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Abstract

Purpose Determine the efficacy and safety of first-line

ribociclib plus letrozole in elderly patients with HR?,

HER2- advanced breast cancer.

Methods 668 postmenopausal women with HR?, HER2-

advanced breast cancer and no prior systemic therapy for

advanced disease were enrolled in the Phase III

MONALEESA-2 trial (NCT01958021); 295 patients were

aged C 65 years. Patients were randomized to ribociclib

(600 mg/day; 3-weeks-on/1-week-off) plus letrozole

(2.5 mg/day) or placebo plus letrozole until disease pro-

gression, unacceptable toxicity, death, or treatment dis-

continuation. The primary endpoint was PFS, which was

evaluated in elderly (C 65 years) and younger (\ 65 years)

patients. Secondary endpoints included response rates and

safety.

Results Ribociclib plus letrozole significantly improved

PFS vs placebo plus letrozole in elderly (hazard ratio:

0.608; 95% CI 0.394–0.937) and younger patients (hazard

ratio: 0.523; 95% CI 0.378–0.723). Overall response rates

were numerically higher in the ribociclib vs placebo arm,

regardless of age. Ribociclib plus letrozole was well tol-

erated in elderly patients, with the safety profile similar to

the overall study population. Nausea, vomiting, alopecia,

and diarrhea were[ 10% more frequent in the ribociclib

plus letrozole vs placebo plus letrozole arm in both sub-

groups; most events were grade 1/2. In elderly patients,
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grade 1/2 anemia and fatigue were[ 10% more frequent in

the ribociclib plus letrozole vs placebo plus letrozole arm

and discontinuation rates were similar in both arms.

Conclusions Addition of ribociclib to letrozole is a valid

therapeutic option for elderly patients with HR?, HER2-

advanced breast cancer in the first-line setting.

Keywords Breast cancer � CDK inhibitor � Ribociclib �
Endocrine therapy � Elderly � Hormone receptor-positive

Introduction

Over 40% of patients with breast cancer in the United

States are aged C 65 years at diagnosis, with the median

age for diagnosis 62 years [1]. Elderly patients are more

likely to have hormone receptor-positive (HR?), human

epidermal growth factor receptor 2-negative (HER2-)

disease compared with younger patients; in the 2010

Surveillance, Epidemiology, and End Results (SEER)

registry database, 58% of patients diagnosed with HR?,

HER2- breast cancer were younger than 50 years, 63%

were aged 50–64 years, and 68% of patients were aged

65 years or older [2].

First-line treatment options for elderly patients with

HR? advanced breast cancer are similar for younger

patients [3], where endocrine therapy is recommended for

most cases in the absence of visceral crisis [4–7]. Use of

other therapies, such as chemotherapy or some targeted

agents, are often delayed in elderly patients owing to their

challenging side-effect profiles. Comorbidities such as

hypertension, diabetes, and coronary disease are common

in elderly patients and can impact therapy choice [3, 8].

Although elderly patients with HR? breast cancer

derive benefits from treatment with endocrine monothera-

pies, the development of endocrine resistance remains a

problem in this patient population [3]. New therapeutic

approaches that delay development of endocrine therapy

resistance and take into account comorbid illnesses, func-

tional status, quality of life, and geriatric assessments are

needed to improve the medical care and survival outcomes

of older patients with HR? advanced breast cancer [3, 9].

Combination regimens targeting multiple signaling path-

ways, such as everolimus plus exemestane, have shown

efficacy in elderly patients with disease previously resistant

to endocrine monotherapies [3, 10], suggesting that com-

bined targeted therapies may represent a valid treatment

option in elderly patients. However, elderly patients are

generally under-represented in clinical trials, which may

reflect physician concerns regarding the impact of comor-

bidities or the increased risk of drug-induced toxicities [3].

The presence of multiple comorbidities and concerns

regarding polypharmacy in elderly patients may result in a

poorer overall physiologic function, reduced compliance,

and complications due to drug–drug interactions; therefore

physicians may opt for alternative treatment options

[11, 12].

The phase III MONALEESA-2 study (clinicaltrials.gov,

NCT01958021) reported that addition of the cyclin-de-

pendent kinase (CDK)4/6 inhibitor ribociclib to letrozole is

well tolerated and significantly improves progression-free

survival (PFS) compared with letrozole alone as a first-line

therapy for HR?, HER2- advanced breast cancer [13].

