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Abstract

Background: Dalpiciclib is a novel cyclin-dependent kinase 4/6 inhibitor which showed
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(BC).
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Introduction

Breast cancer (BC) holds the highest prevalence
among malignant tumors worldwide, represent-
ing one-fourth of all cancer cases and causing
one-sixth of all cancer-related deaths among
women.! Hormone receptor-positive (HR+)
tumors are the predominant BC subtype, consti-
tuting over 70% of cases.? While endocrine ther-
apy (ET) is a mainstay treatment strategy for
HR+ BC, most patients eventually develop resist-
ance and are left with limited alternatives beyond
chemotherapy.? This highlights the critical need
for innovative therapies that can either delay or
overcome this endocrine resistance.

Cyclin-dependent kinases 4 and 6 (CDK4/6) play
crucial roles in cell proliferation, by regulating the
transition from G1 to S phase of the cell cycle via
the phosphorylation of the tumor-suppressor ret-
inoblastoma protein.# Elevated expression of cyc-
lin D1, which complexes with and activates
CDK4/6, is a common feature of HR+ BC; this
overexpression has been implicated in resistance
to ET and is associated with a poor prognosis.>
Pivotal phase III studies demonstrated that the
addition of CDK4/6 inhibitors palbociclib, ribo-
ciclib, and abemaciclib to standard ET (first-line:
nonsteroidal aromatase inhibitors (NSAIs) or
tamoxifen; later-line: fulvestrant) improved sur-
vival outcomes compared with ET alone in
patients with HR+/human epidermal growth fac-
tor receptor 2 (HER2)— advanced BC.%15 These
results have led to the approval of the three
CDK4/6 inhibitors by the US Food and Drug
Administration and the European Medicines
Agency for use in both the first-line and later-line
treatment settings.

Dalpiciclib (SHR6390) is a novel, orally admin-
istered, selective CDK4/6 inhibitor, with com-
parable potency against CDK 4 and 6 (half
maximal inhibitory concentration, 12.4 and
9.9nM, respectively). In HR+ BC cell line and
xenograft models, dalpiciclib exhibited robust
antitumor activity and could overcome condi-
tioned ET resistance; additionally, synergistic
effects were observed when combined with ET.16
In a previous phase I trial, dalpiciclib monother-
apy has demonstrated tolerability and prelimi-
nary clinical activity in patients with heavily
pretreated HR+/HER2—- BC.!7 Herein, we con-
ducted a phase Ib trial to further assess the
safety, pharmacokinetics (PK), and efficacy of
dalpiciclib in combination with ET in HR+/
HER2- advanced BC.

Methods

Study design and patients

This was a multicenter, open-label, multi-cohort,
phase Ib  trial conducted in  China
(NCTO03481998). The primary objective was to
evaluate the safety and tolerability of dalpiciclib
in combination with letrozole/anastrozole or ful-
vestrant in patients with HR+/HER2- advanced
BC and to establish the recommended dose for
subsequent development. The trial originally
included a phase II indication expansion part.
However, the sponsor decided that patients
enrolled in phase Ib part have provided sufficient
information to determine the recommended
phase III dose and initiated the phase III trials of
dalpiciclib combinations directly (NCT03927456
in combination with fulvestrant; NCT03966898
in combination with letrozole/anastrozole).18:19

Eligible patients were women aged 18-75years,
of any menopausal status, and had pathologically
confirmed HR+/HER2- locally advanced or
metastatic BC not amenable to curative resection
or radiotherapy and not indicated for chemother-
apy. HR+ was defined as ER+ and/or PR+,
which required =10% of tumor cells showing
positive staining, as assessed by the institutional
pathology department. Premenopausal or peri-
menopausal women were required to receive a
gonadotropin-releasing hormone analog during
the study, starting at least 14 days before the first
study dose. Postmenopausal status was defined as
having undergone bilateral oophorectomy, aged
=60years, or aged <60years but having experi-
enced natural menopause (i.e. spontaneous ces-
sation of regular menstrual cycles for =12
consecutive months, without any other pathologi-
cal or physiological causes). Patients were sequen-
tially enrolled to one of five study cohorts (cohort
1-2 or cohort 3-5) based on prior treatment. For
cohorts 1-2, patients were required to receive no
previous systemic therapy for recurrent or meta-
static BC; neoadjuvant or adjuvant ET was
allowed if the recurrence-free interval was
>12months from completion of ET. For cohorts
3-5, patients were required to have radiographi-
cally confirmed relapse or disease progression
during adjuvant ET but after the first 2years, or
<12 months from completion of adjuvant ET, or
>6 months after initiating first-line ET for recur-
rent or metastatic disease; up to one line of pre-
vious chemotherapy was allowed for locally
recurrent/metastatic BC. Other inclusion criteria
for all cohorts included an Eastern Cooperative
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Oncology Group performance status of 0—1, a life
expectancy of =12weeks, measurable lesion per
Response Evaluation Criteria in Solid Tumors
(RECIST) v.1.1, adequate organ, and bone mar-
row functions. Key exclusion criteria were
HER2+ disease (defined as immunohistochemis-
try 3+, HER2/CEP17 =2 by fluorescence in situ
hybridization, or HER2 gene copy number =6),
uncontrolled central nervous system metastasis,
previous exposure to other CDK4/6 inhibitors,
fulvestrant, or everolimus, important cardiac
event within 6months, and serious infection
within 4 weeks.

