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Abstract
Endocrine therapy is standard care for postmenopausal women with hormone receptor-positive (HRD)/HER2L

advanced breast cancer (ABC). A Mammary Oncology Assessment of LEE011’s (Ribociclib’s) Efficacy and
Safety (MONALEESA-2) study subset of postmenopausal women with HRD/HER2L ABC without previous
treatment for advanced disease were randomized to ribociclib/letrozole or placebo/letrozole. Improved
progression-free survival was observed in patients treated with first-line ribociclib/letrozole versus placebo/
letrozole, consistent with the global population. These results suggest ribociclib/letrozole is safe and effective
in this patient population.
Background: In the Mammary Oncology Assessment of LEE011’s (Ribociclib’s) Efficacy and Safety (MONALEESA-2)
study, combination treatment with the selective inhibitor of cyclin-dependent kinases 4/6 ribociclib with letrozole
significantly improved progression-free survival (PFS) versus letrozole alone in postmenopausal women with hormone
receptor-positive HRþ/HER2� advanced breast cancer (ABC). Herein we present results from the subset of US patients
enrolled in MONALEESA-2. Patients and Methods: Postmenopausal women with HRþ/HER2� ABC without previous
treatment for advanced disease were randomized (1:1) to ribociclib 600 mg/d (3 weeks on/1 week off) with letrozole 2.5
mg/d (continuous) or placebo with letrozole. The primary end point was locally assessed PFS. Results: Overall, 213
US patients were enrolled in MONALEESA-2 (ribociclib, n ¼ 100; placebo, n ¼ 113). Baseline characteristics were
similar between treatment groups and consistent with the global population. With a median follow-up of 27 months, 38
(38%) and 29 (26%) patients in the ribociclib and placebo groups, respectively, had continued to receive treatment.
Median PFS was 27.6 months with ribociclib and 15.0 months with placebo (hazard ratio, 0.53). The most common
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all-cause adverse events were neutropenia (ribociclib, 72.0% [n ¼ 72]; placebo, 4.6% [n ¼ 5]), nausea (ribociclib,
69.0% [n¼ 69]; placebo, 44.0% [n¼ 48]), and fatigue (ribociclib, 60.0% [n¼ 60]; placebo, 50.5% [n¼ 55]). Two patients
(ribociclib, 2.0%; placebo, 0%) experienced febrile neutropenia. Conclusion: In the US subset of MONALEESA-2,
ribociclib with letrozole showed superior efficacy versus letrozole alone. These findings are consistent with the
global population and support first-line use of ribociclib with letrozole in patients with HRþ/HER2� ABC.

Clinical Breast Cancer, Vol. 19, No. 4, 268-77 ª 2019 Published by Elsevier Inc.
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Introduction
Approximately 155,000 women were estimated to be living with

metastatic breast cancer in the United States in 2017, including
women with recurrent and de novo breast cancer.1 This figure
represents a 50% increase in prevalence from 1990, in part because
of the increase in 5-year survival rates in women with de novo breast
cancer over the past 2 decades.1 Despite these improvements, breast
cancer remains the second leading cause of cancer-related death in
women in the United States and results in approximately 41,000
deaths in women each year.2

Treatment goals for advanced or metastatic breast cancer include
delaying the progression of disease, extending survival, and main-
taining or improving quality of life (QoL).3,4 According to US
treatment guidelines, endocrine therapy (ET) is the standard of care
for postmenopausal women with advanced or metastatic hormone
receptor-positive (HRþ)/HER2� breast cancer5,6; however, most
patients will eventually experience disease progression.7-9

Treatment with an aromatase inhibitor as monotherapy in the
first-line setting can result in a median progression-free survival
(PFS) of 14.5 to 16.0 months.10-12 Combination treatment with
ET and a selective inhibitor of cyclin-dependent kinases 4 and 6
(CDK4/6) can delay disease progression in the first-line setting.10-12

The CDK4/6 inhibitors ribociclib, palbociclib, and abemaciclib in
combination with an aromatase inhibitor are approved by the US
Food and Drug Administration (FDA) as first-line treatment op-
tions for women with HRþ/HER2� advanced breast cancer.13-15 In
the international, phase III Mammary Oncology Assessment of
LEE011’s (Ribociclib’s) Efficacy and Safety (MONALEESA-2)
study (clinicaltrials.gov identifier, NCT01958021), ribociclib with
letrozole significantly prolonged PFS (primary end point) in post-
menopausal women with HRþ/HER2� advanced breast cancer
versus letrozole with placebo.11,16 On the basis of these data,
ribociclib with letrozole was approved by the FDA for the treatment
of postmenopausal women with HRþ HER2� advanced breast
cancer without previous treatment for advanced disease.13

To confirm that the benefits of ribociclib with letrozole in US
patients were consistent with the overall MONALEESA-2 study
population, an exploratory analysis of efficacy and safetywas conducted
in patients enrolled in US study sites, who comprised approximately
30% of the overall MONALEESA-2 study population.

