 22]. Similarly, subsequent treatment options follow-
ing progression on CDK4/6i in the ESMO guidelines include
alpelisib with fulvestrant for PIK3CA-mutated tumors,
PARPi for gBRCA1/2-mutated tumors, everolimus-based
regimens, ET, and chemotherapies; however, the guidelines
note that the optimal treatment sequence is uncertain post-
CDK4/61 and depends on several factors, such as patient
response to prior therapies, product availability, and patient
preference [16]. Additionally, ASCO and AGO guidelines
note there is evidence to suggest ESR1 mutations result in
resistance to or reduced efficacy of Als and tamoxifen; there-
fore, fulvestrant may be a more beneficial treatment in this
population [17, 22].

3.2 Targeted Literature Review Results

Our initial TLR identified 1223 records from the biomedical
database searches, and 383 records from the gray literature
searches. The updated search identified an additional 330
records from the biomedical database searches, and addi-
tional 370 records from the gray literature sources. The
study selection process, including the numbers of records
included and excluded at each step of the screening process,
is summarized in the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) flow diagram
in Fig. 1. The complete list of studies included based on a
full-text review is presented in the ESM. In summary, a total
of 97 publication records, representing 92 unique relevant
studies, were identified and extracted. These studies include
nine narrative reviews, one systematic literature review, and
87 clinical studies (71 full-text publications, 13 abstracts,
and 3 clinical trial records).

3.3 Summary of Reviews

In total, ten reviews (nine narrative and one systematic
review) were identified for inclusion. The list of reviews
identified and the study and patient characteristics of each
review are presented in the ESM. Consistent with treatment
guidelines, the reviews confirmed CDK4/6i combined with
ET as the preferred regimen for HR+/HER2— aBC/mBC
(typically in 1L but could apply across all lines of therapy)
[ESM]. While different treatment sequences were discussed
across the reviews, there was consensus on treatment with
CDK4/61 combined with ET in 1L; following progression
on CDK4/6i, a targeted therapy combined with ET, or ET
or chemotherapy alone, was the most common treatment
sequence received by patients in the aBBC/mBC setting based
on response to prior therapy and patient preference (ESM).
Additionally, a 2021 review by Loibl et al. summarized the
phase III clinical trials that, at the time, were investigating
the use of CDK4/6i combined with ET as a treatment for
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Original search*

Updated search: new studies via databases and registers

Updated search: new studies via gray literature
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2 studies and Daily (n = 330) G“ ra S(" =58) 13 publication (n = 270)
3 Records excluded (n = 281): oogle Scholar (n = 13)
- « Non-English (n = 1)
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Potentially relevant study (n = 27) Google Scholar (n=7)
New studies included in data
extraction (n = 40) representing
39 unique studies: <
= Database (n = 32)
4 Grey literature (n = 8)
=]
‘_é * *Full details from original search shown in Appendix.
Total studies included in review From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
P (n = 97) representing 92 unique statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.
studies For more information, visit: http://www.prismestatement.org/

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) study selection flow diagram. EudraCT Euro-
pean Union Drug Regulating Authorities Clinical Trials Database,

patients with eBC (PENELOPE-B, PALLAS, monarchE,
and NATALEE) [23-27]. Results from these ongoing trials
will shed further light on the efficacy and optimal sequenc-
ing of CDK4/6i in eBC in addition to aBC/mBC.

Subsequent treatment recommendation and selection
following progression on CDK4/6i depends on a variety of
factors, such as prior treatments, response to those thera-
pies, and patient preference. Targeted treatment regimens
were recommended for use in specific patient populations
based on the mutation or biomarker status, such as alpelisib
combined with ET for patients with aBC/mBC with phos-
phoinositide 3-kinase inhibitor-mutated tumors, or olaparib
and talazoparib for patients with aBC/mBC with a germline
BRCA1/2 mutation. Many ongoing clinical studies are
investigating therapeutic options for the treatment of HR+/
HER2— aBC/mBC post-CDK4/6i progression, with nearly
50 ongoing clinical trials and observational studies of post-
CDK4/6i therapies identified in our review (ESM). Overall,
the reviews suggested that optimal treatment sequencing
with CDK4/6i is in combination with ET in 1L or for the
treatment of patients with no prior history of CDK4/6i treat-
ment. Based on the currently available clinical data, optimal
treatment selection following progression on CDK4/6i-based
therapies remains uncertain.

WHO World Health Organization. MA meta-analysis, NMA network
meta-analysis, SLR systematic literature review. Source: adapted from
The PRISMA 2020 statement [101]

3.4 Summary of Clinical Studies

A total of 87 clinical studies (i.e., clinical trials and obser-
vational studies) were identified for inclusion. An over-
view of the characteristics of these studies is provided in
Table 2. Of 87 studies, 71 studies were presented in full-
text journal articles; 13 were presented in abstracts only,
and three were completed trials indexed on the trial reg-
istry, ClinicalTrials.gov. Most studies (66 out of 87) were
retrospective observational studies, six were prospective
or prospective-retrospective observational studies, and 12
were clinical trials. Nearly all (80 out of 87) studies were
based on patient data collected between 2017 and 2022,
according to the end of the data collection period or follow-
up reported in each study. The geographical scope of the
studies included Europe, the Americas, and Asia, with most
of the studies conducted in Europe (14 out of 87) and North
America (36 out of 87). Nearly all studies investigated
treatment patterns in patients with HR+/HER2— aBC/
mBC, in alignment with the FDA-approved indications for
CDK4/6i up to the search date [7, 20, 28], with the excep-
tion of one clinical trial that investigated a novel CDK4/61
dalpiciclib combined with pyrotinib and letrozole in the
HR+ HER2+ population [29]. Additionally, the studies
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Table 2 Included clinical study characteristics

