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Abstract

Background: The combination of CDK4/6 inhibitors and endocrine therapy has greatly improved
progression-free survival (PFS) in patients with hormone receptor-positive, human epidermal growth
factor receptor 2 (HER2)-negative metastatic breast cancer in many randomized controlled trials (RCTs).
However, the key issue was the extent to which the benefit in PFS could translate into a prolongation of
Os.

Methods: We performed a systematical literature search of PubMed, Web of Science, Cochrane Central
Register of Clinical Trials and Embase, as well as meeting online archives up to February 2020. The
primary outcome was OS, and we performed indirect treatment comparisons depend on a meta-analysis.

Results: Six RCTs were eligible including 3421 breast cancer patients. Compared to the endocrine
therapy alone group, adding CDK4/6 inhibitors to endocrine therapy had significantly improved OS
(HR=0.76, 95% CI=0.68-0.85, P<0.001). Moreover, the OS advantage was consistent in patients with
different combined endocrine therapy, endocrine sensitivity status, sites of distant metastasis,
menopausal status and age. Nevertheless, more adverse events were observed in patients treated with
CDK4/6 inhibitors. The most common grade 3-4 adverse events were neutropenia (risk ratio
[RR]=37.15, 95% CI=15.33-90.04), leucopenia (RR=25.58, 95% Cl=13.23-49.46) and anaemia (RR=2.24,
95% Cl=1.38-3.85).

Conclusions: Our meta-analysis suggested that compared with endocrine therapy alone, the addition of
CDK4/6 inhibitors significantly improved OS in patients with hormone receptor-positive, HER2-negative
metastatic breast cancer. However, the addition of CDK4/6 inhibitors also increased the incidences of
grade 3-4 adverse events.
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Introduction

Breast cancer is one of the most common cancers

malignant neoplasms of the

breast[2-4].

Most

and the leading cause of cancer-related deaths among
women[1]. Hormone-receptor positive and human
epidermal growth factor receptor 2 (HER2) negative
breast cancer accounts for approximately 66% of all

hormone-receptor positive breast cancer can be cured
by adjuvant endocrine therapy in the early stage.
However, there are still a small number of patients
who went through recurrence and distant metastasis
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due to endocrine therapy resistance. Cyclin-
dependent kinase 4/6 (CDK4/6) is a vital regulator of
the cell cycle[5]. It accelerates the process of G1 phase
and makes tumor cells proliferate rapidly through
cyclin D-CDK 4/6-retinoblastoma pathway[6]. The
dysregulated  cyclin ~ D-CDK4/6-retinoblastoma
pathway is associated with endocrine therapy
resistance[7].

At present, three kinds of CDK4/6 inhibitors
have achieved satisfactory results in clinical trials,
including palbociclib[8-10], ribociclib[11-14] and
abemaciclib[15, 16]. Several clinical trials have shown
that the combination of CDK4/6 inhibitors and
endocrine therapy can improve the progression free
survival (PFS) compared to endocrine therapy alone.
The benefit of the addition of palbociclib was studied
in phase II clinical trial PALOMA-1[10] in 2015.
Compared with the letrozole alone group, the PFS
was significantly improved in the combination group
(20.2 vs 10.2 months, HR=0.488, 95% CI=0.319-0.748,
P=0.0004). After PALOMA-1, ribociclib-based
MONALEESA-2[14], MONALEESA-3[12], MONA-
LEESA-7[13] and palbociclib-based PALOMA-2[17],
PALOMA-3[8] and abemaciclib-based = MON-
ARCH-2[15], MONARCH-3[16] all showed the
superiority ~of CDK4/6  inhibitors-containing
regimens over endocrine therapy alone. Based on the
statistically significant and clinically meaningful
improvements in PFS data, the US Food and Drug
Administration (FDA) has approved CDK4/6
inhibitors in combination with endocrine therapy as
first/second-line  treatment in patients with
hormone-receptor positive, HER2 negative metastatic
breast cancer. However, the key issue was the extent
to which this benefit in PFS could translate into a
prolongation of OS.

