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Background

According to the most recent approximations of the global 
burden of cancer by the International Agency for Research on 
Cancer (IARC), breast cancer has exceeded lung cancer as the 
most commonly diagnosed malignancy worldwide. In China, 
the number of new breast cancer cases is 272,400 annually, 
with 69,500 deaths (1). Approximately 70% of breast cancers 
are hormone receptor (HR)-positive, which has a favorable 
prognosis with hormone-dependent and novel targeted drugs 
synergistically combined with antiestrogens. Inhibitors of 
cyclin-dependent kinases 4 and 6 (CDK 4/6i) have been 
confirmed as the standard of treatment, combined with 
endocrine therapy (ET), in either the first-line setting or 
after progression on ET (2). 

Several large randomized studies have shown that the 
standard therapy of CDK4/6is (with three FDA-approved 
agents: palbociclib, abemaciclib, and ribociclib) combined 
with ET exhibits enormous anti-cancer activity, and is 
affordable and safe in HR-positive, human epidermal 
growth factor 2 (HER2)-negative advanced breast cancer 
(ABC) (3-7). At present, the National Medical Products 
Administration (NMPA) has approved two CDK4/6is, 
palbociclib and abemaciclib. According to the Chinese Society 
of Clinical Oncology (CSCO) Breast Cancer Diagnosis and 
Treatment Guidelines, 2021 updated version, the preferred 
treatment recommendation is CDK4/6is combined with ET 
in HR-positive and HER2-negative ABC. Also, abemaciclib 
combined with fulvestrant was highlighted as level 1A—
evidence for treatment after progression on a previous 
aromatase inhibitor (AI), which was separated from level 
2A—evidence of palbociclib combined with fulvestrant.

Abemaciclib is a selective inhibitor of CDK4/6, and is the 
only CDK4/6i that may be given continuously and also be 
used as a monotherapy (8). In addition, abemaciclib seems 
to cross the blood-brain barrier, thereby activating the 
central nervous system (CNS) (9). Two large randomized 
studies (MONARCH3/2) (5,6) have shown that the 
progression-free survival (PFS) for abemaciclib combined 
with a non-steroidal AI or fulvestrant significantly 
improved in HR+/HER2− ABC. Updated analyses have also 
demonstrated a marked improvement in overall survival 
(OS) with the combination of fulvestrant with abemaciclib. 
The recommendations of the CSCO 2021 guidelines were 
updated with a strong reference to the global MONARCH 
series clinical trials as well as a multinational, randomized, 
double-blind, placebo-controlled phase III trial—
MONARCH plus (10). In this article, we review the key 
aspects of the MONARCH plus study.

Introduction

According to data from the 9th December, 2016 to 29th 
March, 2019, MONARCH plus was conducted in 45 sites, 
mainly in China, but also in India, Brazil, and South Africa. 
Postmenopausal women with HR+/HER2− ABC who had 
not been systematically treated were assigned to cohort A 
to be given oral abemaciclib or a placebo daily combined 
with anastrozole or letrozole. Postmenopausal patients 
with HR+/HER2− ABC who had progressed after ET were 
assigned to cohort B to be given oral abemaciclib or a 
placebo combined with fulvestrant. The primary endpoint 
was PFS in cohort A, and the secondary endpoints were 
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cohort B’s PFS, objective response rate (ORR), and safety. 
Assuming a hazard ratio of 0.626 in cohort A and favoring 
abemaciclib plus AI, 119 and 170 PFS events were needed, 
with 80% power and a one-sided α =0.025. 

In cohort A, 207 patients were randomly enrolled into 
the abemaciclib group, and 99 patients were included 
in the placebo group. The primary endpoint reached an 
expected hypothesis, and PFS was favored and significantly 
improved in the abemaciclib group [hazard ratio, 0.499; 
95% confidence interval (CI), 0.346–0.719; P=0.0001]. 
Abemaciclib also exhibited considerable benefits in cohort 
B (median PFS was prolonged by approximately 6 months; 
hazard ratio, 0.376). The ORRs of abemaciclib-combined 
were 65.9% in cohort A and 50.0% in cohort B. The most 
common serious adverse event (SAEs) were neutropenia, 
leukopenia, and anemia in all patients treated with 
abemaciclib. Notably, in cohort B, the most common SAE 
was lymphopenia in the abemaciclib group. Any grade of 
diarrhea and ≥ grade 3 of neutropenia could be effectively 
treated by supportive drugs and/or dose adjustments. In 
summary, the PFS and ORR were clinically significant with 
abemaciclib plus ET, as well as significant and favorable 
safety in HR+/HER2− ABC.

Discussion

More than 80% of patients in the MONARCH plus study 
were Chinese, which were recruited from 28 representative 
centers in China. MONARCH plus is the first randomized 
clinical trial to illustrate the significant improvement in 
PFS and favorable safety profile in four countries, including 
China, Brazil, India, and South Africa, which represent 
approximately 40% of the global population. The study 
demonstrated the efficacy and safety profile of abemaciclib 
in those countries where postmenopausal women with HR+/
HER2− ABC. The positive and consistent results present 
convincing evidence for the application of abemaciclib in 
this population, especially Chinese patients. 