Characteristic Number
of stud-
ies

Total 87

Publication type

Full journal article 71

Abstract 13

Clinicaltrials.gov record 3

Study type

Clinical trial 12

Observational (retrospective) 66

Observational (prospective) 6

Observational (prospective-retrospective) 3

Year of data collection end

Pre-2015 0

2015-16 4

2017-18 32

2019-20 36

2021—current 12

NR 3

Region of investigation

Europe 14

North America 36

South America 3

Asia 23

International 6

NR 5

Breast cancer subtype

Early BC 0

Metastatic BC 87

HR+/HER2-* 83

HR+/HER2+? 1

HR—/HER2+ 0

HR—/HER2- 0

ER+ (HER2 status not specified) 1

NR (metastatic but subgroup not specified) 2

Metastatic breast cancer type®

De novo 20

Recurrent 11

Distant metastases 3

NR 70

Number of metastatic sites”

<3 18

>3 19

NR 69

Visceral/bone disease®

Visceral disease 45

Bone/bone marrow only 43

NR 34

CDK4/6i line of therapy

1L only 1
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Table 2 (continued)

Characteristic Number
of stud-
ies

2L only 5

3L+ only 0

Multiple lines® 73

1L+ 62

2L+ 11

3L+ 0

NR/reported post-CDK4/6i only 8

Post-CDK4/6i therapy evaluated”

ET only 26

CT only 24

mTORi-based only 12

CDK4/6i-based only 16

Combination of mTORIi- and CDK4/6i-based therapies 1

Regimen unspecified? 11

NR 41

# number of lines of therapy, /L first line, 2L second line, 3L third
line, CDK4/6i cyclin-dependent kinase 4/6 inhibitor, CT chemother-
apy, ER estrogen receptor, ET endocrine therapy, HER2 human epi-
dermal growth factor receptor 2, HR hormone receptor, mBC meta-
static breast cancer, mTORi mammalian target of rapamycin inhibitor,
NR not reported

*HR+ includes studies reported as ER+ only

®Studies that reported characteristic for multiple categories were
counted in each category

“Studies were grouped into the most appropriate category; groups are
mutually exclusive. For example, a study reported CDK4/6i in 1L,
2L, and 3L+ settings would be counted as 1L+

dIncluding targeted therapy, best supportive care, and investigational
drugs

evaluated CDK4/6i in lines of therapy that ranged from
1L to third line (3L) and beyond, with 73 out of 87 studies
reporting outcomes in multiple lines of therapy. Of the 73
studies that investigated CDK4/6i in multiple lines of ther-
apy, 62 studies focused on 1L and later, 11 studies focused
on 2L and later, while no studies exclusively investigated
CDK4/6i in 3L and later. Many of the studies investigated
or reported on post-CDK4/6i treatments, including chemo-
therapy monotherapy in 24 studies (28%), ET monotherapy
in 26 studies (30%), and targeted therapies in 29 studies
(33%; CDK4/6i in 16 studies, mTORIi in 12 studies, and
CDK4/6i combined with mTORIi in 1 study).

3.5 CDK4/6i Treatment Patterns and Efficacy
3.5.1 Treatment Patterns

CDK4/6i treatment usage by line of therapy was reported
by several studies conducted in Europe, the USA, and
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Japan [30-34]. A large observational study by Davie
et al. in 2021 reported CDK4/6i treatment usage in over
2000 patients with HR+/HER2— aBC from France, Ger-
many, Spain, Italy, the UK, and the USA using data col-
lected by the Adelphi Real World Disease Specific Pro-
gramme™ from March to June 2017. This study reported
that CDK4/6i plus ET was received by 10% of patients
in 1L, and 8% of patients in 2L; the majority of patients
received ET only (54% in 1L and 39% in 2L), followed
by chemotherapy only (21% in 1L and 23% in 2L) [30].
The study by Meegdes et al. in 2021 reported on CDK4/61
treatment usage in Dutch patients with HR+/HER2— aBC
based on data from the Southeast Netherlands Advanced
Breast cancer (SONABRE) Registry from 2009 to 2018.
This study found that since August 2017 when CDK4/6i
were reimbursed in the Netherlands, CDK4/61 combined
with ET was received by 31% of 214 patients in 1L, and
by 44% of 71 patients in 2L with no prior exposure to
CDK4/6i [31]. Additionally, CDK4/6i combined with ET
usage gradually increased over time from 2014 onward in
all lines reported (i.e., 1L-3L), while the use of chemo-
therapy, ET, and mTORi decreased [31]. An observational
study by Cui et al. in 2021 investigated CDK4/6i treat-
ment usage in nearly 4000 women diagnosed with HR+/
HER2— mBC in the USA between 1 January, 2013 and
31 January, 2019 based on data from the Flatiron Health
database. In this study, in the 1L and 2L settings, 42.1%
and 40.4% of patients received CDK4/6i-based regimens,
respectively [32]. A retrospective study in Germany of
data from the real-world registry PRAEGNANT reported
a dramatic increase in CDK4/61 usage over time in the
1L setting for mBC, from 14.1% in 2016 when the first
CDK4/6i was approved there in November, to 72.2% in
2022 [34]. A study of Japanese patients with aBC who
received palbociclib based on claims data found that pal-
bociclib was initially prescribed more commonly in 2L and
later in 2017, and became more common as a 1L treatment
steadily over time from 22.7% from December 2017 to
June 2018, to 42.6% from July to December 2020 [33].
Overall, these data suggest a temporal trend of increased
CDK4/6i use globally since their approval, particularly as
an earlier line treatment for aBC/mBC. This is also con-
sistent with the guidelines’ recommendations discussed
above as CDK4/6i is becoming the standard option at 1L.

