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Bireociclib plus fulvestrant for HR+/HER2-
advanced female breast cancer progressed
on or after endocrine therapy: phase 3
BRIGHT-2 study interim analysis

Jiayu Wang1,21, Qingyuan Zhang 2,21, Huiping Li3,21, Zhongsheng Tong4,
Quchang Ouyang5, Huihui Li6, Yuee Teng7, Biyun Wang8, Tao Sun9,
Jingfen Wang10, Wei Li11, Zhaofeng Niu12, Hongsheng Li13, Chang Gong14,
ShuWang 15, XinshuaiWang16, XinhongWu17, Ning Liu18, Guohua Yu19, Fei Liu20,
Xianghui Duan20, Shuya Wang20, Yaping Meng20, Li Wang20 & Binghe Xu 1

The BRIGHT-2 study (NCT05077449) is a randomized, double-blind, placebo-
controlled, phase 3 trial evaluating the efficacy and safety of bireociclib plus
fulvestrant (BF) vs. placebo plus fulvestrant (F) in Chinese female patients with
hormone receptor-positive (HR+)/HER2-negative (HER2-) advanced breast
cancer (ABC) who had progressed on or after prior endocrine therapy (ET).
Interim results were analyzed after 70% of progression-free survival (PFS)
events across 64 centers in China between December 8, 2021, and March 28,
2023. Patients were randomized (2:1) to receive BF or F, with stratification
based on visceral involvement (yes/no) and resistance to prior primary or
secondary ET. As the primary outcome, PFS was significantly prolonged in the
BF group (n = 204) (12.94 months; 95% CI: 11.07–not reached) compared to
7.29 months (95% CI: 5.45–11.04) in the F group (n = 101) (hazard ratio, 0.56;
95% CI: 0.39–0.80; p =0.001). The objective response rate in the BF groupwas
39.7% in the intention-to-treat population. Grade ≥3 adverse events weremore
frequent in the BF group (64.7%) than in the F group (18.8%), with neutropenia,
leukopenia, and anemia being the most common. These findings suggest that
BF is a promising therapeutic option for patients with HR+/HER2- ABC fol-
lowing ET failure.

In 2022, the incidence of female breast cancer (BC) ranked 2nd for all
newly diagnosed cancers, accounting for 2,308,897 cases worldwide1,
of which ~357,200 (15.6%) occurred in Chinese females2. Among hos-
pital admissions for BC inChina, the peak diagnosed age is between 40
and 59 years old, which is substantially younger and also presents with
a higher risk of recurrence than females in Europe and the United
States3. ComparedwithWesterners, Asians have ahigher proportionof
luminal B BC, which has a worse prognosis and is more prone to

resistance to endocrine therapy (ET)4. Despite optimal ET, a certain
percentage of patients failed to respond to treatment due to primary
or secondary drug resistance.

Cyclin-dependent kinases 4 and 6 (CDK4/6) inhibitors block the
phosphorylation of the retinoblastoma tumor suppressor and control
the transition from G0/G1 phase to S phase of the cell cycle. These
inhibitors have become the preferred regimen for first-line and
second-line treatment of hormone receptor positive (HR+)/human
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epidermal growth factor receptor 2 negative (HER2−) advanced breast
cancer (ABC), in conjunction with aromatase inhibitors or
fulvestrant5–12. Since palbociclib has been marketed in China in 2018,
three other selective CDK4/6 inhibitors (ribociclib, abemaciclib and
dalpiciclib) have been approved by the National Medical Products
Administration. Improved clinical outcomes have been reported for
CDK4/6 inhibitor treatment of Chinese patients13,14, however, the four
inhibitors exhibit different selectivity against CDK4 and CDK6 as well
as the other spectrum of kinases15. Abemaciclib has been shown to
have the most efficient inhibitory capacity and selectivity against
CDK4, inhibiting CDK4 14 timesmore potently thanCDK616 whichmay
be associated with its lower hematologic toxicity, supporting con-
tinuous clinical administration17. However, abemaciclib exhibits higher
gastrointestinal toxicity18. Bireociclib is a highly selective CDK4/6
inhibitor, with similar characteristics to abemaciclib, exhibiting a sig-
nificantly stronger selective inhibitory effect on CDK4 than on CDK6,
but demonstrating additional inhibitory activity against CDK2 and
CDK9. In a previous phase 2 clinical trial (NCT04539496), bireociclib
(480mg administered orally on a continuous schedule twice a day)
achieved an objective response rate (ORR) of 29.0% and progression-
free survival (PFS) of 11.0 months in patients with metastatic HR
+/HER2− ABC who had progressed after previous ET and chemother-
apy regimens19–21.

