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BACKGROUND
Ribociclib has been shown to have a significant overall survival benefit in patients 
with hormone receptor (HR)–positive, human epidermal growth factor receptor 2 
(HER2)–negative advanced breast cancer. Whether this benefit in advanced breast 
cancer extends to early breast cancer is unclear.

METHODS
In this international, open-label, randomized, phase 3 trial, we randomly assigned 
patients with HR-positive, HER2-negative early breast cancer in a 1:1 ratio to receive 
ribociclib (at a dose of 400 mg per day for 3 weeks, followed by 1 week off, for 
3 years) plus a nonsteroidal aromatase inhibitor (NSAI; letrozole at a dose of 2.5 mg 
per day or anastrozole at a dose of 1 mg per day for ≥5 years) or an NSAI alone. 
Premenopausal women and men also received goserelin every 28 days. Eligible pa-
tients had anatomical stage II or III breast cancer. Here we report the results of a 
prespecified interim analysis of invasive disease–free survival, the primary end 
point; other efficacy and safety results are also reported. Invasive disease–free 
survival was evaluated with the use of the Kaplan–Meier method. The statistical 
comparison was made with the use of a stratified log-rank test, with a protocol-
specified stopping boundary of a one-sided P-value threshold of 0.0128 for superior 
efficacy.

RESULTS
As of the data-cutoff date for this prespecified interim analysis (January 11, 2023), 
a total of 426 patients had had invasive disease, recurrence, or death. A significant 
invasive disease–free survival benefit was seen with ribociclib plus an NSAI as 
compared with an NSAI alone. At 3 years, invasive disease–free survival was 90.4% 
with ribociclib plus an NSAI and 87.1% with an NSAI alone (hazard ratio for inva-
sive disease, recurrence, or death, 0.75; 95% confidence interval, 0.62 to 0.91; P = 0.003). 
Secondary end points — distant disease–free survival and recurrence-free survival 
— also favored ribociclib plus an NSAI. The 3-year regimen of ribociclib at a 400-mg 
starting dose plus an NSAI was not associated with any new safety signals.

CONCLUSIONS
Ribociclib plus an NSAI significantly improved invasive disease–free survival among 
patients with HR-positive, HER2-negative stage II or III early breast cancer. (Funded 
by Novartis; NATALEE ClinicalTrials.gov number, NCT03701334.)
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Hormone receptor (HR)–positive, 
human epidermal growth factor recep-
tor 2 (HER2)–negative breast cancer is 

the most common subtype of breast cancer, ac-
counting for 70 to 75% of cases.1 The majority of 
cases with this subtype are diagnosed early (at 
stage I to III).2 Early breast cancer is treated with 
curative intent; HR-positive, HER2-negative early 
breast cancer is treated with surgery with or 
without radiotherapy or chemotherapy, followed 
by adjuvant endocrine therapy for 5 to 10 years.3 
Adjuvant endocrine therapy improves outcomes in 
these patients; however, recurrence occurs in 27 
to 37% of patients with stage II disease and in 
46 to 57% of patients with stage III disease and 
can occur up to 20 years after diagnosis.4

The results of trials in which the cyclin-depen-
dent kinase 4 and 6 (CDK4/6) inhibitors riboci-
clib, palbociclib, and abemaciclib were evaluated 
have shown significant improvements in progres-
sion-free survival among patients with HR-posi-
tive, HER2-negative advanced breast cancer.5-10 
Ribociclib and abemaciclib have also been shown 
to have a significant overall survival benefit in 
the same patient population.11-14 In early breast 
cancer, the use of CDK4/6 inhibitors has had 
varying results. In the PENELOPE-B and PALLAS 
trials, palbociclib plus endocrine therapy did not 
show a significant invasive disease–free sur-
vival benefit.15,16 Conversely, a significant invasive 
disease–free survival benefit was seen in the 
monarchE trial after 2 years of adjuvant therapy 
with abemaciclib; these results led to the approval 
of abemaciclib by international health authorities 
for the treatment of HR-positive, HER2-negative 
early breast cancer in patients with node-positive 
disease at high risk for recurrence.17-19

The established benefit that was observed with 
ribociclib in advanced breast cancer prompted its 
investigation in early breast cancer. The NATALEE 
trial is a phase 3 trial comparing ribociclib plus 
endocrine therapy with endocrine therapy alone 
that was designed to test CDK4/6 inhibition in a 
broad population of patients with stage II or III 
HR-positive, HER2-negative early breast cancer. 
We report results from a protocol-specified in-
terim efficacy analysis.

