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Abstract: Among pre- and postmenopausal women with hormone receptor-positive (HR+) breast cancer (BC), combinations of an
aromatase inhibitor (AI) or fulvestrant with a CDK 4/6 inhibitor (palbociclib, ribociclib, or abemaciclib) have demonstrated improved
progression-free survival (PFS) and overall survival (OS) compared to standard single-agent hormone therapy alone as first-line therapy
for de novo metastatic disease or relapse during or after adjuvant therapy and no previous therapies in an advanced setting. We here
reviewed clinical data about ribociclib in advanced and early BC. Also, we shed light on patient selection and special settings in which
medical oncologists urgently await an advance in treatment. Ribociclib was FDA-approved in combination with letrozole based on
a Phase III study in which 668 postmenopausal women with HR+, HER2-negative recurrent or metastatic BC were treated with first-line
letrozole with or without ribociclib. For patients with metastatic disease at presentation or after a course of AIs, the results of the
MONALEESA-3 trial suggest ribociclib’s efficacy in combination with fulvestrant, and this combination is FDA-approved for initial-
and subsequent-line endocrine therapy for postmenopausal women with metastatic hormone receptor-positive, HER2-negative BC. In
adjuvant and neoadjuvant settings, the use of CDK 4/6 inhibitors may be useful to boost outcomes in high-risk patients with HR+ BC, but
data contrast with those of a phase III study, which produced positive results. New combinations are being explored in upfront disease
(neoadjuvant) or in association with other targeted agents in metastatic disease. Compared to other CDK 4/6 available, ribociclib has
a higher incidence of liver function test abnormalities than the other agents and can cause QTc prolongation, and therefore may be
prudently avoided in patients with cardiac morbidities or other risk factors for QTc prolongation (drugs, interactions). In these cases,
different agents (palbociclib or abemaciclib) may be used. In conclusion, ribociclib with letrozole or with fulvestrant is effective for the
entire spectrum of patients with HR+ BC in the advanced setting. Ribociclib has all the characteristics of an innovative drug able to
change the clinical practice and most BC patients’ prognoses.
Keywords: breast cancer, ribociclib, CDK 4/6 inhibitors, review

Introduction
Among pre-and postmenopausal women with hormone receptor-positive (HR+) breast cancer (BC), combinations of an
aromatase inhibitor (AI) and fulvestrant with a CDK 4/6 inhibitor (palbociclib, ribociclib [RIBO], or abemaciclib) have
demonstrated improved progression-free survival (PFS) and overall survival (OS) compared to standard single-agent
hormone therapy alone as first-line therapy for de novo metastatic disease or relapse during or after adjuvant therapy and
no previous therapies in advanced setting. Despite only 1 Phase 3 trials with abemaciclib provided positive results in
adjuvant setting, CDK 4/6 inhibitors have not been fully employed in early disease. Ribociclib was FDA-approved in
combination with letrozole (LET) based on a phase III study in which 668 postmenopausal women with HR+, HER2-
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negative recurrent or metastatic BC were treated with first-line L with and without RIBO.1 For patients with metastatic
disease at presentation or after a course of AIs, the results of the MONALEESA-32 trial suggest RIBO’s efficacy in
combination with fulvestrant, and this combination is FDA-approved for initial- or subsequent-line endocrine therapy
(ET) for postmenopausal women with metastatic HR+, HER2-negative BC. In adjuvant and neoadjuvant settings, CDK
4/6 inhibitors may be useful to boost outcomes in high-risk patients with HR+ BC, but data contrast with those from
a phase III study, which produced positive results. New combinations are being explored in upfront disease (neoadjuvant)
and in association with other targeted agents in metastatic disease. Ribociclib has all the characteristics of an innovative
drug that can change the clinical practice and most BC patients’ prognosis. This review highlights patient selection and
particular settings in which medical oncologists urgently await advances in treatment.

First-Line Therapy with RIBO in Advanced Disease
In the last few years, the clinical activity and safety of RIBO have been investigated in various settings through the
MONALEESA (Mammary Oncology Assessment of LEE011ʹs Efficacy and Safety) clinical trial program, which
includes the MONALEESA-2, MONALEESA-3, and MONALEESA-7 trials. The MONALEESA-2 trial is a phase III
trial to evaluate the combination of RIBO with LET as first-line therapy in postmenopausal women with advanced BC;
the MONALEESA-3 and MONALEESA-7 are more recent trials to investigate new patient populations and CDK 4/6
inhibitor combinations in first-line and second-line settings. The MONALEESA-7 is a phase III trial to study CDK 4/6
inhibition in combination with tamoxifen or a nonsteroidal aromatase inhibitor in a population composed entirely of pre/
perimenopausal women, and in the MONALEESA-3 trial, researchers investigated CDK 4/6 inhibition plus fulvestrant in
a mixed population (de novo, first-line and second-line treatment for advanced disease in postmenopausal patients).

Combination of RIBO + LET
TheMONALEESA-2 andMONALEESA-7 are double-blind, placebo-controlled, randomized phase III trials. In all trials, the
initial RIBO dose was 600 mg once daily for 21 days in a 28-day cycle (3 weeks on, 1 week off schedule). In the
MONALEESA-2 trial, between January 2014 and March 2015, 668 patients were enrolled, 334 in each arm. The
MONALEESA-7 trial included 672 patients between December 2014 and August 2016, with 335 assigned to the experimental
arm and 337 in the control arm.

