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Inclusion Criteria MONALEESA-2 MONALEESA-3 MONALEESA-7

Menopausal status Postmenopausal Postmenopausal Pre-/perimenopausal

Prior ET for ABC None ≤1 None

Prior chemotherapy for ABCa None None ≤1

No. of measurable lesionsb ≥1 ≥1 ≥1

ECOG PS ≤1 ≤1 ≤1
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Ribociclib was discovered by Novartis BioMedical Research in collaboration with Astex
Pharmaceuticals. This study was sponsored by Novartis Pharmaceuticals Corporation.

Ribociclib (RIB) is a cyclin-dependent kinase 4/6 (CDK4/6) 
inhibitor that has been shown to extend progression-free 
survival (PFS) in combination with various endocrine therapy 
(ET) partners vs placebo (PBO) + ET in patients with 
hormone receptor–positive (HR+)/human epidermal growth 
factor receptor 2–negative (HER2−) advanced breast cancer 
(ABC)1-3

• The Phase III MONALEESA studies investigated RIB in
combination with various ET partners in pre-, peri-, and
postmenopausal patients with HR+/HER2− ABC1-3

• RIB in combination with fulvestrant (FUL) or a nonsteroidal
aromatase inhibitor (NSAI) has demonstrated a
manageable safety profile in patients with ABC1-3

Objective
To critically analyze the safety and tolerability of RIB + ET in 
patients with HR+/HER2− ABC using pooled data from the 
Phase III MONALEESA-2, MONALEESA-3, and 
MONALEESA-7 studies
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MONALEESA-2
N=670

RIB
600 mg/day orally

3-weeks-on/1-week-off

LET
2.5 mg/day
continuous

LET
2.5 mg/day 
continuous

PBO
3-weeks-on/1-week-offR 1:1a

MONALEESA-3
N=780

RIB
600 mg/day orally

3-weeks-on/1-week-off

FULd

500 mg

FULd

500 mg
PBO

3-weeks-on/1-week-offR 2:1b

MONALEESA-7
N=672

RIB
600 mg/day orally

3-weeks-on/1-week-off
TAM/NSAI + GOSe

TAM/NSAI + GOSePBO
3-weeks-on/1-week-offR 1:1c

Figure 1. MONALEESA Trial Designs

a Stratified by presence/absence of liver/lung metastases. b Stratified by presence/absence of liver/lung metastases and prior ET. c Stratified by presence/absence of liver/lung 
metastases, prior chemotherapy for advanced disease, and ET partner (TAM vs NSAI). d FUL administered intramuscularly on cycle 1 day 1, cycle 1 day 15, and day 1 of every 
28-day cycle thereafter. e TAM administered 20 mg/day. NSAI: anastrozole administered 1 mg/day or letrozole administered 2.5 mg/day. GOS administered 3.6 mg every 28
days.
AE, adverse event; GOS, goserelin; LET, letrozole; TAM, tamoxifen.

Note: Dose reductions for RIB (600 → 400 → 200 mg) 
were permitted in all three trials to manage AEs.

Table 1. Inclusion Criteria

a Patients may have received ≤14 days of TAM or NSAI ± GOS for ABC prior to randomization. b Patients must either have measurable disease per RECIST 1.1 or ≥1 
predominantly lytic bone lesion. 
ECOG PS, Eastern Cooperative Oncology Group performance status; RECIST, Response Evaluation Criteria in Solid Tumors.

• Inflammatory breast cancer
• Disease burden that makes the patient ineligible for ET per

the investigator’s best judgment
• Prior treatment with a CDK4/6 inhibitor
• Clinically significant cardiac arrhythmias and/or uncontrolled

heart disease, including Fridericia’s corrected QT interval
(QTcF) >450 ms

AEs were monitored throughout the MONALEESA studies and 
characterized per Common Terminology Criteria for AEs v4.03
• Electrocardiogram (ECG) assessments were conducted at

screening, on treatment, and at end of treatment (Figure 2)
Pooled data were analyzed using only descriptive statistical 
methods
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Figure 2. ECG Assessments

a In patients with a QTcF ≥481 ms at any time before cycle 10, additional ECG assessments were conducted on day 1 of 
subsequent cycles. b In patients with a QTcF ≥481 ms at any time before cycle 7, additional ECG assessments were 
conducted on day 1 of subsequent cycles.