Patients and Methods
Study Design

The MONALEESA-2 (clinicaltrials.gov identifier, NCT019
58021) is a randomized, double-blind, placebo-controlled, phase III
trial of ribociclib with letrozole or placebo with letrozole being
conducted at 223 sites in 29 countries, including 74 study sites in
the United States (the study design for MONALEESA-2 has been
previously described16). MONALEESA-2 met the primary end
point of PFS at the planned interim analysis, showing a 44%
reduction in the risk of progression in patients treated with ribo-
ciclib with letrozole compared with patients treated with placebo
with letrozole (hazard ratio, 0.56; 95% confidence interval [CI],
0.43-0.72).16 The trial will remain blinded until a sufficient number
of events occur to make a determination of overall survival (OS)
rate. Enrolled patients were randomized (1:1) to treatment with
ribociclib 600 mg/d for 3 weeks followed by 1 week off, with
letrozole 2.5 mg/d (continuous), or once-daily placebo for 3 weeks
followed by 1 week off, with letrozole 2.5 mg/d (continuous). Dose
reductions of ribociclib (from 600 to 400 mg or 400 to 200 mg) or
placebo were allowed for intolerable or severe adverse events (AEs).
No dose reductions were allowed for letrozole. Study treatment was
continued until disease progression, death, unacceptable toxicity, or
any other reason (eg, withdrawal of consent, lost to follow-up).
Patients who permanently discontinued ribociclib/placebo could
continue letrozole treatment during the study. Crossover to the
alternate treatment group was not allowed.

Patients
Postmenopausal women �18 years of age with locally deter-

mined HRþ (estrogen receptor-positive [ERþ] or progesterone
receptor-positive [PRþ])/HER2� locoregionally recurrent or meta-
static breast cancer who had not received previous therapy for
advanced disease and whose disease was not amenable to curative
therapy were eligible for study enrollment. Postmenopausal status
was defined by previous bilateral oophorectomy, age �60 years, or
age <60 years and amenorrhea for �12 months (in the absence of
ovarian suppression or chemotherapy, tamoxifen, or toremifene use
during this period) with follicle-stimulating hormone and estradiol
levels in the postmenopausal range. To be considered for enroll-
ment, patients were required to have had either measurable disease
(�1 measurable lesion defined according to Response Evaluable
Criteria in Solid Tumors [RECIST] 1.117) or �1 predominantly
lytic bone lesion. Additional inclusion criteria included an Eastern
Cooperative Oncology Group performance status (ECOG PS) of
0 or 1 and adequate bone marrow and organ function.18 Patients
were ineligible if they had central nervous system metastases,
impaired gastrointestinal function, or active cardiac disease or his-
tory of cardiac dysfunction. Patients with a corrected QT interval
(QTcF; Fridericia formula) >450 ms at screening were not eligible.
Concomitant treatment with medication known to prolong the QT
interval or induce torsades de pointes was not permitted.
Clinical Breast Cancer August 2019 - 269

http://clinicaltrials.gov
http://clinicaltrials.gov


Figure 1 Consolidated Standards of Reporting Trials Diagram
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Previous treatment with any CDK4/6 inhibitor, systemic hor-
monal therapy, or chemotherapy for advanced breast cancer was not
allowed, except for letrozole or anastrozole initiated for advanced
disease �14 days before randomization. (Neo)adjuvant therapy for
breast cancer was allowed; however, if patients had received previous
(neo)adjuvant letrozole or anastrozole, then a disease-free interval
>12 months from the completion of treatment until randomization
was required.

End Points and Assessments
The primary end point of the study was locally assessed PFS. PFS

was determined on the basis of investigator-assessed tumor response
per RECIST 1.1 and was defined as time from randomization to the
date of first documented disease progression or death from any
cause. PFS was censored at the last adequate tumor response for the
following reasons: patient did not have a PFS event at the time of
the analysis cutoff point or before the start of a different antineo-
plastic treatment other than the study treatment; a PFS event
occurred after a new anticancer study treatment was given; or a PFS
event occurred after �2 missing tumor assessments.
Clinical Breast Cancer August 2019
Overall survival was the key secondary end point. Other sec-
ondary end points included overall response rate (ORR), clinical
benefit rate (CBR), health-related QoL, and safety and tolerability
in patients treated with ribociclib with letrozole versus placebo with
letrozole. The secondary end points ORR (proportion of patients
with best overall response [BOR] of confirmed complete response
[CR] or partial response [PR]) and CBR (proportion of patients
with BOR of confirmed CR or PR or stable disease lasting �24
weeks) were determined according to investigator assessment per
RECIST 1.1. Tumor assessments for overall response were per-
formed at baseline, every 8 weeks after randomization during the
first 18 months of the study, and then every 12 weeks thereafter.
Confirmation of CR or PR was required using repeat
assessments �4 weeks after the first initially reported CR or PR.
Health-related QoL was determined using patient-reported out-
comes of the European Organisation for Research and Treatment
of Cancer (EORTC) Quality of Life Questionnaire-Core 30
(QLQ-C30), version 3.0, which incorporates 3 symptom scales
(nausea/vomiting, pain, fatigue), a scale of global health/QoL, and 5
functional scales (social, physical, emotional, role, and cognitive).19