In the MONALEESA-2 trial, RIBO (or placebo) was combined with LET (2.5 mg once daily) in post-menopausal
women with HR+/HER2 negative advanced BC.5 The primary endpoint was PFS, and the secondary endpoints were OS,
overall response rate (ORR), clinical benefit rate, safety, and quality of life assessments.3

In the MONALEESA-7 trial, researchers evaluated pre/perimenopausal patients with HR+, HER2 negative
advanced BC who received treatment with either RIBO, a placebo with tamoxifen (20 mg daily), or a nonsteroidal
aromatase inhibitor (LET 2.5 mg daily or anastrozole 1 mg daily).4 In addition, all patients in the MONALEESA-7 trial
received goserelin (3.6 mg subcutaneously on day 1 of every 28-day cycle) for ovarian suppression. In the
MONALEESA-2 trial, patients never received systemic chemotherapy or ET for advanced disease. Patients with
inflammatory BC, CNS metastases, impaired gastrointestinal function or history of cardiac disease or dysfunction, or
baseline corrected QTc interval >450 ms were excluded. Previous neoadjuvant or adjuvant use of a nonsteroidal
aromatase inhibitor was permitted contingent on a disease-free interval of more than 12 months. The MONALEESA-7
trial included pre/perimenopausal women aged 18–58 years, with similar patients enrolled in the MONALEESA-2 trial.
The primary endpoint was PFS. The secondary endpoints included OS, ORR, clinical benefit rate, time to response, time
to definitive deterioration of ECOG PS, quality of life, safety, and tolerability.4

In the MONALEESA-2 and MONALEESA-7 trials, the primary endpoint was met. PFS was significantly improved
in the treatment arm containing RIBO vs the placebo arm. In the MONALEESA-2 trial, after a median follow-up of 36.4
months, the median PFS was 25.3 months in the RIBO arm vs 16 months in the placebo arm (hazard ratio [HR]: 0.568
[95% CI: 0.457–0.704]).

Results from the MONALEESA-7 trial also show a significantly longer duration of PFS in the RIBO group than in
the placebo group; the median PFS was 23.8 months (95% CI: 19.2–not reached) in the RIBO arm and 13.0 months (95%
CI: 11.0–16.4) in the placebo arm (HR: 0.55 [95% CI: 0.44–0.69]). The median PFS in the subgroup of patients receiving
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tamoxifen as a combination partner (n = 177) was 22.1 months (95% CI: 16.6–24.7 months) in the RIBO group and 11.0
months (95% CI: 9.1–16.4 months) in the placebo group (HR: 0.59 [95% CI: 0.39–0.88]). In patients receiving
a nonsteroidal aromatase inhibitor as a combination partner (n = 495), the median PFS was 27.5 months (95% CI:
19.1 months–not reached) in the RIBO group and 13.8 months (95% CI: 12.6–17.4 months) in the placebo group (HR:
0.57[95% CI: 0.44–0.74]).2 The ORR in the MONALEESA-2 trial was 42.5% versus 28.7% (p < 0.0001) in the RIBO
group and the placebo group, and in patients with measurable disease, the ORR was 54.5% versus 38.8% (p < 0.001).5

In the MONALEESA-7 trial, the ORR in all patients was 41% in the RIBO group versus 30% in the placebo group,
and among patients with measurable disease, the ORR was 51% and 36%, respectively (p < 0.001 for both
comparisons).4 In all MONALEESA trials, the addition of RIBO to ET resulted in measurable tumor reductions,
showing an advantage in ORR.

The phase III trials, MONALEESA-2 and MONALEESA-7, both demonstrated a statistically significant OS benefit
with the addition of RIBO to ET in pre- and post-menopausal patients.

The MONALEESA-2 trial showed that after 80 months (more than 6.5 years) of follow-up, the median OS was
prolonged by more than 12 months, 63.9 months with RIBO plus LET vs 51.4 months with placebo plus LET (HR 0.76;
95% CI: 0.63–0.93), p = 0.0048. Six-year survival rates were 44.2% and 32.0% for RIBO and placebo, respectively.
A consistent OS benefit was seen across key subgroups (liver or lung involvement, race, prior chemotherapy or prior
hormonal agent, number of metastasis sites, bone-only metastasis, and de novo disease). Ribociclib also delayed time to
first chemotherapy by almost 1 year; the median time to first chemotherapy was 50.2 months in the combination group vs
38.9 months in the placebo group (HR 0.74 95% CI: 0.61–0.91).10

In the MONALEESA-7 trial, after a median follow-up of 53.5 months, the median OS was 58.7 vs 48.0 months in the
RIBO vs placebo arm (HR 0.76; 95% CI: 0.61–0.96). The survival rate at 4 years was 60% vs 50%, and at 54 months, it was
53% vs 44%.11 Subgroups defined by ET partner were also assessed. In patients receiving a nonsteroidal aromatase inhibitor,
the median OS was 58.7 vs 47.7 months in the RIBO vs placebo arm (HR 0.80; 95% CI 0.62–1.04). For patients receiving
tamoxifen, the median OS was not estimable vs 49.3 months for RIBO vs placebo (HR 0.71; 95% CI 0.45–1.10).11

