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A new study, MONALESSA-2, has set a new milestone for median survival in 
postmenopausal women with advanced or metastatic hormone receptor positive 
and human epidermal growth fact negative (HR+/HER2-) breast cancer. For those 
randomized to a combination of the cyclin dependent kinase (CDK) 4/6  inhibitor 
ribociclib and the aromatase inhibitor letrozole, the median overall survival 
(OS) was more than 5 years, which was approximately one year longer than a 
comparator arm of hormone therapy alone. Although the combination of CDK4/6 
inhibitors and endocrine therapy, an all-oral treatment that is generally well 
tolerated, had previously reported an OS benefit in premenopausal women with 
advanced HR+/HER2- breast cancer, this is the only first-line treatment to show 
an OS advantage in the postmenopausal population. MONALEESA-2 defines a new 
standard of care for this population.
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Background
Despite advances that have increased the cure rate 
of early breast cancer, long-term survival has been 
elusive in advanced and metastatic disease. As 
recently as 4 years ago, fewer than 30% of women 
with metastatic breast cancer were still alive 5 years 
after their diagnosis.1 In advanced HR+/HER2- breast 
cancer, the introduction of endocrine therapies, such 
as tamoxifen, which inhibits activation of estrogen 
receptors,2 and aromatase inhibitors, which lower 
circulating levels of estrogen,3 have slowed disease 
progression substantially, but long-term survival has 
been uncommon.4 When combined with endocrine 
therapies, CDK4/6 inhibitors have provided a major 
additional step forward in disease control.5

HR+/HER2- disease is among the most common forms 
of breast cancer. Approximately 75% of all breast 
cancers are HR+, defined by expression of estrogen 
receptors, progesterone receptors, or both.6 According 
to an analysis of the US Surveillance, Epidemiology and 
End Results (SEER) registry in 2014, most are HER2‑, 
defined by low levels of the HER2 protein assessed 
with histoscore or fluorescence in situ hybridization 
(FISH).7 Only 4.6% were HR- and HER2+. Of the remaining,  
12.2% were triple negative, and HR/HER2 status was 
unknown in 12%. The hormone therapies tamoxifen, 
aromatase inhibitors, and fulvestrant modify the action 
of estrogen.8 They have had a major impact on improving 
outcomes in HR+ cancers,9 but median response 
duration in metastatic disease has remained limited, and 
the risk of endocrine resistance is substantial.10

CDK4/6 inhibitors, which interrupt intracellular and 
mitogenic hormone signals that stimulate proliferation 
of malignant cells,5 have proven highly effective in 
both first- and second-line treatment of HR+ breast 
cancer in numerous trials.11 CDK4/6 inhibitors target 
dysregulation of the cyclin D1-CDK4/6-Rb signaling 
cascade, which is an important mechanism of breast 
cancer cell proliferation.12 While resistance can develop 
to both endocrine therapies and to CDK4/6 inhibitors, 
the combination of these two classes of therapy appears 
to act synergistically to preserve efficacy of both.13  

Palbociclib was the first CDK4/6 inhibitor approved 
by the US Food and Drug Administration in 2015. In 
Canada, there are now 3 oral CDK4/6 inhibitors licensed 
for use. Both ribociclib and palbociclib are indicated in 
combination with an endocrine therapy for first-line 
and second-line treatment of advanced or metastatic 
HR+/HER2- breast cancer. Abemaciclib has the same 
indications but is also approved as a single agent in 

patients with disease progression following endocrine 
therapy and at least 2 prior chemotherapy regimens. 

