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BACKGROUND

An earlier analysis of this phase 3 trial showed that the addition of a cyclin-depen-
dent kinase 4 and 6 (CDK4/6) inhibitor to endocrine therapy provided a greater 
benefit with regard to progression-free survival than endocrine therapy alone in 
premenopausal or perimenopausal patients with advanced hormone-receptor–posi-
tive, human epidermal growth factor receptor 2 (HER2)–negative breast cancer. Here 
we report the results of a protocol-specified interim analysis of the key secondary 
end point of overall survival.

METHODS

We randomly assigned patients to receive either ribociclib or placebo in addition 
to endocrine therapy (goserelin and either a nonsteroidal aromatase inhibitor or 
tamoxifen). Overall survival was evaluated with the use of a stratified log-rank test 
and summarized with the use of Kaplan–Meier methods.

RESULTS

A total of 672 patients were included in the intention-to-treat population. There were 
83 deaths among 335 patients (24.8%) in the ribociclib group and 109 deaths among 
337 patients (32.3%) in the placebo group. The addition of ribociclib to endocrine 
therapy resulted in significantly longer overall survival than endocrine therapy alone. 
The estimated overall survival at 42 months was 70.2% (95% confidence interval [CI], 
63.5 to 76.0) in the ribociclib group and 46.0% (95% CI, 32.0 to 58.9) in the placebo 
group (hazard ratio for death, 0.71; 95% CI, 0.54 to 0.95; P = 0.00973 by log-rank 
test). The survival benefit seen in the subgroup of 495 patients who received an 
aromatase inhibitor was consistent with that in the overall intention-to-treat popula-
tion (hazard ratio for death, 0.70; 95% CI, 0.50 to 0.98). The percentage of patients 
who received subsequent antineoplastic therapy was balanced between the groups 
(68.9% in the ribociclib group and 73.2% in the placebo group). The time from 
randomization to disease progression during receipt of second-line therapy or to 
death was also longer in the ribociclib group than in the placebo group (hazard ratio 
for disease progression or death, 0.69; 95% CI, 0.55 to 0.87).

CONCLUSIONS

This trial showed significantly longer overall survival with a CDK4/6 inhibitor plus 
endocrine therapy than with endocrine therapy alone among patients with advanced 
hormone-receptor–positive, HER2-negative breast cancer. No new concerns regarding 
toxic effects emerged with longer follow-up. (Funded by Novartis; MONALEESA-7 
ClinicalTrials.gov number, NCT02278120.)
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A 
lthough breast cancer is known 

to be more aggressive and to be associ-

ated with a poorer prognosis in younger 

women than in older women,1,2 the recommended 

treatment for hormone receptor–positive, human 

epidermal growth factor receptor 2 (HER2)–nega-

tive advanced breast cancer in premenopausal and 

postmenopausal patients is generally similar,3-5 

with the exception of the addition of ovarian sup-

pression in premenopausal women.2,6 Ovarian sup-

pression induces menopause in premenopausal 

patients; however, suppression may not be com-

plete,7 and breast cancer that develops in premeno-

pausal women may have biologic differences from 

that which develops in postmenopausal women. 

Indeed, genetic analyses have revealed that there 

are differences in molecular alterations of key 

breast cancer driver genes, tumor-suppressor 

genes, and genes involved in signaling pathways 

between premenopausal and postmenopausal pa-

tients.1,7-10 Premenopausal patients tend to be un-

derrepresented in clinical trials of breast cancer.

Signaling through cyclin-dependent kinases 4 

and 6 (CDK4/6) is known to promote continued 

cell-cycle progression and growth in cancer. In 

addition, specific CDK4/6 alterations lead to re-

sistance to endocrine therapy in hormone-recep-

tor–positive breast cancer.11-14 In clinical trials, the 

combination of ribociclib and endocrine therapy 

has resulted in significantly longer progression-

free survival than endocrine therapy alone in pa-

tients with hormone-receptor–positive, HER2-neg-

ative advanced breast cancer.4,5,15-19

Although multiple trials have shown a signifi-

cant benefit with CDK4/6 inhibitors plus endocrine 

therapy with respect to progression-free survival, 

a significant improvement in overall survival has 

not been shown.15,17-22 However, overall survival 

was numerically higher among patients who re-

ceived a CDK4/6 inhibitor in addition to endocrine 

therapy than among patients who received endo-

crine therapy alone in the PALOMA-3 (Palbociclib: 