In this work, we conduct the phase 3, randomized, double-blind,
and placebo-controlled clinical trial (BRIGHT-2 study) to evaluate the
efficacy and safety of bireociclib plus fulvestrant (BF) in HR+/HER2−
ABCpatients who have progressed on or after prior ET.We present the
planned interim results, comparing median PFS (assessed by both
investigator and blinded independent central review [BICR]) between
BF and placebo plus fulvestrant (F) groups, along with ORR, adverse
events (AEs), and additional exploratory subgroup analysis, etc.

Results
Patients and disposition
Between December 8, 2021, and October 24, 2022, 404 patients were
screened in 64 hospitals, with 305 eligible female HR+/HER2− ABC
patients finally being enrolled and randomized into BF (n = 204) or F

(n = 101) groups (Fig. 1). The baseline characteristics between the BF
group and the F group patients were generally well-balanced (Table 1).
The median age of patients was 55 years, with 63.0% being post-
menopausal and 68.2% having visceral metastasis. The proportion of
patients who exhibited primary and secondary endocrine resistances
was 25.6% and 74.4%, respectively, of whom 23.9% had been treated
with chemotherapy in the advanced setting. A total of 279 (91.5%)
patients had disease progression (PD) during ET, among them 194
(63.6%) experienced PD while receiving (neo)adjuvant ET (Supple-
mentary Table 1).

As of data cut-off on March 28, 2023 for the planned interim
analysis, the median follow-up time from randomization was 8.7
months and84 (41.2%) and 56 (55.4%)of patients in theBF andFgroups
discontinued treatment, respectively. A total of 25 patients (8.2%) died
during the study, with the majority of deaths occurring 30 days after
end of treatment (18, 5.9%).

Efficacy
According to investigator assessment, a total of 127 PFS events were
observed, with 72 (35.3%) in the BF group and 55 (54.5%) in the F group.
The median PFS of the BF group was 12.94 months (95% confidence
interval [CI]: 11.07–not reached), was significantly prolonged com-
pared to the F group of 7.29 months (95% CI: 5.45–11.04) (hazard ratio
[HR], 0.56; 95% CI: 0.39–0.80, p =0.001) (Fig. 2a). Furthermore, the
BICR results revealed that the HR for PD or death during the study
period was 0.46 (95% CI: 0.31–0.68) for the BF group compared to the
F group (p < 0.001). Themedian PFS for the BF group has not yet been
reached, while the median PFS for the F group was 7.46 months (95%
CI: 5.49–not reached) (Fig. 2b).

Improvement in PFSwith BFwas consistent acrossmost subgroups
whatever the investigator or BICR assessment (Fig. 3, Supplementary
Fig. S1). Per investigators assessment, the most significant effects were
revealed for patients with primary resistance to ET (HR, 0.25; 95% CI:
0.13–0.50), bone only metastases (HR, 0.23; 95% CI: 0.07–0.79) and
those with liver metastases (HR, 0.38; 95% CI: 0.23–0.64) (Fig. 3). Sen-
sitivity analysis supports the robustness of the PFS finding (Supple-
mentary Table 2).

Fig. 1 | CONSORT diagram. CONSORT Consolidated Standards of Reporting Trials.
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The ORR in the intention-to-treat (ITT) population based on
investigator assessment for BF treated patients was 39.7% (95% CI:
32.9–46.8%) and was significantly greater than for F patients (13.9%
[95% CI: 7.8–22.2%], p <0.0001). In addition, the disease control rate
(DCR) and clinical benefit rate (CBR) were superior in the BF group
compared to the F group (Table. 2). In patients with measurable dis-
ease, the ORR assessed by the investigator was 43.8% (95% CI:
36.5–51.3%) in the BF group and 15.6% (95% CI: 8.8–24.7%) for the F
group (p <0.0001) (Table 2). Tumor responses per BICR for the ITT
population or with measurable disease are shown in Supplementary
Table 3 and exhibited similar superiority in the BF group compared to
the F group.