Results and Implications of the MONALEESA-2 Trial
Ribociclib was granted an indication for first-line therapy 
in HR+/HER2- advanced or metastatic breast cancer on 
the basis of a large improvement in progression-free 
survival (PFS) in the phase 3 MONALEESA-2 trial.14 In 
that trial, 668 patients were randomized to ribociclib 
plus letrozole or letrozole plus placebo. The PFS in the 
control arm was 14.7 months but was not reached in the 
experimental arm at the time results were published. On 
the basis of the hazard ratio (HR), this translated into a 
44% reduction in risk of progression for the combination 
versus letrozole plus placebo (HR 0.56; P=3.29 x 10-6). 
Ribociclib was well tolerated; grade 3 or higher adverse 
events were limited to cytopenias.

CDK4/6 inhibitors were evaluated in the first-line 
treatment of advanced or metastatic HR+/HER2- 
postmenopausal breast cancer in the PALOMA-2 trial 
and the MONARCH-3 trials. 

In PALOMA-2, palbociclib plus letrozole was compared 
to letrozole plus placebo.15 By investigator assessment, 
palbociclib reduced the risk of progression by 35% 
(HR 0.65; P<0.001). In the MONARCH-3 trial, abemaciclib 
plus either of two aromatase inhibitors (anastrozole 
or letrozole) was compared to these endocrine 
therapies plus placebo.16 The advantage for PFS in 
the MONARCH-3 trial favoring abemaciclib was 46%  
(HR 0.54; P=0.000021). 

As in MONALEESA-2, the CDK4/6 inhibitors in 
combination with endocrine therapy were generally well 
tolerated, and both trials led to regulatory approval for 
these indications.

Since completion of these trials, all three CDK4/6 
inhibitors are now widely used for first-line therapy in 
advanced or metastatic HR+/HER2- breast cancer in 
postmenopausal women. OS was a predefined secondary 
study endpoint in all 3 trials, but the MONALEESA-2 trial 
was the only one of 3 trials that designated OS as a 
key secondary endpoint in its original design. Despite 
comparable follow-up with PALOMA-2 and only slightly 
shorter follow-up with MONARCH-3, MONALEESA-2 is 
the only one to demonstrate an OS advantage in follow-
up to date.

The OS benefit, which is typically employed to define 
a standard of care in oncology, was achieved despite 
subsequent second-line therapies. After 5 years 
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of follow-up, 52.3% of those started on ribociclib 
and letrozole as first-line therapy versus 43.9% of 
those started on letrozole alone were still alive at 
5 years. The median OS in the arm with ribociclib was 
63.9 months or slightly more than 1 year greater than 
the 51.4-month median survival on letrozole alone. This 
translated to a 24% reduction (HR 0.76; P=0.004) in 
the risk of death in favor of the addition of ribociclib 
(Figure 1). 

In MONALEESA-2, the survival curves started to 
separate at around 2 years with an increasing gap in 
favor of ribociclib plus letrozole over time, climbing 
from 17% relative advantage at the 60-month analysis 
to a 44% relative advantage (44.2% vs. 32.0%) after 
72 months of follow-up (Figure 2).

FIGURE 2  | �MONALEESA-2: 60- and 72-month Estimated 
Overall Survival Rates 

At 60 mo 52.3 (46.5–57.7) 43.9 (38.3–49.4)

At 72 mo 44.2 (38.5–49.8) 32.0 (26.8–37.3)

KM estimated OS 
(95% CI) – %

Ribociclib + Letrozole
(N = 334)

Placebo + Letrozole
(N = 334)

KM: Kaplan-Meier; OS: overall survival 
Adapted from Hortobagyi GN et al. N Engl J Med 2022;386:942-50.

The extended survival was accompanied by prolonged 
disease control. Most importantly, the median 

chemotherapy-free survival was 39.9 months for those 
receiving the combination versus 30.1 months for those 
started on letrozole alone, which corresponds to a 25% 
reduction in time to chemotherapy (HR 0.74). Analyzed 
differently, the median time to first chemotherapy was 
more than 4 years in those randomized to ribociclib plus 
letrozole (50.6 months) to just over 3 years (38.9 months) 
in the group receiving letrozole alone (Figure 3).