Here, we determine the safety and efficacy of ribociclib

plus letrozole in elderly patients (C 65 years of age)

enrolled in the MONALEESA-2 study.

Methods

Study design and participants

MONALEESA-2 is a phase III, international, randomized,

double-blind, placebo-controlled study conducted at 223

centers in 29 countries worldwide. Eligible patients were

postmenopausal women with HR?, HER2-, recurrent or

metastatic breast cancer. Postmenopausal status was

defined by prior bilateral oophorectomy, age C 60, or

age\ 60 with amenorrhea for C 12 months, and follicle-

stimulating hormone and estradiol levels considered to be

postmenopausal as per the local normal range. Patients had

measurable disease (per Response Evaluation Criteria In

Solid Tumors [RECIST] v1.1 [14]) or at least one pre-

dominantly lytic bone lesion; an Eastern Cooperative

Oncology Group (ECOG) performance status of B 1 [15];

and adequate bone marrow and organ function.

Patients were excluded if they had previously received a

CDK4/6 inhibitor, or any systemic chemotherapy or

endocrine therapy for advanced disease. Prior (neo)adju-

vant therapy with a non-steroidal aromatase inhibitor was

permitted if the disease-free interval was[ 12 months.

Patients with inflammatory breast cancer, central nervous

system metastases, a history of cardiac disease or dys-

function (including QTcF[ 450 ms at screening), or

impaired gastrointestinal function that altered study drug

absorption were not permitted. Concomitant medications

with a known risk of prolonging QT interval or inducing

torsades de pointes were prohibited.

The study was conducted in accordance with the Dec-

laration of Helsinki, Good Clinical Practice guidelines, and

applicable local regulations. The institutional review board

at each participating center reviewed the protocol and

subsequent amendments. All patients provided written

informed consent before enrollment.
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Randomization and masking

Patients were randomized in a 1:1 ratio to receive riboci-

clib plus letrozole or placebo plus letrozole. Randomiza-

tion was stratified by the presence of liver and/or lung

metastases. No treatment crossover was permitted.

Procedures

Patients received oral ribociclib (600 mg/day; 3-weeks-on/

1-week-off in 28-day cycles) plus letrozole (2.5 mg/day;

continuous schedule) or placebo plus letrozole until disease

progression, unacceptable toxicity, death, or discontinua-

tion for any other reason. Dose reductions for ribociclib

(from 600 to 400 to 200 mg/day) were permitted to manage

adverse events; letrozole dose reductions were not per-

mitted. Patients who discontinued ribociclib/placebo were

permitted to continue letrozole therapy.

Tumor assessments (computed tomography or magnetic

resonance imaging) were conducted at screening, every

8 weeks during the first 18 months, every 12 weeks

thereafter until disease progression (including for patients

who discontinued due to reasons other than progressive

disease), and at end of treatment. Imaging data were

prospectively reviewed by an independent review com-

mittee blinded to treatment allocation.

Outcomes

The primary endpoint was PFS, assessed by local investi-

gators as per RECIST v1.1. The key secondary endpoint

was overall survival. Other secondary endpoints included

overall response rate, clinical benefit rate, and safety.

Adverse events were characterized and graded

throughout the study as per National Cancer Institute

Common Terminology Criteria for Adverse Events version

4.03 [16]. Centralized biochemical and hematologic labo-

ratory tests were performed at screening, Day 15 of Cycle

1, and Day 1 of subsequent cycles until the end of treat-

ment. Electrocardiogram (ECG) assessments were con-

ducted at screening, Day 15 of Cycle 1, and Day 1 of

Cycles 2 and 3 in all patients; after a protocol amendment,

additional ECG assessments were performed on Day 1 of

Cycles 4–9 in all patients, and on Day 1 of subsequent

cycles in patients with a mean QTcF C 481 ms at any time

prior to Cycle 10. ECGs were reviewed by an independent

central panel blinded to treatment allocation.