Combination of RIBO with Fulvestrant
For patients progressing after a previous course with an AI alone without CDK 4/6, the natural second line is represented
by the combination of fulvestrant and RIBO (or palbociclib or abemaciclib). The MONALEESA-31 trial supports the
indication of fulvestrant + RIBO. This phase III trial included 726 patients with advanced HR+ BC, with approximately
one half receiving first-line endocrine for advanced disease and one half receiving second-line treatment having relapsed
at or <12 months from completion of (neo)adjuvant ET with no treatment for advanced or metastatic disease (early
relapse), >12 months from completion of (neo)adjuvant ET with subsequent progression after one line of ET for
advanced or metastatic disease, and finally those with advanced or metastatic BC at diagnosis who progressed after
one line of hormone therapy for advanced disease with no prior (neo)adjuvant treatment for early disease. The median
OS in this subgroup was not reached in the combination arm and was 51.8 months (95% CI 40.4–57.6 months) in the
fulvestrant/placebo group (HR, 0.64; 95% CI 0.46–0.88). In particular, the endocrine-naive population derived the
greatest benefit from the addition of RIBO to fulvestrant (HR = 0.62, 95%0.41–0.95). Patients in the second-line
subgroup had a median OS of 39.7 months (95% CI 37.4–46.9 months) in the fulvestrant/RIBO group and 33.7 months
(95% CI 27.8–41.3 months) in the fulvestrant/placebo group (HR, 0.78; 95% CI 0.59–1.04).

Patients Selection from Subgroup Analysis
Subgroup analyses in the MONALEESA trials showed a consistent treatment benefit across all subgroups evaluated, including
participants age ≥65 years as well as those with visceral metastases, bone-only disease, prior (neo)adjuvant chemotherapy or ET,
and de novo disease6 (see Table 1). Another subgroup analysis showed that the benefit of PFS was consistent in patients with
visceral metastases regardless of the disease burden (>3 visceral metastases); the HR values were 0.60 (95% CI: 0.40–0.90) and
0.50 (95% CI: 0.31–0.82) in the MONALEESA-2 and MONALEESA-7 trials, respectively.7 In the MONALEESA-2 trial,
among patients with non de novo advanced BC, the PFS benefit of RIBO plus LETwas consistent regardless of treatment-free
interval (TFI) duration. In patients with TFI ≤24 months, the HRwas 0.455 (95%CI: 0.296–0.701), and in patients with TFI >24
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Table 1 Phase 3 Ribociclib Studies in Advanced Breast Cancer

Author/Year Patients Treatment Results Subgroup Analysis of OS (HR, 95% CI) Subgroup Analysis of PFS (HR, 95% CI)

Slamon et al1

MONALEESA-3

Postmenopausal HR+/HER2- advanced BC/

0-1 prior endocrine tx for advanced BC

(n=726)

● RIBO 600 mg/die, 21 days

on/7 days off + FULV

500 mg im q 28d (n=484)

● PLAC + FULV 500 mg im

q 28d (n=242)

Median PFS 20.5 vs 12.8 months

(HR=0.59; 95% CI

Median follow up 56.3 months:

Median OS: 53.7 vs 41.5 months

(HR=0.73; 95% CI 0.59–0.90)

ORR: 32.4 vs 21.5%

CBR: 70.2 vs 62.8%

Line of therapy: first vs second line

● 0.64 (0.46–0.88) vs 0.78 (0.59 1.04)

Bone only metastases: yes vs no

● 0.67 (0.42–1.08) vs 0.74 (0.58–0.93)

Visceral involvement: yes vs no

● 0.73 (0.55–0.98) vs 0.74 (0.54–1.01)

Prior endocrine therapy: naïve vs resistance vs

sensitive

● 0.62 (0.41–0.95) vs 0.82 (0.45–1.47) vs 0.73

(0.56–0.96)

Line of therapy: naïve vs second line

● 0.57 (0.41–0.8) vs 0.56 (0.42–0.74)

Bone only metastases: yes vs no

● 0.37 (0.23–0.61) vs 0.65 (0.51–0.83)

Visceral involvement: yes vs no

● 0.64 (0.48–0.86) vs 0.56 (0.41–0.76)

Prior aromatase inhibitors: yes vs no

● 0.67 (0.5–0.88) vs 0.48 (0.34–0.66)

Hortobagyi

et al2,5,7,8

MONALEESA-2

Postmenopausal HR+/HER2 – recurrent/

metastatic BC, no prior systemic therapy

(n=668)

RIBO 600 mg, 21 days on 7

days off + LETROZOLE

2.5 mg die

(n=334)

PLAC + LETROZOLE

2.5 mg die (n=334)

Median follow up 36.4 months

● median PFS 25.3 month vs 16

months HR:0.56 (95% CI: 0.457–

0.704)

● ORR 42.5% vs 28.7%

● Median follow up 80 months

● OS (months) 63.9 vs 51.4 months

● (HR 0.76; 95% CI: 0.63–0.93)

Age: < 65y ≥65 years

● 0.51(0.39–0.68) vs 0.65(0.46–0.92)

Liver or Lung mts: NO vs Yes

● 0.59 (0.42–0.83) vs 0.56(0.42–0.74)