In PALOMA-1, OS was not significantly
prolonged (37.5 vs. 34.5 months, HR=0.897, 95%
CI=0.623-1.294, P=0.281)[18]. However, in
MONARCH-2, a phase 3 clinical trial, median OS was
increased to 46.7 months in the abemaciclib plus
fulvestrant group compared with 37.3 months for
fulvestrant  alone  group  (HR=0.757, 95%
CI=0.606-0.945, P=0.01)[19]. Moreover, compared to
placebo plus nonsteroidal aromatase inhibitor
(NSAI)/tamoxifen regimen, the combination of
ribociclib and NSAI/tamoxifen showed a significantly
prolonged OS (not reached vs 40.9 months, HR=0.71,
95% CI=0.54-0.95, P=0.00973) as first-line or
second-line treatment in the MONALEESA-7 trial[20].
The effect of CDK4/6 inhibitors on OS was not
completely consistent in different clinical trials.

In this study, we performed indirect treatment
comparisons depend on meta-analysis. We aimed to
evaluate the OS benefit of adding CDK4/6 inhibitors

to endocrine therapy in patients with hormone
receptor-positive, HER2-negative metastatic breast
cancer, as well as the patient subgroups that might
benefit most from CDK4/6 inhibitors.

Material and methods

Literature search

We performed a systematical literature search to
identify published phase II/III RCTs evaluating the
clinical efficacy of endocrine therapy with or without
CDK4/6 inhibitors in hormone receptor-positive,
HER2-negative metastatic breast cancer. We searched
the PubMed, Web of Science, Cochrane Central
Register of Clinical Trials and Embase, as well as
American Society of Clinical Oncology (ASCO) and
San Antonio Breast Cancer Symposiums (SABCS) and
European Society for Medical Oncology (ESMO)
meeting online archives (up to February 2020). The
detailed search strategy is provided in the
supplementary (pl-p2).

Eligibility criteria

To be included, studies should meet the
following inclusion criteria based on PICOS
principles:1) P(population): eligible patients were
diagnosed ~ with  hormone  receptor-positive,
HER2-negative metastatic breast cancer. Studies
enrolled  patients  with  triple-negative  or
HER2-positive breast cancer were excluded; 2)
I(intervention) and C(comparison): treatment with
CDK4/6 inhibitor plus standard endocrine therapy in
the experimental arm and endocrine therapy alone in
the control arm; 3) O(outcome): overall survival (OS);
4) S(study design): phase II/III RCTs published in the
form of full-text articles, or as abstracts if full-text
articles were not available, were included. We
excluded phase I trials, meta-analyses, reviews,
preclinical studies, observational studies,
single-arm-studies, non-randomized trials and
subgroup analysis. No language restrictions were
performed in our study. If several articles about the
same clinical trial were identified, the most recent
article was included.

Data extraction

Two reviewers (CY and LM) independently
reviewed and extracted the data, and a third reviewer
(JYZ) was consulted to resolve the disagreement. The
following information was extracted from the six
included study: year of publication, phase of the trial,
line of treatment, single-center or multi-center study,
sample size, treatments for the intervention arm and
control arm, hazard ratios (HR) and 95% confidence
intervals (CI) of OS, median follow-up time, and
information about the participants (menopausal
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status, the site of metastatic disease, age, endocrine
sensitivity status, hormone-receptor status).

Statistical analysis

The primary outcome was OS, which was
defined as the time from randomization to date of
death of any cause. HRs and the corresponding 95%
CI were calculated for the effect of CDK4/6 inhibitor
plus endocrine therapy versus endocrine therapy
alone in terms of OS. The primary analysis was
performed by all the included studies. The subgroup
analyses were performed, and we preset the
subgroups: 1) different CDK4/6 inhibitors
(palbociclib vs abemaciclib vs ribociclib); 2) different
endocrine therapy (aromatase inhibitor = CDK4/6
inhibitor vs fulvestrant = CDK4/6 inhibitor); 3)
different menopausal status (peri-/ premenopausal vs
postmenopausal);, 4) different site of metastasis
(visceral vs nonvisceral); 5) different age (<65 years
old vs 265 years old); 6) different hormone-receptor
status (ER-positive and PgR-positive vs other); 7)
different endocrine sensitivity status (endocrine
sensitive vs endocrine resistant). The endocrine
sensitive population is defined as patients with
relapse interval > 12 months from completion of
(neo)adjuvant endocrine therapy or patients have not
received endocrine therapy. The endocrine resistant
population is defined as patients relapsed during or
within 12 months after completion of (neo)adjuvant
endocrine therapy, or patients progressed on the
first-line therapy. The endocrine resistant population
could be divided into two population. One is the
primary endocrine resistant population, and the other
is the secondary endocrine resistant population. The
primary endocrine resistance and secondary
endocrine resistance are defined according to the 4t
ESO-ESMO International Consensus Guidelines[21].
Primary endocrine resistance is defined as relapse
while on the first 2 years of adjuvant endocrine
therapy, or progressed within first 6 months of
first-line endocrine therapy. Secondary endocrine
resistance is defined as relapse while on adjuvant
endocrine therapy but after the first 2 years, or relapse
within 12 months of completing adjuvant endocrine
therapy, or progressed 6 months after initiating
endocrine therapy for advanced breast cancer.