Me thods

Trial Design and Patients

We conducted an international, open-label, ran-
domized, phase 3 trial involving patients with 

HR-positive, HER2-negative early breast cancer. 
We planned to enroll 5000 patients, with approxi-
mately 2000 (approximately 40%) having stage II 
disease.

The design and rationale of the trial have 
been reported previously.20 Patients were ran-
domly assigned in a 1:1 ratio to receive ribociclib 
(at a dose of 400 mg, administered orally once 
daily for 21 consecutive days, followed by 7 days 
off, for a complete cycle of 28 days, administered 
for 36 months) plus a nonsteroidal aromatase 
inhibitor (NSAI; letrozole at a dose of 2.5 mg, 
administered orally once daily, or anastrozole at 
a dose of 1 mg, administered orally once daily, 
on a continuous schedule for 60 months) or an 
NSAI alone. Patients in the ribociclib–NSAI group 
were expected to continue to receive the NSAI 
after completing the 36 months of treatment 
with ribociclib and were considered to be receiv-
ing trial treatment during this time. Additional 
treatment with the NSAI beyond 60 months was 
at the discretion of the treating physician and was 
not considered to be part of the trial treatment. 
Men and premenopausal women in both groups 
also received goserelin for gonadal suppression 
(at a dose of 3.6 mg, administered subcutaneously 
once every 28 days).

Eligible patients were men or premenopausal 
or postmenopausal women who were 18 years of 
age or older and had histologically confirmed 
HR-positive, HER2-negative early breast cancer 
according to local assessment. Patients were re-
quired to have stage II or III disease on the basis 
of anatomical stage according to the American 
Joint Committee on Cancer Staging Manual, Eighth Edi-
tion.21 The anatomical stage was derived with the 
use of tumor–node–metastasis (TNM) staging 
that was determined at the time of surgery for 
patients who had not received adjuvant or neoad-
juvant treatment; for patients who had received 
adjuvant or neoadjuvant treatment, the “worst 
stage” was derived with the use of TNM staging 
at diagnosis and at the time of surgery. All pa-
tients with stage III or IIB disease were allowed 
to participate in the trial irrespective of nodal 
status. Patients with stage IIA disease were eli-
gible if they had at least one lymph node in-
volved; patients who had no nodal involvement 
and a grade 2 tumor with a Ki-67 proliferation 
index of at least 20% (according to findings on 
local pathological assessment) or who were con-
sidered to be in a high genomic risk group were 
eligible. Patients with stage IIA disease with no 
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nodal involvement and grade 3 tumors were also 
eligible (Fig. S1 in the Supplementary Appendix, 
available with the full text of this article at 
NEJM.org). For trial-related staging purposes at 
baseline, the nodal status used reflected the 
greatest number of involved nodes observed on 
the basis of radiologic or surgical findings, re-
gardless of the timing of staging. High genomic 
risk was defined as either an Oncotype DX Breast 
Recurrence Score of 26 or higher or as a result 
that was categorized as high risk on the Prosigna 
PAM50, MammaPrint, or EndoPredict assay.

Patients could have received any adjuvant or 
neoadjuvant endocrine therapy for up to 12 months 
before randomization. Patients were ineligible if 
they had received a previous CDK4/6 inhibitor or 
if they had had clinically significant, uncontrolled 
heart disease, cardiac repolarization abnormali-
ties, or both. Randomization was stratified accord-
ing to anatomical stage (II or III), menopausal 
status (premenopausal women and men or post-
menopausal women) (Table S2), previous adjuvant 
or neoadjuvant chemotherapy (yes or no), and 
geographic location (North America, Western Eu-
rope, Oceania, or rest of the world).

