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Abstract 

Background  The phase III MONALEESA-3 trial included first- (1L) and second-line (2L) patients and demonstrated 
a significant overall survival (OS) benefit for ribociclib + fulvestrant in patients with hormone receptor–positive, 
human epidermal growth factor receptor 2–negative (HR+/HER2−) advanced breast cancer (ABC) in the final 
protocol-specified and exploratory (longer follow-up) OS analyses. At the time of these analyses, the full OS benefit 
of 1L ribociclib was not completely characterized because the median OS (mOS) was not reached. As CDK4/6 inhibi‑
tor (CDK4/6i) + endocrine therapy (ET) is now a preferred option for 1L HR+/HER2− ABC, we report an exploratory 
analysis (median follow-up, 70.8 months; 14.5 months longer than the prior analysis) to fully elucidate the OS benefit 
in the MONALEESA-3 1L population.

Methods  Postmenopausal patients with HR+/HER2− ABC were randomized 2:1 to 1L/2L fulvestrant + riboci‑
clib or placebo. OS in 1L patients (de novo disease or relapse > 12 months from completion of [neo]adjuvant 
ET) was assessed by Cox proportional hazards model and Kaplan–Meier methods. Progression-free survival 2 
(PFS2) and chemotherapy-free survival (CFS) were analyzed. MONALEESA-3 is registered with ClinicalTrials.gov 
(NCT02422615).

Results  At data cutoff (January 12, 2022; median follow-up time, 70.8 months), mOS was 67.6 versus 51.8 months 
with 1L ribociclib versus placebo (hazard ratio (HR) 0.67; 95% CI 0.50–0.90); 16.5% and 8.6% of ribociclib and placebo 
patients, respectively, were still receiving treatment. PFS2 (HR 0.64) and CFS (HR 0.62) favored ribociclib versus pla‑
cebo. Among those who discontinued treatment, 16.7% and 35.0% on ribociclib or placebo, respectively, received 
a subsequent CDK4/6i. No new safety signals were observed.
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Conclusions  This analysis of MONALEESA-3 reports the longest mOS thus far (67.6 months) for 1L patients in a phase 
III ABC trial. These results in a 1L population show that the OS benefit of ribociclib was maintained through extended 
follow-up, further supporting its use in HR+/HER2− ABC.

Keywords  Ribociclib, CDK4/6 inhibitor, Advanced breast cancer, Overall survival, First line

Introduction
The addition of CDK4/6 inhibitors (CDK4/6is) to endo-
crine therapy (ET) has greatly improved outcomes 
for patients with hormone receptor–positive (HR+)/
human epidermal growth factor receptor 2–negative 
(HER2−) advanced breast cancer (ABC) [1]. Accord-
ingly, CDK4/6i + ET is now considered a preferred first-
line treatment option [2, 3]. All three approved CDK4/6is 
(ribociclib, palbociclib, and abemaciclib) have demon-
strated a significant progression-free survival (PFS) ben-
efit compared with ET alone when used in the first-line 
setting [4–8]. Recently, data from final prespecified over-
all survival (OS) analyses of CDK4/6is + ET in the first-
line setting have become available.

First-line palbociclib in combination with the non-
steroidal aromatase inhibitor (NSAI) letrozole failed 
to demonstrate a statistically significant improvement 
in OS over letrozole alone in postmenopausal patients 
in the PALOMA-2 trial (median OS [mOS], 53.9 vs. 
51.2 months [hazard ratio (HR) 0.96; 95% CI 0.78–1.18; 
P = 0.34]) [9]. The second interim OS analysis of MON-
ARCH-3 demonstrated a median OS of 67.1 versus 
54.5 months (HR 0.754; 95% CI 0.584–0.974; P = 0.0301) 
for first-line abemaciclib + NSAI versus NSAI; however, 
prespecified criteria for statistical significance were not 
met, and final OS results have not yet been reported [10]. 
These agents have also been studied in combination with 
fulvestrant in patients (any menopausal status) previously 
treated with ET, including subsets of patients with early 
relapse being treated for the first time for ABC, and OS 
results are available. In PALOMA-3, palbociclib + ful-
vestrant failed to demonstrate a statistically significant 
OS benefit in the final prespecified (HR 0.81; 95% CI 
0.64–1.03; P = 0.09) or extended follow-up analysis (HR 
0.81; 95% CI 0.65–0.99) [11, 12]. The MONARCH-2 
trial demonstrated a significant OS benefit for abemaci-
clib + fulvestrant versus fulvestrant alone (mOS, 46.7 vs. 
37.3 months [HR 0.757; 95% CI 0.61–0.95; P = 0.01]) [13].