The study was conducted in compliance with
good clinical practice guidelines and the
Declaration of Helsinki. The study protocol and
all amendments were approved by the independ-
ent ethics committee at each participating site. All
patients provided written informed consent
before enrollment.

Treatment

In cohorts 1-2, dalpiciclib was administered
orally at doses of either 125 or 150 mg once daily
for 3weeks, followed by 1week off in 4-week
cycles. This was combined with an NSAI, either
letrozole at 2.5 mg or anastrozole at 1.0 mg, taken
orally once daily. In cohorts 3—5, dalpiciclib was
given at doses of 125, 150, or 175 mg once daily,
also on a 3-week-on/l1-week-off schedule, in
combination with fulvestrant. Fulvestrant at
500 mg was administered intramuscularly on day
1 and day 15 of the first cycle, and then on day 1
of each subsequent 4-week cycle. Based on effi-
cacy, safety, and PK data from the phase I trial of
dalpiciclib monotherapy, where doses ranging
from 25 to 175mg were evaluated in pretreated
BC,17 the initial plan for this study was to assess
dalpiciclib at doses of 125-150mg in combina-
tion with ET; a cohort of dalpiciclib at 175mg
with fulvestrant was subsequently added through
a protocol amendment (June 30, 2019) to fully
explore the performance of dalpiciclib at the
higher dose. Treatment continued until disease
progression, unacceptable toxicity, consent with-
drawal, or investigator’s decision. Treatment tol-
erability was assessed in the first cycle. The dose
level was deemed tolerable if <33% of patients
experienced clinically significant toxicity (defined
as grade 4 hematological toxicity, grade 3 throm-
bocytopenia with apparent clinical bleeding,
grade =3 neutropenia with infection or fever
=38.5°C, and grade =3 nonhematological

toxicity (excluding laboratory abnormalities,
untreated nausea, vomiting, and diarrhea, or
adverse events (AEs) considered tolerable by the
patients, such as alopecia)). Dose interruption or
reduction of dalpiciclib was permitted after the
initiation of the second cycle of treatment.

Assessment

Safety was monitored from the time of informed
consent until 30days after the last study dose;
AEs were graded according to Common
Terminology Criteria for AEs, version 4.03.
Tumor evaluation was done using CT or MRI at
screening, every 2 cycles for the first 14 cycles,
and every 4 cycles thereafter. Tumor response
was assessed by the investigator according to
RECIST v1.1. A complete response (CR) or par-
tial response (PR) was required to be confirmed
with a subsequent scan at least 4weeks after the
first documentation.

For PK analysis, blood samples were collected on
day 1 (predose, and 1, 2, 3, 4, 5, 6, 8, 10, 24h
postdose), day 19 (predose), day 20 (predose),
day 21 (predose, and 1, 2, 3, 4, 5, 6, 8, 10, 24h
postdose), and day 22 through day 27 (every
24h) of cycle 1.

Outcomes

The primary endpoint was safety. Secondary end-
points were PK parameters of dalpiciclib given in
combination with letrozole, anastrozole, or ful-
vestrant, objective response rate (ORR; propor-
tion of patients with CR or PR as the best overall
response), duration of response (DoR; time from
first documented response to first objective pro-
gression or death from any cause), disease control
rate (DCR; proportion of patients with CR, PR,
or stable disease (SD) lasting =6 weeks), and pro-
gression-free survival (PFS; time from enrollment
to first objective progression or death from any
cause) per investigator according to RECIST
vl.1.