Bone only disease: NO vs Yes

● 0.55(0.43–0.70) vs 0.64(0.39–1.04)

De novo disease: No vs Yes

● 0.57(0.44–0.74) vs 0.56(0.38–0.84)

Prior ET: AI vs TAM vs None

● 0.37(0.23–0.59) vs 0.61(0.42–0.89) vs 0.65(0.46–

0.90)

Prior CT: No vs Yes

0.64(0.47–0.87) vs 0.50(0.36–0.68)

Age: < 65y ≥65 years

● 0.69(0.53–0.90) vs 0.87(0.64–0.1.17)

Liver or Lung mts: NO vs Yes

● 0.71(0.53–0.96) vs 0.81(0.62–1.05)

Bone only disease: NO vs Yes

● 0.77(0.61–0.96) vs 0.78(0.50–1.21)

De novo disease: No vs Yes

● 0.91(0.72–1.15) vs 0.52(0.36–0.74)

Prior ET: AI vs TAM vs None

● 0.63(0.32–1.24) vs 0.86(0.64–1.15)vs 0.69(0.52–

0.94)

Prior CT: No vs Yes

0.78(0.59–1.03) vs 0.74(0.56–0.98)

Tripathy et al4

Yardley et al7

Lu et al10

Harbeck et al14

MONALEESA-7

Premenopausal HR+/

HER2−, advanced BC
(n=672)

● RIBO 600 mg, 21 days on,

7 days off + NSAI

(n = 248)

● PLAC + NSAI (n = 247)

● RIBO 600 mg, 21 days on,

7 days off + TAM 20mg/die

(n = 87)

● PLAC + TAM 20 mg/die

(n = 90)

● All groups: Goserelin

(3.6 mg subcutaneous q28)

Median follow up 19.2 months

● median PFS (months):

● -NSAI +RIBO/PLAC: 23.8 vs 13.0

(HR:0.55, 95% CI 0.44–0.69)

● -TAM+RIB/PLAC:22.1 vs 11.0 (HR:

0.59, 95% CI.39–0.88)

● ORR 41% RIBO group vs 30%

placebo group

● Median follow up 53.5 months

Median OS (months):

NSAI +RIBO/PLAC 58.7 vs 47.7 (HR

0.80; 95% CI: 0.62–1.04)

- TAM+RIBO/PLAC: not estimable vs

49.3 months (HR 0.71, 95% CI:0.45–

1.10)

Age: < 40y ≥40 years

● 0.44 (0,29–0,67) vs 0.59(0.45–0.78)

Liver or Lung mts: NO vs Yes

● 0.64 (0.45–0.91) vs 0.50(0.38–0.68)

Bone only disease: NO vs Yes

● 0.53(0.42–0.69) vs 0.70(0.41–1.19)

Prior ET (Neoadj/adj): No vs Yes

● 0.52(0.38–0.70) vs 0.62(0.44–0.89)

Prior CT (Neoadj/adj): No vs Yes

0.41(0.28–0.60) vs 0.68(0.48–0.96)

Age: < 40y ≥40 years

● 0.65(0.43–0.98) vs 0.81(0.61–0.1.06)

Liver or Lung mts: NO vs Yes

● 0.70(0.50–0.97) vs 0.83(0.61–1.13)

Bone only disease: NO vs Yes

● 0.76(0.59–0.98) vs 0.77(0.47–1.28)

Disease free interval: DeNovo vs Recurrent

● 0.52(0.35–0.78) vs 0.94(0.71–1.24)

Prior (Neo)adj ET: NO vs Yes

● 0.71(0.52–0.97) vs 0.91(0.65–1.28)

Prior (Neo)adj CT: No vs Yes

0.59(0.41–0.86) vs 0.97(0.69–1.36)

Abbreviations: BC, breast cancer; FULV, fulvestrant; RIB, ribociclib; PLAC, placebo; NSAI, non steroidal aromatase inhibitor.
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months, the HR was 0.455 (95% CI: 0.287–0.720). In patients with TFI ≤36 months and TFI >36 months, the HR was 0.422
(95%CI: 0.284–0.627) and 0.507 (95%CI: 0.303–0.851), respectively. In patients with TFI ≤48months and TFI >48months, the
HR was 0.449 (95% CI: 0.310–0.650) and 0.496 (95% CI: 0.274–0.898), respectively.8 Ribociclib plus LET also showed
effective tumor reduction versus placebo plus LET in the MONALEESA-2 trial, in which an early response was reported in
37.2% of patients in the RIBO arm versus 23.3% of patients in the placebo arm at 6 months.9

Exploratory subgroups were also assessed for OS; in patients with de novo disease, the median OS was not reached vs
49.6 months with RIBO vs placebo (HR, 0.53; 95% CI, 0.36–0.79). In patients <40 years of age, the median OS was 51.3
vs 40.5 months for RIBO vs placebo (HR, 0.65; 95% CI, 0.43–0.98). In patients ≥40 years of age, the median OS was
58.8 vs 51.7 months for RIBO vs placebo (HR, 0.81; 95% CI, 0.62–1.07).12 Patients who received prior chemotherapy in
the advanced setting had a median OS of 47.2 vs 39.0 months (HR, 0.75; 95% CI, 0.44–1.27).