Ribociclib has demonstrated a significant PFS and OS 
benefit in all three of its pivotal phase III clinical trials 
in patients with HR+/HER2− ABC. In MONALEESA-2, 
first-line ribociclib + letrozole in postmenopausal 
women demonstrated a significant 12.5-month improve-
ment over letrozole alone, with an mOS of 63.9 ver-
sus 51.4  months (HR 0.76; 95% CI 0.63–0.93; P = 0.008) 
[14]. In MONALEESA-7, a significant OS benefit was 

observed with first-line ribociclib + NSAI versus NSAI 
alone (mOS, not reached [NR] vs. 40.7 months [HR 0.70; 
95% CI 0.50–0.98]) in pre/perimenopausal women; in 
addition, an exploratory analysis with extended follow-up 
reported an mOS of 58.7 versus 47.7 for ribociclib + NSAI 
versus NSAI alone (HR 0.798; 95% CI 0.62–1.04) [15, 16]. 
MONALEESA-3 studied first-line (no prior treatment for 
ABC, including those who relapsed > 12 months after the 
end of [neo]adjuvant ET [late relapse] or patients with 
de novo advanced/metastatic disease [no prior exposure 
to ET]) or second-line (relapse ≤ 12  months from com-
pletion of [neo]adjuvant ET [early relapse] or progres-
sion on first-line ET for ABC) ribociclib + fulvestrant 
versus fulvestrant alone in postmenopausal patients. 
To date, MONALEESA-3 is the only trial of a CDK4/6i 
with fulvestrant as an ET partner to report OS results 
for a first-line population that included patients with 
de novo and late relapse disease. In the final prespeci-
fied analysis, a significant OS benefit was observed with 
ribociclib + fulvestrant over fulvestrant alone; however, 
at the time of this analysis, the mOS was not reached in 
the ribociclib arm in the intent-to-treat (ITT) population 
(mOS, NR vs. 40.0 months [HR 0.72; 95% CI 0.57–0.92; 
P = 0.00455]) nor was it reached in the first-line (de novo 
or late relapse) subgroup (mOS, NR vs. 45.1  months 
[HR 0.70; 95% CI 0.48–1.02]). In the second line (early 
relapse or one prior ET for ABC), the mOS was 40.2 
versus 32.5  months (HR 0.73; 95% CI 0.53–1.00) for 
ribociclib + fulvestrant versus fulvestrant alone [17]. An 
exploratory analysis with an additional 16.9  months of 
follow-up resulted in a more than 1-year improvement in 
mOS with ribociclib + fulvestrant over fulvestrant alone 
for the ITT population (mOS, 53.7 vs. 41.5 months; HR 
0.73; 95% CI 0.59–0.90); the mOS was still not reached 
for ribociclib + fulvestrant in the first-line (de novo or 
late relapse) population (mOS, NR vs. 51.8  months for 
fulvestrant alone [HR 0.64; 95% CI 0.46–0.88]). With this 
longer follow-up, the mOS for ribociclib + fulvestrant in 
the second-line (early relapse or one prior ET for ABC) 
population remained consistent with prior results (mOS, 
39.7 vs. 33.7 months for fulvestrant alone [HR 0.78; 95% 
CI 0.59–1.04]) [18].

As the combination of a CDK4/6i + ET is the recom-
mended first-line option for patients with HR+/HER2− 
ABC, it is highly clinically relevant to understand the 
OS benefits of ribociclib + fulvestrant in this population 
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[2, 3]. Therefore, this exploratory OS analysis with an 
extended follow-up time (median, 70.8  months) was 
undertaken to elucidate the full impact of first-line use 
of ribociclib + fulvestrant and to describe the updated 
results of this combination when used in the second-line 
setting.

Methods
Study design
Details of the MONALEESA-3 trial have been described 
previously [8, 17]. Briefly, patients were randomly 
assigned (2:1) to receive either oral ribociclib (600  mg/
day on a 3-weeks-on, 1-week-off schedule) or matching 
placebo. Both groups received intramuscular fulvestrant 
(500 mg, day 1 of every 28-day cycle, with an additional 
dose on day 15 of cycle 1). Randomization was stratified 
by the presence or absence of liver or lung metastases and 
prior ET (no prior ET for ABC vs. up to one line of ET for 
ABC). All patients and investigators, including those who 
administered treatment, assessed outcomes, and ana-
lyzed data, were blinded to the trial group assignments. 
Crossover was not allowed until the protocol-prespeci-
fied final OS analysis was completed. After the final OS 
analysis, patients and investigators were unblinded and 
patients in the placebo arm who were still receiving study 
treatment were given the option to switch to ribociclib.

Participants
Men and postmenopausal women aged ≥ 18  years, 
with histologically or cytologically confirmed HR+/
HER2− ABC (locoregionally recurrent or metastatic and 
not amenable to curative therapy) were eligible for the 
study. An Eastern Cooperative Oncology Group perfor-
mance status of 0 or 1 and measurable disease according 
to Response Evaluation Criteria in Solid Tumors version 
1.1 or at least one predominantly lytic bone lesion was 
required.

Patients receiving treatment in the first-line setting 
were those with no prior treatment for ABC, includ-
ing those who relapsed > 12  months after the end of 
(neo)adjuvant ET (late relapse) or patients with de 
novo advanced/metastatic disease (no prior expo-
sure to ET). Patients characterized as receiving treat-
ment in the second-line setting included those who 
relapsed ≤ 12  months from completion of (neo)adjuvant 
ET (early relapse) or progressed on first-line ET for ABC. 
Despite receiving treatment in the advanced setting for 
the first time, patients with early relapse were analyzed 
with the second-line population of patients due to hav-
ing a more similar prognosis to this population compared 
with the  otherwise defined first-line population in the 
study. Patients who had received previous chemotherapy 

for advanced disease or any previous treatment with ful-
vestrant or a CDK4/6i were not included.