Statistical analysis

For cohorts 1-2, approximately 15 patients were
planned to be enrolled for the letrozole and anas-
trozole regimens, respectively; for cohorts 3-5,
approximately 15 patients were planned for each
cohort. The number of evaluable patients required
for each cohort for tolerability and PK assessment
was 8-15 patients.
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Safety was analyzed in patients who received at
least one dose of study treatment and had post-
treatment safety evaluation data. Efficacy was
analyzed in patients who received at least one
study dose and had at least one post-baseline
tumor radiographic evaluation according to the
frequency prespecified in the protocol. PK was
analyzed in treated patients who had evaluable
post-treatment PK data. Safety data were sum-
marized using descriptive statistics. ORR and
DCR were evaluated with point estimates, with
95% confidence intervals (CIs) calculated using
the Clopper—Pearson method. PFS and DoR
were estimated using the Kaplan—Meier method,
and the associated 95% CIs were calculated using
the Brookmeyer—Crowley method. PK parame-
ters were estimated by non-compartmental
method using Phoenix WinNonlin 8.1 (Certara
Inc., Princeton, NJ, USA). Statistical analyses
were conducted using SAS 9.4 (SAS Institute
Inc., Cary, NC, USA).

Results

Patient disposition and baseline characteristics
Between March 27, 2018 and July 30, 2020, 104
patients with HR+/HER2- advanced BC were
enrolled and treated with dalpiciclib plus letro-
zole/anastrozole (n=58) or fulvestrant (z=46).
As of the data cutoff of July 30, 2022, 18 (31.0%)
patients receiving dalpiciclib with letrozole/anas-
trozole and 7 (15.2%) patients receiving dalpici-
clib with fulvestrant remained on treatment
(Supplemental Figure S1). Baseline patient and
disease characteristics by cohort are shown in
Table 1. Across cohorts, most patients had =2
metastatic sites (56.3%-86.7%) and visceral
metastases (50.0%—86.7%). Among patients
enrolled for dalpiciclib plus fulvestrant, 7
(15.2%) had prior chemotherapy for recurrent/
metastatic BC.

Tolerability and safety

During cycle 1, clinically significant toxicities
were reported for three patients treated with dal-
piciclib plus letrozole/anastrozole (dalpiciclib
125mg, n=1 (4.2%); 150mg, n=2 (5.9%)) and
seven patients treated with dalpiciclib plus fulves-
trant (dalpiciclib 125mg, =1 (6.3%); 150mg,
n=2 (13.3%); 175mg, n=4 (26.7%)), with all
cases being grade 4 neutropenia. No maximum
tolerated dose (MTD) of dalpiciclib was reached
with letrozole/anastrozole or fulvestrant.

Treatment exposure is provided in detail in
Supplemental Table S1. In patients receiving dal-
piciclib with letrozole/anastrozole, grade 3—4 AEs
were reported for 87.5%—-91.2% of patients across
cohorts, predominantly neutropenia (grade 3,
61.8%-75.0%; grade 4, 4.2%-20.6%) and leuko-
penia (grade 3, 52.9%-54.2%; grade 4, 0%;
Table 2 and Supplemental Table S2). The most
common non-hematological AEs were increased
aspartate aminotransferase (AST; grade 1-2,
38.2%—41.7%; grade 3—4, 0%) and increased ala-
nine aminotransferase (ALT; grade 1-2, 33.3%—
35.3%; grade 3—4, 0%; Table 2). AEs led to dose
reduction of dalpiciclib in 8.3% of patients in the
125mg cohort and 32.4% in the 150mg cohort
(Supplemental Tables S3 and S4). One patient in
the 125 mg cohort discontinued treatment due to
AE (cerebral infarction, judged as treatment
unrelated by the investigator). Serious AEs pos-
sibly related to study treatment were reported for
3 of 58 (5.2%) patients, including 2 (vertigo and
deep vein thrombosis) in the 125 mg cohort and 1
(pneumonia) in the 150mg cohort. There were
no treatment-related deaths.