Of the 87 clinical studies, only two reported a detailed
breakdown of the proportion of patients receiving different
CDK4/6i treatment sequences across two lines of therapy
for the treatment of mBC [35, 36] (ESM). The study by
Goldschmidt et al. in 2018 reported a detailed breakdown
of treatment sequences received by 147 patients with HR+/
HER2— mBC treated with at least two lines of therapy based
on data from 64 community oncologists in the USA collected
between February and June 2017. Overall, a CDK4/6i-based

regimen was received by 52.4% of patients in 1L and by
42.9% of patients in 2L [35]. The most common sequence
was Al in 1L followed by CDK4/6i combined with fulves-
trant in 2L, which 13.6% of patients received. Other com-
monly used sequences included chemotherapy followed by
CDK4/6i combined with Als (10.3%), CDK4/6i combined
with Als followed by chemotherapy (8.8%), and CDK4/6
combined with Als followed by everolimus combined with
Als (8.8%) [35]. The study by Basile et al. in 2021 also
investigated treatment patterns in 1L and 2L in 717 women
with HR+/HER2— mBC who were treated between 2008
and 2020 in two Italian oncology departments. In this patient
population, CDK4/6i combined with ET was received by
20% of patients in 1L and 8% of patients in 2L [36]. In the
1L setting, 27% of patients received chemotherapy followed
by ET or chemotherapy in 2L, and 35% received ET in 1L
followed by ET or chemotherapy in 2L. Only 3% of the
cohort received CDK4/6i combined with ET in 1L followed
by chemotherapy in 2L, 3% of patients received CDK4/6i
combined with ET in 1L followed by ET in 2L, and 6% of
patients received ET in 1L followed by CDK4/6i combined
with ET in 2L [36].

Two studies compared the clinical effectiveness of dif-
ferent CDK4/6i treatment sequences (ESM) [36, 37]. Basile
et al. reported that patients receiving CDK4/6i combined
with chemotherapy in 1L followed by chemotherapy in 2L
had significantly worse OS than those receiving CDK4/6i
combined with ET in 1L followed by ET in 2L (hazard ratio:
6.95, p =0.011) [36]. Another study by Jeong et al. in 2021
of a cohort of 88 patients with HR+/HER2— mBC in South
Korea showed that patients who received CDK4/6i com-
bined with ET in 1L followed by everolimus plus exemes-
tane in 2L had longer mOS than patients who received the
inverse sequence (46.8 vs 38.9 months; p = 0.151) [37].

3.5.2 Clinical Effectiveness

Forty clinical studies reported mPFS and 23 studies reported
mOS of patients receiving CDK4/6i by line of therapy. Sur-
vival outcomes were reported from 1L to fourth line and
beyond, and several studies reported outcomes for mul-
tiple lines of therapy. Median PFS and mOS outcomes
reported in each study are summarized in Tables 3 and 4,
respectively, along with the CDK4/6i treatment regimen
and prior treatment received. To investigate the potential
link between treatment sequence and survival, we grouped
the data by the treatment class received prior to CDK4/6i,
which included chemotherapy, ET, targeted therapy, and a
mixture of therapies. Overall, clinical studies showed that
the use of CDK4/6i-based regimens for aBC/mBC in 1L
(Fig. 2) or 2L (Fig. 3) was associated with longer mPFES than
in later lines of therapy beyond 2L (Fig. 4 for 2L+ to 3L
and Fig. 5 for 3L+). Median PFS by line of therapy ranged
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from a maximum of 36.7 months in 1L to a minimum of
3.4 months in 3L or later (Table 3). Some studies reported
mPFS and mOS grouped across multiple lines of therapy in
which CDK4/6i was used; therefore, these were categorized
separately (e.g., both 1L and 2L). Results from these studies
followed the same trend of worse mPFS with later lines of
therapy. Additionally, the type of therapy received in the line
prior to CDK4/6i in the aBC/mBC setting did not appear
to impact the mPFS within a line of therapy (Figs. 3, 4, 5).
Overall, mOS by line of therapy generally showed a trend
consistent with mPFS (Figs. 6, 7, 8). Median OS by line of
therapy ranged from a maximum of 61.7 months in 1L to a
minimum of 13 months in 3L or later (Table 4). However,
mOS was reported in fewer studies and was not reached in
many studies, thus the mOS trend was less conclusive.