OS benefits were consistent when patients were stratified 
by number of sites of metastases, progesterone receptor 
positivity, or prior versus no prior endocrine therapy. 

With the large OS benefit associated with ribociclib plus 
letrozole over endocrine therapy alone in advanced or 
metastatic HR+/HER2- breast cancer in postmenopausal 
women, the MONALEESA-2 trial has set a new benchmark 
for survival in this population. The tolerability of 
ribociclib and the more than 1-year delay in the time 
to second-line therapies have major implications for 
preserving a good quality of life during the extended 
survival. The MONALEESA-2 OS benefit of the ribociclib/
endocrine therapy combination in postmenopausal 
women with previously untreated HR+/HER2- advanced 
breast cancer is consistent with the previously reported 
OS benefit in MONALEESA-3.17 This phase 3 trial enrolled 
postmenopausal women with HR+/HER2- breast cancer 

Figure 1  | � MONALEESA-2: Key Secondary Endpoint of Overall Survival Met at Final Analysis
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who had relapsed at least 12 months after initiating 
adjuvant or neoadjuvant endocrine therapy or who had 
received no more than one line of endocrine therapy 
in the advance setting. After a median 39 months of 
follow up, the median survival was 53.7 months among 
those randomized to ribociclib plus fulvestrant versus 
41.5 months among those receiving fulvestrant alone, a 
risk reduction of 28% (HR 0.7255; P=0.00455).

CDK4/6 Inhibitors in Pre-, or Peri-, or Postmenopausal 
Breast Cancer
The value of combining CDK4/6 inhibitors plus endocrine 
therapy has also been demonstrated in premenopausal 
women with HR+/HER2- breast cancer and studies that 
enrolled women without regard to menopausal status, 
including pre-, peri-, and post-menopausal women. 
MONALEESA-7 was the only trial in which postmenopausal 
status was an exclusion criterion, but 17% of women in 
MONARCH-2 were pre- or peri-menopausal as were 21% 
of the women in PALOMA-3. In each of the trials, the 
CDK4/6 inhibitor combined with an endocrine therapy was 
compared to the same endocrine therapy plus placebo. 
Although cross trial comparisons are problematic due to 
potential differences in design or recruitment, the results of 
these trials are sufficiently different to raise the possibility 
that these CDK4/6 inhibitors are not interchangeable. 

In the MONALEESA-7 trial, 672 patients were randomized 
to the CDK4/6 inhibitor ribociclib or placebo. Patients in 
both arms also took goserelin and either a nonsteroidal 
aromatase inhibitor or tamoxifen.17 In the PALOMA-3 
trial, 525 patients were randomized in a 1:1 ratio.18 In 
the MONARCH-2 trial, 669 patients were randomized in  
a 2:1 ratio.19 

An OS benefit was observed for the addition of the CDK4/6 
inhibitor to endocrine therapy in MONALEESA-7 and 
MONARCH-2 but not in PALOMA-3. 

In MONALEESA-7, the estimated OS after a median 
42 months of follow-up was 70.2% in the ribociclib group 
versus 46.0% in the placebo group, which translated into 
a 29% reduction in the risk of death (HR 0.71; P=0.000973). 
The median OS was 40.9 months in the placebo group but 
was not yet reached in the group randomized ribociclib. 
The survival curves in MONALEESA-7 began to separate 
after about 28 months of follow-up and were continuing to 
widen at the time the study was published. 

In the MONARCH-2 trial, the median OS was 46.7 months 
in the group receiving abemaciclib plus fulvestrant 
versus 37.3 months in the group receiving fulvestrant 
alone (P=0.01). As in MONALEESA-7, the benefit of the 
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Figure 3  | �MONALEESA-2: Time to First Chemotherapy
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Adapted from Hortobagyi GN et al. N Engl J Med 2022;386:942-50.
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CDK4/6 inhibitor was consistent across all predefined 
stratification factors. 