End Points

The primary end point was invasive disease–free 
survival, which was defined according to stan-
dardized definitions for efficacy end points (STEEP) 
criteria, version 1.0, as assessed by the investiga-
tor (Table S3).22 Distant disease–free survival, re-
currence-free survival, overall survival, safety, qual-
ity of life, and pharmacokinetics were secondary 
end points. Distant recurrence–free survival was 
an exploratory end point. Adverse events were 
monitored for 36 months beginning at the time 
of randomization, and serious adverse events 
were monitored throughout the trial. Events were 
graded according to the Common Terminology 
Criteria for Adverse Events, version 4.03.

Trial Oversight

The trial was funded by Novartis and was over-
seen in collaboration with Translational Research 
in Oncology (also known as TRIO). The trial was 
conducted in accordance with the provisions of 
the Declaration of Helsinki and Good Clinical 
Practice guidelines. The trial protocol and all 
amendments (available at NEJM.org) were ap-
proved by an institutional review board or inde-
pendent ethics committee at each site. The con-

duct of the trial was overseen by a steering 
committee, which included the participating in-
ternational investigators as well as representa-
tives of the sponsor and a patient advocate. An 
independent data monitoring committee as-
sessed efficacy and safety data in accordance 
with the trial protocol. All the patients provided 
written informed consent. Representatives of the 
sponsor designed the trial and confirmed the 
accuracy of the data, and the authors vouch for 
the accuracy and completeness of the data and 
for the fidelity of the trial to the protocol. All the 
authors contributed to the writing and review of 
the manuscript. Two professional medical writers, 
funded by the sponsor, provided editorial assis-
tance.

Statistical Analysis

Invasive disease–free survival (the primary end 
point) was compared between the groups with 
the use of a stratified log-rank test; the same 
stratification factors that were used for random-
ization were applied to the analysis. We estimated 
that 500 events (invasive disease, recurrence, or 
death22) would need to occur to provide the trial 
with approximately 85% power to detect a haz-
ard ratio for invasive disease, recurrence, or 
death of 0.76 at a one-sided alpha level of 0.025. 
This report is based on all data collected up to 
the time of the protocol-specified second inter-
im efficacy analysis (January 11, 2023), which 
was performed after 426 events had occurred. At 
the time of this analysis, a prespecified Lan–
DeMets (O’Brien–Fleming) stopping boundary of 
a one-sided P-value threshold of 0.0128 was used 
by the independent data monitoring committee 
to conclude that treatment with ribociclib plus 
an NSAI was significantly superior to an NSAI 
alone with respect to efficacy; the two-sided 
stopping boundary (P-value threshold, 0.0256) is 
reported. All end points were evaluated with the 
use of the Kaplan–Meier method. Hazard ratios 
were estimated by means of a stratified Cox pro-
portional-hazards model. All reported 95% confi-
dence intervals are two-sided. The widths of the 
confidence intervals have not been adjusted for 
multiplicity and thus may not be used in place of 
hypothesis testing. The secondary end points were 
compared between the groups with the use of a 
stratified log-rank test.

The efficacy analyses were performed in the 
intention-to-treat population, which included all 
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the patients who had undergone randomization. 
The safety analyses were performed in the safety 
population, which included all the patients who 
had undergone randomization and had received 
at least one dose of the trial treatment.