In addition, 19 studies reported an association of specific
clinical characteristics with clinical outcomes for patients
receiving CDK4/61 (ESM). Common factors that are more
likely to be associated with better efficacy include lower
Eastern Cooperative Oncology Group performance status
(vs higher), bone-only metastasis (vs visceral), receipt of
fewer prior therapy lines (vs more), no prior chemotherapy
(vs yes), no prior ET (vs yes), and treatment with CDK4/61
in earlier lines of therapy (vs later). Princic et al. was the
only study that reported predictors of subsequent systemic
therapy type following CDK4/6i progression. For example,
patients who were rechallenged on a subsequent CDK4/6i-
based regimen, compared with those who received subse-
quent chemotherapy, were likely to be older, have bone-only
metastasis (vs visceral), have an Al as the prior CDK4/6i
treatment partner (vs fulvestrant), have received any prior
chemotherapy, and have lower breast cancer-related costs.
Additionally, patients who were rechallenged on a sub-
sequent CDK4/6i-based regimen were less likely to have
received prior CDK4/6i for longer than 6 months compared
with patients who received subsequent chemotherapy.
Patients with recurrent (vs de novo) disease who received ET
prior to metastasis were also less likely to receive subsequent
ET than chemotherapy [38]. In support of the trend of PFS
data by line of therapy shown in Figs. 2, 3, 4 and 5, Zhong
et al. reported that a greater survival benefit was shown in
patients who received palbociclib as 1L or 2L treatment for
aBC based on univariate analyses; additionally, no prior
chemotherapy for aBC, < 1 line of prior ET, no primary
resistance to ET, a fewer number of visceral metastasis sites,
and no liver metastasis were significantly associated with a
greater survival benefit [39]. Interestingly, Whitaker et al.
reported an association between receiving CDK4/6i in 1L
and OS in real-world populations by ethnicity. Patients who
received CDK4/6i as part of 1L and 2L treatment had a simi-
lar mOS across ethnic groups; however, the non-Hispanic
Black patient subgroup who received CDK4/6i only at 2L
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but not at 1L had worse OS after 2L initiation compared with
White patients [40].

3.6 Post-CDK4/6i Treatment Patterns and Efficacy

Treatments following progression on CDK4/6i were investi-
gated or reported across various treatment lines in 41 clini-
cal studies (ESM). Studies that investigated or reported the
first subsequent therapy received after CDK4/6i treatment
primarily evaluated therapies used in 2L or 3L settings but
ranged up to fourth line and beyond. Endocrine therapy was
the most frequently investigated or reported post-CDK4/61
therapy, where it was used as monotherapy in 21 studies,
in combination with chemotherapy in two studies, and in
combination with targeted therapies in 11 studies. Chemo-
therapy was the second most investigated or reported post-
CDK4/6i treatment, where it was used as a monotherapy
in 20 studies. Use of targeted therapies post-CDK4/6i was
investigated or reported in 22 studies, of which ten inves-
tigated or reported the use of everolimus-based combina-
tions, including the TRINITI-1 clinical trial that investigated
everolimus in combination with ribociclib and exemestane
[41]. Rechallenging with a subsequent CDK4/6i-based regi-
men following CDK4/61 was investigated or reported in ten
studies. Specifically, abemaciclib following initial palboci-
clib was investigated in two studies [42-44]. A study by
Eziokwu et al. investigated the use of palbociclib combined
with ET or abemaciclib combined with ET following pro-
gression on treatment with palbociclib combined with ET
[45]. Two studies reported the use of investigational drugs
as subsequent therapy following CDK4/6i; however, the spe-
cific treatment(s) used were not reported [48, 49].

Median PFS for post-CDK4/6i treatments was reported
in 24 studies and mOS was reported in 14 studies, as pre-
sented in Tables 5 and 6. Efficacy of subsequent chemo-
therapy, ET, targeted therapies such as mTORI or alternate
CDK4/6i treatment, or a mixture of these treatments follow-
ing progression on CDK4/6i is shown in Fig. 9a for mPFS
and Fig. 9b for mOS. Median PFS for 2L post-CDK4/6i
treatments ranged from 3.25 months on fulvestrant to 17.7
months on either ET or ET combined with targeted agents
[50, 51]. In 2L and later lines of therapy, most studies had
a similar mPFS with a range from 1.8 months on standard-
of-care therapies to 9.1 months on everolimus [52, 53].
One study conducted in a cohort of 30 patients with HR+/
HER2— mBC reported a relatively higher mPFS of 11.8
months among patients rechallenged with a subsequent
CDK4/6i-based regimen (palbociclib combined with ET or
abemaciclib combined with ET) [45]. Despite differences
in subsequent therapy type, similar mPFS was observed for
most studies in the 2L and later setting. In 3L, mPFS ranged
from 4.7 months on chemotherapy [51] to 10.3 months on
eribulin [54]. In the 3L and later line setting, mPFS ranged
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Fig.2 Median progression-free survival (PFS, months) for cyclin-
dependent kinase 4/6 inhibitor treatment are presented in the first-line
setting. Each included patient population is presented along the X-axis

with a unique reference number. The size of each bubble represents
the sample size. A complete list of included studies and reported PFS
is presented in Table 3. Ref # reference number
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Fig.3 Median progression-free survival (PFS, months) for cyclin-
dependent kinase 4/6 inhibitor treatments are presented in the first-
line (IL) to second-line (2L) setting. Each included patient popula-
tion is presented along the X-axis with a unique reference number.
The size of each bubble represents the sample size. Data were further