I? statistics were used to evaluate the
heterogeneity among the included studies. If 12250%
and/or P value<0.10, the heterogeneity was
considered statistically significant, and a random
effect model was performed to pool the HRs.
Otherwise, a fixed effects model was performed[22].
For the publication bias assessment, Begg’'s and
Egger's tests as well as the funnel plot were
performed[23, 24]. The risk of bias assessment of the

included randomized controlled trials was performed
using the Cochrane Collaboration's Tool[25].

All statistical analyses were performed using
Stata (Version 15.0). All statistical tests were
two-tailed and p<0.05 was considered statistically
significant.

Results

Study selection and the associated
characteristic

A total of 2834 articles were first identified from
literature screening. According to our eligibility
criteria, 2811 articles were excluded after
title/abstract reviewing, and 11 articles were
excluded after full-text reviewing. Finally, six trials
were included in our meta-analysis (Figure 1) [11,
18-20, 26, 27].

In the six included RCTs, a total of 3421 patients
[median with range: 668.5 (165-726)] were enrolled.
Five (83%) of the six trials were phase III studies, and
only one (17%) trial was a phase II study. All the six
trials were multicenter studies. One (17%) RCT was
first-line treatment, two (33%) RCTs were second-line
or later treatment, and three (50%) RCTs included
both first-line and second-line treatments. All the six
trials compared the standard endocrine therapy plus
CDK4/6 inhibitor with endocrine therapy alone, but
the CDK4/6 inhibitors used were different. One (17%)
used abemaciclib, two (33%) used palbociclib and
three (50%) used ribociclib. Three (50%) of the six
trials used aromatase inhibitor as standard endocrine
therapy in the control arm, while the other three (50%)
used fulvestrant. A detailed description of the
characteristics of the included studies is presented in
Table 1.

CDKA4/6 inhibitor use and overall survival (OS)

Our results indicated that CDK4/6 inhibitor use
was positively associated with OS (HR=0.76, 95%
CI=0.68-0.85, P<0.001; Figure 2). And there was no
statistically significant heterogeneity among the six
studies (I?=0.0%, P=0.922), suggesting that the OS
advantage was consistent among the studies.

For subgroup analysis, CDK4/6 inhibitors
combined with an aromatase inhibitor had a favorable
impact on OS compared with aromatase inhibitor
alone without heterogeneity (HR=0.77, 95%
CI=0.63-0.95, P=0.014, 1>=0.0%; Figure 3A), and the
similar results were observed for patients receiving
CDK4/6 inhibitor plus fulvestrant (HR=0.76, 95%
CI=0.67-0.87, P<0.001, I>=0.0%). Moreover, subgroup
analysis was done among patients treated with
different CDK4/6 inhibitors. Three trials have
ribociclib-based regimen. As seen in Figure 3B, the
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pooled analysis showed statistically significant better
OS among patients treated with ribociclib plus
endocrine therapy (HR=0.72, 95% CI= 0.61-0.85,
P<0.001). With an I2 of 0, the results of the three trials
showed no heterogeneity. For the two trials with a
palbociclib-based regimen, palbociclib plus endocrine

therapy showed no significantly better OS than
endocrine therapy alone (HR=0.83, 95% CI=0.68-1.02,
P=0.076, 1’=0.0%). Only one trial wused the
abemaciclib-based regimen, and also showed better
OS with the addition of CDK4/6 inhibitors (HR=0.76,
95% CI=0.61-0.95, P=0.014).