Choice Among Endocrine Agents in Advanced Disease
Other studies with CDK 4/6 inhibitors (palbociclib and abemaciclib) produced similar OS benefits, even if cross-trial
comparison is not feasible due to different patient populations. In a large network meta-analysis, Giuliano et al reported
a similar outcome among these agents.15 For those with phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA) mutations and whose cancers have progressed on or after treatment with an AI, another option is the
combination of a PI3K inhibitor and fulvestrant. Due to lack of head-to-head comparisons, network meta-analysis may
help in clinician choice.12 Compared to pictilisib-/fulvestrant and alpelisib/fulvestrant combinations, RIBO/fulvestrant
provided better PFS. Also, everolimus plus fulvestrant was significantly inferior to RIBO plus fulvestrant. Regarding
severe hematological toxicities, however, abemaciclib plus fulvestrant was associated with a lower risk of toxicities than
RIBO plus fulvestrant (RR, 0.14; 95% CI,0.03–0.63). In conclusion, for early progressors at or <12 months, fulvestrant/
RIBO may represent one of the best treatments available according to the MONALEESA-3 trial. Similarly, for patients
who had previously received an AI without a CDK 4/6 inhibitor for metastatic disease, fulvestrant plus RIBO is
a reasonable option, considering patient’s comorbidities, performance status, and site of disease. Other than delaying
start of chemotherapy as a subsequent treatment, patients who received fulvestrant/RIBO as a second-line therapy had
a better PFS with the further line of therapy than those who received RIBO alone (26 compared to 20.5 months).1

Open questions remain challenging. First, endocrine resistance may emerge due to mutation in the estrogen-binding
domain of the gene that encodes for ER (ESR1). In this case, patients may respond favorably to ER-targeting therapies
(eg, ER down-regulators) at higher doses than wild-type cases. Second is the choice of CDK 4/6 agent. In the
MONALEESA-3 trial, other than hematological toxicities, other grade 3–4 adverse events were liver toxicity (13.9%)
and a prolonged QT interval (3.1%); therefore, RIBO may be less preferable for some patients (eg, those on QTc-
prolonging agents). Third, the ideal sequence of combinations after the CDK 4/6 plus LET combination and the current
place of AI/everolimus doublet are unknown. In this setting, we suggest fulvestrant alone or with alpelisib in case of
PIK3CA mutations or chemotherapy (in the case of rapidly progressing symptomatic and/or visceral metastases). Finally,
for the treatment of patients that are undergoing adjuvant tamoxifen therapy, LET plus a CDK 4/6 is the obvious choice.
Room for improvement in outcome may become possible in the near future with combinations of RIBO with
immunotherapy tested in ongoing trials.

Safety and Quality of Life
The safety profile of RIBO in all trials was similar. The most common adverse events (AEs) of any grade in more than
25% of patients were neutropenia, leukopenia, and nausea. In the MONALEESA-2 trial, the most frequent grade 3/4 AEs
were neutropenia and leukopenia.7 In the MONALEESA-7 trial, the most common grade 3/4 AEs were neutropenia,
leukopenia, and increased aminotransferase6 (Table 2). Elevated aminotransferase levels were observed in all RIBO
trials, and grade 3/4 increases were reported in alanine transferase levels (10 vs 2%) and aspartate aminotransferase levels
(7 vs 2%) in the RIBO versus placebo group.2,8 In addition, febrile neutropenia was reported in five patients in the RIBO
group (1.5%) in the MONALEESA-2 trial5 and in seven patients (2.1%)2 in the same group in the MONALEESA-7 trial.

QTcF prolongation was reported in a small number of patients treated with RIBO in all MONALEESA trials. For
example, in the MONALEESA-2 trial, 10 of 334 patients in the RIBO group (3%) showed a >60-ms QTcF prolongation
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from baseline, and 12 patients (3.6%) had at least one postbaseline QTcF >480 ms versus two of 334 patients (0.6%) in
the placebo group.5

In the MONALEESA-7 trial, a postbaseline QTcF >480 ms occurred in 23 patients (6.9%) in the RIBO group and in
four patients (1.2%) in the placebo group, and among these patients, postbaseline QTcF >500 ms was reported in five
patients (1.5%) and one patient (0.3%), respectively.4

A >60-ms increase in QTcF from baseline occurred in 32 patients (9.6%) in the RIBO group and in six patients
(1.8%) in the control group. In the RIBO group, a >60-ms increase from baseline in QTcF was observed in 14 of 87
patients (16%) receiving tamoxifen and in 18 of 245 patients (7%) receiving a nonsteroidal aromatase inhibitor. A >60-
ms increase from baseline occurred in the placebo group in six of 90 patients (7%) receiving tamoxifen and in no patients
receiving a nonsteroidal aromatase inhibitor.