Median PFS (Months)

© Mixed
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L [} J

2L

NR « Targeted NE=Not Evaluable

grouped and color coded by the treatment received prior to cyclin-
dependent kinase 4/6 inhibitor treatment. A complete list of included
studies and reported PFS is presented in Table 3. #L number of lines
of therapy, CT chemotherapy, ET endocrine therapy, NR not reported,
Ref # reference number
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Fig.4 Median progression-free survival (PFS, months) for cyclin-
dependent kinase 4/6 inhibitor treatment are presented in the second-
line plus (2L+) to third-line (3L) setting. Each included patient popu-
lation is presented along the X-axis with a unique reference number.
The size of each bubble represents the sample size. Data were further

Mixed

2L+ 3L

NR = Targeted

grouped and color coded by the treatment received prior to cyclin-
dependent kinase 4/6 inhibitor treatment. A complete list of included
studies and reported PFS is presented in Table 3. #L number of lines
of therapy, CT chemotherapy, NR not reported, Ref # reference num-
ber
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Fig.5 Median progression-free survival (PFS) for cyclin-dependent
kinase 4/6 inhibitor treatment are presented in the third-line plus
(3L+) setting. Each included patient population is presented along the
X-axis with a unique reference number. The size of each bubble repre-
sents the sample size. Data were further grouped and color coded by
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the treatment received prior to cyclin-dependent kinase 4/6 inhibitor
treatment. A complete list of included studies and reported PES are
presented in Table 3. #L number of lines of therapy, 4L fourth line, 6L
sixth line, CT chemotherapy, ET endocrine therapy, NR not reported,
Ref # reference number
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Fig.6 Median overall survival (OS, months) for cyclin-dependent
kinase 4/6 inhibitor treatment is presented in the first-line setting.
Each included patient population is presented along the X-axis with
a unique reference number. The size of each bubble represents the
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sample size. A complete list of included studies and reported OS is
presented in Table 4. #L number of lines of therapy, Ref # reference
number
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Fig.7 Median overall survival (OS, months) for cyclin-dependent
kinase 4/6 inhibitor treatment is presented in the first-line plus (1L+)
to second-line (2L) setting. Each included patient population is pre-
sented along the X-axis with a unique reference number. The size of
each bubble represents the sample size. Data were further grouped
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2L
Mixed NE=Not Evaluable

and color coded by the treatment received prior to cyclin-dependent
kinase 4/6 inhibitor treatment. A complete list of included studies and
reported OS is presented in Table 4. #L number of lines of therapy,
3L third line, ET endocrine therapy, Ref # reference number
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Fig.8 Median overall survival (OS, months) for cyclin-dependent
kinase 4/6 inhibitor (CDK4/6i) treatment is presented in the second
line plus (2L+) setting. Each included patient population is presented
along the X-axis with a unique reference number. The size of each
bubble represents the sample size. Data were further grouped and

from 1.9 months on TTC-352, a selective human ER partial
agonist [55] to 6.2 months on chemotherapy [56]. Overall
trends in mPFS by treatment type in the 3L or later lines
subgroups were unclear because of the limited data. In two
studies that reported mPFS in fourth line and later lines,
mPFS was very similar between three treatments, with a
range from 4 months on eribulin to 4.2 months on ET alone
or in combination with targeted agents [51, 54].

Median OS was either not reached or reported from the start
of 1L in many studies (Table 6). Therefore, the mOS trend was
less conclusive. Available evidence suggests that post-CDK4/61
targeted treatments and mixed treatment regimens had a similar
mOS within the 2L and later lines subgroup that ranged from
13.6 months on ET to 37.4 months with everolimus-based ther-
apy [53, 57]. Median OS in 3L was reported by a single study
as 11.8 months for chemotherapy, ET, or everolimus combined
with exemestane [58]. One study reported post-CDK4/6i mOS
in 3L and later lines as 23.9 months for chemotherapy, ET,
or targeted therapy [59]. Overall, there are insufficient data to
make clear conclusions about optimal post-CDK4/6i treatment
sequencing; however, the current evidence available suggests
that no major differences in mOS exist across treatment types
following progression on CDK4/6i.

3.7 Ongoing Treatment Sequencing
and Post-CDK4/6i Clinical Studies

While not formally included in our TLR on CDK4/6i
treatment patterns, we identified and summarized ongo-
ing clinical studies investigating CDK4/6i-based treat-
ment sequencing or therapies following progression on
CDK4/6i. A total of 48 relevant ongoing clinical trials
were identified, including six phase I trials, six phase I/
II trials, 15 phase II trials, and 8 phase III trials. Thirteen