R esult s

Patients and Treatment

From January 10, 2019, to April 20, 2021, a total 
of 5101 patients were randomly assigned to re-
ceive either ribociclib plus an NSAI (2549 patients) 
or an NSAI alone (2552 patients) (Fig. S2). De-
mographic and baseline clinical characteristics 
were well balanced in the two groups (Table 1). 
A majority of the patients (73.4%) were White, 
13.2% were Asian, and 1.7% were Black. At the 
time of data cutoff, 1984 patients (77.8%) in the 
ribociclib–NSAI group were either still receiving 
ribociclib plus an NSAI or were continuing to re-
ceive an NSAI, and 1826 (71.6%) in the NSAI 
group were still receiving an NSAI (Fig. S3). Over-
all, 515 patients (20.2%) completed the planned 
3 years of treatment with ribociclib. In the ribo-
ciclib–NSAI group, 1147 patients (45.0%) were 
continuing to receive ribociclib, and 1449 (56.8%) 
had completed at least 2 years of treatment with 
ribociclib plus an NSAI. The median duration of 
follow-up (from randomization to the data cut-
off) was 34 months (minimum, 21 months). The 
median duration of exposure to the trial treat-
ment was 30 months in the ribociclib–NSAI group 
and 30 months in the NSAI group. In the ribo-
ciclib–NSAI group, the median duration of expo-
sure to ribociclib alone was 27 months.

Efficacy

The second interim efficacy analysis for invasive 
disease–free survival (data-cutoff date, January 11, 
2023) was performed after 426 patients had had 
invasive disease, recurrence, or death: 189 pa-
tients (7.4%) in the ribociclib–NSAI group and 
237 patients (9.3%) in the NSAI group. The me-
dian duration of follow-up (from randomization 
to the last completed recurrence assessment) 
was 28 months. The risk of invasive disease, re-
currence, or death was significantly lower (by 
25.2%) with the addition of ribociclib to NSAI 
than with NSAI alone. Kaplan–Meier estimates 
of invasive disease–free survival at 3 years were 
90.4% with ribociclib plus an NSAI and 87.1% 
with an NSAI alone (hazard ratio for invasive 

disease, recurrence, or death, 0.75; 95% confi-
dence interval [CI], 0.62 to 0.91) (Fig. 1). Riboci-
clib plus an NSAI showed statistically significant 
and clinically superior efficacy. The two-sided 
P value was 0.003, which crossed the prespecified 
stopping boundary (P-value threshold of 0.0256). 
Distant recurrences were the most commonly 
reported type of event in the analysis of invasive 
disease–free survival, occurring in 120 patients 
(4.7%) in the ribociclib–NSAI group and in 170 
patients (6.7%) in the NSAI group; the most 
frequent sites of disease recurrence were bone 
and liver in each group (Table S5).

An analysis of invasive disease–free survival 
across prespecified subgroups was performed 
(Fig. S4). At 3 years, the absolute invasive disease–
free survival benefit with ribociclib and NSAI was 
3.0 percentage points among patients with stage 
II disease and 3.2 percentage points among those 
with stage III disease.

Several secondary efficacy end points also 
showed a consistent benefit with ribociclib. At 
3 years, distant disease–free survival was 90.8% 
with ribociclib plus an NSAI and 88.6% with an 
NSAI alone (hazard ratio for distant disease or 
death, 0.74; 95% CI, 0.60 to 0.91) (Fig. 2A). At 
3 years, recurrence-free survival was 91.7% with 
ribociclib plus an NSAI and 88.6% with an NSAI 
alone (hazard ratio for disease recurrence or 
death, 0.72; 95% CI, 0.58 to 0.88) (Fig. 2B). The 
median duration of follow-up for overall survival 
was 30 months. At the time of the data cutoff, 
61 of the 2549 patients (2.4%) in the ribociclib–
NSAI group and 73 of the 2552 patients (2.9%) 
in the NSAI group had died (hazard ratio for 
death, 0.76; 95% CI, 0.54 to 1.07) (Fig. 2C).

The exploratory end point, distant recurrence–
free survival, was also improved with ribociclib 
plus an NSAI as compared with an NSAI alone. 
The hazard ratio for distant recurrence or death 
was 0.72 (95% CI, 0.58 to 0.89) (Fig. S5).