Safety
During the treatment period, the median exposure durations to bireo-
ciclib andplacebowere 225 days and 184days, withmedian relative dose
intensities of 90.7% and 98.8%. The median relative dose exposure
intensity of fulvestrant was 100% for both groups (Supplementary
Table 4). All grades and grade ≥3 treatment-emergent adverse events
(TEAEs) occurred in 204 (100%) and 132 (64.7%) patients in the BF group
and 94 (93.1%) and 19 (18.8%) patients in the F group, respectively. The
most common TEAEs of any grade in the BF group were diarrhea,
neutropenia, leukopenia, anemia, nausea, alanine aminotransferase
increased, vomiting, aspartate aminotransferase increased and blood
creatinine increased. The severity of these TEAE were predominately
grade 1 or 2. The most common grade 3 or 4 TEAEs included neu-
tropenia (31.4% in the BF group vs. 2.0% in F group), leukopenia (18.6%
vs. 2.0%), anemia (10.8% vs. 0), hypokalemia (8.3% vs. 1.0%), diarrhea
(5.4% vs. 0) and thrombocytopenia (3.9% vs. 0) (Table 3). The profile of
the treatment-related adverse events (TRAEs) was basically consistent
with the TEAEs (Table 3, Supplementary Table 5). Dose interruptions due
to TEAEs occurred in 143 (70.1%) patients in the BF group and 34 (33.7%)
in the F group, respectively. The primary reason for the interruptions
was the impact of COVID-19, with 92 (45.1%) and 27 (26.7%) of patients
affected in the two groups. During the COVID-19 pandemic, proactive
measures includingmailing the study drugs ensured that themajority of
patients received their drugs in a timely manner with only two patients
having short treatment interruptions due to transportation restrictions.
A total of 68 (33.3%) patients received dose reductions due to TEAEs in
the BF group while only 1.0% in the F group. The most frequent reasons
for dose reduction of bireociclib were neutropenia (7.8%), leukopenia
(3.9%) and diarrhea (4.4%).

Although diarrhea was the most common TEAE in the BF group,
grade 3 diarrhea occurred in only 11 (5.4%) patients and no grade 4
diarrhea occurred. Nopatient discontinued the study treatment due to
this TEAE. Diarrhea occurred mainly in the early stage of treatment,
decreasing gradually with prolonged medication from the 3rd cycle
(Supplementary Fig. 2). The median time to the onset of the first
diarrhea event and its duration was 2 days, respectively. Most diarrhea
was resolved with supportive care or dose adjustment of bireociclib.
Only one patient was hospitalized due to grade 3 diarrhea. The most
frequent grade ≥3 TEAE in BF group was neutropenia (64, 31.4%),
including 1 patient with grade 3 febrile neutropenia. The median time
until the first neutropenia incidence was 15 days, with an overall
median duration of 29 days. Two cases of neutropenia occurred as
serious adverse events (SAE), but no patient died or discontinued the
study treatment due to neutropenia. A prolonged QT occurred in 5
patients (2.5%), with only 1 case being grade 3 (0.5%), and none of the
prolonged QT events led to dose reduction or discontinuation of the
study treatment.

The treatment-related serious adverse events (TRSAEs) that
occurred more frequently in the BF group were thrombocytopenia (4,
2.0%) and abnormal hepatic functions (4, 2.0%) (Supplementary
Table 6). Two cases of interstitial pneumonia (1.0%) occurred as SAEs
and led to temporary dose interruption and 2 patients (1.0%) with
grade 3 thrombotic events were reported in the BF group. Four
patients died within 30 days after end of treatment in the BF group,
due to PD (1, 0.5%), AEs (2, 1.0%), including 1 sudden cardiac death and
1 infectious pneumonia, both of which were considered unrelated to
the study treatment per investigator, and one death due to other
reasons (1, 0.5%, the exact reasons remain undetermined at present).

Discussion
In the present study, we found that HR+/HER2− ABC patients who had
previously exhibited PD on or after ET, experienced a significant
reduction in the risk of PD or death when treated with the BF regimen.
The median PFS in the BF group was 12.94 months (95% CI: 11.07–not
reached), compared to 7.29months (95%CI: 5.45–11.04) in the F group

Table 1 | Baseline demographic and clinical characteristics of
patientsa

Bireociclib plus ful-
vestrant
(n = 204)

Placebo plus ful-
vestrant
(n = 101)

Median age, years (range) 54.5 (32, 73) 55.0 (31, 74)

<65 years 161 (78.9) 85 (84.2)

≥65 years 43 (21.1) 16 (15.8)

ECOG score

0 83 (40.7) 45 (44.6)

1 121 (59.3) 56 (55.4)

Menopausal status

Premenopausal or
perimenopausal

75 (36.8) 38 (37.6)

Postmenopausal 129 (63.2) 63 (62.4)