44 45 46 47 48

3L+
Targeted NE=Not Evaluable

color coded by the treatment received prior to CDK4/6i treatment.
A complete list of included studies and reported OS is presented in
Table 4. #L number of lines of therapy, /L first line, 3L third line, 4L
fourth line, CT chemotherapy, ET endocrine therapy, Ref # reference
number

ongoing observational studies of post-CDK4/6i treat-
ments were also identified. These studies are summarized
by order of trial phase in the ESM. The search identi-
fied one phase III clinical trial (SONIA; NCT03425838),
which is currently recruiting patients to investigate the
efficacy of CDK4/6i plus letrozole or anastrozole in 1L
followed by fulvestrant in 2L, compared with letrozole or
anastrozole in 1L followed by CDK4/6i combined with
fulvestrant in 2L [60]. The other 47 ongoing clinical tri-
als are investigating treatments following progression
on CDK4/6i, including various targeted therapies (e.g.,
CDKY7 inhibitor SY-5609, AKT inhibitor ipatasertib, and
phosphoinositide 3-kinase/mTOR inhibitor gedatolisib),
as well as rechallenging on a subsequent CDK4/6i-based
regimen. Comparators in ongoing studies include pla-
cebo, ET, and treatment of a physician’s choice. The
ongoing observational studies are non-interventional and
are investigating treatment patterns in various countries
around the world in patients who initiated treatment with
CDK4/61 (most commonly specified as palbociclib-based
therapy) with and without evidence of disease progres-
sion (ESM).

4 Discussion

This review sought to provide a comprehensive summary
of the current literature on CDK4/6i treatment patterns in
breast cancer, including recent reviews and clinical studies.
This review represents the most recent data in this rapidly
evolving field based on an updated search in October 2022.
We identified several reviews that described the preferred
treatment strategies for the HR+/HER2— aBC/mBC patient
population based on currently available results from clinical

A\ Adis
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number

(months)

position

(Fig. 9a)

4.2 41

4L+

16

ET, ET, + targeted agents

HR+/HER2— mBC

Retrospective observa-

tional

Xi, 2019 [51]

#L number of lines of therapy, 2L second line, 3L third line, 4L fourth line, 5L fifth line, aBC advanced breast cancer, Al aromatase inhibitor, BC breast cancer, CDK4/6i cyclin-dependent kinase
4/6 inhibitor, CT chemotherapy, ET endocrine therapy, EVE everolimus, EXE exemestane, HER2 human epidermal growth factor receptor 2, HR hormone receptor, LoT line of therapy, mBC

metastatic breast cancer, NR not reported

trials, and studies that reported current treatment patterns
with CDK4/6i and associated clinical outcomes. Overall,
these reviews offered conclusions that align with key breast
cancer treatment guidelines, with CDK4/6i combined with
ET as the preferred regimen in 1L or 2L for patients with
HR+/HER2—- aBC/mBC if CDK4/6i was not previously
received in this setting. However, optimal treatment sequenc-
ing and treatment selection following disease progression on
a CDK4/6i-based regimen are still unclear.

Several clinical studies reported detailed CDK4/6i treat-
ment patterns by line of therapy. Notably, the study by Basile
et al. reported a relatively smaller proportion of patients who
received CDK4/6i combined with ET in 1L or 2L compared
with the study by Goldschmidt et al. that also reported the
proportion of patients who received CDK4/6i treatment pat-
terns across two lines of therapy [36]. This is likely owing to
differences in data collection periods, as data were collected
in the Basile et al. study between 2008 and 2020, while data
were collected in the Goldschmidt et al. study between
February and June 2017; given CDK4/6i were approved in
Europe between 2016 and 2018, the lower CDK4/6i usage
in Basile et al. may be due to inclusion of the earlier period
in which CDK4/6i had not yet been approved. Similarly,
the relatively lower CDK4/6i usage reported in the study by
Davie et al. is likely also related to the study’s data collection
period, which occurred in 2017 when CDK4/6i were newly
approved in Europe [30].

The clinical evidence suggested that the use of CDK4/6i
in earlier lines of therapy for aBC/mBC (i.e., 1L-2L)
resulted in relatively higher mPFS, and the limited data
suggest a similar trend for mOS. However, a general trend
of decreasing mOS with an increasing line of therapy is
expected as this may partially be because patients who
do not respond to multiple lines of therapy are likely to
have more severe disease. The ongoing clinical studies
identified in the literature showed there are very few stud-
ies specifically investigating CDK4/6i in the context of
treatment sequencing (e.g., CDK4/6i in 1L vs in 2L);
however, emerging clinical data from ongoing studies of
post-CDK4/6i treatments may inform optimal treatment
selection following progression on CDK4/6i. Despite the
limited evidence, current data suggest survival outcomes
are similar between post-CDK4/6i use of chemotherapy,
ET, targeted treatments, or mixed treatments across treat-
ment lines. Additionally, there was some variation in
mPFS and mOS observed by lines of therapy that may
be partially attributed to differences in study design and
patient characteristics among the included studies.