23489 records indentified from Pubmed, Embase,

c Web of Science and Cochrane Central Registry
2 of Controlled Trials
8
=
=
3
= 485 from ASCO, ESMO and

SABCS meeting abstract

A4

2834 records screened

Title/abstract
Screening

=]

) (

N/

2811 records excluded
(meta-analyses, reviews, preclinical studies,
observational studies, single-arm-studies,
non-randomised trials, phase | trials,
subgroup analysis, trials for triple-negative

or HER-2 positive breast cancer, trials
for adjuvant or neoadjuvant setting,
studies for other cancers, duplicate studies)

23 eligibl

e articles |

Full text/conferenc
abstract screening

%|

e 4

11 articles excluded
for the absence of required data

12 articles (6 studies) included
in the final meta-analysis

=)

Figure 1. Flow-chart of literature search. Abbreviations: ASCO, American Society of Clinical Oncology; ESMO, European Society of Medical Oncology; SABCS, San Antonio

Breast Cancer Symposiums.

Table 1. Characteristics of studies included in the meta-analysis

Study Line* Phase Centers Patient Arm A Arm B Sample  Median 0os
characteristics size follow-up
time
PALOMA-1[10, 18]  First-line or I Multicenter Postmenopausal Palbociclib + Letrozole 165 Not reported 37.5 months vs 34.5
second-line women letrozole (84:81) months, HR 0.897
(95%CI 0.623-1.294)
PALOMA-3[8, 26] Second-line or III Multicenter Any menopausal Fulvestrant + Fulvestrant + 521 44.8 months  34.9 months vs 28.0
later status palbociclib placebo (347:174) months, HR 0.81 (95%CI
0.64-1.03)
MONARCH-2[15,  Second-line I Multicenter Any menopausal Abemaciclib + Placebo + 669 47.7 months  46.7 months vs 37.3
19] status fulvestrant fulvestrant (446:223) months, HR 0.757
(95%CI 0.606-0.945)
MONALEESA-2[11, First-line 111 Multicenter Postmenopausal Ribociclib + Placebo + 668 26.4 months Immature, HR 0.746
14] women letrozole letrozole (334:334) (95%CI 0.517-1.078)
MONALEESA-3[12, First-line or 111 Multicenter Men and Ribociclib+ Placebo+ 726 29.4 months  Not reached vs 40.0
27] second-line postmenopausal fulvestrant fulvestrant (484:242) months, HR 0.72 (95%CI
women 0.57-0.92)
MONALEESA-7[12, First-line or it Multicenter Pre- or Ribociclib+ Placebo + 672 34.6 months Not reached vs 40.9
20] second-line perimenopause NSAI/tamoxifen ~ NSAI/tamoxifen (335:337) months, HR 0.71 (95%CI
0.54-0.95)

Abbreviations: HR, Hazard ratio; CI, Confidence interval; OS, Overall survival; NSAI, Nonsteroidal aromatase inhibitor
* First-line therapy is defined as newly diagnosed advanced disease with no systemic therapy in the metastatic setting and relapse > 12 months from completion of
(neo)adjuvant endocrine therapy. Second-line therapy is defined as relapse during or within 12 months after completion of (neo)adjuvant endocrine therapy and disease

progressed after one line of therapy for advanced disease
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Study
ID

PALOMA-1
PALOMA-3
MONARCH 2
MONALEESA-2

CDK4/6 inhibitor +  Placebo + HR (95% ClI) %
Endocrine therapy better Endocrine therapy better Weight

0.90 (0.62, 1.29) 9.10

e 0.81 (0.64, 1.03) 21.48

+ 0.76 (0.61,0.94)  24.63

MONALEESA-3

0.75 (0.52, 1.08) 9.01

MONALEESA-7

0.72 (0.57, 0.92) 20.54

Overall (I-squared = 0.0%, p = 0.922)

0.71(0.54, 0.95) 15.24

<= 0.76 (0.68,0.85)  100.00

T
.45

T T
9 1 1.5

Figure 2. Forest plot showing pooled hazard ratios of overall survival for ET plus CDK4/6 inhibitor vs ET alone

Study
A ID

|. Aromatase inhibitor+CDK4/6 inhibitor
PALOMA-1
MONALEESA-2

MONALEESA-7"

Subtotal (I-squared = 0.0%, p = 0.605)

II. Fulvestrant+CDK4/6 inhibitor
PALOMA-3

MONARCH 2

MONALEESA-3

Subtotal (I-squared =0.0%, p = 0.808)

Heterogeneity between groups: p = 0.925
Overall (I-squared = 0.0%, p =0.920)