Table 1 Baseline Patient and Disease Characteristics

Characteristic
Ribociclib With

Letrozole (n [ 100)
Placebo With

Letrozole (n [ 113)

Median Age (Range),
Years

60 (23-85) 61 (29-88)

Race, n (%)

Caucasian 82 (82.0) 99 (87.6)

Black 8 (8.0) 6 (5.3)

Asian 4 (4.0) 2 (1.8)

Other/unknown 6 (6.0) 6 (5.3)

ECOG PS, n (%)

0 60 (60.0) 60 (53.1)

1 40 (40.0) 53 (46.9)

Metastatic Site,
n (%)

Visceral 58 (58.0) 62 (54.9)

Lung 44 (44.0) 45 (39.8)

Liver 19 (19.0) 24 (21.2)

Other 8 (8.0) 8 (7.1)

Bone 78 (78.0) 81 (71.7)

Bone only 21 (21.0) 27 (23.9)

Metastatic Sites
Involved, n (%)

0 0 1 (0.9)

1 30 (30.0) 45 (39.8)

2 29 (29.0) 33 (29.2)

�3 41 (41.0) 34 (30.1)

Disease-Free Interval,
n (%)

De novo metastatic
disease

41 (41.0) 41 (36.3)

�12 months 1 (1.0) 1 (0.9)

>12 months 58 (58.0) 71 (62.8)

Previous (Neo)Adjuvant
CT, n (%)

40 (40.0) 52 (46.0)

Previous (Neo)Adjuvant
ET, n (%)

47 (47.0) 51 (45.1)

Abbreviations: CT ¼ chemotherapy; ECOG PS ¼ Eastern Cooperative Oncology Group per-
formance status; ET ¼ endocrine therapy.
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The EORTC QLQ-C30 was provided during screening, every
8 weeks during the first 18 months, and every 12 weeks thereafter.
Safety was assessed as AEs according to the Common Terminology
Criteria for Adverse Events, version 4.03, including events occurring
during treatment and those within 30 days of the last dose of the
study treatment.20 Hematologic and chemistry laboratory assess-
ments were conducted at baseline, on day 15 of the first treatment
cycle, and on day 1 of subsequent treatment cycles until the end of
study treatment. Electrocardiogram assessments were conducted at
baseline, on day 15 of cycle 1, and on day 1 of cycles 2 through 9.
Additional assessments were conducted in any patients with QTcF
>480 ms during the study.

Statistical Analysis
Efficacy end points were determined among US randomized

patients, a subset of the full-analysis population. PFS was estimated
using the Kaplan-Meier method and compared between treatment
groups using stratified log rank tests. Hazard ratios and 95% CIs for
PFS were determined from a stratified Cox proportional hazards
model. Subgroup analyses of PFS were performed according to
baseline patient and disease characteristic categories. BOR data were
summarized according to treatment groups with standard Wald
asymptotic 95% CIs. Treatment groups were compared with the
CochraneManteleHaenszel c2 test. Change from baseline in
EORTC QLQ-C30 response data was determined in patients who
completed the questionnaire at baseline and analyzed using a linear
mixed effect model. For safety assessments, AE incidence rates were
reported in the safety population, which consisted of all patients
who had received �1 dose of study treatment and had �1 post-
baseline safety assessment.

Ethical Approval
Written informed consent was obtained from all patients before

screening. The study protocol and informed consent form were
reviewed by the independent ethics committee or institutional re-
view board for each center. This study was conducted according to
the ethical principles of the Declaration of Helsinki.

Results
Patient Characteristics and Study Treatment

Between January 24, 2014, and March 24, 2015, a total of 668
patients were enrolled in the worldwide MONALEESA-2 study,16

including 213 patients treated at US sites (Figure 1). The median
age of patients in the US subset was 60 years in the ribociclib with
letrozole group and 61 years in the placebo with letrozole group
(Table 1). Baseline patient and disease characteristics were similar
between study groups and consistent with the global population.16

Most patients were Caucasian (ribociclib group, n ¼ 82 [82.0%];
placebo group, n ¼ 99 [87.6%]) and had an ECOG PS of
0 (ribociclib group, n ¼ 60 [60.0%]; placebo group, n ¼ 60
[53.1%]). Visceral metastases (ribociclib group, n ¼ 58 [58.0%];
placebo group, n ¼ 62 [54.9%]) were more common than bone-
only metastases (ribociclib group, n ¼ 21 [21.0%]; placebo
group, n ¼ 27 [23.9%]).

With a median follow-up duration of 27 months from the date of
randomization to the data cutoff point (January 4, 2017), 100
patients (100%) and 109 patients (96.5%) in the ribociclib and
placebo groups had received study treatment, respectively, and 38
patients (38.0%) and 29 patients (25.7%), respectively, continued
study treatment. The most common reason for study discontinua-
tion in either treatment group was progressive disease (ribociclib
group, n¼ 38 [38.0%]; placebo group, n ¼ 61 [54.0%]); 8 patients
in the ribociclib group and 2 in the placebo group ended study
treatment because of an AE.