Hormone receptor status

ER+PR+ 156 (76.5) 72 (71.3)

ER+PR− 48 (23.5) 29 (28.7)

Measurable disease

Yes 185 (90.7) 90 (89.1)

No 19 (9.3) 11 (10.9)

Visceral metastases

Yes 140 (68.6) 68 (67.3)

Liver 62 (30.4) 37 (36.6)

Lung 79 (38.7) 45 (44.6)

No 64 (31.4) 33 (32.7)

Bone-only 26 (12.7) 14 (13.9)

No. of recurrent/meta-
static sites

1 62 (30.4) 33 (32.7)

2 72 (35.3) 30 (29.7)

≥3 70 (34.3) 38 (37.6)

Disease setting

Locoregionally recurrent 12 (5.9) 4 (4.0)

Metastatic 192 (94.1) 97 (96.0)

Previous chemotherapy
for ABC

46 (22.5) 27 (26.7)

ET resistance

Primary 54 (26.5) 24 (23.8)

Secondary 150 (73.5) 77 (76.2)

Previous endocrine therapy

Letrozole/Anastrozole 123 (60.3) 68 (67.3)

Exemestane 31 (15.2) 11 (10.9)

Tamoxifen/Toremifene 99 (48.5) 45 (44.6)
a Data are presented as number (percentage) of patients unless otherwise indicated.
ABC advanced breast cancer, ECOG Eastern Cooperative Oncology Group, ER+ estrogen
receptor positive; ET endocrine therapy, PR+ progesterone receptor positive.
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(HR, 0.56; 95% CI: 0.39–0.80, p =0.001), with no new significant safety
issues identified.

The introduction of CDK4/6 inhibitors into clinical practice has
revolutionized the treatment landscape for HR+/HER2− ABC, with
several agents, including palbociclib, ribociclib, abemaciclib and dal-
piciclib, producing significant improvements in PFS when combined
with ET. For patients with HR+/HER2− who had experienced recur-
rence or progression after ET, combining a CDK4/6 inhibitor
(palbociclib22, ribociclib23, abemaciclib9, or dalpiciclib24) with fulves-
trant offers significant efficacy advantages over fulvestrant mono-
therapy as second-line therapy, with a median PFS ranging from
9.5months to 16.6months and anHR between 0.46 and 0.57. TheORR
ranged from 19% to 35.7% in the ITT population.

Building on these findings, the BRIGHT-2 study was designed to
better reflect the characteristics of the Chinese BCpopulation3,4, which
was typically diagnosed at a younger age, with later- stage disease, a
higher proportion of luminal B BC, increased chemotherapy applica-
tions in advanced stages, and an elevated risk of recurrence. The
results of our study found that the investigator-assessed median PFS
was 12.94 months with HR of 0.56 compared to fulvestrant mono-
therapy per investigator while 0.46 per BICR.

The investigator-assessed ORR was 39.7% in the BF group and
indicated that the addition of bireociclib to fulvestrant yields strong
and durable tumor shrinkage in the BRIGHT-2 study although 91.5%

patients experienced PD while receiving prior ET, similar to the results
observed in the BRIGHT-121 study (NCT04539496) in which bireociclib
was administered asmonotherapy in heavily pre-treated ABC patients.
The tumor shrinkage effects may help alleviate tumor related symp-
toms and potentially translate into survival benefits9.

Additionally, due to the differing characteristics of the study
populations in various reported CDK4/6 inhibitor clinical trials, cau-
tion is needed when interpreting the efficacy of different drugs. For
example, MONARCH-29 and PALOMA-322 studies included patients
with both primary and secondary ET resistance, while the DAWNA-1
study14 only included patients with secondary ET resistance. The
MONALEESA-310 study enrolled patients who were receiving ribociclib
plus fulvestrant as first-line or second-line therapy. Neither
MONALEESA-310 nor MONARCH-29 allowed chemotherapy, whereas
PALOMA-322 and DAWNA-114 studies allowed patients to receive first-
line chemotherapy. Furthermore, only two large phase III clinical trials
have been conducted in the Chinese population (MONARCH plus13

with about 80% Chinese patients participating, and DAWNA-114).
Therefore, the efficacy and safety of the promising CDK4/6 inhibitor
bireociclib in the Chinese population are highly clinically relevant.