CDK4/6 inhibitor +  Placebo + %
Endocrine therapy better ~ Endocrine therapy better yn (95% Cl) Weight
i
: + 0.90 (0.62, 1.29) 9.53
‘: 0.75 (0.52, 1.08) 9.43
L 0.70 (0.50, 0.98) 1124

e = casst filieee— _ 0.77 (0.63, 0.95) 30.21

’ - 0.81 (0.64, 1.03) 22.49
_— 0.76(0.61,094) 2580
; 072(057,092) 2151

s e 0.76 (0.67, 0.87) 69.79

-<> 0.77 (0.68, 0.86) 100.00

.45 9 1 1.5
B Study CpK4/6 inhibitor + Placebq % %

D Endocrine therapy better ~ Endocrine therapy better g (95% Cly Weight
1

|. Endocrine therapy+palbociclib -

PALOMA-1 T * 0.90 (0.62, 1.29) 9.10

PALOMA-3 — 0.81 (0.64, 1.03) 21.48

Subtotal (I-squared = 0.0%, p = 0.647) —_— 0.83(0.68,1.02) 3058
1

Il. Endocrine therapy+abemaciclib E

MONARCH 2 —_—— 0.76 (0.61, 0.94) 2463

Subtotal (I-squared =.%, p=.) —_— T 0.76 (0.61, 0.95) 24.63
1
1

11l. Endocrine therapy-+ribociclib :

MONALEESA-2 ‘| 0.75 (0.52, 1.08) 9.01

MONALEESA-3 *— 0.72 (0.57, 0.92) 20.54

MONALEESA-7 — 0.71 (0.54, 0.95) 15.24

Subtotal (I-squared =0.0%, p =0.981) —@— 0.72 (0.61, 0.85) 4479
'
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Overall (I-squared = 0.0%, p = 0.922) -<:>- 0.76 (0.68, 0.85) 100.00
i
L
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.45 9 1 15

Figure 3. Forest plot showing pooled hazard ratios of overall survival in subgroups stratified by combined endocrine therapy (A) and different CDK4/6 inhibitors (B). *Only 495
of 672 patients received aromatase inhibitor as combined endocrine therapy were included.

As for the endocrine sensitivity status, four had a favorable impact on OS in endocrine resistant
studies provided the OS results for the endocrine  subset (HR=0.77, 95%CI=0.68-0.89, P<0.001, 1=0.0%),
resistant subset and three studies provided the OS  as well as the endocrine sensitive subset (HR=0.73,
results for endocrine sensitive subset (Figure 4A). The ~ 95%CI=0.59-0.90, P=0.004, 1?=0.0%). Moreover, two
CDK4/6 inhibitors combined with endocrine therapy  studies reported OS results for endocrine therapy
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primary resistance subset and endocrine therapy
secondary resistance subset (Figure 4B). Our results
indicated that the addition of CDK4/6 inhibitors was
positively associated with OS in the latter group
(HR=0.76, 95% CI=0.63-0.91, P=0.003, 1’=0.0%), but
not for the first group (HR=0.86, 95% CI=0.63-1.17,
P=0.330, >=59.5%).

We also analyzed overall survival in exploratory
subgroups, including menopausal status, the site of
metastatic disease, age, hormone—receptor status
(Table 3, Figure S1). In general, the advantage of
CDK4/6 inhibitor use was consistent with that
observed in the overall population. However, the
results of some subgroup analysis showed no
significant difference, owing to the small number of
patients included.

CDK4/6 inhibitor use and adverse events

We performed an analysis of the top 10 adverse
events (neutropenia, nausea, fatigue, diarrhoea,
arthralgia, leucopenia, headache, vomiting, hot flush,
anaemia) between the two groups. In terms of all
grade adverse events, CDK4/6 inhibitors plus
endocrine therapy group showed significantly higher
rates of neutropenia (risk ratio [RR]=14.77, 95%
CI=10.26-21.26), nausea (RR=1.66,95% CI=1.49-1.85),
fatigue (RR=1.22, 95% CI=1.02-1.45), diarrhoea
(RR=1.64, 95% CI=1.08-2.48), leucopenia (RR=9.95,
95% CI=7.43-13.32), vomiting (RR=1.74, 95%
CI=1.29-2.34), anaemia (RR=3.53, 95% CI=2.36-5.26)
(Table 3).