Endpoints
The final prespecified analyses of the primary endpoint 
of investigator-assessed PFS and the secondary end-
point of OS, as well as the extended follow-up (median, 
56.3  months) analysis of MONALEESA-3, have been 
reported previously [8, 17]. OS, a protocol-specified 
secondary endpoint, was defined as the time from ran-
domization to death from any cause. Chemotherapy-free 
survival (CFS), time to chemotherapy (TTC), and PFS2 
were additional exploratory endpoints. CFS was defined 
as the time from randomization to the beginning of first 
subsequent chemotherapy or death. TTC was defined as 
the time from randomization to the beginning of the first 
subsequent chemotherapy following discontinuation of 
study treatment. While CFS factors in deaths as events, 
TTC censors deaths. PFS2 was defined as the time from 
randomization to the first documented disease progres-
sion (as reported by the investigator) while the patient 
was receiving next-line therapy or death from any cause, 
whichever occurred first.

Survival follow-up continued for patients who discon-
tinued study treatment. Adverse events (AEs) were moni-
tored and graded according to the Common Terminology 
Criteria for Adverse Events (version 4.03) [8]. Safety 
follow-up was conducted for ≥ 30 days after the patients’ 
last study treatment dose.

Statistical analysis
In this exploratory analysis of OS, mOS and OS rates 
were estimated using the Kaplan–Meier method. The 
HR for OS was estimated using a Cox proportional haz-
ards model. Patients without events were censored at 
the date they were last known to be alive. Analyses were 
performed on the data in the overall trial population, 
on patients receiving first-line therapy (de novo or late 
relapse), and on patients receiving second-line therapy 
(early relapse or one prior ET for ABC). In addition to 
the OS analyses, in patients receiving first-line therapy, 
CFS, TTC, and PFS2 were analyzed using the Cox pro-
portional hazards model and Kaplan–Meier method. In 
the current extended follow-up (data cutoff, January 12, 
2022), a sufficient number of events was reported in the 
first-line ribociclib arm to provide an estimate of mOS. 
For patients receiving first-line therapy, the rank-preserv-
ing structural-failure time model was used as a sensitivity 
analysis on OS to determine the effects of crossover and 
administration of subsequent CDK4/6is in the placebo 
group.
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Results
Patient disposition
Overall, 726 postmenopausal women were randomly 
assigned between June 18, 2015, and June 10, 2016: 484 
to the ribociclib arm and 242 to the placebo arm. The 
baseline characteristics of the patients were included 
in the previously published analyses [8]. A total of 53 
of 484 patients (11.0%) in the ribociclib arm and 15 of 
242 patients (6.2%) in the placebo arm were still receiv-
ing study treatment at the cutoff date (January 12, 2022) 
for this analysis. The median duration of follow-up 
for the trial (from randomization to data cutoff) was 
70.8 months (minimum, 67.3 months).

In the first-line (de novo or late relapse) subgroup, 237 
patients were randomized to the ribociclib arm and 128 
to the placebo arm. A total of 39 of 237 patients (16.5%) 
in the ribociclib arm and 11 of 128 patients (8.6%) in the 
placebo arm were still receiving study treatment at the 
cutoff date. Following the final OS analysis, 2 patients 
(1.6%) in the placebo arm elected to cross over and 
received at least one dose of ribociclib. A total of 133 
patients (56.1%) in the ribociclib arm and 101 patients 
(78.9%) in the placebo arm discontinued first-line treat-
ment due to disease progression. AEs (7.7%), patient/
guardian decisions (7.1%), physician decision (6.8%), 
death (0.3%), and protocol deviation (0.3%) were other 
reasons for discontinuing first-line treatment (Additional 
file 1: Table S1).

Overall survival
In patients receiving first-line therapy, ribociclib + ful-
vestrant resulted in a significant OS benefit (mOS, 
67.6  months; 95% CI 59.6–NE) versus fulvestrant alone 
(51.8 months; 95% CI 40.4–61.2 months), with a 33% rel-
ative reduction in risk of death with ribociclib treatment 
(HR 0.67; 95% CI 0.50–0.90) (Fig.  1A). Kaplan–Meier–
estimated 5-year survival rates were 56.5% (95% CI 49.5–
62.9%) and 42.1% (95% CI 33.2–50.7%) for ribociclib and 
placebo, respectively, in this population.

When OS was assessed by metastatic presentation (ET 
naive or late relapse) in patients receiving first-line ther-
apy, ribociclib + fulvestrant (n = 138; mOS, 67.4 months) 
demonstrated an OS benefit versus fulvestrant alone 
(n = 73; mOS, 50.9  months) in patients with ET-naive 
disease (HR 0.67; 95% CI 0.46–0.98). Likewise, riboci-
clib + fulvestrant (n = 99; mOS, 71.6  months) demon-
strated a trend toward clinically meaningful OS benefit 
versus fulvestrant alone (n = 55; mOS, 52.3  months) in 
those with late relapse (HR 0.68; 95% CI 0.43–1.05). 
These results were consistent with a prior analysis on de 
novo and late-relapse patients using an earlier data cutoff 
date (October 30, 2020) [19].