The median rates of relative dose intensity were 86.7% for
ribociclib, 100% for placebo, and 99.7% and 100% for letrozole
in the ribociclib and placebo treatment groups, respectively. Fifty-
four patients (54.0%) in the ribociclib group had dose reductions
(most commonly because of neutropenia) compared with 7 pa-
tients (6.4%) in the placebo group. Reasons for dose reduction in
the placebo group were AE (n ¼ 3), dosing error (n ¼ 2), and
physician decision (n ¼ 2). Dose reduction of letrozole was not
allowed.
Clinical Breast Cancer August 2019 - 271



Figure 2 Kaplan-Meier Plot of Progression-Free Survival in US Patients Assessed by Local Investigator
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Efficacy
Significant improvement in PFS was observed in patients treated

with ribociclib with letrozole versus placebo with letrozole (hazard
ratio, 0.53 [95% CI, 0.35-0.79]; P ¼ .000894; Figure 2). Median
PFS in the ribociclib group was 27.6 months (95% CI, 22.2 to not
estimable) compared with 15.0 months (95% CI, 11.1-19.5) in the
placebo group. PFS benefits with ribociclib were observed in sub-
group analyses of multiple baseline disease characteristics, including
number of metastatic disease sites involved, presence of liver/lung
metastases, bone-only metastases, previous (neo)adjuvant hormonal
therapy, and de novo metastatic disease (Supplemental Table 1). OS
data were immature at the time of the analysis. At the data cutoff
date, 15 patients (15.0%) in the ribociclib group and 20 patients
(18.3%) in the placebo group had died. One patient (in the ribo-
ciclib group) died in �30 days of last study treatment. This patient
was hospitalized on study day 504 because of sepsis and died
because of hospital-associated pneumonia and acute respiratory
insufficiency 25 days after the last dose of ribociclib (study day 498).
White blood cell and absolute neutrophil counts were normal at
hospitalization and at the time pneumonia was diagnosed.

Among all randomized patients, the ORR was 39.0% (95%
CI, 29.4-48.6) in the ribociclib group and 26.5% (95% CI,
18.4-34.7) in the placebo group (P ¼ .029; Table 2). CR was
reported in 5 patients in the ribociclib group and 2 patients in
the placebo group; 34 and 28 patients, respectively, had a BOR
of PR. In patients with measurable disease at baseline (ribociclib
group, n ¼ 71; placebo group, n ¼ 78), the ORR was 54.9%
(95% CI, 43.4-66.5) in the ribociclib group and 38.5% (95%
CI, 27.7-49.3) in the placebo group (P ¼ .023). A reduction in
tumor size was observed as early as 8 weeks in 83.1% (n ¼ 54/
65) of patients in the ribociclib arm and 72.5% (n ¼ 50/69) in
the placebo group. Most tumor responses occurred within the
first 4 months of study treatment initiation. In patients with a
confirmed CR or PR, the Kaplan-Meier-estimated median
Clinical Breast Cancer August 2019
duration of response was 26.7 months (95% CI, 17.7 to not
estimable) in the ribociclib group and 16.6 months (95% CI,
11.1 to not estimable) in the placebo group.

At baseline, the EORTC QLQ-C30 global health status/QoL
questionnaire was completed by 99% (n ¼ 99/100) and 98% (n ¼
111/113) of patients enrolled in the ribociclib and placebo groups,
respectively. Overall QoL was generally higher during treatment
compared with baseline in the ribociclib and placebo groups
(Figure 3). Median time to 10% definitive deterioration of EORTC
QLQ-C30 global health status/QoL scale score was similar among
the treatment groups (ribociclib group, 27.6 months [95% CI, 24.9
to not estimable]; placebo group, 27.6 months [95% CI, 16.7 to
not estimable]). Among patients with an EORTC QLQ-C30 pain
symptom score at baseline and at 8 weeks, 63.2% (n ¼ 43/68) in
the ribociclib group and 50.0% (n ¼ 31/62) in the placebo group
had a reduction in pain at 8 weeks. The median change in pain
score among all evaluable patients was �50.0% in the ribociclib
group and �12.5% in the placebo group. A significantly greater
decrease in mean percent change from baseline in pain score was
observed at week 8 in the ribociclib group compared with the
placebo group (P ¼ .017). The reduction in pain from baseline in
the ribociclib group was maintained throughout study treatment.