Table 2. Subgroup analyses according to clinicopathological
characteristics

Subgroup Pooled 95% CI Heterogeneity = P-value for

HR 1% P-value heterogeneity
between subgroups

Menopausal status 0.873

Peri-/premenopausal 0.76 0.60-0.96 0.0%; 0.416

Postmenopausal 0.74 0.64-0.86 0.0%; 0.920

Site of metastatic 0.620

disease

Visceral 0.76 0.65-0.89 0.0%; 0.686

Nonvisceral 0.71 0.58-0.88 0.0%; 0.736

Age 0.487

<65 yr 0.80 0.67-0.95 0.0%; 0.445

265 yr 0.72 0.58-0.90 44.4%;0.166

Hormone-receptor 0.872

status

ER-positive and 0.75 0.63-0.89 0.0%; 0.967

PgR-positive

Other 0.77 0.58-1.01 0.0%; 0.743

Abbreviations: HR, Hazard ratio; CI, Confidence interval; ER, Estrogen receptor;
PgR, Progesterone receptor

In terms of grade 3-4 adverse events,
neutropenia and leucopenia are the most commonly
observed adverse events with an RR 37.15 (95%
CI=15.33-90.04) for neutropenia and 25.58 (95%
CI=13.23-49.46) for leucopenia. Febrile neutropenia
occurred in only 1.14% of patients in CDK4/6
inhibitors plus endocrine therapy group and 0.20% of
patients in endocrine therapy alone group. In the
subgroup analysis of different CDK4/6 inhibitors
(Figure S2), the incidences of grade 3-4 neutropenia
were significantly higher in patients receiving
ribociclib-based regimen (RR=47.33, 95%
CI=9.67-231.61), and palbociclib-based regimen
(RR=68.15, 95%CI=17.09-271.83). Moreover, patients
received abemaciclib-based regimen showed higher
rates of grade 3-4 diarrhoea.

Table 3. Top 10 adverse events associated with CDK4/6 inhibitors plus endocrine therapy versus endocrine therapy alone

Adverse effects CDK4/6 inhibitors +ET group Placebo + ET group Total incidence RR (95%CI) P value Heterogeneity
(event/total) (event/total) (%) 12 (%) P value

All grade
Neutropenia 1382/2021 67/1380 42.61 14.77 (10.26-21.26) <0.001 50.4 0.073
Nausea 829/2021 336/1380 34.25 1.66 (1.49-1.85) <0.001 36.8 0.162
Fatigue 698/2021 389/1380 31.96 1.22 (1.02-1.45) 0.029 62.3 0.021
Diarrhoea 797/2021 280/1380 31.67 1.64 (1.08-2.48) 0.020 90.3 <0.001
Arthralgia 426/2021 322/1380 21.99 0.97 (0.86-1.10) 0.649 0.0 0.593
Leucopenia 684/2021 49/1380 21.55 9.95 (7.43-13.32) <0.001 46.0 0.099
Headache 436/2021 269/1380 20.73 1.12 (0.97-1.28) 0.111 0 0.709
Vomiting 475/2021 189/1380 19.52 1.74 (1.29-2.34) <0.001 67.3 0.009
Hot flush 364/2021 292/1380 19.29 0.96 (0.83-1.10) 0.522 0.0 0.470
Anaemia 468/2021 94/1380 16.52 3.53 (2.36-5.26) <0.001 67.9 0.008

Grade 3-4

Neutropenia 1044/2021 21/1380 31.31 37.15 (15.33-90.04) <0.001 65.1 0.014
Leucopenia 336/2021 8/1380 10.11 25.58 (13.23-49.46) <0.001 0.0 0.713
Anaemia 76/2021 22/1380 2.88 2.24 (1.38-3.85) 0.001 24.6 0.250
Diarrhoea 74/2021 8/1380 2.41 2.51 (0.55-11.42) 0.235 67.2 0.009
Fatigue 44/2021 8/1380 1.53 3.54 (1.70-7.40) 0.001 0.0 0.923
Nausea 31/2021 9/1380 118 2.19 (1.07-4.49) 0.032 0.0 0.647
Vomiting 28/2021 11/1380 115 1.75 (0.92-3.32) 0.087 453 0.104
Arthralgia 12/2021 10/1380 0.65 0.93 (0.40-2.14) 0.866 0.0 0.978
Headache 10/2021 6/1380 0.47 1.00 (0.36-2.78) 0.997 0.0 0.642
Hot flush 2/2021 1/1380 0.09 1.11 (0.25-4.91) 0.892 4.4 0.351