Ongoing Trials in the Management of Breast 

Cancer–3) trial.23 It has been acknowledged that 

showing improvements in overall survival in trials 

involving patients with metastatic breast cancer 

may be challenging because of potential crossover 

between treatment groups and subsequent receipt 

of active treatments, as well as variability in previ-

ous treatment exposures between the groups.23,24

Ribociclib is a selective, orally available inhibi-

tor of CDK4/6.25 In the MONALEESA-7 (Mammary 

Oncology Assessment of LEE011’s [Ribociclib’s] 

Efficacy and Safety–7) trial, ribociclib plus endo-

crine therapy resulted in significantly longer 

progression-free survival than endocrine therapy 

alone. Here we report the results of a protocol-

specified second interim analysis of overall 

survival.

Me thods

Trial Design and Patients

The MONALEESA-7 trial is an international, 

randomized, double-blind, placebo-controlled, 

phase 3 trial comparing ribociclib with placebo, 

in addition to endocrine therapy, in premenopausal 

or perimenopausal women with hormone-recep-

tor–positive, HER2-negative advanced breast can-

cer. Patients were randomly assigned, in a 1:1 ratio, 

to receive ribociclib (at a dose of 600 mg, admin-

istered orally once daily for 21 consecutive days, 

followed by 7 days off, for a complete cycle of 

28 days) or matching placebo. Both groups re-

ceived goserelin (at a dose of 3.6 mg, adminis-

tered subcutaneously on day 1 of each 28-day 

cycle). Patients also received either a nonsteroidal 

aromatase inhibitor (letrozole at a dose of 2.5 mg 

or anastrozole at a dose of 1 mg) or tamoxifen 

(at a dose of 20 mg), administered orally once 

daily continuously. The choice of endocrine ther-

apy was made on the basis of the patient’s previ-

ous adjuvant or neoadjuvant therapy or investiga-

tor or patient preference. Crossover between the 

two groups was not permitted.

Eligible women were 18 to 59 years of age, were 

premenopausal or perimenopausal at the time of 

trial entry, and had histologically or cytologically 

confirmed hormone-receptor–positive, HER2-neg-

ative advanced breast cancer. Patients were re-

quired to have locoregionally recurrent or meta-

static disease that was not amenable to curative 

therapy, an Eastern Cooperative Oncology Group 

performance-status score of 0 or 1 (scores range 

from 0 to 5, with higher scores indicating greater 

disability), and measurable disease according to 

Response Evaluation Criteria in Solid Tumors, ver-

sion 1.1,26 or at least one predominantly lytic bone 

lesion. Patients who had received adjuvant or neo-

adjuvant endocrine therapy were permitted to en-

roll. Previous endocrine therapy in the context of 

advanced disease was not permitted, but patients 

could have received tamoxifen or an aromatase 

inhibitor within 14 days before randomization or 
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goserelin within 28 days before randomization 

for advanced breast cancer; these patients contin-

ued treatment with goserelin plus the same hor-

mone agent. Patients who had received no more 

than one previous line of chemotherapy for ad-

vanced disease were also eligible. Previous treat-

ment with a CDK4/6 inhibitor was not permitted.

Randomization was stratified according to 

the presence or absence of liver or lung metasta-

ses, previous chemotherapy for advanced disease 

(yes or no), and endocrine therapy (tamoxifen plus 

goserelin or an aromatase inhibitor plus gose-

relin). All patients as well as all investigators who 

administered treatment, assessed outcomes, and 

analyzed data were unaware of the group assign-

ments. Detailed methods of this trial have been 

reported previously.17 The protocol, along with 

the statistical analysis plan, is available with the 

full text of this article at NEJM.org.