Safety

The safety analyses included 2524 patients in the 
ribociclib–NSAI group and 2444 patients in the 
NSAI group (Table 2). At least one adverse event 
occurred in 2470 patients (97.9%) in the riboci-
clib–NSAI group and in 2128 patients (87.1%) in 
the NSAI group. Serious adverse events were re-
ported in 336 patients (13.3%) in the ribociclib–
NSAI group and in 242 patients (9.9%) in the NSAI 
group. Adverse events that led to early discontinu-
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Table 1. Demographic and Baseline Clinical Characteristics.*

Characteristic
Ribociclib + NSAI 

(N = 2549)
NSAI Alone 
(N = 2552)

All Patients 
(N = 5101)

Median age (range) — yr 52 (24–90) 52 (24–89) 52 (24–90)

Menopausal status — no. (%)

Premenopausal women 1115 (43.7) 1123 (44.0) 2238 (43.9)

Postmenopausal women 1423 (55.8) 1420 (55.6) 2843 (55.7)

Men 11 (0.4) 9 (0.4) 20 (0.4)

Anatomical stage — no. (%)†

I 9 (0.4) 5 (0.2) 14 (0.3)

IIA 479 (18.8) 521 (20.4) 1000 (19.6)

IIB 532 (20.9) 513 (20.1) 1045 (20.5)

III 1528 (59.9) 1512 (59.2) 3040 (59.6)

Data missing 1 (<0.1) 1 (<0.1) 2 (<0.1)

Nodal status at diagnosis — no. (%)‡

NX 272 (10.7) 264 (10.3) 536 (10.5)

N0 694 (27.2) 737 (28.9) 1431 (28.1)

N1 1050 (41.2) 1049 (41.1) 2099 (41.1)

N2 or N3 483 (18.9) 467 (18.3) 950 (18.6)

Data missing 50 (2.0) 35 (1.4) 85 (1.7)

Nodal status at surgery — no. (%)‡

NX 2 (0.1) 5 (0.2) 7 (0.1)

N0 378 (14.8) 418 (16.4) 796 (15.6)

N1 1062 (41.7) 1039 (40.7) 2101 (41.2)

N2 or N3 1105 (43.4) 1089 (42.7) 2194 (43.0)

Data missing 2 (0.1) 1 (<0.1) 3 (0.1)

Histologic grade at diagnosis — no. (%)

X§ 30 (1.2) 32 (1.3) 62 (1.2)

1 218 (8.6) 240 (9.4) 458 (9.0)

2 1458 (57.2) 1451 (56.9) 2909 (57.0)

3 521 (20.4) 549 (21.5) 1070 (21.0)

Not assessed 292 (11.5) 258 (10.1) 550 (10.8)

Data missing 30 (1.2) 22 (0.9) 52 (1.0)

Previous endocrine therapy — no. (%) 1824 (71.6) 1801 (70.6) 3625 (71.1)

Ovarian function–suppression therapy 670 (26.3) 620 (24.3) 1290 (25.3)

Aromatase inhibitor 1601 (62.8) 1592 (62.4) 3193 (62.6)

Antiestrogen 344 (13.5) 341 (13.4) 685 (13.4)

Other 4 (0.2) 13 (0.5) 17 (0.3)

Previous neoadjuvant or adjuvant chemotherapy 
— no. (%)

Any 2249 (88.2) 2245 (88.0) 4494 (88.1)

Neoadjuvant 1085 (42.6) 1095 (42.9) 2180 (42.7)

Adjuvant 1223 (48.0) 1220 (47.8) 2443 (47.9)
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ation of ribociclib were reported in 477 patients 
(18.9%). Adverse events that led to early discon-
tinuation of both ribociclib and the NSAI occurred 
in 83 patients (3.3%). The percentages of patients 
who discontinued the NSAI for any cause or 
because of adverse events were similar in the two 
groups.

The most common adverse events of any grade 
were neutropenia (in 62.1% of the patients in the 
ribociclib–NSAI group and in 4.5% of those in 
the NSAI group), arthralgia (in 36.5% and 42.5%, 

respectively), and liver-related events (in 25.4% and 
10.6%). These events were also the most common 
events of grade 3 or higher; the most frequent 
event of grade 3 or higher was neutropenia, oc-
curring in 43.8% of the patients in the ribociclib–
NSAI group and in 0.8% of those in the NSAI 
group.