The TLR described in this study was conducted in a
transparent and thorough manner that followed PRISMA
guidelines where possible, such as using a detailed and
structured search strategy, a priori PICOS criteria, and a
structured two-level screening process. Several limitations



351

Place in Therapy of CDK4/6i in Breast Cancer: A Targeted Literature Review

[euon

V/IN AN 1C 61 14 oqu —gddH/+dH -BAI95Q0 dATIOdsONOY [9¢] 120T *ariseq
[euon

VIN #S€°0C ¢ 6C LD DdW —CYHH/+IH -BAI3SQO 9An0adsonsy [9¢€] 120T “ariseq

L1 6'¢C +71¢ S0T  Adeioys peyesie) ‘LH ‘LD OqW —2YdH/AYH  (PUFYL) [ed1UI]D [T aseyq [6S] 610T 1550y
[euon

91 811 1€ T AXd +dAH 14 LD oqu +9d -eA108qO 2Andadsonoy [85] 610T “Teyprnn

3nip TeuorjeSTSaAUT

Sl 9¢I +1¢ 0¢S ‘ared eaner[ied ‘19 LD Ode —7YdH/+¥H  [BUONEAIdSqO dANDdds0I] [8+] 020T ‘10oenad
[euon

14! AN +71¢C 00T 131D DqW —CTYHH/+IH -eAIS8qO 2Andadsonay [66] 120T ‘1T
[euon

€l YLE +1¢ €l SOWIJOIAH OqW —TIdH/+H¥H -BA108qO 2Andads0noY [€6] zz0T “oueiry

Cl AN +1¢ 96 HAHA +qIPROqU+dXd  Ddguw/Dde —CddH/+dH eI [I/1 9seyd [1+] a120T “erpreg
[euon

11 9°¢l +71¢C L1 dXHd + dAd oqu +dH -BAI9SqO 9An0adsonsy [¥6] 120T 00D
[euon

(011 €T +16—1¢C 6L SUBISIWIXI + SNWI[OIAY DqW —CTYHH/+HIH -eAI88qO 2Andadsoney [86] 9T20T ‘OIN
[euon

6 (43 +16-1¢C 143 dXd + dAd DqW —CYdH/+HIH ~BAI0SqO oAnoadsonoy [L5] Z2oT ‘ewedey
[euon

8 14! +71¢C 144 jejsoulpiong, DdW —CTYHH/+IH -BAI9SQO 9An0adsonsy [96] 20T ‘MOYZ
[euon

L L'81 +71¢C 8% snuwirjoreAy DqW —CYHH/+IH -eAI88qO 2Andadsoney [s6] 020T ‘Teeuq
[euon

9 LY +1¢ L8 qIoeWIqy DWW —TIHH/+¥H -BAI0SqO 9AndadsONoY [z¥] 120T “Topuepm
[euon

S gol +16—1C (43 LD DdW —CYHH/+IH -BAI9SQO 9An0adsonsy [LS] zeot ‘ewedey
[euon

14 9'¢l +16-1C 0T RG| g —TIdH/+HMH -eAI08qO 2Andadsoney [LS] 2z0T ‘ewekey
[euon

€ L'S¢ 1C 80¢ 19/%31dD DWW —TYHH/+¥H -BA10SqO 9AndRdsONOY [£8]1 azzoT ‘unrey
[euon

4 AN ¢ LE AXd + dAH 19 LD oqu +9d -BAI3SQO 9An0adsonsy [8¢] 610T “TeyprLin
[BUOIIBAIISQO

I AN 1C 611 19+ 1943 ‘LA LD Ogw/Dde —2YdH/+¥H  eAnoadsoid/eandadsonsy [L¥] 0T0T ‘seriziunog

(96 'SrD)
qunu (sypuouw) uonisod
QOUAIJY Souw juanbasqng 07T juanbasqng (N) yuaneq  -wood Aderoy) Juoanbasqng uonerndod juoneq u3isap Apms Q0UISJOY

107 £q syuaunean 19/43D-1s0d Jo SO URIPIy 9 3jqel

A\ Adis



352

M. Zhao et al.

Reference
number

Subsequent LoT Subsequent mOS
(months)

Patient ()

Subsequent therapy com-

position

Patient population

Study design

Table 6 continued

Reference

A\ Adis

(Fig. 9b)
N/A

46.8*

2L+

51

EVE

HR+/HER2— mBC

Retrospective observa-

Jeong, 2021 [37]

tional

N/A

37.7*

2L

273

Retrospective observa- HR+/HER2—- mBC EVE + EXE

Rozenblit, 2021 [100]

tional

N/A

59.2%

3L

245

Retrospective observa- HR+/HER2— mBC EVE + EXE

Rozenblit, 2021 [100]

tional

#L number of lines of therapy, 2L second line, 3L third line, 5L fifth line, aBC advanced breast cancer, Al aromatase inhibitor, BC breast cancer, CDK4/6i cyclin-dependent kinase 4/6 inhibitor,

CT chemotherapy, ET endocrine therapy, EVE everolimus, EXE exemestane, HER2 human epidermal growth factor receptor 2, HR hormone receptor, LoT line of therapy, mBC metastatic breast

cancer, N/A not applicable, NE not estimable, OS overall survival, SOC standard of care

*Median OS only reported from the start of first-line therapy, therefore was not graphed by line of therapy

were also identified throughout this review. This TLR
included studies published since 2015, which encom-
passes the early marketing period of the CDK4/6i. While
treatment usage patterns are expected to change during
the early marketing period and stabilize over time, only
two studies reported data collection periods ending in
2015-16, and one study reported treatment patterns spe-
cifically for patients in an early access program that pro-
vides access to innovative drugs in advance of commercial
availability [61]. In addition, as specified in the PICOS
criteria, the studies included were limited to English-lan-
guage publications.