End Points

The results regarding the primary end point, inves-

tigator-assessed progression-free survival, were re-

ported previously.17 Overall survival, the protocol-

specified key secondary end point, was defined as 

the time from randomization to death from any 

cause. Subgroup analyses according to endocrine 

therapy were prespecified to be performed if the 

results of the analysis of overall survival in the 

intention-to-treat population were significant. A 

prespecified exploratory analysis was conducted 

to assess progression-free survival during receipt 

of second-line therapy, defined as the time from 

randomization to the first documented disease 

progression while the patient was receiving sec-

ond-line therapy (as reported by the physician) or 

death from any cause, whichever occurred first. 

The time to subsequent chemotherapy was defined 

as the time from randomization to the beginning 

of the first chemotherapy after discontinuation of 

the trial regimen. Adverse events were monitored 

throughout the trial and were graded according 

to the National Cancer Institute Common Termi-

nology Criteria for Adverse Events, version 4.03.

Trial Oversight

The trial was funded by Novartis and was con-

ducted in accordance with the provisions of the 

Declaration of Helsinki and Good Clinical Prac-

tice guidelines. The trial protocol and all amend-

ments were approved by an independent ethics 

committee or the institutional review board at each 

site. A trial steering committee composed of par-

ticipating international investigators and repre-

sentatives of the sponsor oversaw the conduct of 

the trial. Safety data were assessed by an indepen-

dent data monitoring committee. All patients pro-

vided written informed consent before enrollment. 

Representatives of the sponsor designed the trial, 

compiled the data, and vouch for the accuracy of 

the analyses. All authors had access to the data 

and vouch for the accuracy and completeness of 

the data and for the fidelity of the trial to the 

protocol. All authors were involved in the inter-

pretation of the data, contributed to the writing 

and review of all drafts of the manuscript, and 

made the decision to submit the manuscript for 

publication. Two professional medical writers 

provided editorial support and were paid by the 

sponsor.

Variable
Ribociclib Group 

(N = 335)
Placebo Group 

(N = 337)

Deaths — no. (%)† 83 (24.8) 109 (32.3)

Data censored‡ 252 (75.2) 228 (67.7)

Median overall survival — mo (95% CI) NE 40.9 (37.8–NE)

Kaplan–Meier estimated overall survival (95% CI)

24 mo 82.7 (78.1–86.5) 81.8 (77.1–85.7)

36 mo 71.9 (66.0–77.0) 64.9 (58.7–70.4)

42 mo 70.2 (63.5–76.0) 46.0 (32.0–58.9)

*  NE indicates that the value could not be estimated.
†  The hazard ratio for death was 0.71 (95% CI, 0.54 to 0.95), as calculated with the use of a stratified Cox proportional-

hazards model. P = 0.00973 by stratified log-rank test.
‡  Data for patients were censored at the date the patient was last known to be alive.

Table 1. Overall Survival and Kaplan–Meier Estimates.*
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Statistical Analysis

The primary analysis of investigator-assessed pro-

gression-free survival was conducted at a data 

cutoff date of August 20, 2017, after 318 patients 

had had disease progression or had died. The 

sample size was calculated on the basis of the 

primary end point of progression-free survival. 

A hierarchical testing strategy between progres-

sion-free survival and overall survival was used to 

control the family-wise type 1 error rate at 2.5%.27,28 

It was determined that 252 deaths would be re-

quired for the trial to have 80% power to reject the 

null hypothesis of no difference in overall survival 

between the ribociclib group and the placebo 

group, at a one-sided overall significance level of 

2.5%, with the use of a log-rank test and three-

look group sequential design. Because the differ-

ence between the groups in the primary end point 

of progression-free survival reached significance, 

the first interim analysis of overall survival was 

performed after 89 deaths (approximately 35% of 

the total 252 deaths) had occurred and did not 

cross the prespecified Lan–DeMets (O’Brien–Flem-

ing) boundary (P value threshold of 0.00016). A 

protocol-specified second interim analysis of over-

all survival was to be performed after approxi-

mately 189 deaths had occurred (75% of the 

total 252 deaths). The prespecified Lan–DeMets 

(O’Brien–Fleming) stopping boundary criterion 

for this interim analysis was a P value threshold 

of 0.01018. Median overall survival was estimated 

with the use of the Kaplan–Meier method. The 

hazard ratio for death in the analysis of overall 

survival was estimated with the use of a stratified 

Cox proportional-hazards model. For the analysis 

of overall survival, data for patients were censored 

at the date the patient was last known to be alive.