Safety
In the safety population, the most common all-cause AEs of any

grade in patients treated with ribociclib with letrozole were neu-
tropenia (72.0% [n ¼ 72] vs. 4.6% [n ¼ 5] in the placebo group),
nausea (69.0% [n ¼ 69] vs. 44.0% [n ¼ 48] in the placebo group),
and fatigue (60.0% [n ¼ 60] vs. 50.5% [n ¼ 55] in the placebo
group; Table 3). Grade 3/4 AEs occurring in �20% of patients in
either study group included neutropenia (ribociclib group, 56.0%
[n ¼ 56]; placebo group, 0% [n ¼ 0]), decreased white blood
cell count (ribociclib group, 16.0% [n ¼ 16]; placebo group, 0%
[n ¼ 0]), and hypertension (ribociclib group, 11.0% [n ¼ 11];



Table 2 Best Overall Response

Ribociclib With
Letrozole

Placebo With
Letrozole

All Patients, n 100 113

Best overall response, n (%)

CR 5 (5.0) 2 (1.8)

PR 34 (34.0) 28 (24.8)

SD 23 (23.0) 31 (27.4)

NCRNPDa 25 (25.0) 29 (25.7)

PD 7 (7.0) 13 (11.5)

Unknown 6 (6.0) 10 (8.8)

ORR, % (95% CI)b 39.0 (29.4-48.6) 26.5 (18.4-34.7)

P .029

CBR, % (95% CI)c 76.0 (67.6-84.4) 67.3 (58.6-75.9)

P .074

Patients With Measurable
Disease at Baseline, n

71 78

Best overall response, n (%)

CR 5 (7.0) 2 (2.6)

PR 34 (47.9) 28 (35.9)

SD 23 (32.4) 31 (39.7)

PD 4 (5.6) 12 (15.4)

Unknown 5 (7.0) 5 (6.4)

ORR, % (95% CI)b 54.9 (43.4-66.5) 38.5 (27.7-49.3)

P .023

CBR, % (95% CI)d 76.1 (66.1-86.0) 61.5 (50.7-72.3)

P .030

Abbreviations: CBR ¼ clinical benefit rate; NCRNPD ¼ neither complete response nor pro-
gressive disease; SD ¼ stable disease.
aNCRNPD refers to patients with nontarget disease only who did not have disappearance of all
nontarget lesions (ie, CR) and did not have unequivocal progression of existing nontarget lesions
or the emergence of new lesions (ie, PD). This response categorization can be considered
equivalent to SD.
bORR defined as CR þ PR.
cCBR defined as CR þ PR þ SD þ NCRNPD �24 weeks.
dCBR defined as CR þ PR þ SD �24 weeks.
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placebo group, 11.0% [n ¼ 12]). Febrile neutropenia was
reported in 2 patients (both in the ribociclib group). The
Kaplan-Meier-estimated median time to first occurrence of
Grade �2 neutropenia was 4.0 weeks (95% CI, 2.1-4.1) in patients
treated with ribociclib with letrozole.Most of the neutropenic events in
this study were uncomplicated and did not require additional therapy.
One patient in the ribociclib group discontinued study treatment
because of neutropenia and pericardial effusion in the context of
multiple preexisting medical conditions after developing Grade 3
neutropenia on study day 15; ribociclib was discontinued 2 days later.

Infections were reported in 63 patients (63.0%) in the ribociclib
group and 59 patients (54.1%) in the placebo group. Grade 3/4
infections occurred in 12 patients in the ribociclib group and 5
patients in the placebo group; events occurring in >2 patients
included pneumonia (ribociclib group, n ¼ 3; placebo group, n ¼
1) and sepsis (ribociclib group, n ¼ 3; placebo group, n ¼ 0). Two
patients in the ribociclib group experienced Grade 4 infections
(pneumonia and sepsis) compared with no patients in the placebo
group. One patient had Grade 4 acute respiratory insufficiency and
hospital-associated pneumonia with ribociclib 200 mg treatment.
The second patient had Grade 4 sepsis and Grade 2 urinary tract
infection on day 18; ribociclib was permanently discontinued
because of sepsis on study day 18, but the patient continued
letrozole treatment.

Liver enzyme elevations were more frequent in the ribociclib
group. There were 14 patients (14.0%) with increased alanine
aminotransferase (ALT; any grade) in the ribociclib group versus 3
patients (2.8%) in the placebo group; 14 patients (14.0%) in the
ribociclib group and 7 patients (6.4%) in the placebo group had
increased aspartate aminotransferase (AST; any grade). Grade 3/4
ALT and AST elevations in the ribociclib group were reported in 5
(5.0%) and 4 (4.0%) patients, respectively; in the placebo group,
they were reported in 2 (1.8%) and 2 patients (1.8%), respectively.
For most patients who experienced a Grade 3/4 ALT/AST eleva-
tion, the first episode occurred within the first 3 months of treat-
ment. Two patients in the ribociclib group and none in the placebo
group permanently discontinued study treatment because of
increased ALT/AST levels. One patient in the ribociclib group met
the criteria for Hy’s law (elevated ALT/AST and total bilirubin
without cholestasis). This patient’s case was suspected to be related
to ribociclib treatment, but this interpretation was confounded by
use of black cohosh, a medicinal herb, of which use was prohibited
during the study. The patient’s liver enzyme levels returned to
normal after discontinuation of study treatment.