Population pharmacokinetic analyses

Population pharmacokinetic analyses were performed to

characterize the profile of ribociclib and evaluate the influence

of covariates on pharmacokinetic parameters. A population

pharmacokineticmodelwas developed using pharmacokinetic

data collected from 208 patients who received 50–1200 mg

ribociclib (134 patients received a starting dose of 600 mg/day

[3-weeks-on/1-week-off]) across three phase I trials

(NCT01898845,NCT01237236, andNCT01872260). In total,

4854 data points were collected and utilized for model devel-

opment; 98%were in the first 2 cycles (up to 8 weeks after the

first ribociclib dose). The model was developed in a stepwise

manner; a base structural model was developed then expanded

to a full covariate model with inclusion of all predefined

parameter–covariate relations, and subsequently condensed to

a final model with retention of only important covariates.

Models were evaluated based on parameter estimates, diag-

nostic plots, andvisualpredictive checks.A total of177 steady-

state pharmacokinetic data points (pre-dose and 2 h post-dose)

from a subset of patients in MONALEESA-2 (n = 93) were

used to validate the predictive capability of the final model.

Statistical analysis

Efficacy analyses were based on data from the full analysis

set: all randomized patients were analyzed on an intent-to-

treat basis. For analysis of the primary endpoint, Kaplan–

Meier estimates were used to assess PFS in elderly and

younger patients; hazard ratios and 95% confidence intervals

(CIs) were estimated using a Cox proportional hazardsmodel,

stratified according to the presence or absence of liver or lung

metastases. Assessment of PFS in the elderly subset was pre-

specified in the statistical analysis plan. The cut-off of

65 years was defined according to international standards

defining old age [17]. Other pre-specified subanalyses were

carried out according to ECOG performance status, baseline

metastatic sites (liver, lung, bone, etc.), prior hormonal

therapy status, prior (neo)adjuvant chemotherapy status, de

novo disease status, race, estrogen/progesterone receptor

status, and selected biomarkers. To determine the consistency

of treatment benefit for PFS across both subgroups, the

interaction p value was obtained from the stratified Cox

proportional hazard model that included treatment, subgroup,

and treatment by subgroup interaction terms. For the sec-

ondary endpoints of overall response and clinical benefit

rates, 95% CIs were computed based on normal approxima-

tion to the binomial method. Safety analyses were performed

in patients who received at least 1 dose of a study regimen and

had at least 1 postbaseline safety assessment.

Results

Patient characteristics and disposition

In the MONALEESA-2 study, 668 patients were random-

ized to ribociclib plus letrozole (n = 334) and placebo plus
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letrozole (n = 334) between January 24, 2014 and March

24, 2015. Following international standards [17], the

elderly population was defined as C 65 years of age and

included 295 patients. Distribution of patients C 65 years

and\ 65 years was well balanced across the ribociclib

plus letrozole vs placebo plus letrozole arms, with 150

(51%) vs 145 (49%), and 184 (49%) vs 189 (51%) patients,

respectively (Table 1; Fig. 1). Patient characteristics,

including site of metastases, were generally balanced

across both treatment arms, and between patients

aged C 65 and\ 65 years. Just over half (54%) of

patients C 65 years had an ECOG performance status of 0

compared with two-thirds (67%) of patients aged\ 65 -

years (p = 0.001). A higher proportion of patients

aged C 65 years had an ECOG performance status of 1 in

both treatment arms.

At data cut-off (January 29, 2016), treatment was dis-

continued in 60 (40%) patients aged C 65 years and 79

(43%) patients aged\ 65 years receiving ribociclib plus

letrozole, and in 68 (47%) and 112 (59%) patients

aged C 65 years and\ 65 years receiving placebo plus

letrozole, respectively (Fig. 1). The most common reason

for treatment discontinuation was disease progression.

Regardless of age, discontinuation due to disease progres-

sion occurred less frequently in the ribociclib plus letrozole

arm vs the placebo plus letrozole arm. Additionally, a

smaller proportion of elderly patients discontinued due to

disease progression compared with younger patients

(C 65 years vs\ 65 years; ribociclib plus letrozole arm:

22% vs 29%; placebo plus letrozole arm: 35% vs 50%).

The incidence of treatment discontinuation due to adverse

events in the ribociclib plus letrozole vs placebo plus

letrozole arms was similar in both subgroups (C 65 years:

9% vs 3%;\ 65 years: 7% vs 1%).