Data were pooled for 1889 patients across the three 
MONALEESA studies, with 1065 patients in the RIB + ET arm 
and 818 patients in the PBO + ET arm (six patients were 
untreated)
• Baseline characteristics were generally well balanced

between pooled treatment arms in the full analysis set
(Table 2)

At the respective data cutoffs, 44% of patients in the RIB + ET 
arm and 31% of patients in the PBO + ET arm remained on 
treatment

Treatment Exposure and Dose Intensity
Pooled median duration of exposure to study treatment was 
16.5 months (range, 0.0-34.4 months) for the RIB + ET arm vs 
12.9 months (range, 0.5-32.4 months) for the PBO + ET arm
• Dose reductions were used to manage AEs (most

commonly for neutropenia) and were more frequent in the
RIB + ET (44%) arm than the PBO + ET (7%) arm

PFS was maintained across categories based on percentiles 
of relative dose intensity (RDI) of RIB (Figure 3) 

RIB + ET
n=1065

PBO + ET
n=818

Grade All 3 4 All 3 4

Any AE 1052 (99) 699 (66) 158 (15) 782 (96) 245 (30) 26 (3)

Hematologic AEs

Neutropenia 788 (74) 536 (50) 91 (8) 43 (5) 12 (1) 1 (<1)

Leukopenia 330 (31) 174 (16) 13 (1) 36 (4) 7 (1) 0

Anemia 200 (19) 28 (3) 2 (<1) 51 (6) 12 (1) 0

Nonhematologic AEs

Nausea 475 (45) 15 (1) 0 219 (27) 4 (<1) 0

Fatigue 348 (33) 19 (2) 1 (<1) 249 (30) 4 (<1) 0

Diarrhea 317 (30) 16 (1) 0 176 (21) 5 (1) 0

Arthralgia 310 (29) 7 (1) 1 (<1) 243 (30) 8 (1) 0

Vomiting 284 (27) 21 (2) 0 128 (16) 3 (<1) 0

Alopecia 256 (24) 0 0 97 (12) 0 0

Constipation 253 (24) 8 (1) 0 129 (16) 0 0

Headache 252 (24) 5 (<1) 0 177 (22) 4 (<1) 0

Hot flush 223 (21) 2 (<1) 0 200 (24) 0 0

Cough 218 (20) 0 0 132 (16) 0 0

Back pain 211 (20) 20 (2) 0 153 (19) 7 (1) 0

Rash 187 (18) 6 (1) 0 63 (8) 0 0

Pruritus 169 (16) 3 (<1) 0 47 (6) 0 0

Decreased appetite 163 (15) 6 (1) 0 101 (12) 1 (<1) 0

Increased ALT 161 (15) 71 (7) 15 (1) 48 (6) 8 (1) 0

ALT, alanine aminotransferase.

Table 3. Most Common All-Causality AEs (all-grade incidence ≥15% 
in either arm) for Pooled Safety Set

RIB + ET
n=1065

PBO + ET
n=818

n Incidence rate per 100 
patient-treatment yearsa n Incidence rate per 100 

patient-treatment yearsa

Any AESI 992 561.4 543 131.0

Neutropenia 788 196.6 43 5.1

Leukopenia 330 34.9 36 4.2

Anemia 200 18.2 51 5.9

Increased ALT 161 13.8 48 5.7

Increased AST 150 12.7 51 6.0

Prolonged ECG QT 69 5.6 13 1.5

Conclusions
Addition of RIB to various ET partners demonstrated a 
consistent and manageable safety profile in patients with 
HR+/HER2− ABC
• Dose reductions and interruptions were used to manage

AEs; analysis of PFS by RDI indicated no apparent
compromise in efficacy

• The majority of AEs observed were grade 1 or 2, with few
patients requiring discontinuation of RIB as a result of AEs

• AEs were generally reversible with dose modifications of
RIB and were not cumulative
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All-grade prolonged ECG QT AEs occurred in 6% vs 2% of 
patients in the RIB + ET vs PBO + ET arms, respectively
• Permanent discontinuation of treatment due to ECG QT

AEs was reported in <1% of patients in either arm
New QTcF >480 ms, based on central ECG data, was 
reported in 5% vs 1% of patients and new QTcF >500 ms was 
reported in 1% vs <1% of patients in RIB + ET vs PBO + ET, 
respectively 
• All events resolved with appropriate treatment dose

modifications
None of the patients with a QTcF prolongation event had 
clinical symptoms or arrhythmias, and no cases of torsades de 
pointes were reported

In the RIB + ET vs PBO + ET arms, all-grade elevated ALT 
and AST occurred in 15% vs 6% and 14% vs 6% of patients, 
respectively; grade 3 elevated ALT and AST were reported in 
7% vs 1% and 5% vs 1% of patients, respectively, and grade 4 
elevated ALT and AST occurred in 1% vs 0 for each event 
• No major differences in frequency of elevated ALT and AST

were observed based on ET partner
• Permanent discontinuation of treatment due to elevated

ALT and AST was reported in 6% vs 1% of patients in
the RIB + ET vs PBO + ET arms, respectively