A postbaseline QTcF measurement >480 ms was observed in 2
patients (2.0%) in the ribociclib group and 2 patients (1.8%) in the
placebo group. All events of QTcF >480 ms in the ribociclib group
occurred during the first treatment cycle, suggesting no cumulative
treatment effects on the QT interval. One patient (0.9%) in the
placebo group and no patients in the ribociclib group had QTcF
>500 ms, which occurred on study day 686 and led to permanent
discontinuation of the study treatment.

Adverse events that led to dose interruptions occurred in 68
patients (68.0%) and 15 patients (13.8%) in the ribociclib and
placebo groups, respectively. AEs leading to dose interruption in >2
patients in the ribociclib group included neutropenia (n ¼ 31),
decreased neutrophil count (n ¼ 18), nausea (n ¼ 9), fatigue (n ¼
8), decreased white blood cell count (n ¼ 8), diarrhea (n ¼ 6),
vomiting (n¼ 5), increased ALT (n¼ 3), anemia (n ¼ 3), increased
AST (n ¼ 3), and dehydration (n ¼ 3); no event led to dose
interruption in >2 patients in the placebo group. AEs led to dose
reductions in 45 patients (45%) and 3 patients (2.8%) in the
ribociclib and placebo groups, respectively. AEs that led to dose
reduction in >2 patients in the ribociclib group were neutropenia
(n ¼ 21), diarrhea (n ¼ 3), and fatigue (n ¼ 3); no event led to dose
reduction in >2 patients in the placebo group.

Discussion
In the US subset of MONALEESA-2, ribociclib with

letrozole was well tolerated and provided a significant PFS benefit
compared with letrozole with placebo in postmenopausal women
with HRþ/HER2� advanced breast cancer without previous
therapy for advanced disease. The additional use of ribociclib pro-
vided a 47.0% lower relative risk of progression than letrozole with
placebo, and the median duration of PFS was extended by more
than 1 year (27.6 months vs. 15.0 months). The clinical benefit of
ribociclib with letrozole was also shown by improvements in
Clinical Breast Cancer August 2019 - 273



Figure 3 Mean Change From Baseline in EORTC QLQ-C30 Global Health Status/QoL Score

Error bars represent the standard error of the mean. Data included assessments with �25 patients in each treatment group. Patients at risk are those who completed the questionnaire at the
respective time point and at baseline. Higher scores indicate more improvement in QoL.
Abbreviations: C ¼ cycle; D ¼ day; EORTC QLQ-C30 ¼ European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; QoL ¼ quality of life.
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objective tumor response, reductions in pain score and tumor size at
8 weeks, and maintenance of overall QoL compared with letrozole
alone. These results suggest that the additional use of ribociclib did
not negatively affect overall QoL and that QoL improvements were
maintained throughout the duration of study treatment. The
observed improvement in PFS with ribociclib in the US subset is
consistent with the results from the global study population of
MONALEESA-2.11 In the updated PFS analysis from
MONALEESA-2 (26 months of follow-up), treatment with ribo-
ciclib with letrozole was associated with a 43% relative reduction of
risk of progression compared with placebo with letrozole (hazard
ratio, 0.57; 95% CI, 0.46-0.70; P ¼ .0000000963). The median
PFS in the global population was 25.3 months (95% CI, 23.0-30.3)
with ribociclib with letrozole compared with 16.0 months (95% CI,
13.4-18.2) with placebo with letrozole.

These results are interesting, particularly in the context of pre-
vious reports of geographic differences in safety event reporting and
in patient-reported QoL.21-26 Geographic differences in AE
reporting might be because of differences in investigator training,
culture, or lack of consistency between US FDA regulations and
International Conference on Harmonisation E2A guidelines for AE
reporting.21-24 In addition, reports of regional differences in QoL
end points and symptoms in patients with breast cancer suggest that
those living in different countries might differentially report the
effects of treatment,25,26 possibly leading to differences in patient
care. Despite these potential differences, the results of the
MONALEESA-2 US subset analysis show similar tolerability and
clinical benefits of ribociclib with letrozole treatment compared with
those in the overall study population of MONALEESA-2.11 The
Clinical Breast Cancer August 2019
results of this study are consistent with the results from Ongoing
Trials in the Management of Breast Cancer (PALOMA-2) study,
which showed that the efficacy and safety data of the CDK4/6
inhibitor palbociclib in the North American subset were similar to
that in the overall population.27

In the US subset of MONALEESA-2, exploratory analyses of
PFS showed a benefit of ribociclib across a range of baseline patient
and disease characteristic subsets. Similarly, in the global
MONALEESA-2 population, exploratory PFS analyses showed that
ribociclib with letrozole improved PFS compared with letrozole
alone in patients regardless of age, race/ethnicity, ECOG PS, hor-
mone receptor positivity (ERþ/PR�, ER�/PRþ, or ERþ/PRþ), site
of metastases, de novo versus recurrent metastatic disease, and
previous adjuvant therapy.11,16,28 In a subset analysis of
MONALEESA-2 in patients with de novo advanced breast cancer,
prolonged PFS was observed in patients in the ribociclib group
compared with those assigned to placebo (hazard ratio, 0.45; 95%
CI, 0.27-0.75); the estimated 12-month PFS rates were 82% and
66%, respectively.29 The PFS benefits of ribociclib in patients with
recurrent disease were similar (hazard ratio 0.60; 95% CI, 0.45-
0.81).16 The results from the US subset of MONALEESA-2, along
with data from other MONALEESA-2 subset analyses, show the
benefits of ribociclib in multiple subgroup populations of post-
menopausal women with HRþ/HER2� advanced breast cancer.