Efficacy

Ribociclib plus letrozole significantly improved PFS

compared with placebo plus letrozole, regardless of patient

age. In patients C 65 years, the risk reduction was 39%

(hazard ratio: 0.608); in patients\ 65 years old, the risk

reduction was 48% (hazard ratio: 0.523; Fig. 2). Hazard

ratios for both subgroups were in line with those seen in the

full MONALEESA-2 patient population (hazard ratio:

0.56; 95% CI 0.43–0.72; p = 3.29 9 10-6 in all patients)

[13]. There was no significant difference in ribociclib

treatment effect between older and younger patients

receiving ribociclib (interaction test p = 0.589). In both

subgroups, median PFS was not reached in the ribociclib

plus letrozole arm. In the placebo plus letrozole arm,

median PFS was over 5 months longer in patients

aged C 65 years than in patients\ 65 years (18.4 vs

13.0 months). Best overall responses are summarized in

Table 2. In patients aged C 65 years, overall response

rates in the ribociclib plus letrozole arm vs placebo plus

letrozole arm were 37% (95% CI 30–45) vs 31% (95% CI

24–39) and clinical benefit rates were 74% (95% CI 67–81)

vs 75% (95% CI 67–82). Similarly, in patients

aged\ 65 years, the overall response rate and the clinical

benefit rate were numerically higher in the ribociclib plus

letrozole vs placebo plus letrozole arm (44% [95% CI

36–51] vs 25% [95% CI 19–31] and 84% [95% CI 79–90]

vs 71% [95% CI 65–78], respectively). Overall survival

data were immature at the time of analysis.

Safety and tolerability

The safety profile in the ribociclib plus letrozole arm was

largely consistent across both age groups and was similar

to that observed in the overall study population [13].

Median duration of exposure to ribociclib, placebo, or

letrozole was comparable (12–13 months) across treatment

arms and between age groups. The most common adverse

events were hematologic and included neutropenia,

leukopenia, and anemia (Table 3). Neutropenia was

uncomplicated, with febrile neutropenia reported in 3

patients C 65 years of age and in 2 patients aged\ 65 -

years in the ribociclib plus letrozole arm. No patients in the

placebo plus letrozole arm experienced febrile neutropenia.

The most frequent non-hematologic adverse events

included nausea, fatigue, alopecia, vomiting, and diarrhea;

events were predominantly grade 1 or grade 2. In both age

groups, nausea, alopecia, diarrhea, and vomiting were

increased by 10% in the ribociclib plus letrozole over the

placebo plus letrozole arm. A greater than 10% increase in

the incidence of fatigue in the ribociclib plus letrozole over

the placebo plus letrozole arm was observed in elderly

patients. Incidence rates of anemia, hypertension, and

asthenia were higher in elderly patients, irrespective of

treatment arm. In the ribociclib plus letrozole arm, 1

patient aged C 65 years with cardiac abnormalities, a

cardiac assistance device, and a QTcF[ 450 ms at base-

line experienced a QTcF prolongation of[ 500 ms, which

resolved without the need for dose modification.

Adverse events were managed effectively by dose

interruptions or reductions. In patients aged C 65 years,

106 (71%) and 79 (53%) patients experienced ribociclib

dose interruptions and reductions due to adverse events,

respectively. Similarly, in patients aged\ 65 years, 121

(66%) and 90 (49%) experienced ribociclib dose interrup-

tions and reductions due to adverse events, respectively.

Neutropenia was the most common adverse event leading

to dose interruptions and reductions in both age groups.

Despite dose modifications, the dose intensity of ribociclib

was maintained at 86 and 90% in patients aged C 65

and\ 65 years, respectively.
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Pharmacokinetics

The median age of patients included in the population for

pharmacokinetic model development was 60 years (range

23–82). The distribution of age was adequate to evaluate the

effect of age on the pharmacokinetic profile of ribociclib; age

distribution was as follows:\ 40 years (n = 10), C 40

to\ 50 years (n = 29), C 50 to\ 60 years (n = 61), C 60

to\ 70 years (n = 71), C 70 to\ 80 years (n = 36),

and C 80 years (n = 1). The covariate effect of age on

ribociclib clearance was estimated to be 1.018 (95% CI

0.875–1.324), indicating statistical insignificance and limited

clinical importance.