Furthermore, similar to the previous OS analysis [18], 
ribociclib was associated with an OS benefit in the over-
all trial population and second-line populations (early 
relapse or one prior ET for ABC). In the overall trial 
population, ribociclib + fulvestrant demonstrated a sig-
nificant OS benefit with an mOS of 52.2  months in the 
ribociclib arm (n = 484) versus 41.5 months in the pla-
cebo arm (n = 242; HR 0.75; 95% CI 0.62–0.92; Fig. 1B), 
with Kaplan–Meier–estimated 5-year survival rates of 
45.6% (95% CI 40.8–50.2%) and 35.0% (95% CI 28.8–
41.2%) for ribociclib and placebo, respectively. For the 
second-line population (early relapse or one prior ET for 
ABC), the mOS was 39.7  months in the ribociclib arm 
(n = 237) versus 33.7 months in the placebo arm (n = 110; 
HR 0.80; 95% CI 0.61–1.05; Fig. 1C); the Kaplan–Meier–
estimated 5-year survival rates were 34.9% (95% CI 28.6–
41.4%) for ribociclib and 25.7% (95% CI 17.7–34.4%) for 
the placebo arm.

Subsequent therapy in patients in the first‑line subgroup
Of the patients treated in the first-line setting (de novo 
or late relapse) who discontinued study treatment, 162 
of 198 patients (81.8%) in the ribociclib arm and 105 of 
117 patients (89.7%) in the placebo arm received subse-
quent antineoplastic therapy (Table  1). The most com-
mon subsequent therapies were hormonal therapy alone 
(35.9% and 25.6%), hormonal therapy + targeted/other 
therapy (22.7% and 34.2%), and chemotherapy alone or 
in combination with other/hormonal therapy (20.7% and 
29.1%) for the ribociclib and placebo arms, respectively 
(Table  1). Following discontinuation from the study, 33 
of 198 patients (16.7%) in the ribociclib arm versus 41 
of 117 patients (35.0%) in the placebo arm received a 
CDK4/6i at any time (Table 1). After adjustment for the 
subsequent CDK4/6i treatment using rank-preserving 
structural-failure time analysis, the mOS in the placebo 
arm was estimated to be 50.4 months (HR 0.62; 95% CI 
0.43–0.88), which corresponded to what was observed 
in the main analysis (51.8  months [HR 0.67; 95% CI 
0.50–0.89]).

The median CFS was 20.2  months longer: 49.2 (95% 
CI 40.5–57.7) months in the ribociclib arm versus 29.0 
(95% CI 23.5–39.4) months in the placebo arm (HR 0.62; 
95% CI 0.48–0.81) (Fig.  2). TTC was also delayed in 
patients receiving ribociclib versus placebo (mOS, NR vs. 
42.0 months [HR 0.57; 95% CI 0.42–0.79]).

PFS2 in patients in first‑line subgroup
Following study treatment in the first-line setting, 130 of 
237 patients (54.9%) in the ribociclib arm and 93 of 128 
patients (72.7%) in the placebo arm had disease progres-
sion while receiving subsequent therapy. The median 
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PFS2 was 16.1  months longer in the ribociclib arm 
(50.7 months; 95% CI 42.1–58.9 months) versus the pla-
cebo arm (34.6  months; 95% CI 29.9–42.6  months [HR 
0.64; 95% CI 0.49–0.84]; Fig. 3).

Safety
With this extended follow-up analysis at 70.8  months, 
no new safety signals were observed. Overall, AEs 

for the overall trial population were consistent with 
those previously reported in the prior analyses of 
MONALESSA-3 [8, 17]. The most common grade 3/4 
AE observed in the first-line patients (de novo or late 
relapse) was neutropenia (60.3% vs. 1.6% for ribociclib 
vs. placebo), with AEs of special interest being gener-
ally comparable to those previously reported for the 
overall trial population (Additional file 1: Table S2).

Fig. 1  A Overall survival in patients who received ribociclib plus fulvestrant as first-line therapy. B Overall survival in ITT population. C Overall 
survival in patients who received ribociclib plus fulvestrant as second-line therapy
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Discussion
This exploratory analysis of MONALEESA-3, with a 
median follow-up of 70.8  months, reports the longest 
mOS benefit to date (67.6 months in the ribociclib + ful-
vestrant arm) for a first-line population (de novo or 
late relapse) in a phase III clinical trial setting in ABC. 
First-line ribociclib + fulvestrant demonstrated a nearly 
16-month improvement in mOS versus fulvestrant alone, 
with a 33% relative reduction in the risk of death. Addi-
tionally, even though more patients in the placebo versus 
ribociclib arm (35.0% vs. 16.7%) received a CDK4/6i after 

discontinuing study treatment, patients in the ribociclib 
arm still experienced an OS benefit. These extended fol-
low-up results clearly demonstrate the magnitude of sur-
vival benefit with ribociclib in the first-line setting, which 
was not fully revealed in the prior exploratory OS analysis 
of MONALEESA-3 for this subgroup [18]. The OS ben-
efit in the overall trial population and the second-line sub-
group (early relapse or one prior ET for ABC) was in line 
with the previously reported exploratory OS results, with 
a median 10.7-month and 6-month OS advantage over 
placebo, respectively [18]. Although this study was  not 

Fig. 1  continued

Table 1  Subsequent therapy in patients who received ribociclib plus fulvestrant as first-line therapy

a Includes patients who received chemotherapy in combination with any non-chemotherapy
b Includes patients who received hormonal therapy + other therapy without chemotherapy

Parameter, n (%) Ribociclib + Fulvestrant n = 237 Placebo + Fulvestrant 
n = 128

Patients who discontinued study treatment 198 (83.5) 117 (91.4)