R esult s

Patients and Treatment

From December 17, 2014, to August 1, 2016, a 

total of 335 patients were randomly assigned to 

the ribociclib group, and 337 to the placebo group 

(Table S1 in the Supplementary Appendix, available 

at NEJM.org). Details regarding patient screen-

ing and the population included in the efficacy 

analysis have been published previously.17 At the 

cutoff date for this analysis of overall survival, 

173 patients were still receiving trial treatment: 

116 of 335 patients (34.6%) in the ribociclib group 

and 57 of 337 (16.9%) in the placebo group. The 

median duration of follow-up was 34.6 months 

(minimum, 28.0 months). Patients and physicians 

remained unaware of the group assignments after 

the final analysis of progression-free survival. The 

median duration of exposure to trial treatment 

in the ribociclib group was approximately 2 years, 

which is 8 months longer than it was at the time 

of the primary analysis of progression-free sur-

vival. The median duration of exposure to placebo 

was approximately 1 year.

Overall Survival

This prespecified interim analysis of overall sur-

vival was performed after 192 deaths had occurred 

(83 among 335 patients [24.8%] in the ribociclib 

group and 109 among 337 [32.3%] in the placebo 

group). Kaplan–Meier estimated overall survival 

at 42 months was 70.2% (95% confidence inter-

val [CI], 63.5 to 76.0) in the ribociclib group and 

46.0% (95% CI, 32.0 to 58.9) in the placebo group 

(Table 1). Overall survival was significantly longer 

in the ribociclib group than in the placebo group, 

with a 29% lower risk of death (hazard ratio for 

death, 0.71; 95% CI, 0.54 to 0.95) (Fig. 1A). The 

one-sided stratified log-rank P value was 0.00973, 

which crossed the prespecified stopping bound-

ary (P = 0.01018) to claim superior efficacy of 

ribociclib. The median overall survival could not 

be estimated in the ribociclib group and was 

40.9 months in the placebo group (95% CI, 37.8 

to could not be estimated) (Fig. 1A). Because the 

efficacy stopping boundary was crossed, the re-

sults reported here showed the superiority of ri-

bociclib to placebo with respect to the key second-

ary end point of overall survival, and, according to 

the protocol, are considered final.

Prespecified analyses of overall survival were 

performed in subgroups defined according to the 

endocrine therapy received. Among the 495 pa-

tients who received an aromatase inhibitor, 61 of 

248 patients (24.6%) in the ribociclib group and 

80 of 247 (32.4%) in the placebo group died. Es-

timated overall survival at 42 months among pa-

Figure 1 (facing page). Overall Survival.

Patients with hormone-receptor–positive, human epider-

mal growth factor receptor 2–negative breast cancer were 

assigned to receive either ribociclib or placebo plus en-

docrine therapy with goserelin and either a nonsteroidal 

aromatase inhibitor (NSAI) or tamoxifen. The squares 

and triangles in all panels indicate censored data.  

NE indicates that the value could not be estimated.
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tients who received an aromatase inhibitor was 

69.7% (95% CI, 61.3 to 76.7) in the ribociclib 

group and 43.0% (95% CI, 25.9 to 59.0) in the 

placebo group, and the hazard ratio for death 

was 0.70 (95% CI, 0.50 to 0.98) (Fig. 1B). Among 

the 177 patients who received tamoxifen, 22 of 

87 patients (25.3%) in the ribociclib group and 

29 of 90 (32.2%) in the placebo group died. Es-

timated overall survival at 42 months among pa-

tients who received tamoxifen was 71.2% (95% CI, 

58.0 to 80.9) in the ribociclib group and 54.5% 

(95% CI, 36.0 to 69.7) in the placebo group, and 

the hazard ratio for death was 0.79 (95% CI, 0.45 

to 1.38) (Fig. 1C).