In this study, the proportion of primary and secondary endocrine
resistances was 25.6% and 74.4%, respectively. Of these patients, 23.9%
had received chemotherapy in the advanced setting. With early diag-
nosis and prolonged adjuvant ET, more patients experienced PD

Fig. 2 | Kaplan–Meier plots of PFS per investigator (a) and BICR (b). BF bireociclib plus fulvestrant; BICR blinded independent central review; CI confidence interval; F
placebo plus fulvestrant; HR hazard ratio; PFS progression-free survival.
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during adjuvant ET9,25. In the BRIGHT-2 study, 63.6% patients had
progressed while receiving (neo)adjuvant ET, irrespective of primary
resistance and secondary resistance to ET. It is noteworthy that in the
subgroup analyses, the median PFS was improved in the BF group
compared to the F group across most subgroups including patients

with primary resistance to ET, patients with liver metastases or who
had received previous chemotherapies. In patients with primary ET
resistance, BF exhibited the outstanding efficacy compared to the
control group (HR =0.25), lower than other CDK4/6 inhibitors such as
MONARCH-29 (HR =0.454), MONARCHplus13 (HR =0.348) and

Table 2 | Tumor response per investigator for the patients with intention-to-treat population or with measurable disease

Bireociclib plus fulvestrant Placebo plus fulvestrant Odds ratio p-value

ITT n = 204 n = 101

Best overall response, n (%)

CR 1 (0.5) 2 (2.0) NA NA

PR 80 (39.2) 12 (11.9)

SD 95 (46.6) 57 (56.4)

PD 19 (9.3) 26 (25.7)

Not evaluable 9 (4.4) 4 (4.0)

ORR (%) [95% CI] 39.7 [32.9, 46.8] 13.9 [7.8, 22.2] 4.1 [2.2, 7.8] <0.0001

DCR (%) [95% CI] 86.3 [80.8, 90.7] 70.3 [60.4, 79.0] 2.9 [1.6, 5.2] 0.0007

CBR (%) [95% CI] 63.2 [56.2, 69.9] 40.6 [30.9, 50.8] 2.7 [1.6, 4.4] 0.0001

Measurable disease n = 185 n = 90

Best overall response, n (%)

CR 1 (0.5) 2 (2.2) NA NA

PR 80 (43.2) 12 (13.3)

SD 78 (42.2) 48 (53.3)

PD 18 (9.7) 24 (26.7)

Not evaluable 8 (4.3) 4 (4.4)

ORR (%) [95% CI] 43.8 [36.5, 51.3] 15.6 [8.8, 24.7] 4.3 [2.3, 8.1] <0.0001

DCR (%) [95% CI] 85.9 [80.1, 90.6] 68.9 [58.3, 78.2] 3.0 [1.6, 5.6] 0.0007

CBR (%) [95% CI] 61.1 [53.7, 68.2] 37.8 [27.8, 48.6] 2.7 [1.6, 4.5] 0.0002

Binary response outcomes (ORR, DCR, andCBR)were comparedbetween treatment groups using odds ratioswith corresponding95%confidence intervals. Thep-valueswere calculated using two-
sided Fisher’s exact test. No adjustments were made for multiple comparisons across these secondary endpoints.
CBR clinical benefit rate, CR complete response, DCR disease control rate, ITT intention-to-treat, NA not applicable, ORR objective response rate, PD disease progression, PR partial response, SD
stable disease.

Fig. 3 | Progression-free survival of patients in subgroupsper investigator.Data
are presented as HRs for the BF group vs. the F group, with error bars representing
95% CIs, indicated by crossing horizontal lines. HRs are unstratified except the
overall PFS, overall PFS estimates were stratified by visceral metastatic and ET

resistance. BF bireociclib plus fulvestrant, CI confidence interval, ECOG Eastern
CooperativeOncologyGroup, ET endocrine therapy, F placebo plus fulvestrant, HR
hazard ratio, mPFS median progression-free survival, No. numbers, PFS
progression-free survival, PR progesterone receptor.
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PALOMA-314 (HR =0.64). These results suggest that, in a population
consistent with the characteristics of Chinese BC patients, bireociclib
may be the suitable option, especially preferred for patients with pri-
mary resistance. However, to determine clearly the comparative
advantage of bireociclib over other CDK4/6 inhibitors, further analysis
through direct comparative clinical trials or large-scale real-world
studies is needed.