No new safety signals were observed in the US patient sub-
set.11,16 The safety profile of ribociclib with letrozole was manage-
able. The rate of discontinuations because of AEs was low and
consistent with the observed tolerability in the global study popu-
lation.11 Incidence rates of hematologic AEs were similar to that in



Table 3 Adverse Events Regardless of Relationship to Study Drug

AEa
Ribociclib With Letrozole (n [ 100)b Placebo With Letrozole (n [ 109)b

All Grades Grade 3 Grade 4 All Grades Grade 3 Grade 4

Totalc 99 (99.0) 60 (60.0) 21 (21.0) 107 (98.2) 46 (42.2) 3 (2.8)

AE Occurring in ‡20% of Study Patients in Either Group

Neutropeniad 72 (72.0) 42 (42.0) 14 (14.0) 5 (4.6) 0 0

Nausea 69 (69.0) 3 (3.0) 0 48 (44.0) 1 (0.9) 1 (0.9)

Fatigue 60 (60.0) 6 (6.0) 0 55 (50.5) 1 (0.9) 0

Diarrhea 48 (48.0) 2 (2.0) 0 37 (33.9) 2 (1.8) 1 (0.9)

Vomiting 45 (45.0) 5 (5.0) 0 27 (24.8) 2 (1.8) 1 (0.9)

Arthralgia 44 (44.0) 2 (2.0) 1 (1.0) 43 (39.4) 2 (1.8) 0

Constipation 40 (40.0) 2 (2.0) 0 37 (33.9) 0 0

Alopecia 34 (34.0) 0 0 18 (16.5) 0 0

Hot flush 34 (34.0) 0 0 46 (42.2) 0 0

Headache 32 (32.0) 1 (1.0) 0 32 (29.4) 1 (0.9) 0

Back pain 29 (29.0) 6 (6.0) 0 23 (21.1) 1 (0.9) 0

Cough 29 (29.0) 0 0 22 (20.2) 0 0

Decreased WBC count 27 (27.0) 15 (15.0) 1 (1.0) 4 (3.7) 0 0

Urinary tract infection 27 (27.0) 2 (2.0) 0 21 (19.3) 0 0

Upper respiratory tract infection 26 (26.0) 0 0 22 (20.2) 0 0

Anemia 24 (24.0) 3 (3.0) 2 (2.0) 10 (9.2) 2 (1.8) 0

Decreased appetite 24 (24.0) 0 0 22 (20.2) 0 0

Hepatobiliary toxicitye 24 (24.0) 4 (4.0) 2 (2.0) 15 (13.8) 6 (5.5) 0

Hypertension 23 (23.0) 11 (11.0) 0 17 (15.6) 12 (11.0) 0

Insomnia 22 (22.0) 0 0 18 (16.5) 0 0

AE of Special Interest

QTcF prolonged 4 (4.0) 0 0 3 (2.8) 1 (0.9) 0

Thrombocytopenia 6 (6.0) 0 0 0 0 0

Venous embolic/thrombotic event 2 (2.0) 1 (1.0) 0 2 (1.8) 0 0

Data are presented as n (%).
Abbreviations: AE ¼ adverse event; ALT ¼ alanine aminotransferase; AST ¼ aspartate aminotransferase; QTcF ¼ corrected QT interval (Fridericia formula); WBC ¼ white blood cell.
aPatients with multiple occurrences of an AE are included once for each AE category.
bAE rates were determined among patients who received �1 dose of study treatment.
cPatients with multiple AEs are counted once.
dIncludes the following terms: neutropenia, neutrophil count decreased, and febrile neutropenia; 2 patients (both in the ribociclib group) experienced febrile neutropenia.
eIncludes the following terms: increased ALT, increased AST, increased blood alkaline phosphatase, hypoalbuminemia, increased blood bilirubin, increased international normalized ratio, hepato-
megaly, and hyperbilirubinemia.
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the global study population, although nonhematologic AE rates
tended to be slightly higher in US patients in both treatment groups
relative to the global population.11 Most nonhematologic AEs were
Grade 1/2, which do not require dose modification per the ribo-
ciclib package insert.13 Consistent with other reports from studies of
CDK4/6 inhibitors with ET in patients with advanced breast can-
cer,10,12,16,30,31 neutropenia was the most frequently reported Grade
3/4 AE in the ribociclib group (56.0%). In the US subset of
MONALEESA-2, neutropenia was manageable with dose modifica-
tions and did not require additional therapy in most patients; 1 pa-
tient discontinued ribociclib treatment because of neutropenia
(nonfebrile). In the ribociclib group, a smaller percentage of patients
with QTcF interval >480 ms was observed in the US subset (2
patients [2%]) compared with the overall population (11 patients
[3.3%])16; however, the study was not powered to compare differ-
ences in AE rates between regional subsets and the overall population.
The QTcF findings from the US subset support the manufacturer’s
prescribing information, which states to avoid use of ribociclib in
patients with QTcF values �450 ms, to avoid use of concomitant
medications known to prolong QTcF, and to reduce the ribociclib
dose in patients with asymptomatic QT prolongation >480 ms.13