Patients who received first subsequent antineoplastic therapy 162 (81.8) 105 (89.7)

 Chemotherapy alone 25 (12.6) 19 (16.2)

 Chemotherapy + hormonal or other therapya 16 (8.1) 15 (12.8)

 Hormonal therapy alone 71 (35.9) 30 (25.6)

 Hormonal therapy + targeted or other therapyb 45 (22.7) 40 (34.2)

 Targeted therapy alone or other therapy 5 (2.5) 1 (0.9)

Patients who received a CDK4/6i in any subsequent line of therapy 33 (16.7) 41 (35.0)

 Palbociclib 17 (8.6) 32 (27.4)

 Ribociclib 13 (6.6) 7 (6.0)

 Abemaciclib 6 (3.0) 3 (2.6)
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designed to compare first- and second-line setting results, 
the HRs for the OS benefit with  placebo versus riboci-
clib + fulvestrant were 0.67 and 0.80, respectively. Finally, 
no new safety signals were noted with nearly 6  years of 
follow-up, bolstering the evidence related to the safety 
profile of ribociclib treatment [8, 17, 18].

Postdiscontinuation observations are particularly help-
ful in providing additional insights into benefit beyond 
study treatment. The benefit of first-line ribociclib + ful-
vestrant was demonstrated after discontinuation of 
study treatment, with prolongation of median PFS2 by 
16.1  months. Furthermore, median CFS was delayed by 

Fig. 2  Chemotherapy-free survival in patients who received ribociclib plus fulvestrant as first-line therapy

Fig. 3  Progression free survival 2 in patients who received ribociclib plus fulvestrant as first-line therapy
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20.2  months in patients receiving ribociclib in the first-
line setting, with a 43% relative reduction in the risk of 
chemotherapy, compared with those receiving placebo. 
These postdiscontinuation results, along with the survival 
benefit demonstrated in MONALEESA-3, strengthen the 
efficacy profile and confirm the lasting benefit of first-line 
ribociclib treatment that extends well beyond study treat-
ment. Recently the results of SONIA, which studied first-
line NSAI + CDK4/6i followed by second-line fulvestrant 
versus first-line NSAI followed by second-line fulves-
trant + CDK4/6i, were reported, with no significant dif-
ference in PFS2 or OS between the treatment arms [20]. 
However, it should be noted that the CDK4/6i used for 
91% of the patients in SONIA was palbociclib. The rel-
evance of these results may not apply to other CDK4/6is 
since palbociclib, unlike other approved CDK4/6is, 
has never demonstrated OS benefit in ABC. Addition-
ally, the difference in outcomes for the respective phase 
III CDK4/6i trials in early breast cancer (no significant 
benefit for palbociclib [PALLAS, PENELOPE-B]; sig-
nificant benefit for ribociclib [NATALEE], abemaciclib 
[MonarchE]) further suggest that results observed for 
palbociclib may not be relevant for the other approved 
CDK4/6is [21–26].

This is the third pivotal trial to demonstrate a sig-
nificant improvement in OS with ribociclib in a first-
line setting, and these data align with those of the 
MONALEESA-2 (first line in combination with letrozole 
in postmenopausal patients) trial and MONALEESA-7 
(first line in combination with NSAI in pre/perimeno-
pausal patients) trial, which demonstrated a 63.9- and 
58.7-month mOS, respectively, in patients treated with 
ribociclib + ET [14, 16]. While all MONALEESA stud-
ies allowed patients treated in the first line, patients with 
early relapse were included for analysis in the second-line 
population of MONALEESA-3 and in the first-line popu-
lation of MONALEESA-2/7 [14, 16, 17].

OS results with other CDK4/6is in combination with 
fulvestrant have been reported. However, it is impor-
tant to understand the relevant differences in the patient 
populations of these studies to help put the data in con-
text. MONALEESA-3 included a broad-spectrum patient 
population, in which first line was defined as either no 
prior treatment for breast cancer (de novo patients with 
no prior exposure to ET) or relapse > 12  months after 
(neo)adjuvant ET (late relapse) and second line was 
defined as one prior ET for ABC or relapse ≤ 12 months 
after the  end of (neo)adjuvant therapy (early relapse) 
[17]. Both MONARCH-2 and PALOMA-3 enrolled 
patients previously treated with ET for ABC as well as 
those with early relapse. Patients with early relapse have 
a similar prognosis to those being treated in the second 

line, making the overall population of MONARCH-2 and 
PALOMA-3 similar to second-line populations (although 
early relapse remains in the first-line treatment setting). 
In MONARCH-2, the mOS was 46.7  months for abe-
maciclib + fulvestrant and 37.3 months for placebo + ful-
vestrant (HR 0.76; 95% CI 0.61–0.95; P = 0.01) [13]. In 
PALOMA-3, palbociclib + fulvestrant did not demon-
strate a statistically significant improvement in OS versus 
fulvestrant alone (HR 0.81; 95% CI 0.64–1.03; P = 0.09) in 
the final prespecified analysis or in an extended follow-
up exploratory analysis (HR 0.81; 95% CI 0.65–0.99) [11, 
12]. Cross-trial comparisons should be interpreted with 
caution and are presented here to provide context to the 
results of the current analysis.