The most common adverse events of any grade 
that led to discontinuation of any trial treatment 
were liver-related events (in 8.9% of the patients 
in the ribociclib–NSAI group and in 0.1% of 

Characteristic
Ribociclib + NSAI 

(N = 2549)
NSAI Alone 
(N = 2552)

All Patients 
(N = 5101)

ECOG performance‑status score — no. (%)¶

0 2106 (82.6) 2132 (83.5) 4238 (83.1)

1 440 (17.3) 418 (16.4) 858 (16.8)

Data missing 3 (0.1) 2 (0.1) 5 (0.1)

Geographic region — no. (%)

Asia 281 (11.0) 290 (11.4) 571 (11.2)

Europe 1505 (59.0) 1506 (59.0) 3011 (59.0)

North America or Australia 624 (24.5) 612 (24.0) 1236 (24.2)

Latin America 139 (5.5) 144 (5.6) 283 (5.5)

Histologic type — no. (%)

Invasive ductal not otherwise specified 1857 (72.9) 1881 (73.7) 3738 (73.3)

Invasive lobular 455 (17.9) 450 (17.6) 905 (17.7)

Medullary 1 (<0.1) 1 (<0.1) 2 (<0.1)

Mucinous 17 (0.7) 16 (0.6) 33 (0.6)

Papillary 18 (0.7) 12 (0.5) 30 (0.6)

Tubular 5 (0.2) 3 (0.1) 8 (0.2)

Ductal in situ‖ 1 (<0.1) 0 1 (<0.1)

Lobular in situ 0 0 0

Other 194 (7.6) 189 (7.4) 383 (7.5)

Data missing 1 (<0.1) 0 1 (<0.1)

*  Percentages may not total 100 because of rounding. NSAI denotes nonsteroidal aromatase inhibitor.
†  The stage was derived with the use of tumor–node–metastasis (TNM) staging that was determined at the time of 

surgery for patients who had not received adjuvant or neoadjuvant treatment; for patients who had received adjuvant 
or neoadjuvant treatment, the “worst stage” was derived with the use of TNM staging at diagnosis and at the time of 
surgery.

‡  N0 indicates no nodal involvement, N1 indicates 1 to 3 axillary lymph nodes, N2 indicates 4 to 9 axillary lymph nodes, 
N3 indicates 10 or more axillary lymph nodes or infraclavicular or supraclavicular lymph nodes, and NX indicates that 
regional lymph nodes were not assessed. Nodal status was evaluated at diagnosis (radiologic evaluation) and after sur‑
gery (pathological evaluation), and the worse of the two findings was used in staging according to the American Joint 
Committee on Cancer Staging Manual, Eighth Edition. Additional details are provided in Table S1.

§  X indicates that the grade could not be determined.
¶  The Eastern Cooperative Oncology Group (ECOG) performance‑status scores range from 0 to 5, with higher scores 

indicating greater disability.
‖  One patient with ductal carcinoma in situ was included in the ribociclib–NSAI group; however, the predominant histo‑

logic type was invasive ductal carcinoma.

Table 1. (Continued.)
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those in the NSAI group) and arthralgia (in 1.3% 
and 1.9%, respectively). Most discontinuations of 
ribociclib occurred early during treatment, with 
a median time to ribociclib discontinuation of 
4 months. The incidence of NSAI-related events 
leading to discontinuation of treatment was simi-
lar in the two treatment groups. Dose reductions 
of ribociclib occurred in 554 patients (21.9%).

Liver-related adverse events of grade 3 or 4 
were reported in 209 patients (8.3%) in the ribo-
ciclib–NSAI group and in 37 (1.5%) of those in 
the NSAI group. Cases that met Hy’s law criteria 
(jaundice associated with drug-induced liver in-
jury without biliary obstruction) were reported 
in 8 patients (0.3%) in the ribociclib–NSAI group 
and in 1 patient (<0.1%) in the NSAI group.