Abbreviations: ET, Endocrine Therapy; HR, Hazard ratio; RR, risk ratios; CI, Confidence interval; ER, Estrogen receptor; PgR, Progesterone receptor
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Study %
ID CDK4/6 inhibitor +  Placebo + HR (95% CI) Weight
Endocrine therapy better Endocrine therapy better
i
I. Endocrine resistant :
1
PALOMA-3 + 0.81 (0.64, 1.03) 23.48
1
MONARCH2 + 0.76 (0.61, 0.94) 28.44
MONALEESA-3 +: 0.73 (0.53, 1.00) 13.19
1
MONALEESA-7 - 0.80 (0.51, 1.27) 6.39
Subtotal (I-squared = 0.0%, p = 0.957) <> 0.77 (0.68, 0.89) 71.50
|
1
II. Endocrine sensitive :
1
MONALEESA-2 + 0.75 (0.52, 1.08) 9.95
I
MONALEESA-3 + : 0.70 (0.48, 1.02) 9.36
]
MONALEESA-7* & * : 0.68 (0.45, 1.00) 8.34
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Figure 4. Forest plot showing pooled hazard ratios of overall survival in subgroup stratified by combined endocrine sensitivity status (A), primary/secondary resistance(B).
*Patients with no previous endocrine therapy. fPatients with relapse interval > 12 months from completion of (neo)adjuvant endocrine therapy
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Figure 5. Funnel plot of the overall survival

The risk of bias and publication bias
assessment

The risk of bias assessment of the included RCTs
are summarized in sTable 1 using the Cochrane
Collaboration's Tool [25]. The PALOMA-1 was an
open-label trial with a high risk of inadequate
blinding. However, the other included trials were all
phase III, double-blinded trials with low risk of bias
for most assessments.

For the assessment of publication bias, a funnel
plot was performed, and the plot showed mild
asymmetry (Figure 5). The results of Begg's and
Egger's tests (Ppegys=1.000, Pgggers=0.553) also
indicated that there was no significant publication
bias.

Discussion

To our knowledge, this is the first
comprehensive meta-analysis including all the
published OS data to assess the OS benefit of CDK4/6
inhibitors. Pivotal phase III clinical trials all suggested
that the addition of CDK4/6 inhibitors to endocrine
therapy can greatly improve PFS in patients with
hormone receptor-positive, HER2-negative metastatic
breast cancer [8, 10-13, 15]. However, OS data were
not mature for many of the studies at the time of PFS
analysis. Until recently, OS data were only available
for PALOMA 1[18], PALOMA 3[26] and
MONALEESA 2[11]. Two previous meta-analyses[28,
29] were not powered to detect an overall survival
advantage, for the reason that the majority of survival
results of the RCTs included were still pending. For
the US Food and Drug Administration pooled
analysis[30], a non-statistically significant OS benefit
was observed across all the pooled trials (0.89, 95% CI
0.78-1.01). Because the efficacy data were extracted on

April 30, 2018, and overall survival data were not
mature for all the pooled studies at that time. Li et
al[31] performed a meta-analysis and firstly detected
the OS benefit of CDK4/6 inhibitors (HR 0.79, 95% CI
0.67-0.93), however they only included 3 RCTs. The
meta-analysis performed by Schettini et al[32] also
detected the OS benefit of CDK4/6 inhibitors, but
they did not include the updated OS data of
PALOMA-1 published in 2017[18]. Recently, OS data
for pivotal phase III trials MONARCH2,
MONALEESA 3 and MONALEESA 6 were published.
Our meta-analysis carefully included all the six
randomized clinical trials and the updated OS results.
We showed that CDK4/6 inhibitors plus endocrine
therapy, compared with endocrine therapy alone,
significantly improved OS in patients with hormone
receptor-positive, HER2-negative metastatic breast
cancer. Our study detected an OS advantage among
these six clinical trials, regardless of the combined
endocrine therapy, endocrine sensitivity status, sites
of distant metastasis, menopausal status and age.
Some OS data of other clinical trials are still pending,
such as PALOMA-2 and MONARCH 3.

The subgroup analysis of different CDK4/6
inhibitors showed that palbociclib did not
significantly improve OS in patients, and this result
was not consistent with the significant improvements
in PFS observed in the two palbociclib-based clinical
trials (PALOMA-1 and PALOMA-3). We speculate
that the inconsistency between OS and PFS may be
due to the different subsequent treatment regimens
and the cross-over from the control arm to CDK4/6
inhibitors treatment. In this situation, the benefit in
PFS could not translate to a prolongation of OS.
Moreover, even if the analysis of OS did not meet the
threshold for statistical significance, the addition of
CDK4/6 inhibitors to endocrine therapy resulted in a
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prolongation of OS of 6.9 months in PALOMA-3, and
3.0 months in PALOMA-1.