In previous studies, palbociclib, ribociclib and dalpiciclib therapy
elicited high incidences of hematological toxicity, mainly neutropenia,
while abemaciclib was linked to a high rate of gastrointestinal toxicity,
notably diarrhea18. The highest incidence of grade ≥3 TEAEs during the
BF regimen was neutropenia (31.4%), and similar to the incidence
reported in the MONARCH plus (29.8%) study with abemaciclib13. The
lower hematologic toxicity of bireociclib in comparison to other
CDK4/6 inhibitors may be related to its greater selectivity for CDK4
over CDK6, since in preclinical studies, bireociclib was 18-fold more
potent in inhibiting CDK4 compared to CDK621.

Diarrhea was the most common TEAE elicited by bireociclib, but
themajoritywere grades 1 or 2, with only 5.4%beinggrade 3,whichwas
lower than the incidence of this condition reported inMONARCH-29. A
higher gastrointestinal toxicity induced by abemaciclib compared to
other CDK4/6 inhibitors might be connected with its activity on gly-
cogen synthase kinase 3β (GSK3β), CDK9 and calcium/calmodulin-

dependent kinase II (CAMKII)26,27, among which bireociclib and abe-
maciclib showed a similar inhibition against CDK9 and CAMKII. How-
ever, bireociclib is 10 times less effective at inhibiting GSK3β than
abemaciclib, which may have contributed to the lower incidence of
grade 3 and above diarrhea during bireociclib treatment.

Comparing to the AEs reported in PALOMA-325, MONALEESA-310,
and MONARCH-29, the incidence of any grade alopecia, cough, back
pain, headache, hot flush, constipation, pain in extremity, stomatitis,
dyspnea, and anxiety were all below 10% in BF group, with the most
occurrence rates being similar to those in the control group. The grade
3 AEs of back pain, headache, constipation and stomatitis were not
experienced in the BF group of our study.

Although the use of CDK4/6 inhibitors in combination with ET in
China may lag behind the United States, the application of CDK4/6
inhibitors in first-line treatment is gradually becoming more
widespread5,7,28,29. The BRIGHT-3 study (NCT05257395) designed to
evaluate the efficacy and safety of bireociclib in combination with
letrozole or anastrozole is ongoing. For patients who failed to respond
to CDK4/6 inhibitors combined with ET, the postMONARCH30 study
provides insight: thefindings revealed that abemaciclib combinedwith
fulvestrant still offered an advantage over fulvestrant alone (HR =0.73,
95% CI: 0.57–0.95). Therefore, the efficacy of bireociclib combined
with ET in patients who have previously failed to respond to CDK4/6

Table 3 | Treatment-emergent adverse events (≥10%)a,b

Bireociclib plus fulvestrant (n = 204) Placebo plus fulvestrant (n = 101)

All grades Grade 3 Grade 4 All grades Grade 3 Grade 4

Any TEAE 204 (100) 111 (54.4) 16 (7.8) 94 (93.1) 15 (14.9) 1 (1.0)

Diarrhea 189 (92.6) 11 (5.4) 0 11 (10.9) 0 0

Neutropenia 178 (87.3) 55 (27.0) 9 (4.4) 14 (13.9) 1 (1.0) 1 (1.0)

Leukopenia 170 (83.3) 37 (18.1) 1 (0.5) 17 (16.8) 1 (1.0) 1 (1.0)

Anemia 136 (66.7) 22 (10.8) 0 13 (12.9) 0 0

Nausea 100 (49.0) 1 (0.5) 0 13 (12.9) 0 0

ALT increased 97 (47.5) 8 (3.9) 1 (0.5) 24 (23.8) 1 (1.0) 0

Vomiting 95 (46.6) 0 0 5 (5.0) 0 0

AST increased 87 (42.6) 7 (3.4) 0 30 (29.7) 0 1 (1.0)