Ribociclib is not indicated in combination with tamoxifen for treating premenopausal women with advanced BC.
Ribociclib use should also be avoided with strong cytochrome P4503A inhibitors and other drugs that prolong the QT
interval.4,13

Overall health-related quality of life was maintained from baseline in both arms of the MONALEESA-2 trial in all
subgroups of patients (visceral disease, bone-only metastases, best overall response of complete or partial response, and
ECOG PS score of 0 or 1).1 A clinically meaningful reduction (>5 points) in the pain score in the European Organisation
for Research and Treatment of Cancer Quality of Life Core 30 Questionnaire (EORTC QLQ-C30) was observed at week
8 and was maintained up to cycle 11 in the RIBO arm.13 A more significant improvement in pain from baseline was

Table 2 Cyclin-Dependent Kinases (CDK)4/6 Inhibitors’ Toxicity Profiles

Palbociclib +
LET

Palbociclib +
FULV

Ribociclib +
LET

Ribociclib + FULV Abemaciclib +
FULV

Abemaciclib
+ AI

Adverse events all
grades

Neutropenia

(80%)

Leukopenia
(40%)

Nausea (35%)

Fatigue (35%)
Arthralgia

(33%)

Alopecia (33%)

Neutropenia

(80%)

Leukopenia
(50%)

Infections (42%)

Fatigue (40%)
Nausea (32%)

Neutropenia

(75%)

Leukopenia
(33%)

Nausea (50%)

Infections
(50%)

Fatigue (37%)

Diarrhea
(35%)

Alopecia

(33%)

Neutropenia

(70%)

Nausea (45%)
Fatigue (32%)

Diarrhea (29%)

Leukopenia
(28%)

Vomiting (27%)

Constipation
(25%)

Arthralgia (24%)

Cough (22%)
Headache (22%)

Alopecia (19%)

Rash (18%)
Anemia (17%)

Neutropenia

(46%)

Diarrhea (86%)
Nausea (45%)

Fatigue (40%)

Abdominal
pain (35%)

Neutropenia

(41%)

Diarrhea (81%)
Nausea (39%)

Fatigue (40%)

Infections
(39%)

Adverse events
grade 3–4

Neutropenia

(66%)

Leukopenia
(25%)

Neutropenia

(65%)

Leukopenia
(28%)

Neutropenia

(59%)

Leukopenia
(21%)

Neutropenia

(53%)

Leukopenia
(14%)

Anemia (3%)

Fatigue (2%)
Back Pain (2%)

Nausea (1%)

Constipation
(1%)

Headache (1%)

Neutropenia

(24%)

Neutropenia

(21%)

Abbreviations: FULV, fulvestrant; LET, letrozole; AI, aromatase inhibitors.
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reported in the RIBO arm (26%) than in the placebo arm (15%).9 In the MONALEESA-7 trials, time to definitive
deterioration was ≥10% in the RIBO arm versus the placebo arm.14 In the MONALEESA-7 trial, a reduction in pain was
observed at week 8 and maintained up to cycle 19 in the RIBO arm.14 Available results from the MONALEESA trials
have consistently shown that RIBO is effective in combination partner and has a manageable safety profile. Recent
results from the CompLEEment-1 trial (phase 3b trial in an expanded patient population with hormone receptor-positive,
human epidermal growth factor receptor-2–negative advanced BC) confirmed that safety and efficacy data in this
expanded population were consistent with the data from the MONALEESA-2 and MONALEESA-7 trials and support
the use of RIBO plus LET in the first-line setting for patients with HR +, HER2– advanced BC.16

Comparing to other CDK 4/6 available, RIBO has a higher incidence of liver function test abnormalities than the
other agents and can cause QTc prolongation, and therefore may be prudently avoided in patients with cardiac
morbidities or other risk factors for QTc prolongation (drugs, interactions). In these cases different agents (palbociclib
or abemaciclib) may be used.

Emerging Combinations in Metastatic Setting
Inhibitors of CDK4/6 in treating BC have been shown to improve response rates and prolong disease control in
combination with ET in HR+, HER2- advanced or metastatic disease either in front- or subsequent-line.17

Ribociclib is now investigated in various BC subtypes, such as HER2-positive and triple-negative disease, as well as
in the adjuvant and neoadjuvant treatments of early BC.

Furthermore, with the aim to optimize clinical outcomes, rational combinations with various therapies, such as PI3K
inhibitors (eg, alpenlisib), HER2-directed therapies, and immunotherapy, are under investigation.

HER2+ BC patients represent an important group in the BC population. The advent of trastuzumab revolutionized the
treatment of patients in various settings, from localized to advanced or metastatic disease. Despite a high disease control
rate, many patients eventually recurred, and more effective treatments are under research. The combination of CDK4/6
inhibitors and an anti-HER2 monoclonal antibody (such as trastuzumab in its various formulations) seems to be a valid
approach. Preclinical studies have demonstrated the CDK4/6 inhibitors can resensitize HER2+ BC to anti-HER2
therapies. In a phase 1b/2 study, Goel et al investigated the safety and efficacy of combining RIBO with trastuzumab:
despite the treatment combination’s good tolerability, only one patient experienced stable disease.18 The combination’s
apparent low activity should be a consequence of a cohort of patients being heavily pretreated, and large Phase II trials
must be initiated to establish real activity.