Conclusions
In MONALEESA-3, with a follow-up of nearly 6  years, 
ribociclib + fulvestrant demonstrated the longest mOS 
observed to date for a first-line population in a phase III 
clinical trial. This is the third phase III study of ribociclib 
demonstrating a significant OS advantage in first-line 
treatment of patients with HR+/HER2− ABC. This anal-
ysis adds to the robust body of evidence on the efficacy 
of ribociclib use across the MONALEESA program and 
confirms its long-term, consistent OS benefit in treating 
patients with HR+/HER2− ABC irrespective of ET part-
ner or menopausal status.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13058-​023-​01701-9.

Additional file 1. Table S1: Dispositions of patients who received 
ribociclib plus fulvestrant or placebo plus fulvestrant as first-line therapy. 
Table S2: Adverse events of special interest among patients treated with 
ribociclib plus fulvestrant or placebo plus fulvestrant as first-line therapy 
(safety set).

Acknowledgements
The study was sponsored by Novartis. We thank the patients who participated 
in this trial, their families, and their caregivers; members of the data monitor‑
ing committee; members of the study steering committee; staff members 
who helped with the trial at each site; and Shashank Tandon, PhD, of Med‑
iTech Media for medical editorial assistance with this manuscript. Ribociclib 
was discovered by Novartis Institutes for BioMedical Research in collaboration 
with Astex Pharmaceuticals.

Author contributions
All authors have reviewed and approved the data, contributed to the develop‑
ment and approval of the manuscript, and acknowledged the decision to 
submit the manuscript for publication.

Funding
This work was supported by Novartis Pharmaceuticals Corporation. The funder 
of this study, in agreement with the authors and the study steering committee 
members, designed this study. Representatives of the trial sponsor performed 
data collection and the subsequent analysis.

https://doi.org/10.1186/s13058-023-01701-9
https://doi.org/10.1186/s13058-023-01701-9


Page 9 of 10Neven et al. Breast Cancer Research          (2023) 25:103 	

Availability of data and materials
Novartis made the study protocols available for MONALEESA-3 at the time of 
primary publications. Individual participant data will not be made available.

Declarations

Ethics approval and consent to participate
All patients provided written informed consent. This trial was conducted in 
accordance with the Good Clinical Practice guidelines and Declaration of 
Helsinki. An independent ethics committee or institutional review board 
at each site approved the study protocol and any modifications. The study 
conduct was supervised by a steering committee comprising participating 
investigators and Novartis representatives. The safety data were assessed by 
an independent data monitoring committee.

Consent for publication
All named authors have contributed to the manuscript and agreed to its 
submission.

Competing interests
PN has nothing to disclose. PAF reports personal fees for advisory boards and 
invited speaker fees from Novartis, Pfizer, Daiichi Sankyo, AstraZeneca, Eisai, 
Merck Sharp & Dohme, Lilly, Seagen, Roche, and Gilead; institutional funding 
from BioNTech and Cepheid; research grant from Pfizer; and personal fees 
for advisory boards from Pierre Fabre, Hexal, Agendia, and Sanofi Aventis. SC 
reports personal fees for advisory boards and institutional grants for participa‑
tion in clinical trials from Novartis, Pfizer, Hoffmann-LaRoche, and Eli Lilly 
during the conduct of the study and outside the submitted work. GJ reports 
personal fees and nonfinancial support from Novartis during the conduct 
of the study; personal fees and nonfinancial support from Novartis, Roche, 
Pfizer, Lilly, Amgen, BMS, AstraZeneca, AbbVie, Daiichi Sankyo, and Seagen 
outside the submitted work; and nonfinancial support from MedImmune 
and Merck KGaA outside the submitted work. MDL reports personal fees for 
speaker honoraria and advisory board honoraria from Pfizer, Novartis, Roche, 
AstraZeneca, Eisai, Eli Lilly, and Pierre Fabre outside the submitted work and 
personal fees for advisory board honoraria from MSD outside the submitted 
work. S-AI reports research grants from AstraZeneca, Eisai, Daewoong, Pfizer, 
and Roche; personal fees and nonfinancial support for presenting results of 
clinical trial from Novartis; and personal fees from AstraZeneca, Hanmi, Pfizer, 
Eisai, Amgen, GSK, MSD, Roche, and Lilly outside the submitted work. KP 
reports personal fees for advisory boards from Novartis, AstraZeneca, Roche, 
and Pfizer outside the submitted work. GVB reports personal fees for advisory 
boards from Roche, Novartis, Eli Lilly, Seagen, AstraZeneca, Daiichi Sankyo, and 
MSD outside the submitted work. MM reports personal fees for speaker hono‑
raria and honoraria for participation in advisory boards from Lilly and Pfizer; 
honoraria for participation in advisory boards from AstraZeneca, GlaxoSmith‑
Kline, PharmaMar, and Taiho Oncology; and research grants and honoraria for 
participation in advisory boards from Novartis and Roche/Genentech outside 
the submitted work. AN reports personal fees for consulting/advisory roles 
and travel/accommodation/expenses and research funding from Novartis and 
personal fees for consulting/advisory role from Amgen during the conduct of 
the study. GSS reports institutional reimbursement for patient accrual during 
the conduct of the study; institutional reimbursement for education and 
steering committee activities from Novartis; and institutional research support 
from Merck, AstraZeneca, Roche, and Seagen outside the submitted work. 
LDlCM reports personal fees from BMS, MSD/Merck, Roche, and Gilead outside 
the submitted work. JTB reports grants for institutional funding for doing 
research from AbbVie, Alliance, Argenx, Ascentage Pharma Group, AstraZen‑
eca, Biodesix, Bio-Thera, Bristol Myers Squibb, Celgene, Eli Lilly, Genentech/
Roche, Hutchison, Immunomedics, Gilead, MT Group, Merck, Nektar, Pfizer, 
Polynoma, Seagen, Serono/EMD, Tesaro, TG Therapeutics, Daiichi Sankyo, 
Exact Sciences, Boehringer Ingelheim, Laekna, Novocure, Mirati Therapeutics, 
Tarveda Therapeutics, Sumitomo Dainippon Pharma Oncology, Elpiscience 
Biopharma, Takeda, Vaccinex, Vincerx Pharma, Ultimovacs, and Mersana dur‑
ing the conduct of the study. JPZ, YW, AC, and CW report employment with 
and stock ownership of Novartis. DS reports board of directors (stock) and 
travel expenses from BioMarin; stock ownership, research funding, and travel 
expenses from Pfizer; advisory board, consulting, research funding, and travel 
expenses from Novartis; consulting fees from Eli Lilly; and stock ownership of 
Amgen and Seattle Genetics outside the submitted work.