QT-interval prolongation of any grade was ob-
served in 5.2% of the patients in the ribociclib–
NSAI group and in 1.2% of those in the NSAI 
group. A new QT interval corrected for heart rate 
of greater than 500 msec occurred in 3 of 2505 
patients (0.1%) in the ribociclib–NSAI group and 
in 1 of 2380 patients (<0.1%) in the NSAI group. 
An increase from baseline of greater than 60 msec 
in the QT interval corrected for heart rate occurred 
in 19 of 2505 patients (0.8%) in the ribociclib–
NSAI group and in 2 of 2380 patients (0.1%) in 
the NSAI group.

Deaths from any cause were reported in 60 
patients (2.4%) in the ribociclib–NSAI group and 
in 74 patients (3.0%) in the NSAI group (Table S6). 
No deaths were considered to be related to the 

trial treatment. Deaths without disease progres-
sion or recurrence occurred in 19 patients in the 
ribociclib–NSAI group and in 13 patients in the 
NSAI group. Deaths during treatment or within 
30 days after the last dose of the trial treatment 
occurred in 17 patients (0.7%) in the ribociclib–
NSAI group and in 9 patients (0.4%) in the NSAI 
group; among these deaths, 10 (0.4%) occurred 
within 30 days after the last dose of ribociclib 
(Table S7).

Pharmacokinetics

The geometric mean trough plasma concentra-
tion of ribociclib at a steady state was 289.5 ng 
per milliliter at cycle 1, day 15 (Table S8). On the 
basis of this finding and previous reports, ap-
proximately 80% inhibition of CDK4/6 is estimated 
at the mean steady-state trough concentration, 
which suggests greater than 80% target inhibi-
tion during ribociclib treatment at a steady state.23,24

Discussion

After our initial report described the growth 
inhibitory effects of CDK4/6 inhibitors in HR-
positive, HER2-negative breast cancer cells,25 mul-
tiple clinical studies were undertaken to assess 
the efficacy and safety of these therapies in both 
advanced breast cancer and early breast cancer.5-19 
In the NATALEE trial, we examined CDK4/6 inhi-
bition in HR-positive, HER2-negative disease by 
evaluating the addition of 3 years of ribociclib 

Figure 1. Kaplan–Meier Estimates of Invasive Disease–free Survival.

Tick marks indicate censored data. NSAI denotes nonsteroidal aromatase inhibitor.
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Figure 2. Kaplan–Meier Estimates of Secondary Efficacy End Points.

Tick marks indicate censored data.
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treatment to a standard NSAI as adjuvant thera-
py in a broad population of patients with early 
breast cancer. The results of this trial showed a 
significant invasive disease–free survival benefit 
over NSAI alone as adjuvant therapy in stage II 
or III HR-positive, HER2-negative early breast 
cancer; a 25.2% lower risk of invasive disease, 
recurrence, or death; and an absolute invasive 
disease–free survival benefit of 3.3 percentage 
points at 3 years. Overall survival data are cur-
rently immature. No new safety signals were 
observed for either ribociclib or the NSAIs.5-7 
Treatment with ribociclib at a dose of 400 mg 
per day was associated with a lower incidence of 
dose-dependent toxic effects than the 600-mg 
starting dose that is used in patients with ad-
vanced breast cancer and did not adversely affect 
the side-effect profile of NSAI in combination. At 
the time of this analysis, follow-up was ongoing, 
and 20% of the patients had completed 3 years of 
ribociclib–NSAI treatment; thus, additional analy-
ses with longer follow-up are continuing in order 
to fully assess the larger clinical effect of 3 years 
of CDK4/6 inhibition in this patient population.

The NATALEE trial showed that ribociclib 
treatment benefits a broad population of patients 
with early breast cancer who are at increased risk 
for recurrence. Abemaciclib treatment also showed 
a significant invasive disease–free survival benefit 
in patients with node-positive early breast cancer 
in the monarchE trial, which was conducted in 
a population that was enriched for high-risk pa-
tients. The monarchE trial also required addi-
tional high-risk features in patients with one to 
three lymph nodes, as part of the inclusion cri-
teria.19 By contrast, the NATALEE trial included 
patients with node-negative or node-positive dis-
ease as well as those with stage II or stage III 
disease. The difference in the risk profiles of the 
NATALEE and monarchE trial populations is 
evident when the Kaplan–Meier 3-year invasive-
disease estimates in the groups that received 
endocrine therapy alone in the these two trials 
are compared. At 28 months of follow-up, the 
3-year estimate of invasive disease–free survival 
was 87.1% with NSAI alone in the NATALEE trial; 
in the monarchE trial, at 27 months of follow-up, 
the estimate was 83.4% with endocrine therapy 
alone, a result that was consistent with the high-
er-risk population of that trial.18