In PALOMA-3, the median OS was 34.9 months in the 
group receiving palbociclib plus fulvestrant versus 
28.0 months in the group receiving fulvestrant alone. The 
hazard ratio of 0.81 in favor of palbociclib did not reach 
statistical significance (P=0.09) (Figure 4).

FIGURE 4  | �Mean Overall Survival (Months) in MONALEESA-7, 
MONARCH-2 and PALOMA-3
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Adapted from Slamon DJ et al. N Engl J Med 2020;382(6):514-524; Turner NC et al. N 
Engl J Med 2018;379(20):1926-1936; Sledge GW et al. JAMA Oncol 2020;6(1):116-124.

Although the design of the studies is similar, there 
were differences in the study populations other than 
the fact that postmenopausal women were included in 
MONARCH-2 and PALOMA-3. In the PALOMA-3 study, one 
prior chemotherapy in the advanced setting was allowed 
along with any number of prior endocrine therapies, 
resulting in a more heavily pretreated population. Thus, 
although MONARCH-2 and PALOMA-3 employed the 

same endocrine therapy comparator, the reasons for 
the differences in outcomes are only speculative. They 
may be related to study populations or differences in 
these drugs. Overall, there has been a similar direction 
favoring CDK4/6 inhibitors against the previous standard 
in HR+/HER2- breast cancer in younger and older women, 
but, again the absolute benefits across trials are not the 
same (Table 1).

It is clear that the combination of CDK4/6 inhibitors 
and endocrine therapy are highly active against HR+/
HER2- advanced breast cancer, whether women are or 
are not postmenopausal. In PALOMA-2, for example, 
there was a nearly 10-month delay in the time to 
first chemotherapy (17.6 vs. 8.8 months; P<0.001) for 
palbociclib versus endocrine therapy alone despite 
the absence of a significant OS benefit. This relative 
delay in progression, which was even greater in 
MONALEESA-7 and MONARCH-2, has implications for 
patient well-being and quality of life. Relative to the all-
oral combination of a CDK4/6 inhibitor and endocrine 
therapy, second-line therapies, many of which require 
intravenous administration and have a high burden of 
adverse events, signal progression, making delay a 
meaningful goal in the effort to transform advanced 
breast cancer into a controllable disease.

Summary
The important message from the newly-published 
MONALEESA-2 trial in postmenopausal women with 
HR+/HER2- advanced and metastatic cancer is that 
median survival of a progressive and ultimately fatal 
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table 1  | �Clinical Trials Investigating CDK4/6 Inhibitors in Pre-/Peri- or Postmenopausal Breast Cancer

Trial Population Endocrine TherapyCDK4/6 
Inhibitor

Survival 
Benefit

Yes (HR 0.76)MONALEESA-2 Postmenopausal LetrozoleRibociclib

PALOMA-2 Postmenopausal LetrozolePalbociclib Not yet reported

MONARCH-3 Postmenopausal Letrozole or anastrozoleAbemaciclib Not yet reported

MONALEESA-3 Postmenopausal FulvestrantRibociclib Yes (HR 0.724)

Yes (HR 0.71)MONALEESA-7 Pre-/Peri- Combination Endocrine RxRibociclib

PALOMA-3 FulvestrantPalbociclib No (HR 0.81)Pre-/Peri- or 
Postmenopausal

Yes (HR 0.757)MONARCH-2 FulvestrantAbemaciclibPre-/Peri- or 
Postmenopausal
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disease now exceeds 5 years when ribociclib and 
letrozole are initiated first-line. The oral combination 
therapy that provides this extended survival is simple 
and well tolerated. Most patients started on ribociclib 
and letrozole will not require first chemotherapy 
on average for more than 4 years. A substantial 
proportion of patients achieving even longer periods 
of disease-free survival suggests there is progress 
toward indefinite disease control. This benefit is 
important for persons with advanced hormone positive, 
HER2- breast cancer. •  
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