Author details
1 Multidisciplinary Breast Centre, Universitair Ziekenhuis Leuven, Herestraat 
49, 3000 Leuven, Belgium. 2 University Hospital Erlangen, Friedrich-Alexander 
University Erlangen-Nuremberg, Erlangen, Germany. 3 British Columbia Cancer 
Agency, Vancouver, BC, Canada. 4 CHU Liege and Liège University, Liège, 
Belgium. 5 Istituto Nazionale Tumori IRCCS “Fondazione G. Pascale”, Naples, Italy. 
6 Cancer Research Institute, Seoul National University Hospital, Seoul National 
University College of Medicine, Seoul, Republic of Korea. 7 Masaryk Memorial 
Cancer Institute, Brno, Czech Republic. 8 Fondazione Istituto di Ricovero e Cura 
a Carattere Scientifico, Istituto Nazionale dei Tumori, Milan, Italy. 9 Instituto de 
Investigación Sanitaria Gregorio Marañon, Centro de Investigación Biomédica 
en Red de Cáncer, Grupo Español de Investigación en Cáncer de Mama, Uni‑
versidad Complutense, Madrid, Spain. 10 Practice for Hematology and Internal 
Oncology, Velbert, Germany. 11 Netherlands Cancer Institute/Borstkanker 
Onderzoek Groep Study Center, Amsterdam, The Netherlands. 12 Hospital 
Universitario Virgen Macarena, Seville, Spain. 13 Highlands Oncology, Spring‑
dale, AR, USA. 14 Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA. 
15 Novartis Pharma AG, Basel, Switzerland. 16 David Geffen School of Medicine 
at UCLA, Los Angeles, CA, USA. 

Received: 10 January 2023   Accepted: 16 August 2023

References
	1.	 Pernas S, Tolaney SM, Winer EP, et al. CDK4/6 inhibition in breast 

cancer: current practice and future directions. Ther Adv Med Oncol. 
2018;10:1758835918786451.

	2.	 National Comprehensive Cancer Network: Clinical Practice Guidelines in 
Oncology: Breast Cancer (Version 2.2022).

	3.	 Cardoso F, Paluch-Shimon S, Senkus E, et al. 5th ESO-ESMO international 
consensus guidelines for advanced breast cancer (ABC 5). Ann Oncol. 
2020;31(12):1623–49.

	4.	 Finn RS, Martin M, Rugo HS, et al. Palbociclib and letrozole in advanced 
breast cancer. N Engl J Med. 2016;375(20):1925–36.

	5.	 Goetz MP, Toi M, Campone M, et al. MONARCH 3: abemaciclib as initial 
therapy for advanced breast cancer. J Clin Oncol. 2017;35(32):3638–46.

	6.	 Hortobagyi GN, Stemmer SM, Burris HA, et al. Ribociclib as first-
line therapy for HR-positive, advanced breast cancer. N Engl J Med. 
2016;375(18):1738–48.

	7.	 Tripathy D, Im SA, Colleoni M, et al. Ribociclib plus endocrine therapy 
for premenopausal women with hormone-receptor-positive, advanced 
breast cancer (MONALEESA-7): a randomised phase 3 trial. Lancet Oncol. 
2018;19(7):904–15.

	8.	 Slamon DJ, Neven P, Chia S, et al. Phase III randomized study of ribociclib 
and fulvestrant in hormone receptor-positive, human epidermal growth 
factor receptor 2-negative advanced breast cancer: MONALEESA-3. J Clin 
Oncol. 2018;36(24):2465–72.

	9.	 Finn R, Rugo H, Dieras VC et al. Overall survival with first-line palbociclib 
plus letrozole versus placebo plus letrozole in women with estrogen 
receptor–positive/human epidermal growth factor receptor 2–nega‑
tive advanced breast cancer: analyses from PALOMA-2. J Clin Oncol. 
2022;40(suppl 17):LBA1003.

	10.	 Goetz M, Toi M, Huober J, et al. LBA15 MONARCH 3: interim overall sur‑
vival (OS) results of abemaciclib plus a nonsteroidal aromatase inhibitor 
(NSAI) in patients (pts) with HR+, HER2-advanced breast cancer (ABC). 
Ann Oncol. 2022;33:S1384.