The OS benefits of CDK4/6 inhibitors were
observed in both endocrine sensitive subgroup
(HR=0.73, 95% CI=0.59-0.90, P=0.004) and endocrine
resistant subgroup (HR=0.77, 95% CI=0.68-0.89,
P<0.001), which was consistent with the findings of
the preclinical studies. Preclinical studies showed that
cyclin-dependent kinases (CDKs) played an essential
role in regulating cell-cycle progression[33].
Alterations in the cyclin-D-CDK4/6-retinoblastoma
pathway were associated with endocrine resistance in
breast cancer, and the CDK4/6 inhibitors had shown
its ability to reverse endocrine resistance[34-36]. A
meta-analysis also showed that adding CDK4/6
inhibitors in endocrine-sensitive (HR 0.55, 95% CI
0.50-0.62) or endocrine-resistant setting (HR 0.51, 95%
CI 0.43-0.61) significantly improved the PFS of
metastatic hormone receptor-positive, HER2-negative
breast cancers regardless of menopausal status and
site of metastasis[29]. However, when we analyzed
the patients with primary endocrine resistance and
the patients with secondary endocrine resistance
separately, the OS benefit of CDK4/6 inhibitors was
only observed in the latter group. In MONARCH 2,
OS subgroup analysis done in patients with primary
vs secondary endocrine resistance showed a better OS
effect in patients with primary endocrine resistance
(HR 0.69, 95% CI 0.45-1.04)[19]. This contrasted with
the OS data in the PALOMA 3 study. A subgroup
analysis in PALOMA 3 indicated no better OS effect in
patients with primary endocrine resistance (HR 1.14,
95% CI 0.71-1.84)[26]. The divergent results suggested
a potential differential activity between abemaciclib
and palbociclib in patients with primary endocrine
resistance. Further studies are warranted to draw
more definitive conclusions.

In this study, there were also some unavoidable
problems in the process of analysis. The methods for
subgroup stratifications were not precisely the same.
For example, in MONALEESA-3 and MONALEESA-7
clinical trials, visceral metastases only referred to lung
and/or liver metastases, while in MONARCH-2 and
PALOMA-3 clinical trials, visceral metastases referred
to lung, liver, brain, pleural, and peritoneal
involvement[12, 19, 20, 26]. Therefore, bias might exist
in the subgroup analysis of visceral metastasis subset
vs non-visceral metastasis subset. However, for
patients with metastatic hormone receptor-positive
breast cancer, visceral metastases mainly referred to
lung and/ or liver metastases [37]. Metastatic hormone
receptor-positive breast cancer had a high incidence
of metastasis to liver (28.6% for luminal A, 32.0% for
luminal B) and lung (23.8% for luminal A, 30.4% for
luminal B). Low risks of brain metastases (2.2% with

luminal A and 4.7 % with luminal B) were seen. Based
on this, the bias will not have a severe impact on the
final results of the analysis[38].

Adding CDK4/6 inhibitors increased the rate of
3-4 adverse events. The most significant adverse
events are mainly related to the blood system, such as
neutropenia  (RR=37.15, 95%  CI=15.33-90.04),
leucopenia (RR=25.58, 95% CI=13.23-49.46) and
anaemia (RR=2.24, 95% CI=1.38-3.85). There was no
significant difference in the incidence of grade 3
digestive system adverse events such as diarrhea and
vomiting. It suggested that we need to closely monitor
the hemogram of patients to prevent or deal with
serious adverse events in time when using CDK4/6
inhibitors.

Conclusion

Our meta-analysis indicated that compared with
endocrine therapy alone, the addition of CDK4/6
inhibitors significantly improved OS in patients with
hormone receptor-positive, HER2-negative metastatic
breast cancer. The advantage of CDK4/6 inhibitor
was consistent in patients with different combined
endocrine therapy, endocrine sensitivity status, sites
of distant metastasis, menopausal status and age.
However, the addition of CDK4/6 inhibitors also
associated with a higher rate of grade 3-4 adverse
events.
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Supplementary material, figures, table.
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