In patients receiving dalpiciclib with fulvestrant,
grade 3-4 AEs occurred in 86.7%-93.8% of
patients across cohorts; the most common were
neutropenia (grade 3, 40.0% for dalpiciclib
175 mg and 73.3%—87.5% for lower doses; grade
4,46.7% and 6.3%—-13.3%, respectively) and leu-
kopenia (grade 3, 80.0% for 175mg and 33.3%—
50.0% for lower doses; grade 4, 0% for all doses).
There was one case of febrile neutropenia in the
dalpiciclib 175mg cohort. The most frequent
non-hematological AEs were increased AST
(grade 1-2, 18.8%—-46.7%; grade 3-4, 0%) and
increased ALT (grade 1-2, 12.5%-33.3%; grade
3-4, 0%; Table 2). Dose reductions of dalpiciclib
were required for 12.5%, 33.3%, and 73.3% of
patients in the 125, 150, and 175mg cohorts,
respectively (Supplemental Tables S3 and S4);
treatment discontinuation due to AE occurred in
1 patient (increased gamma-glutamyltransferase)
in the 125 mg cohort. Two serious AEs (4.3% of
46 patients) possibly related to study treatment
were reported, with 1 each in the 150 mg (osteo-
myelitis) and 175 mg (anemia) cohorts. No treat-
ment-related death occurred.

Pharmacokinetics

The PK profiles of dalpiciclib after a single dose
and at steady state, when combined with letro-
zole 2.5mg, anastrozole 1mg, and fulvestrant
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Table 1. Baseline characteristics.

Characteristic

Dalpiciclib
125mg + letrozole/
anastrozole (n=24)

Dalpiciclib
150 mg + letrozole/
anastrozole (n=34)

Dalpiciclib
125 mg + fulvestrant
(n=16)

Dalpiciclib
150 mg + fulvestrant
(n=15)

Dalpiciclib
175 mg + fulvestrant
(n=15)

Age, years 55.5 (50-63) 54 (47-61) 48 (44.5-51.5) 59 (47-63)
ECOG performance status

0 8(33.3) 10 (29.4) 9 (56.3) 6 (40.0)

1 16 (66.7) 24 (70.6) 7 (43.8) 9 (60.0)
Menopausal status

Postmenopausal 21(87.5) 25 (73.5) 4 (25.0) 9 (60.0)

Pre-/peri-menopausal 3(12.5) 9 (26.5) 12 (75.0) 6 (40.0)
Hormone receptor status

ER-positive 24.(100) 33(97.1) 16 (100) 15 (100)

PR-positive 20 (83.3) 25 (73.5) 12 (75.0) 12 (80.0)
No. of metastatic sites

1 8(33.3) 11(32.4) 7 (43.8) 5(33.3)

2 7(29.2) 12 (35.3) 4 (25.0) 3(20.0)

3 7(29.2) 7 (20.6) 3(18.8) 5(33.3)

=/ 2(8.3) 4(11.8) 2(12.5) 2(13.3)
Visceral metastases 16 (66.7) 17 (50.0) 11 (68.8) 13 (86.7)

Lung 14 (58.3) 17 (50.0) 5(31.3) 7 (46.7)

Liver 2(8.3) 2(5.9) 9 (56.3) 8 (53.3)
Bone metastases 10 (41.7) 20 (58.8) 8 (50.0) 8 (53.3)

51 (39-57)

3(20.0)

12 (80.0)

9 (60.0)

6 (40.0)

15 (100)

10 (66.7)

2(13.3)
8 (53.3)
2(13.3)
3(20.0)
11(73.3)
7 (46.7)

8 (53.3)
10 (66.7)

Data are n (%) or median (IQR). Percentages may not total 100 due to rounding.
ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; IQR, interquartile range; PR, progesterone receptor.

500mg, are presented in Figure 1 and
Supplemental Tables S5 and S6. After a single
dose with letrozole/anastrozole, the median time
to peak concentration (7,,,,) of dalpiciclib ranged
2.0-3.0h at doses of 125-150 mg. At steady state
(day 21), the median T,,, of dalpiciclib ranged
3.0-4.0h and the geometric mean terminal half-
life (z,,,) ranged 48.0-53.6 h; the geometric mean
accumulation ratio for peak concentration
(R,c,cmax) and area under the concentration—time
curve (R, auc) was 1.95-2.26 and 2.77-3.27,
respectively. The exposure (C,,  and AUC)) of
dalpiciclib at steady state increased with dose of
125-150mg, when combined with letrozole/
anastrozole; the exposure of dalpiciclib was irre-
spective of the NSAI partner (Supplemental

Table S5). The PK parameters of letrozole and

anastrozole when combined with dalpiciclib are
provided in Supplemental Table S7. At steady
state, the geometric mean R, .. and R, auc
ranged 4.36-4.86 and 6.25-6.41, respectively,
for letrozole, and 3.29-3.45 and 3.66-4.15,
respectively, for anastrozole. The exposure
(Craxss and AUC)) of letrozole/anastrozole was

similar when combined with dalpiciclib at doses
of 125 and 150 mg.