Overall survival was also assessed in explor-

atory subgroups defined according to patient and 

disease characteristics, previous therapies, and 

geographic region (Fig. 2). In general, the overall 

survival benefit with ribociclib in these subgroups 

was consistent with that in the overall population; 

however, the small numbers of patients in some 

of these subgroups resulted in wide confidence 

intervals.

Subsequent Therapy

A total of 219 patients in the ribociclib group and 

280 patients in the placebo group discontinued 

the trial regimen. The percentage of these patients 

who received subsequent antineoplastic therapies 

was similar in the two groups: 151 patients 

(68.9%) in the ribociclib group and 205 (73.2%) 

in the placebo group (Table 2). Chemotherapy 

alone (22.4% in the ribociclib group and 28.6% 

in the placebo group) and hormone therapy alone 

(22.4% and 20.4%, respectively) were the most 

common first subsequent antineoplastic therapies. 

Pyrimidine analogues (29.7% in the ribociclib 

group and 33.6% in the placebo group) and tax-

anes (24.2% and 26.8%, respectively) were the 

most common chemotherapies in all subsequent 

lines of therapy. Aromatase inhibitors (29.2% in 

the ribociclib group and 27.5% in the placebo 

group) and antiestrogens (23.3% and 25.4%, re-

spectively) were the most common hormone thera-

pies. Post-treatment use of CDK4/6 inhibitors, in-

cluding palbociclib, abemaciclib, and ribociclib, 

was lower in the ribociclib group than in the 

placebo group (10.0% vs. 18.6%) (Table S2 in 

the Supplementary Appendix).

In the intention-to-treat population, 234 pa-

tients received chemotherapy as a subsequent 

therapy at any time after the trial regimen was 

completed (95 in the ribociclib group and 139 in 

the placebo group). At 42 months, the estimated 

percentages of patients who had not yet received 

a first subsequent chemotherapy were 65.8% 

(95% CI, 59.1 to 71.7) in the ribociclib group and 

49.0% (95% CI, 41.1 to 56.3) in the placebo group 

(hazard ratio for receipt of chemotherapy, 0.60; 

95% CI, 0.46 to 0.77) (Fig. S1 in the Supplemen-

tary Appendix).

Progression-free Survival during Receipt  

of Subsequent Therapy

As of the data cutoff date, 287 patients (126 of 

335 patients [37.6%] in the ribociclib group and 

161 of 337 [47.8%] in the placebo group) had had 

disease progression while receiving subsequent 

therapy or had died from any cause. The esti-

mated percentages of patients who were alive at 

42 months and did not have disease progression 

while receiving second-line therapy were 54.6% 

(95% CI, 46.8 to 61.8) in the ribociclib group and 

37.8% (95% CI, 28.4 to 47.2) in the placebo group 

(hazard ratio for disease progression or death, 

0.69; 95% CI, 0.55 to 0.87) (Fig. 3).

Adverse Events

Adverse events in the two groups remained con-

sistent with those in the primary analysis (Table 

S3 in the Supplementary Appendix). Key grade 3 

or 4 adverse events of special interest were neu-

tropenia (in 63.5% of patients in the ribociclib 

group and 4.5% in the placebo group), hepatobil-

iary toxic effects (in 11% and 6.8%, respectively), 

and prolonged QT interval (in 1.8% and 1.2%, 

respectively).

Discussion

In this trial, the addition of ribociclib to endo-

crine therapy resulted in significantly longer 

overall survival than endocrine therapy alone in 

patients with hormone-receptor–positive, HER2-

negative advanced breast cancer. The overall sur-

vival benefit with ribociclib in the subgroup of 

patients who received aromatase inhibitors was 

similar to that in the overall intention-to-treat 

population, and the benefit was maintained across 

most patient subgroups. The overall survival re-

sults are consistent with those of progression-

free survival, which were reported previously.17 

Because overall survival and postprogression out-

comes are key factors in clinical decision making, 
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Figure 2. Exploratory Analyses of Overall Survival in Subgroups.