Table 1 Baseline characteristics according to patient age and treatment

Characteristic Age C 65 years (n = 295) Age\ 65 years (n = 373)

Ribociclib ? letrozole

(n = 150)

Placebo ? letrozole

(n = 145)

Ribociclib ? letrozole

(n = 184)

Placebo ? letrozole

(n = 189)

Median age, years (range) 70 (65–91) 71 (65–88) 55 (23–64) 56 (29–64)

ECOG performance status, n (%)

0 80 (53) 79 (55) 125 (68) 123 (65)

1 70 (47) 66 (46) 59 (32) 66 (35)

Disease stage at initial diagnosis, n (%)

I–II 70 (47) 66 (46) 83 (45) 89 (47)

III 22 (15) 24 (17) 36 (20) 38 (20)

IV 54 (36) 48 (33) 61 (33) 60 (32)

Disease stage at study entry, n (%)

III 1 (1) 2 (1) 0 1 (1)

IV 149 (99) 143 (99) 184 (100) 188 (99)

Hormone receptor status, n (%)

ER-positive 149 (99) 144 (99) 183 (99) 189 (100)

PgR-positive 121 (81) 122 (84) 150 (82) 156 (83)

Disease-free interval, n (%)

De novo 54 (36) 52 (36) 60 (33) 61 (32)

Non-de novo (months) 96 (64) 93 (64) 124 (67) 128 (68)

B 12 1 (1) 4 (3) 3 (2) 6 (3)

[ 12 to B 24 6 (4) 4 (3) 8 (4) 11 (6)

[ 24 89 (59) 84 (58) 113 (61) 111 (59)

Number of metastatic sites, n (%)

0 1 (1) 0 1 (1) 1 (1)

1 43 (29) 51 (35) 57 (31) 66 (35)

2 54 (36) 40 (28) 64 (35) 63 (33)

C 3 52 (35) 54 (37) 62 (34) 59 (31)

Site of metastases, n (%)

Breast 3 (2) 3 (2) 5 (3) 8 (4)

Bone 113 (75) 103 (71) 133 (72) 141 (75)

Bone only 35 (23) 33 (23) 34 (19) 45 (24)

Viscerala 91 (61) 85 (59) 106 (58) 111 (59)

Lymph nodes 57 (38) 59 (41) 76 (41) 64 (34)

Otherb 19 (13) 11 (8) 16 (9) 11 (6)

ECOG Eastern Cooperative Oncology Group, ER estrogen receptor, PgR progesterone receptor
aIncludes liver, lung, and other visceral sites
bIncludes skin and bone marrow
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Discussion

Novel treatments that enhance the effectiveness of endocrine

therapy and delay development of resistance are urgently

needed in HR? advanced breast cancer. Over two-thirds of

patients diagnosed with HR?, HER2- breast cancer are aged

65 years or older. The need for novel treatment options is

particularly relevant for elderly patients given the high inci-

dence of pre-existing comorbidities and the perceived risk of

more aggressive treatment options, such as certain

chemotherapy regimens [11]. Dysregulation of the cyclin D–

CDK4/6 inhibitor of CDK4 (INK4)–retinoblastoma (Rb)

pathway in breast cancer cells has been associated with

endocrine therapy resistance [18], and preclinical studies in

HR? breast cancer models have demonstrated improved

efficacywhenCDK4/6 inhibitors are combinedwith endocrine

therapy [19–22]. Results from the MONALEESA-2 study

demonstrated that dual blockade of the CDK4/6 and estrogen

receptor pathways improves clinical outcomes in patients with

HR?, HER2- advanced breast cancer; first-line ribociclib

plus letrozole significantly prolonged PFS compared with

letrozole alone (hazard ratio: 0.556; 95% CI 0.429–0.720;

p = 3.29 9 10-6) [13]. Hematologic adverse events are

commonly observedwith CDK4/6 inhibitor therapy, including

ribociclib [13, 23–25]. Given the reduced hematopoietic

reserves in elderly patients, evaluation of ribociclib therapy in

this patient population is particularly pertinent [26].