Before abemaciclib, the only CDK4/6i approved in 
China was palbociclib, and was indicated to be used in 
combination with AI, not with fulvestrant. The innovation 
of the MONARCH plus study is that it enrolled and 
evaluated cohorts with both endocrine-sensitive and 
endocrine-resistant populations in a single investigation, 
thereby yielding adequate power to investigate PFS, 
the primary endpoint. No alpha power was reserved for 
statistics in cohort B and the hypothesis for cohort B was 
just show the consistent tendency with global MONARCH 

2 trial. Despite the small sample size of cohort B, its results 
suffice to show the consistent and robust improvement with 
MONARCH 2. As a bridging study, MONARCH plus 
provides sufficiently validated data and at the same time, 
avoids total replication of the large, expensive trials and 
shortens the clinical drug development period.

In terms of inclusion criteria, cohorts A and B adopted 
the standard scheme of the global MONARCH 3 and 
MONARCH 2 trials; however, some adjustments were 
made based on China’s national condition. Firstly, the age 
of breast cancer diagnosis was at least 5–10 years earlier 
than that in American and other Western countries. More 
patients may receive tamoxifen treatment in adjuvant 
therapy and may be available for AIs (11). The MONARCH 
3 trial mainly enrolled patients who were ET naïve or 
had relapsed 12 months after completion of adjuvant AI 
therapy. Thus, we did not show whether the population 
who progressed after other ET, including tamoxifen and 
toremifene, could benefit from abemaciclib in combination 
with nonsteroidal aromatase inhibitor (NSAI) treatment (6). 
In the MONARCH plus trial, the study design in cohort 
A enrolled patients who received adjuvant non-AI ET and 
relapsed within 12 months, and were still with available for 
AIs. Patients who had been treated with NSAIs during the 
adjuvant ET phase were enrolled in cohort B. Subgroup 
analysis showed that patients in cohort A who received non-
NSAIs and relapsed within 12 months of completion of 
adjuvant ET could also benefit significantly (hazard ratio, 
0.484) from the combination of abemaciclib and NSAIs. 
This hazard ratio was similar to that of fulvestrant in cohort 
B (0.407). Based on the study design and conclusion of the 
MONARCH plus trial, the CSCO guidelines recommend 
stratified treatment considering the previous ET for the 
first time. 

The MONARCH plus interim analysis demonstrated 
that abemaciclib prolonged PFS in HR+/HER2− ABC 
regardless of treatment with NSAI or fulvestrant, which 
was highly consistent with the results of the MONARCH 
2 and 3 studies. Notably, ET-based therapies rarely rapidly 
inhibit and shrink hormone-dependent breast tumors, 
especially in patients who progressed during adjuvant ET. 
In both cohorts A and B, abemaciclib combined with ET 
significantly improved ORR, and the increase was greater 
in patients with measurable disease. In terms of disease 
control ratio (DCR) and clinical benefit ratio (CBR), we 
demonstrated a positive and consistent improvement. The 
Chinese subgroup analysis of the study was reported at 
the 2020 CSCO conference. Compared with ET alone, 
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abemaciclib combined with NSAI or fulvestrant significantly 
improved the PFS and ORR of Chinese women with ABC. 
These results are consistent with the intention to treat (ITT) 
population of the MONARCH plus study. It is especially 
worth noting that for patients with visceral metastasis and 
previous ET-resistance (primary resistance/secondary 
resistance), the PFS of patients who were combined with 
abemaciclib on the basis of ET was significantly improved. 

Diarrhea was a specific safety signal of abemaciclib 
compared with other CDK4/6is (12). In the MONARCH 
plus study, the majority of diarrhea events were low-grade, 
and the occurrence rate of grade 3–4 SAEs was moderately 
less than that of the MONARCH 2 and 3 trials. This 
difference could be explained by raised awareness and 
improved administration. In other words, management of 
diarrhea should be active and controllable; the addition 
of antidiarrheal medication (e.g., loperamide) was orally 
administered when patients began to show early signs of 
loose stools. An important recommendation is that patients 
with grade ≥2 diarrhea should discontinue abemaciclib at 
the first cycle, which could be resumed at the original dose 
upon recovery from diarrhea (grade ≤1). However, if grade 
2, or grade ≥3 diarrhea persists or recurs, dose reduction 
should be implemented (13).