Blood creatinine increased 85 (41.7) 2 (1.0) 0 5 (5.0) 0 0

Thrombocytopenia 73 (35.8) 7 (3.4) 1 (0.5) 6 (5.9) 0 0

Weight decreased 73 (35.8) 0 0 10 (9.9) 1 (1.0) 0

Decreased appetite 70 (34.3) 3 (1.5) 0 5 (5.0) 0 0

Hypertriglyceridemia 67 (32.8) 11 (5.4) 0 16 (15.8) 3 (3.0) 0

COVID-19 66 (32.4) 1 (0.5) 0 16 (15.8) 0 0

Hypercholesterolemia 63 (30.9) 0 0 11 (10.9) 0 0

Fatigue 61 (29.9) 4 (2.0) 0 12 (11.9) 0 0

Hypokalemia 59 (28.9) 14 (6.9) 3 (1.5) 6 (5.9) 1 (1.0) 0

Rash 49 (24.0) 2 (1.0) 0 1 (1.0) 0 0

Abdominal pain 46 (22.5) 2 (1.0) 0 3 (3.0) 0 0

Hyperuricemia 46 (22.5) 0 0 14 (13.9) 0 0

Urinary tract infection 42 (20.6) 1 (0.5) 0 13 (12.9) 0 0

Blood lactate dehydrogenase increased 39 (19.1) 0 0 8 (7.9) 0 0

Hypoproteinemia 38 (18.6) 0 0 7 (6.9) 0 0

Suspected COVID-19 30 (14.7) 0 0 15 (14.9) 0 0

γ-glutamyltransferase increased 28 (13.7) 2 (1.0) 0 12 (11.9) 3 (3.0) 0

Hyperglycemia 23 (11.3) 0 0 8 (7.9) 0 0

Lymphopenia 22 (10.8) 3 (1.5) 0 6 (5.9) 2 (2.0) 0

Blood creatine phosphokinase increased 21 (10.3) 1 (0.5) 0 1 (1.0) 0 0

ALT alanine aminotransferase, AST aspartate aminotransferase, TEAE treatment-emergent adverse event.
aData are presented as number (percentage) of patients unless otherwise indicated.
bIn the BF group, there were 5 cases of grade 5 TEAEs, which included 1 case of death due to disease progression, 1 case of death due to unknown causes, 1 case of sudden cardiac death, 1 case of
infectiouspneumonia, and 1 caseof respiratory distress. In the Fgroup, therewere3 cases ofgrade5TEAEs,which included2cases ofdeathdue todiseaseprogression and1 case of organ failure. All
these death were identified unrelated with trial drug per investigator.
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inhibitors is also being actively explored. In addition, CDK4/6 inhibi-
tors have also continuously achieved success in clinical trials including
among populations beyond HR+/HER2− ABC31,32, and the exploration
of more combination treatment strategies involving bireociclib in the
future is expected.

As the current data are basedon an interimanalysis of theBRIGHT-
2 study, with 54.1% of patients still receiving treatment, the OS data is
not yet mature and therefore not presented in this interim report.

To sum up, the present phase 3 clinical trial showed that bireo-
ciclib combined with fulvestrant was effective in improving PFS and
reducing the tumor burden, and produced tolerable and manageable
safety profiles in ChinesewomenwithHR+/HER2−ABC. Thesefindings
support BF as a promising option for the treatment of these patients.

Methods
Study design and patients
BRIGHT-2 (NCT05077449) is anongoing phase 3, randomized, double-
blind clinical trial of bireociclib or placebo combined with fulvestrant
to treat patients with HR+/HER2− ABC. The trial was conducted in 64
hospitals across China and was given approval by the ethics commit-
tees of each participating center. The study was carried out in accor-
dance with the Declaration of Helsinki and the Good Clinical Practice
guidelines. The principal investigators and participating hospitals are
listed in Supplementary Table 7. All patients provided written
informed consents before enrollment.

Any menstrual condition women aged ≥18 and ≤75 years old with
confirmed locally advanced, recurrent, or metastatic HR+/HER2− BC
who had progressed on or after prior ET were included in the trial.
Women who were premenopausal or perimenopausal were given a
gonadotropin-releasing hormone analog (ideally goserelin) for the
duration of the trial. Eligible women had at least one measurable lesion
or only bonemetastasis according to the Response EvaluationCriteria in
Solid Tumors version 1.1 (RECIST v1.1) and an Eastern Cooperative
Oncology Group (ECOG) performance status score of 0 or 1. Patients
were given no more than one chemotherapy regimen in the advanced
setting. Patients must have had a relapse or PD during (neo)adjuvant ET
or <12 months after adjuvant ET or first-line ET for advanced settings.
The key exclusion criteria included visceral crisis, inflammatory BC,
symptomatic brain metastasis without any radiotherapy or surgery,
meningeal metastasis, previous therapy with mechanistic targets of
rapamycin or CDK4/6 inhibitors, fulvestrant, or similar drugs. See pro-
tocol (available in the Supplementary Note 1) for full eligibility criteria.

Randomization and masking
An interactive web response system was employed to randomly allo-
cate patients in a 2:1 ratio to be given bireociclib combined with ful-
vestrant or placebo combined with fulvestrant. Randomization was
stratified based on prior ET resistance (primary vs. secondary) and
visceral metastases (yes vs. no). Primary ET resistance was defined as
patients who experienced PD during the first 2 years of (neo)adjuvant
ETor PDwithinfirst 6months offirst-line ET formetastaticBC. Patients
who did not meet the criteria for primary ET resistance were classified
as having secondary ET resistance, defined as recurrence while on
neoadjuvant or adjuvant ET but after the first 2 years, or a recurrence
within 12 months of completing adjuvant ET; or PD ≥ 6 months after
initiating ET for metastatic BC while on ET.