Percentages may not total 100 because of rounding. Eastern Cooperative Oncology Group (ECOG) performance-status scores range 

from 0 to 5, with higher scores indicating greater disability. Race was reported by the patient. The adjuvant or neoadjuvant chemotherapy 

subgroup includes only patients who had not received chemotherapy after a diagnosis of metastatic disease (before enrollment in the 

trial). The dashed vertical line indicates the hazard ratio of 0.71 for the overall population.
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no. of deaths/total no. (%)no. (%)

672 (100)

0.12

0.71 (0.54–0.95)83/335 (24.8) 109/337 (32.3)

177 (26.3)

495 (73.7)

0.79 (0.45–1.38)

0.70 (0.50–0.98)

22/87 (25.3)  

61/248 (24.6)

29/90 (32.2)  

80/247 (32.4)

500 (74.4)

166 (24.7)

0.72 (0.50–1.02)

0.67 (0.40–1.12)

55/245 (22.4)

27/87 (31.0)  

74/255 (29.0)

35/79 (44.3)  

186 (27.7)

486 (72.3)

198 (29.5)

413 (61.5)

0.79 (0.48–1.30)

0.68 (0.48–0.98)

30/98 (30.6)  

53/237 (22.4)

34/88 (38.6)  

75/249 (30.1)

0.40 (0.22–0.72)

0.91 (0.64–1.30)

16/99 (16.2)  

57/200 (28.5)

37/99 (37.4)  

65/213 (30.5)

  94 (14.0)

578 (86.0)

0.67 (0.33–1.35)

0.73 (0.54–1.00)

13/47 (27.7)  

70/288 (24.3)

19/47 (40.4)  

90/290 (31.0)

276 (41.1)

302 (45.0)

0.91 (0.60–1.36)

0.54 (0.32–0.91)

46/138 (33.3)

24/150 (16.0)

51/138 (37.0)

39/152 (25.7)

268 (39.9)

404 (60.1)

0.91 (0.60–1.39)

0.68 (0.45–1.00)

40/127 (31.5)

43/208 (20.7)

52/141 (36.9)

57/196 (29.1)

572 (85.1)

100 (14.9)

0.74 (0.54–1.02)

0.64 (0.33–1.22)

67/286 (23.4)

16/49 (32.7)  

86/286 (30.1)

23/51 (45.1)  

56 (8.3)

180 (26.8)

275 (40.9)

  97 (14.4)

64 (9.5)

0.43 (0.24–0.78)

0.97 (0.62–1.52)

0.63 (0.23–1.70)

0.86 (0.40–1.87)

0.78 (0.27–2.25)

16/92 (17.4)  

39/136 (28.7)

9/31 (29.0)

12/47 (25.5)  

7/29 (24.1)

34/88 (38.6)  

42/139 (30.2)

9/25 (36.0)

16/50 (32.0)  

8/35 (22.9)

342 (50.9)

330 (49.1)

0.73 (0.50–1.05)

0.70 (0.48–1.09)

50/173 (28.9)

33/162 (20.4)

62/169 (36.7)

47/168 (28.0)

159 (23.7)

513 (76.3)

1.00 (0.53–1.93)

0.65 (0.47–0.90)

19/81 (23.5)  

64/254 (25.2)

18/78 (23.1)  

91/259 (35.1)

436 (64.9)

236 (35.1)

0.85 (0.58–1.25)

0.58 (0.37–0.91)

50/219 (22.8)

33/116 (28.4)

60/217 (27.6)

49/120 (40.8)

404 (60.1)

205 (30.5)

60 (8.9)

0.68 (0.45–1.00)

0.80 (0.51–1.27)

1.53 (0.44–5.34)

43/208 (20.7)

35/100 (35.0)

5/25 (20.0)

57/196 (29.1)

46/105 (43.8)

6/35 (17.1)
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the results of adding biologic treatments to endo-

crine therapies in early lines of therapy are highly 

relevant in this patient population. Additional 

analysis of progression-free survival while patients 

were receiving subsequent therapy indicates that 

the benefit of ribociclib was seen over the com-

bined period of first-line and second-line therapies.