The occurrence rate of treatment emergent adverse events 
(TEAEs) associated with neutropenia in the abemaciclib 
cohorts (cohort A: 80.0%; cohort B: 80.8%) in the 
MONARCH plus study was significantly higher than that of 
MONARCH 2 (46.0%) and MONARCH 3 (41.3%). The 
main cause for this difference may be the different patterns of 
reporting adverse events (AEs) in China and other countries. 
Moreover, the total occurrence rate of AEs and laboratory-
based surveillance of grade ≥3 in this study was similar to 
that of MONARCH 2 and 3. In particular, discontinuation 
of abemaciclib due to neutropenia was rare, with only one 
patient reported with febrile neutropenia. Intermittent dosing 
schedules of other CDK4/6i due to neutropenia were defined 
as dose-limiting toxicity, with severe neutropenia being 
commonly reported in a series of phase III trials (3,4,14). The 
incidence of abemaciclib associated with severe neutropenia 
was infrequent; a potential reason for this may be the more 
substantial inhibition of cyclin D1/CDK 4 by abemaciclib 
compared with cyclin D3/CDK 6, as recognized by cell-free 
enzymatic assays (8).

In cohorts A and B in the MONARCH plus study, 
venous thromboembolic events (VTEs) were reported in 
four patients in the abemaciclib groups [cohort A: 2.0%, 
grade 1: one patient (0.5%), grade 2: three patients (1.5%); 

cohort B: 3.8%, grade 2: three patients (2.9%), grade 3: 
one patient (1.0%)]. Notably, no VTE was reported in 
the placebo groups. Following anticoagulant therapy, the 
cases of VTE recovered and only one patient was reported 
to have discontinued abemaciclib due to embolism in the 
abemaciclib combined with NSAI group (0.5%). No death 
owing to VTE was disclosed. The increased risk of VTE 
is a special toxicity of CDK4/6is. The PALOMA-3 tests 
reported that the incidence of VTE was 1.4% in palbociclib 
group and 0% in the control group (3). Tests to evaluate 
ribociclib identified a similar increase in the occurrence 
of VTE. The MONALEESA-7 final survival analysis 
demonstrated that ribociclib combined with AI increased 
the incidence of pulmonary embolism (PE) compared with 
the placebo group (2.7% vs. 0.9%) (7). For abemaciclib 
(MONARCH 2 and 3), the VTE rate was almost 5% in 
the abemaciclib group compared with less than 1% in the 
placebo group (0.6–0.9%). However, the risk of thrombosis 
in the real-world population may be higher than those 
received and managed in clinical trials, according to 
two recently published retrospective real-world studies. 
One study collected 424 metastasis breast cancer (MBC) 
patients who received any of the three CDKis approved 
by the FDA (palbociclib, ribociclib, abemaciclib), and 
92% of patients received palbociclib. In this study, one 
out of five patients had visceral venous thromboembolism, 
which occurred in 90% of the palbociclib population (15). 
In another study, 266 patients were enrolled, with 79% 
receiving palbociclib, 14% receiving abemaciclib, and 7% 
receiving ribociclib. The data showed that 29 thrombotic 
AEs were reported in 26 female breast cancer patients 
(9.8%), including 72% venous-associated AEs and 34% 
arterial-associated AEs. The overall 1-year occurrence of 
thrombosis was 10.4%, including 10.9% in the palbociclib 
cohort, 8.3% in ribociclib cohort, and 4.8% in abemaciclib 
cohort (16). These inconsistent results indicate that there 
is a correlation between these three CDKis and VTEs. 
Further investigations regarding the mechanism of cancer-
associated thrombosis are required to better understand this 
phenomenon.

Considering the clinical improvements exhibited in 
MBC, CDK4/6i studies have been initiated in the adjuvant 
setting for three CDK4/6is. In the phase III monarchE 
study, the addition of abemaciclib provided benefits in both 
invasive disease-free survival (IDFS) and distant relapse-
free survival (DRFS) compared with mono-ET in high-risk 
early breast cancer patients (17). This is the first and only 
significant improvement seen yet in AI treatment in the 
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adjuvant population with estrogen receptor (ER)-positive 
early-stage breast cancer. 

Desp i te  the  promis ing  c l in ica l  progres s  wi th 
abemaciclib and other CDK4/6is, additional efforts should 
be made to determine the correct use of medications 
and optimal management of AEs. In routine clinical 
practice, conventional clinical monitoring (e.g., history 
of concomitant medications, electrocardiogram (ECG), 
and complete blood count) suffices to manage typical 
treatment-associated with AEs (e.g., prolongation, diarrhea, 
neutropenia, and hepatotoxicity). Clinicians should be aware 
to dose adjust and manage serious AEs with local labels. 
Above all, a clinical benefit/risk ratio should be considered 
to determine whether continue to receive treatment while 
occurring SAE (12,13). This is the essential approach to 
ensure that patients with HR+/HER2− breast cancer are able 
to tolerate treatment with an oral CDK4/6i well. 

Aside from widespread clinical experience with these 
agents, the clinical utility of putative biomarkers for routine 
medical decision-making has not been established (18). 
In the future, questions regarding the optimal population 
and dose with CDK4/6is, possible effective and feasible 
biomarkers for predictive value, and the potential 
resistance mechanisms of primary or acquired resistance 
to CDK4/6is should be addressed with large sample and 
well-designed randomized clinical trials. Meanwhile, the 
high cost of CDK4/6is hinders patient access. It is expected 
that CDK4/6is would be included in medical insurance 
reimbursement instead of being fully paid by patients.
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