	11.	 Turner NC, Slamon DJ, Ro J, et al. Overall survival with palbociclib and ful‑
vestrant in advanced breast cancer. N Engl J Med. 2018;379(20):1926–36.

	12.	 Cristofanilli M, Rugo HS, Im SA, et al. Overall survival with palbociclib and 
fulvestrant in women with HR+/HER2− ABC: updated exploratory analy‑
ses of PALOMA-3, a double-blind, phase III randomized study. Clin Cancer 
Res. 2022;28(16):3433–42.

	13.	 Sledge GW Jr, Toi M, Neven P, et al. The effect of abemaciclib plus fulves‑
trant on overall survival in hormone receptor-positive, ERBB2-negative 
breast cancer that progressed on endocrine therapy-MONARCH 2: a 
randomized clinical trial. JAMA Oncol. 2019;6(1):116–24.

	14.	 Hortobagyi GN, Stemmer SM, Burris HA, et al. Overall survival with 
ribociclib plus letrozole in advanced breast cancer. N Engl J Med. 
2022;386(10):942–50.



Page 10 of 10Neven et al. Breast Cancer Research          (2023) 25:103 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	15.	 Im SA, Lu YS, Bardia A, et al. Overall survival with ribociclib plus endocrine 
therapy in breast cancer. N Engl J Med. 2019;381(4):307–16.

	16.	 Lu YS, Im SA, Colleoni M, et al. Updated overall survival of ribociclib 
plus endocrine therapy versus endocrine therapy alone in pre- and 
perimenopausal patients with HR+/HER2− advanced breast cancer 
in MONALEESA-7: a phase III randomized clinical trial. Clin Cancer Res. 
2022;28(5):851–9.

	17.	 Slamon DJ, Neven P, Chia S, et al. Overall survival with ribociclib plus 
fulvestrant in advanced breast cancer. N Engl J Med. 2020;382(6):514–24.

	18.	 Slamon DJ, Neven P, Chia S, et al. Ribociclib plus fulvestrant for post‑
menopausal women with hormone receptor-positive, human epidermal 
growth factor receptor 2-negative advanced breast cancer in the phase 
III randomized MONALEESA-3 trial: updated overall survival. Ann Oncol. 
2021;32(8):1015–24.

	19.	 De Laurentiis M, Lambertini M, Chia S, et al. Abstract P1–18-11: analysis 
of first-line (1L) patients (pts) with de novo disease vs late relapse and all 
pts with vs without prior chemotherapy (CT) in the MONALEESA-3 (ML-3) 
trial. Cancer Res. 2022;82:P1-18.

	20.	 Sonke GS, Van Ommen-Nijhof A, Wortelboer N, et al. Primary outcome 
analysis of the phase 3 SONIA trial (BOOG 2017–03) on selecting the opti‑
mal position of cyclin-dependent kinases 4 and 6 (CDK4/6) inhibitors for 
patients with hormone receptor-positive (HR+), HER2-negative (HER2-) 
advanced breast cancer (ABC). J Clin Oncol. 2023;41(suppl 17):LBA1000.

	21.	 Gnant M, Dueck AC, Frantal S, et al. Adjuvant palbociclib for early breast 
cancer: the PALLAS trial results (ABCSG-42/AFT-05/BIG-14-03). J Clin 
Oncol. 2022;40(3):282–93.

	22.	 Loibl S, Marme F, Martin M, et al. Palbociclib for residual high-risk invasive 
HR-positive and HER2-negative early breast cancer-the Penelope-B trial. J 
Clin Oncol. 2021;39(14):1518–30.

	23.	 Slamon D, Stroyakovskiy D, Yardley DA, et al. Ribociclib and endocrine 
therapy as adjuvant treatment in patients with HR+/HER2− early breast 
cancer: primary results from the Phase III NATALEE trial. J Clin Oncol. 
2023;41(suppl 17):LBA500.

	24.	 Johnston SRD, Toi M, O’Shaughnessy J, et al. Abemaciclib plus endocrine 
therapy for hormone receptor-positive, HER2-negative, node-positive, 
high-risk early breast cancer (monarchE): results from a preplanned 
interim analysis of a randomised, open-label, phase 3 trial. Lancet Oncol. 
2023;24(1):77–90.

	25.	 Harbeck N, Rastogi P, Martin M, et al. Adjuvant abemaciclib combined 
with endocrine therapy for high-risk early breast cancer: updated 
efficacy and Ki-67 analysis from the monarchE study. Ann Oncol. 
2021;32(12):1571–81.

	26.	 Johnston SRD, Harbeck N, Hegg R, et al. Abemaciclib combined 
with endocrine therapy for the adjuvant treatment of HR+, HER2-, 
node-positive, high-risk, early breast cancer (monarchE). J Clin Oncol. 
2020;38(34):3987–98.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Updated overall survival from the MONALEESA-3 trial in postmenopausal women with HR+HER2− advanced breast cancer receiving first-line ribociclib plus fulvestrant
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Participants
	Endpoints
	Statistical analysis

	Results
	Patient disposition
	Overall survival
	Subsequent therapy in patients in the first-line subgroup
	PFS2 in patients in first-line subgroup
	Safety

	Discussion
	Conclusions
	Anchor 21
	Acknowledgements
	References