Conclusion
The US subset analysis of MONALEESA-2 confirmed the

significant PFS benefits of ribociclib with letrozole versus placebo
with letrozole for the treatment of postmenopausal women with
HRþ/HER2� advanced breast cancer in the United States. Further
analyses from MONALEESA-2, including OS, will be reported at a
later date. Ongoing phase III studies from the MONALEESA trial
program are investigating ribociclib in multiple settings and in com-
bination with different endocrine therapies. In MONALEESA-3
(NCT02422615), ribociclib with the selective estrogen receptor
degrader fulvestrant is being investigated in men and postmenopausal
women with HRþ/HER2� advanced breast cancer whose disease has
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progressed after treatment with �1 previous line of ET. In
MONALEESA-7 (NCT02278120), significantly improved PFS
(primary end point) was observed for pre-/perimenopausal women
with HRþ/HER2� advanced breast cancer treated with first-line
ribociclib in combination with ET and ovarian suppression versus
placebo in combination with ET and ovarian suppression.31

Clinical Practice Points

� Current practice guidelines recommend ET as standard care for
select women with advanced or metastatic HRþ/HER2� breast
cancer.

� Although these guidelines describe combination treatment with
ET and a targeted agent such as a CDK4/6 inhibitor as a first-
line treatment option, the recommendations do not state
whether endocrine monotherapy or ET in combination with a
targeted agent is preferred.

� Data from multiple phase III trials of combination therapy with
CDK4/6 inhibitors with ET show the benefits of combination
treatment compared with monotherapy in delaying disease pro-
gression in the first-line setting.

� Despite these findings, a survey conducted in the United States
conducted in 2017 showed that approximately 30% of patients
with HRþ/HER2� advanced breast cancer receive first-line
endocrine monotherapy, suggesting that further evidence on
the benefits of CDK4/6 inhibitors in combination with ET is
needed.

� The present report on the US subset of the phase III
MONALEESA-2 trial investigating the CDK4/6 inhibitor
ribociclib with letrozole versus letrozole alone in postmenopausal
women with HRþ/HER2� advanced breast cancer addresses this
gap by confirming the PFS benefits of combination treatment in
a US patient population.

� The results from this US subset of MONALEESA-2 provide
further evidence of the improvement in PFS observed in patients
with HRþ/HER2� advanced breast cancer treated with first-line
ribociclib with letrozole versus placebo with letrozole.

� Our findings suggest ribociclib with letrozole is a safe and
effective treatment in this patient population.
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Supplemental Table 1 Subgroup Analyses of PFS

Subgroup

Ribociclib With Letrozole (n [ 100) Placebo With Letrozole (n [ 113)
Ribociclib Versus

Placebo

Patients, n Events, n
Median PFS,

Months Patients, n Events, n
Median PFS,

Months
Hazard Ratio
(95% CI)

(Neo)Adjuvant Chemotherapy

No 60 18 30.3 61 29 18.2 0.477 (0.260-0.875)

Yes 40 20 23.0 52 34 14.4 0.545 (0.309-0.961)

(Neo)Adjuvant Hormonal Therapy

AI 30 15 23.0 25 19 13.8 0.461 (0.228-0.932)

Tamoxifen and others 17 7 NE 26 14 13.0 0.652 (0.263-1.620)

None 53 16 30.3 62 30 18.2 0.497 (0.267-0.926)

De Novo Metastasis

No 59 24 23.0 72 44 13.8 0.514 (0.309-0.853)

Yes 41 14 30.3 41 19 26.6 0.643 (0.319-1.295)

Number of Metastatic Sites

<3 59 18 30.3 79 41 18.2 0.502 (0.287-0.879)

�3 41 20 19.6 34 22 9.8 0.452 (0.242-0.843)

Liver/Lung Involvement

No 48 16 30.3 51 24 22.1 0.647 (0.341-1.227)

Yes 52 22 24.8 62 39 11.1 0.501 (0.296-0.850)

Bone-Only Metastasis

No 79 32 27.6 86 49 12.8 0.470 (0.298-0.744)

Yes 21 6 NE 27 14 26.0 0.830 (0.302-2.280)

Abbreviations: AI ¼ aromatase inhibitor; NE ¼ not estimable; PFS ¼ progression-free survival.
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