Evolution of anti-HER2 therapy has been the immunoconjugate ado-trastuzumab emtansine in patients previously
treated with trastuzumab. As a consequence, the next step in the development of a new and effective multidrug approach
should be represented by the combination of CDK4/6 inhibitors and ado-trastuzumab emtansine. In a phase 1b trial, the
combination of ado-trastuzumab emtansine and RIBO has been investigated in patients with previously treated BC
(including anti-HER2 trastuzumab). No dose-limiting toxicities were observed, and the majority of adverse events were
graded as 1 or 2, with only grade 3 neutropenia, leukopenia, and anemia, usually reported with CDK4/6 monotherapy.19

Further development of anti HER2-drugs in treating metastatic BC led to the approval of trastuzumab deruxtecan, an
antibody-drug conjugate composed of an anti-HER2 antibody, a cleavable tetrapeptide-based linker, and a cytotoxic
topoisomerase I inhibitor. In a phase II trial, this new chemotherapeutic agent showed durable antitumor activity in
a population of heavily pretreated patients suffering from metastatic BC.20 Currently, no data is available regarding the
use of trastuzumab deruxtecan together with RIBO, and no study has been conducted to investigate this eventually very
effective combination.

Approximately 40% of patients with HR+, HER2-negative BC have activating mutations in the gene PIK3CA,
inducing hyperactivation of the alpha isoform (p110α) of phosphatidylinositol 3-kinase (PI3K).21 The inhibition of the
PI3K pathway has been intensively evaluated in the treatment of BC, and the most significant results have been obtained
in patients with HR+/HER2 disease.22 In this light, in a phase Ib trial, Tolaney et al tried to investigate the safety and
efficacy of a triple combination of RIBO-fulvestrant and a PI3K inhibitor, such as alpelisib or buparlisib. Although
RIBO plus fulvestrant showed a significant OS benefit over placebo plus fulvestrant in patients with HR+, HER2-
negative advanced BC,1 triple combinations with alpelisib or buparlisib plus fulvestrant are not recommended for phase

Breast Cancer: Targets and Therapy 2022:14 https://doi.org/10.2147/BCTT.S341857

DovePress
107

Dovepress Parati et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


II investigation due to unexpected toxicity. In particular, adverse events of special interest that were most commonly
seen were hepatobiliary toxicity, infections, and neutropenia.23 Finally, a potential role for combination therapy with
CDK4/6 inhibitors and immunotherapy has been proposed. In vivo models confirm enhanced tumor regression when an
immune checkpoint blockade with an anti-PD-L1 antibody is added to CDK4/6 inhibition.24,25 Of interest, researchers
are currently recruiting for a multicenter phase II study to evaluate the combination of LET, palbociclib, and
pembrolizumab in postmenopausal women with hormone-receptor positive advanced BC.26 In the RIBECCA trial,
treatment with RIBO showed favorable effects on the peripheral innate and adaptive immune response in patients with
HR+ BC.27

A number of other CDK4/6 inhibitor–immunotherapy combination studies are ongoing in various settings, and the
results could radically change oncologists’ approach in the management of BC in various settings, from neo- and
adjuvant settings to advanced and/or metastatic disease.28,29 The treatment of BC has radically changed in the last few
years, and more drugs have been implemented in oncologists’ armamentaria. Targeted therapy and precision oncology
represent the current main road, but novel and more effective treatment options could be available in the next few years.
CDK4/6 inhibitors such as palbociclib, abemaciclib, and RIBO have played a central role in treating BC, not only in
combination with ET but also with novel agents, to pursue a totally chemotherapy-free approach.

Adjuvant Studies
Although the results of adjuvant CDK 4/6 inhibitors are conflicting (2 published studies demonstrated opposite results),
data about RIBO in this setting are lacking. At the 2021 San Antonio Breast Cancer Symposium, data from the Phase 2
LEADER trial were presented.30 For part 1 of the LEADER trial, patients with localized stage I to III ER-positive
(≥10%), HER2-negative BC who had completed surgery and started adjuvant ET were randomized to receive either
continuous RIBO (400 mg daily on a 28-day cycle) or intermittent RIBO (600 mg daily on days 1–21 of a 28-day cycle)
for 1 year. The major finding is that about one-third of patients taking RIBO in the adjuvant setting may need to
discontinue RIBO early, and nearly as many require a dose reduction. The most common grade 3 or greater adverse
events leading to study discontinuation were neutropenia (44%), alanine aminotransferase (ALT) increase (28%), and
aspartate aminotransferase (AST) increase (16%). Rates of serious adverse events were similar for both groups even if no
patients discontinued early due to a prolonged QTc interval. Although dose reduction did not influence outcomes in
advanced disease,31 confirmatory studies are needed to confirm efficacy and safety in the early stages of disease. The
ADAPTcycle is an ongoing phase III trial that will respond to the question about RIBO benefit in patients with early BC
previously responders to neoadjuvant ET. Data about palbociclib (negative study) and abemaciclib (positive trial) are
opposite in term of benefit, likely to the different mechanism of action of 2 drugs. LEADER study will clarify if any the
role of RIBO in this setting. Also, the NATALEE phase 3 multicenter, randomized, open-label trial will evaluate the
efficacy and safety of RIBO + ET as adjuvant treatment in patients with HR+, HER2– early BC (NCT03701334).

Neoadjuvant Use of RIBO with ETor Other Agents
Neoadjuvant therapy (NAT) represents a standard treatment option for selected patients with locally advanced BC.
Although chemotherapy (CT) is primarily used in NAT, ET has also been explored, particularly in postmenopausal
women with luminal clinical stage II/III BC with strong HR expression and a low proliferative index. To date,
neoadjuvant endocrine therapy (NET), which rarely leads to pCR,32 is not broadly accepted as an appropriate standard
of care in early BC; it is mostly reserved for the elderly or patients with significant comorbidities.