In the current pre-specified analysis of the MON-

ALEESA-2 trial, ribociclib plus letrozole demonstrated

clinical efficacy and manageable tolerability in elderly

patients with HR?, HER2- advanced breast cancer.

Ribociclib PFS benefit was maintained both in elderly and

younger patients, with no significant difference observed in

ribociclib treatment benefit between the two subgroups, as

demonstrated by an interaction test (p = 0.589). In both

age groups, patients derived early clinical benefit from

ribociclib plus letrozole, with separation of the PFS curves

occurring from 8 weeks onwards. Overall response rates

were numerically higher with ribociclib plus letrozole

compared with placebo plus letrozole, regardless of patient

age (37% vs 31% for patients aged C 65 years and 44% vs

25% in patients aged\ 65 years). Other CDK4/6 inhibitor-

based regimens have also demonstrated efficacy in elderly

patients [23, 27], further supporting CDK4/6 inhibitors as a

valuable treatment option in elderly patients with

HR? advanced breast cancer.

The observation that median PFS with placebo plus

letrozole was over 5 months longer in patients

aged C 65 years compared with patients aged\ 65 years,

despite a similar distribution of metastatic site involvement

Treatment 
Alloca�on 

Analysis 

Follow-Up 

Enrollment 

Age < 65 years (n = 189) 

n = 112) 
♦ Disease progression (n = 95) 
♦ Adverse events (n = 2) 
♦ n = 7) 
♦ Physician decision (n = 8) 
♦ n = 0) 
♦ Death (n = 0)  

n = 189) 
♦ Safety set (n = 186) 

Age ≥ 65 years (n = 150) 

n = 60) 
♦ Disease progression (n = 33) 
♦ Adverse events (n = 13) 
♦ n = 6) 
♦ Physician decision (n = 4) 
♦ n = 3) 
♦ Death (n = 1) 

n = 150) 
♦ Safety set (n = 150) 

Assessed for eligibility (n = 958) 

Excluded (n = 290) 

n = 184) 
♦ Safety set (n = 184) 

n = 79) 
♦ Disease progression (n = 54) 
♦ Adverse events (n = 12) 
♦ n = 6) 
♦ Physician decision (n = 6) 
♦ n = 0) 
♦ Death (n = 1) 

Randomized to ribociclib + letrozole (n = 334)  
♦ Received treatment (n = 334) 

Randomized to placebo + letrozole (n = 334) 
♦ Received treatment (n = 330) 
♦ Did not receive treatment (n = 4) 

− Physician decision (n = 3) 
− n = 1) 

Randomized (n = 668) 

Age < 65 years (n = 184) Age ≥ 65 years (n = 145) 

n = 68) 
♦ Disease progression (n = 51) 
♦ Adverse events (n = 5) 
♦ n = 6) 
♦ Physician decision (n = 5) 
♦ n = 1) 
♦ Death (n = 0) 

n = 145) 
♦ Safety set (n = 144) 

Fig. 1 Trial profile (CONSORT diagram). CONSORT Consolidated Standards of Reporting Trials
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between the age groups, supports previous suggestions that

elderly patients may have a more indolent course of disease

[11, 28]. Several reasons for increased incidence of indo-

lent tumors in elderly patients have been proposed,

including presentation of more aggressive disease in the

younger patient population and/or poor circulation result-

ing in reduced oxygenation and limited cell proliferation in

elderly patients [11]. However, in the MONALEESA-2

trial baseline Ki67 levels were similar in both age groups

and across treatment arms (data not shown). Additionally,

in elderly patients, there is a higher prevalence of the more

indolent luminal A subtype compared with aggressive

luminal B tumors [29, 30]. Despite the improvement in

PFS observed for both age subgroups receiving ribociclib,

the reason for there being less improvement in the overall

response rate and clinical benefit rate in elderly patients vs

younger patients receiving ribociclib plus letrozole may be

that elderly patients have a more indolent disease vs

younger patients. The numerically longer PFS observed in

elderly vs younger patients receiving placebo plus letrozole

highlights the importance of identifying biomarkers that

may predict which patients are more likely to derive benefit
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from CDK4/6 inhibitor-based regimens compared with

single-agent endocrine therapies. To date, exploratory

subgroup analyses of CDK4/6 pathway-related biomarkers,

such as Rb protein, cyclin D1, and p16, have demonstrated

that the combination of CDK4/6 inhibitors plus letrozole

consistently improves PFS, irrespective of biomarker status

[31, 32]. Additional biomarker analyses for ribociclib are

ongoing.