After a median of 2 years of treatment expo-

sure in the ribociclib group, no new safety sig-

nals were observed.17 As reported previously, in 

the ribociclib group, more instances of QT-inter-

val prolongation were observed in patients who 

received tamoxifen than in those who received 

an aromatase inhibitor. QT-interval prolongation 

was also observed in patients in the placebo group 

who received tamoxifen.17 No instances of symp-

tomatic arrhythmias or torsades de pointes have 

been observed in this trial.

Recently, the PALOMA-3 trial assessed overall 

survival with either palbociclib or placebo plus 

fulvestrant in patients with hormone-receptor–

positive, HER2-negative advanced breast cancer; 

overall survival was not significantly longer in the 

palbociclib group than in the placebo group in 

the overall population or in the subgroup of pre-

menopausal patients.23 There are key differences 

between the PALOMA-3 and MONALEESA-7 trials 

beyond the endocrine therapy that was used. The 

PALOMA-3 trial included premenopausal and post-

menopausal patients who were more heavily pre-

Variable
Ribociclib Group 

(N = 335)
Placebo Group 

(N = 337)

No. of patients who discontinued the trial regimen 219 280

Patients who received any subsequent therapy — no. (%) 151 (68.9) 205 (73.2)

Chemotherapy alone 49 (22.4) 80 (28.6)

Chemotherapy plus hormone therapy or other therapy* 18 (8.2) 22 (7.9)

Hormone therapy alone 49 (22.4) 57 (20.4)

Hormone therapy plus other therapy† 31 (14.2) 41 (14.6)

Other 4 (1.8) 5 (1.8)

*  This category includes patients who received chemotherapy in combination with any nonchemotherapy.
†  This category includes patients who received hormone therapy plus another medication without chemotherapy.

Table 2. First Subsequent Antineoplastic Therapy among Patients Who Discontinued the Trial Regimen.

Figure 3. Progression-free Survival during Receipt of Subsequent Therapy or Death from Any Cause.

Progression-free survival during receipt of subsequent therapy was defined as the time from randomization to the first documented dis-

ease progression while the patient was receiving second-line therapy (as reported by the physician) or to death from any cause, whichever 

occurred first. The squares and triangles indicate censored data.
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treated, whereas all patients in the MONALEESA-7 

trial were premenopausal or perimenopausal and 

were receiving initial endocrine therapy. These 

differences may limit the applicability of cross-

trial comparisons. Furthermore, chemotherapy 

pretreatment in the setting of advanced disease 

— a possible indication of a higher-risk popula-

tion — was less common in the MONALEESA-7 

trial than in the PALOMA-3 trial (14% and 34%, 

respectively).17,21

The improvement in overall survival with ri-

bociclib that was observed in this planned in-

terim analysis in the MONALEESA-7 trial was 

significant, even though 18.6% of patients who 

discontinued the trial regimen in the placebo 

group received CDK4/6 inhibitors as subsequent 

therapy. One possible explanation for this treat-

ment effect of ribociclib could be the premeno-

pausal patient population. Few data are available 

from large phase 3 trials of targeted therapy for 

this population, and breast cancer is more aggres-

sive in these patients, since it is more likely that 

the luminal B subtype is present and that there 

is lower expression of estrogen receptor 1.1,2,29 In 

addition, differences exist among the CDK4/6 in-

hibitors in terms of pharmacokinetics (e.g., half-

life and time to maximum concentration) and 

selectivity for CDK4 as compared with CDK6 

(e.g., ribociclib is four times more selective for 

CDK4 than for CDK6).30,31 In addition, ribociclib 

may have a different level of selectivity for other 

cyclin-dependent kinase complexes than the other 

CDK4/6 inhibitors, and it has been hypothesized 

that such differences could potentially be clini-

cally relevant.30-32

The significantly longer progression-free sur-

vival in the ribociclib group than in the placebo 

group in the previous report of the MONALEESA-7 

trial17 and the approximately 29% lower risk of 

death in the ribociclib group in this report show 

that there is a substantial clinical benefit of ri-

bociclib plus endocrine therapy as compared with 

endocrine therapy alone. No new concerns regard-

ing toxic effects were noted with longer follow-up.
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