Neutropenia was the most common any-grade and grade 3/4 
AE in the RIB + ET arm
• Neutropenia led to treatment discontinuation in 1% of

patients in the RIB + ET arm (0 in the PBO + ET arm)

Table 4. Exposure-Adjusted AEs of Special Interest, Irrespective of 
Causality for Pooled Safety Set

• The most common all-grade AEs, irrespective of causality,
that were ≥10% more common in the RIB + ET arm than the
PBO + ET arm included neutropenia, nausea, leukopenia,
alopecia, anemia, vomiting, and pruritus

• The majority of AEs were grade 1 or 2; the only grade 3/4
AEs that were reported in ≥10% of patients in either arm
were neutropenia (59% vs 2%) and leukopenia (18% vs
1%) in RIB + ET vs PBO + ET arms, respectively (Table 3)

AST, aspartate aminotransferase. 
a The exposure-adjusted incidence rate is the number of patients with an event divided by the corresponding sum of the exposure duration for all patients. Duration of exposure 
in patient-treatment years is counted to the first qualifying event (or duration of exposure to study treatment for patients without an event).

This pooled study includes the full population of 
MONALEESA-2, the first-line ET subset of MONALEESA-3, 
and the NSAI subset of MONALEESA-7. Data cutoffs were 
January 2, 2017; November 3, 2017; and August 20, 2017, for 
MONALEESA-2, -3, and -7, respectively
• A subset of patients included from the MONALEESA-7

study had received prior chemotherapy for ABC

Key inclusion criteria from the MONALEESA program are 
reported below (Table 1)

Key Inclusion Criteria

Note: Numbers within stars 
indicate days within cycle on 
which ECG was conducted.
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Adverse Events

• Exposure-adjusted AEs of special interest, irrespective of
causality, are shown in Table 4

Serious AEs (SAEs), regardless of causality, were reported in 
25% vs 15% of patients in the RIB vs PBO arms, respectively
• No SAE was observed in >1% of patients in either arm
• SAEs (regardless of causality) reported in ≥10 patients in

either arm (RIB + ET vs PBO + ET): pneumonia, dyspnea,
abdominal pain, anemia, febrile neutropenia, nausea,
pleural effusion, and neutropenia

On-treatment deaths unrelated to breast cancer (including 
those occurring ≤30 days after the end of the study) were 
reported for 2% of patients each in the RIB and PBO arms

Neutropenia

Elevated Liver Enzymes

QT Prolongation

Figure 3. Progression-Free Survival by RDIa of RIB

RIB + ET
n=1066

PBO + ET
n=823

Age, median (range), years 58 (23-91) 57 (29-88)

Race, n (%)a

Caucasian 814 (76) 629 (76)

Asian 155 (14) 125 (15)

Otherb 55 (5) 34 (4)

ECOG PS, n (%)c

0 697 (65) 551 (67)

1 366 (34) 270 (33)

Metastatic disease status, n (%)d

De novo 281 (26) 225 (27)

Non–de novo 676 (63) 556 (68)

Disease-free interval >12 months, n (%)e 646 (61) 531 (64)

Selected metastatic sites, n (%)

Bone 700 (66) 567 (69)

Lung or liver 495 (46) 421 (51)
a Unknown race was reported in 42 patients in the RIB + ET arm and 35 patients in the PBO + ET arm. b Other race includes patients who identified as black, Native 
American, Pacific Islander, and other. c Three patients in the RIB + ET arm and two patients in the PBO + ET arm had a missing ECOG PS. d De novo disease in the 
MONALEESA-2 study referred to there being no date of first recurrence/progression or the first recurrence/progression occurring within 90 days of initial diagnosis with no 
prior antineoplastic therapy received, including medication and radiation. De novo disease in the MONALEESA-3 and -7 studies followed the same definition as 
MONALEESA-2 except the criterion of no prior antineoplastic therapy was restricted to medication only. e Disease-free interval in patients with non–de novo metastatic 
disease is defined as time from initial diagnosis to first recurrence/progression; one patient in the PBO + ET arm had an unknown disease-free interval.

Table 2. Pooled Patient Demographics and Disease Characteristics
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72%-96% RDI
>97% RDI

0
0

a RDI = [DI (dosing unit/unit of time)]/[PDI (dosing unit/unit of time)]. The planned dose was 600 mg/day. b Corresponds to 30th percentile. c Corresponds to 60th percentile. d
Corresponds to 90th percentile. e RDI values are missing for two patients.
PDI, planned dose intensity.

Censoring Times Median PFS, months No. of Events

0%-71% RDIb (n=242) 24.8 90

72%-96% RDIc (n=250) 24.9 99

> 97% RDId (n=326) 29.6 120
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