Ribociclib plus letrozole was well tolerated in elderly

patients, with no new safety concerns raised and a safety

profile comparable to that observed in the overall MON-

ALEESA-2 patient population [13]. The safety profile in

elderly patients was similar to that observed in younger

patients, despite an increased proportion of elderly patients

in the ribociclib plus letrozole arm presenting with an ECOG

performance status of 1. As expected, hematologic adverse

eventsweremore commonwith ribociclib plus letrozole than

placebo plus letrozole across both age groups. Interestingly,

despite age being a known risk factor for neutropenia

[33, 34], the incidence of neutropenia was comparable in

patients aged C 65 years and patients aged\ 65 years in

contrast to chemotherapy regimens, which often increase the

risk of neutropenia in elderly patients [11]. Anemia was

reported more frequently in elderly patients than younger

patients in both treatment arms, even though baseline

hemoglobin values were similar in elderly and younger

patients. This is perhaps unsurprising, given that the inci-

dence of anemia typically increases with age [35, 36].

However, despite the increased incidence of anemia in

elderly patients receiving ribociclib plus letrozole, the fre-

quency of grade 3 or grade 4 anemia was low. The incidence

of fatigue in elderly patientswas increased bymore than 10%

in the ribociclib plus letrozole arm vs the placebo plus

letrozole arm, although these were predominantly grade 1 or

grade 2 events. The incidence of both liver enzyme eleva-

tions and QT prolongation was similar across subgroups;

both events were reversible and managed by dose interrup-

tions and reductions, and there were no clinical conse-

quences of these events in elderly patients. The overall

incidence rates of dose interruptions and reductions were

comparable in both age groups. The similar incidence of

neutropenia and QT prolongation across age groups is con-

sistent with the lack of an age effect on ribociclib exposure,

as shown by the population pharmacokinetic analysis.

In conclusion, data from the phase III, randomized

MONALEESA-2 study indicate that first-line ribociclib

plus letrozole is effective in elderly patients with

HR? advanced breast cancer. Addition of ribociclib to

letrozole is associated with a manageable tolerability pro-

file in elderly patients, further supporting combined tar-

geted approaches as a valid therapeutic option in this

patient population.

Table 2 Best overall response according to patient age and treatment

Age C 65 years (n = 295) Age\ 65 years (n = 373)

Ribociclib ? letrozole

(n = 150)

Placebo ? letrozole

(n = 145)

Ribociclib ? letrozole

(n = 184)

Placebo ? letrozole

(n = 189)

Confirmed BOR, n (%)

CR 5 (3) 4 (3) 4 (2) 3 (2)

PR 51 (34) 41 (28) 76 (41) 44 (23)

SD 47 (31) 50 (35) 48 (26) 61 (32)

NCRNPDa 28 (19) 28 (19) 38 (21) 47 (25)

PD 7 (5) 14 (10) 12 (7) 26 (14)

Unknown 12 (8) 8 (6) 6 (3) 8 (4)

ORRb, n (%) [95%

CI]

56 (37)

[30–45]

45 (31)

[24–39]

80 (44)

[36–51]

47 (25)

[19–31]

CBRc, n (%) [95%

CI]

111 (74)

[67–81]

108 (75)

[67–82]

155 (84)

[79–90]

135 (71)

[65–78]

BOR best overall response, CBR clinical benefit rate, CR complete response, NCRNPD neither complete response nor progressive disease,

ORR overall response rate, PR partial response, RECIST Response Evaluation Criteria In Solid Tumors, SD, stable disease
aNCRNPD was evaluated only among patients who had no measurable disease at baseline, according to RECIST v1.1
bORR is defined as the proportion of patients with CR ? PR as assessed by local investigators using RECIST v1.1
cCBR is defined as the proportion of patients with CR ? PR ? SD/NCRNPD (lasting C 24 weeks) as assessed by local investigators using

RECIST v1.1
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