During the treatment period, investigators, patients and every-
body who participated in trial analyses were blinded to the treatment
allocations.

Treatment and procedures
Patients were injected intramuscularly with 500mg of fulvestrant on
days 1 and 15 of the initial cycle, as well as on day 1 of the following
cycles. During each 28-day cycle, they were given bireociclib or pla-
cebo (360mg) two times a day. Treatment continueduntil progression

of disease, unacceptable toxicity, withdrawal of consent, a decision by
patients/investigators or death.

Dose adjustments, interruptions or discontinuations of bireoci-
clib were allowed in the case of TEAEs. No dose adjustment was
allowed for fulvestrant, but delays in fulvestrant administration were
permitted due to fulvestrant-related toxicity.

Patients underwent imaging (CT/MRI) every 8 weeks during the
screening and study treatment periods for the first 64 weeks, followed
by imaging every 12 weeks, with tumor assessments according to
RECIST v1.1. AEs were monitored from the time of the patients signed
informed consent until at least 30 days after the last dose, including
vital signs, physical examinations, echocardiograms, electro-
cardiograms and laboratory examinations, with AE grading assess-
ments according to Common Terminology Criteria for Adverse Events
version 5.0 (CTCAE v5.0).

Outcomes
The primary endpoint was investigator-assessed PFS following RECIST
v1.1 and defined from the randomization date until PD or death from
any cause, whichever occurred first. Secondary endpoints were PFS
assessed by the BICR and OS, OS rates at 1–5 years, DoR, DCR, CBR,
ORR and safety. AEs, including TEAEs, TRAEs and TRSAEs, were eval-
uated and graded following the CTCAE v5.0.

Statistical analysis
The BF and F groups were randomly assigned in a 2:1 ratio, assuming a
median PFS of 9 months for the F group and 15 months for the BF
group. To achieve a one-sided type 1 error of 0.025 and 90% statistical
power, 178 events needed to be collected during the trial. Upon
reaching 70% of PFS, a protocol-prespecified interim analysis in the
original study design was conducted as authorized by an independent
data monitoring committee consisting of experts not affiliated with
the study investigators. For the final analysis, 255 patients were
required with an assumed 15% dropout rate, and a minimum enroll-
ment of 300patients being needed (200 in theBFgroup and 100 in the
F group). This group sequential design was based on the OBF type 1
error spending function. A predefined one-sided p-value for the
interim analysis was 0.008.

The data collection was conducted using Medidata Rave EDC
2021.1.4 (EDC system, Medidata, NY, USA). The efficacy analyses were
performed in the ITTpopulation,which includedall randomizedpatients
per ITT definition. Based on the treatment assigned during randomiza-
tion and the stratification factors, the analysis of PFS was carried out. A
sensitivity analysiswasperformedusing amultipleCox regressionmodel
based on the stratification factors of visceral metastases, ET resistance,
age, menopausal status, progesterone receptor status, ECOG perfor-
mance status score and bone-only metastases. The Cox regression
model was employed to estimate the HR for treatment effects and 95%
CIs. A logistic model was used to compare the rates of binary endpoints.
All statistical tests were conducted at the two-sided 0.05 level unless
otherwise specified, and all CIs at 95% unless stated otherwise. Safety
analysis took place within the safety analysis set, encompassing all
patients who had been given ≥1 dose of the study treatment. SAS ver. 9.4
was employed to carry out all statistical analyses.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The data supporting the findings of this trial, including source data,
cannot bemade available openly owing to their proprietary nature and
that the BRIGHT-2 study is still ongoing. The sourcedata and individual
de-identified patient data within the BRIGHT-2 study will be made
available two years after the publication of this article to researchers
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whose proposals for data use have been approved by the BRIGHT-2
Trial Management Group. The data required for the approved, speci-
fied purposes for research but not commercial use will be provided
after completion of a data sharing agreement, that will be set up by the
study sponsor. Please address requests for data to the corresponding
author, B.H.X. at: xubh@cicams.ac.cn. It usually takes about one
month to process accession requests. The study protocol, statistical
analysis plan and remaining data are readily available within the article
and Supplementary Notes 1 and 2.
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