The endocrine therapy used in these two trials 
differed. In the monarchE trial, both NSAIs and 

tamoxifen were allowed (with approximately 30% 
of the patients receiving tamoxifen), whereas only 
NSAIs were allowed in the NATALEE trial.17 Aro-
matase inhibitors have shown superior efficacy 
in patients at increased risk for recurrence in early 
breast cancer. The results of the SOFT (Suppres-
sion of Ovarian Function Trial), TEXT (Tamoxi-
fen and Exemestane Trial), and BIG (Breast In-
ternational Group) 1-98 trials have all shown 
that aromatase inhibitors have advantages over 
tamoxifen.26,27 All the premenopausal women in 
the NATALEE trial received ovarian function–
suppression therapy in addition to an NSAI, un-
like the monarchE trial, in which only 48% re-
ceived such therapy.28 In the monarchE trial, the 
incidence of venous thromboembolic events was 
higher among the premenopausal patients who 
were receiving tamoxifen than among those who 
were receiving an aromatase inhibitor.28 Riboci-
clib is not indicated for patients who are also 
receiving treatment with tamoxifen.

In advanced breast cancer, most adverse 
events that are associated with ribociclib treat-
ment, such as neutropenia and transaminitis, 
are asymptomatic laboratory findings that can 
be monitored and managed. In a pooled analy-
sis of the MONALEESA-2, MONALEESA-3, and 
MONALEESA-7 trials, the most common adverse 
events that led to discontinuation of ribociclib at 
the 600-mg dose level were increased levels of 
alanine aminotransferase (in 4.0% of the patients 
who received ribociclib plus endocrine therapy vs. 
0.4% of those who received placebo plus endo-
crine therapy) or increased levels of aspartate 
aminotransferase (in 2.4% vs. 0.6%).29 A key 
feature of the NATALEE trial design was the use 
of a reduced dose of ribociclib (400 mg per day) 
to improve safety and adherence over a 3-year 
period while maintaining efficacy. In addition, a 
3-year duration of ribociclib treatment was im-
plemented with the goal of preventing recur-
rences by prolonging the duration of cell-cycle 
arrest and potentially driving more tumor cells 
into irreversible senescence. Although caution is 
advised when comparing dose levels between early 
and advanced breast cancer, the 400-mg dose was 
associated with a lower incidence of known dose-
dependent toxic effects — namely, neutropenia 
and QT prolongation — than that seen with the 
600-mg dose, a finding that was also observed 
in the AMALEE trial.30

Our trial has limitations. This report repre-
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sents 28 months of follow-up. The Kaplan–Meier 
curves for invasive disease–free survival crossed 
at the end of the curves, particularly after ap-
proximately 40 months, owing to three events 
occurring in the ribociclib group among a low 
number of patients at risk at that time point. 
Additional follow-up will be needed to further 
characterize the long-term efficacy of ribociclib 
in this population. Although our trial included a 
large number of patients with HR-positive, HER2-
negative early breast cancer, Black patients were 
underrepresented, and patients in the trial were 
younger than the median age at diagnosis in the 
United States (Table S4).1,31 The invasive disease–
free survival benefit that was observed in this trial 
did not appear to be driven by any age subgroup.

This prespecified interim analysis showed a 
significantly lower risk of invasive disease, recur-

rence, or death with adjuvant ribociclib plus an 
NSAI than with an NSAI alone in patients with 
stage II or III HR-positive, HER2-negative early 
breast cancer. The absolute benefit with ribociclib 
plus an NSAI at 3 years was 3.3 percentage points. 
These results support the use of ribociclib in the 
treatment of HR-positive, HER2-negative early 
breast cancer.
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