Key survival outcomes of mPFS and mOS, as reported
in 40 studies and 23 studies, respectively, were compared
across CDK4/6i use in different lines of therapy. While out-
comes cannot be directly compared across clinical studies
given differences in study design and patient selection, naive
comparisons can provide a useful overview of trends across
many studies in the absence of comparative studies, or simi-
lar studies that can enable more rigorous indirect compari-
sons. Additionally, the heterogeneity across observational
studies in terms of study design, patient population, and
reporting of results resulted in some challenges in synthe-
sizing results across studies, which limited the outcomes that
could be compared. For example, outcomes such as clini-
cal benefit rate or time to subsequent treatment were only
reported in a few studies, and therefore could not be mean-
ingfully compared across studies. Furthermore, variability
in patient selection criteria for CDK4/6i and subsequent
treatments could also have contributed to the heterogeneity
observed.

This review highlighted some key data gaps. Though
there is much evidence to support CDK4/6i combined
with ET as the preferred regimen in 1L or 2L treatment for
patients with HR+/HER2— aBC/mBC without previous
use of CDK4/6i therapy, there are very limited comparative
data from studies that have investigated optimal sequencing
for CDK4/6i. Only one ongoing clinical trial (SONIA) was
identified that is investigating CDK4/61 usage in 1L versus
2L [60]. More research is needed to inform optimal treat-
ment sequencing of CDK4/6i use in aBC/mBC. Results
from SONIA, as well as ongoing trials and real-world stud-
ies investigating the efficacy, effectiveness, and safety of
treatments following progression on CDK4/6-based regi-
mens will provide important insights. Furthermore, there is
also limited evidence on biomarkers or prognostic factors to
guide the selection of post-CDK4/6i treatment. Biomarkers
can guide the treatment strategy for individual patients, such
as by using next-generation sequencing to detect PIK3CA
mutations or gBRCA1/2 mutations to determine suit-
ability for targeted therapies [6, 16, 17]. Machine-learning
approaches leveraging real-world data could be considered
for predicting optimal treatment for individual patients based
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a Median PFS on Post-CDK4/6i Treatments in 2L+

45
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20
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Targeted NE=Not Evaluable

b Median OS on Post-CDK4/6i Treatments in 2L+

Median OS (Months)
n
o

CT ET o Mixed

Fig.9 Median progression-free survival [PFS, months] (A) and
median overall survival [OS, months] (B) of post-cyclin-dependent
kinase 4/6 inhibitor (CDK4/6i) treatments grouped by the therapy line
in which subsequent therapy was received. Each subsequent treat-
ment is presented along the X-axis with a unique reference number.
The size of each bubble represents the sample size. Data were further

on demographic and clinical characteristics. A study that
applied machine learning algorithms to real-world data
found that less than 50% of patients in the cohort received
optimal treatment with CDK4/6i in 1L and 2L as predicted
by the model [32]. Studies focusing on or reporting subgroup
outcomes in specific patient populations (e.g., high Eastern
Cooperative Oncology Group performance status) would
also be helpful given the heterogeneity within mBC. Last,
few studies reported safety, patient-reported, or quality-of-
life outcomes associated with different treatment sequences,
which are important treatment selection criteria to consider
in conjunction with the clinical benefit.

5 Conclusions

This TLR was conducted to examine the current evidence
on CDK4/6i treatment patterns in aBC/mBC. Reviews com-
monly discussed treatment with ET monotherapy, followed

2L+ 3L 3L+
Targeted NE=Not Evaluable

grouped and color coded by the subsequent treatment received. Com-
plete lists of included studies and reported PFS and OS are presented
in Tables 5 and 6, respectively. #L number of lines of therapy, 2L sec-
ond line, 3L third line, 4L fourth line, CT chemotherapy, ET endo-
crine therapy, NR not reported, Ref # reference number

by CDK4/6i combined with ET, followed by a targeted ther-
apy combined with ET, or ET or chemotherapy monother-
apy. Clinical studies reported or investigated similar treat-
ment sequences: patients with aBC/mBC generally received
ET monotherapy, chemotherapy monotherapy, or everolimus
(monotherapy or combined with ET), followed by CDK4/6i
or vice versa. While optimal treatment sequencing with
CDK4/6i remains unclear owing to a lack of available com-
parative clinical evidence, our findings suggest that CDK4/6i
are an effective treatment option for HR+/HER2— aBC/
mBC at any treatment line, while being most effective in
earlier lines of treatment. In accordance with recommenda-
tions from multiple breast cancer treatment guidelines, over-
all, this study supports that use of CDK4/6i in earlier lines of
therapy are clinically beneficial. Data also suggest survival
outcomes are similar between post-CDK4/6i use of chemo-
therapy, ET, targeted treatments, or mixed treatments across
treatment lines. Additional research is needed to investigate
optimal sequencing of treatments following progression

A\ Adis



354

M. Zhao et al.

on CDK4/6i-based therapy, and to identify patient popula-
tions that may benefit most from CDK4/6i therapy. As abe-
maciclib was also recently FDA and European Medicines
Agency approved for the adjuvant treatment of eBC among
patients with a high risk for recurrence [20, 62], it will be
interesting to consider how CDK4/6i treatment sequencing
or CDK4/6i rechallenging may shift across stages of eBC,
aBC, and mBC.

Supplementary Information The online version contains supplementary
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