The combination of endocrine therapy and CDK 4/6 inhibitors, the gold standard for treatment of advanced luminal
tumors, has also been tested in the neoadjuvant setting in comparison with aromatase inhibitor alone or with chemother-
apy (Table 3).

The role of RIBO as a NAT was explored in the MONALEESA-1 trial, a 3-arm study that compared RIBO (at 2
doses: 400 and 600 mg/d) with LET to single-agent L in 14 menopausal women with endocrine-sensitive Her 2
negative BC (HR+HER2- BC), with the primary aim of comparing Ki-67 levels in the 3 study arms.33 Ki-67 levels
were reduced in the combination arms compared to L alone (69% decrease in the LET monotherapy arm, 96% for LET
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with RIBO 400 mg/d, and 92% for LET with RIBO 600 mg/d). Combination therapy was well tolerated, with no reported
grade 3/4 adverse events. However, the small number of patients does not allow us to be confident with these results.

The FELINE trial is a Phase II, 3-arm study that compared R (at 2 doses: 400 or 600 mg/d) with L versus single-agent
L as a NAT in 120 menopausal women with ER+ HER2- BC.34 The primary aim of the study was to determine if
combination arms compared with L alone for 24 weeks as a NAT increases the proportion of patients with a preoperative
endocrine prognostic index (PEPI) score of 0 at surgery. Other endpoints were change in centrally performed Ki-67,
complete cell-cycle arrest (CCCA), clinical/imaging response, and difference in response and toxicity between the two
R arms (RC and RI).

The addition of R to L as a NET did not result in more women with a PEPI score of 0, and CCCA at surgery was
similar between the two groups. The researchers found no difference in clinical, mammographic, US, or MRI response
between L alone and the L+R combination.

Continuous and intermittent doses of R have similar efficacy and toxicity.
In the neoadjuvant setting, in ER+HER2- BC, a CDK4/6 inhibitor in combination with ET could represent an

alternative to multiagent chemotherapy (CT).
In the CORALLEEN study, researchers randomized 106 postmenopausal patients with stage I–III HR+/HER2- BC

classified as luminal B by PAM5035 to receive the combination of L and R or chemotherapy with 4 cycles of AC followed
by paclitaxel for 12 weeks.36 The duration of both treatments was 24 weeks. The principal endpoint was the proportion of
patients with a low risk of relapse (ROR) score in surgical samples. About 46% of patients in both arms had a low ROR at
surgery, showing an activity in downstaging of the tumor. Residual cancer burden (RCB) 0/I was achieved in 11.8% and
6.1% of the participants in the CT and L plus R arm, respectively, and the pCR rate was lower (5.8% vs 0%). The clinical
response rate was higher with CT than with L plus R (78.8% vs 57.1%), but the proportion of breast-conserving surgery was
similar in both groups (72.2% vs 85.7%).

It is noteworthy that the proportion of low-ROR disease in the no-chemotherapy group was high at 24 weeks (about
47%), as in the chemotherapy group, and this trial’s results suggest that the neoadjuvant approach may be fully
explored in the future and allow for better identification of the patients who might have a good outcome without
chemotherapy.

Conclusions
The incorporation of RIBO and of other CDK 4/6 inhibitors has revolutionized the treatment of HR+ BC in both early
and advanced disease. Studies in adjuvant settings have been recently released, but work is still in progress. The
armamentarium for metastatic disease has more solid data.

For most women with HR+ BC who progress in adjuvant therapy or within 12 months of completion and those who
progress in first-line treatment with an AI, fulvestrant/RIBO is one of the most appealing combinations. For patients with
de novo advanced BC or those relapsing after the end of adjuvant ET, an AI with a CDK 4/6 inhibitor (plus or minus
LHRH analogues for women in premenopausal status) is being offered largely for the HR+ population. In particular, the

Table 3 Neoadjuvant Studies with Ribociclib in ER+ Breast Cancer

Study/Author Phase Drugs N* of
Pts

Primary End
Point

Results

MONALEESA-1/
Curigliano et al33

III L (Arm A) vs L+R400 mg (Arm B)

vs L+R 600 mg/d (Arm C)

14 Mean decrease

of Ki-67 levels

Mean decreases in Ki67-levels: arm A 69%

vs Arm B 96% vs Arm C 92%

FELINE/Khan et al
ASCO 202034

II L vs L with R at 2 doses for 24

weeks

120 Changes in PEPI

score

Addition of R to L did not result in more

women with a PEPI score of 0.

CORALLEEN/Prat
et al36

III L + R vs standard CT 106 Rate of RCB RCB 0/I was achieved in 11.8% in CT arm

vs 6.1% in in L+R arm

Abbreviations: L, letrozole; R, ribociclib; RCB, residual cancer burden.
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data from the MONALEESA-2 trial included for the first time a median OS exceeding 5 years in a phase 3 trial for
advanced HR+ BC with a RIBO/LET combination.

In conclusion, RIBO either with LET or fulvestrant is effective for the entire spectrum of patients with HR+ BC in the
advanced setting. If this combination will move into earlier phases of disease, it will be a hot topic for the next few years.

Disclosure
The authors report no conflicts of interest in this work.
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