After a single dose with fulvestrant, the median
T, of dalpiciclib was 3.0h at doses of 125-
175mg. At steady state (day 21), the median 7,
of dalpiciclib was 4.0h and the geometric mean
t;, ranged 48.3-50.2h; the geometric mean
R,. cmax and R, zyc ranged 1.98-2.47 and 2.70-
3.53, respectively. The exposure (C, C

min,ssd max,ss>
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Table 2. Adverse events.
Event Dalpiciclib Dalpiciclib Dalpiciclib Dalpiciclib Dalpiciclib
125mg + letrozole/ 150mg + letrozole/ 125mg + fulvestrant 150 mg + fulvestrant 175 mg + fulvestrant
anastrozole (n=24) anastrozole (n=34) (n=16) (n=15) (n=15)
Any Grade Any Grade Any Grade =3 Any Grade =3  Any Grade =3
grade =3 grade =3 grade grade grade
Hematological toxicities
Neutropenia 24(100)  19(79.2) 33(97.1) 28(82.4) 16(100) 15(93.8) 15(100) 13 (86.7) 15(100)  13(86.7)
Leukopenia 24(100)  13(54.2) 32(94.1) 18(52.9) 16(100) 8(50.0) 14(93.3) 5(33.3) 15(100) 12 (80.0)
Anemia 15(62.5) 2(8.3) 13(38.2) 0 6(375) 0 3(200) 0O 12(80.0) 1 (6.7)
Thrombocytopenia 8(333 0 10(29.4) 0 4(25.00 0 4(26.7) 0 8(53.3)  1(6.7)
Non-hematological toxicities
AST increased 10(41.7) 0 13(38.2) 0 3(188] 0 7(46.7) 0 70467 0
ALT increased 8(333) 0 12(35.3) 0 2(125) 0 4(267) 0 5(333) 0
Upper respiratory tract 6 (25.0) 0 7(20.6) O 2(125) 0 4(26.7) 0 4(267) 0
infection
Nausea 5(20.8) 0 5(147) 0 2(125) 0 3(200) 0O 5(333] 0
Rash 3(125) 0 7(20.6) 0 3(188] 0 1(6.7) 0 5(333) 0
Asthenia 4(16.7) 0 5(147) 0 2(125) 0 0 0 0 0
Arthralgia 3(125) 0 6(17.6) 0 1(6.3) 0 1(6.7) 0 1(6.7) 0
Influenza-like illness 6(25.00 0O 3(8.8) 0 0 0 0 0 1(6.7) 0
Stomatitis 1(4.2) 0 7(206) O 1(6.3) 0 2(133) 0 2(133) 0
ECG QT interval 2 (8.3) 0 6(17.6)  1(2.9) 1(6.3) 0 3(200) 0O 2(133) 0
prolonged
Diarrhea 2(8.3) 0 5(147) 0 1(6.3) 0 1(6.7) 0 1(6.7) 0
GGT increased 3(12.5) 1(4.2) 3(8.8) 1(2.9) 2(12.5)  2(12.5) 0 0 2(13.3)  2(13.3)
Hot flush 1(4.2) 0 5(147) 0 1(6.3) 0 11(6.7) 0 0 0
Urinary tract infection 3(125) 0 3(8.8) 0 2(125) 0 1(6.7) 0 2(133) 0
Headache 3(125) 0 3(8.8) 0 1(6.3) 0 1(6.7) 0 1(6.7) 0
Blood creatinine 4(16.7) 0 2(5.9) 0 1(6.3) 0 3(200) 0O 4(26.7) 0
increased
Blood bilirubin 2(8.3) 0 2(5.9) 0 1(6.3) 0 2(133) 0 3(200) 0O
increased

Data are n (%). AEs occurring in =10% of patients receiving dalpiciclib either with letrozole/anastrozole or fulvestrant are listed.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECG, electrocardiogram; GGT, gamma-glutamyltransferase.

and AUC,,) of dalpiciclib at steady state increased  Efficacy

slightly greater than dose-proportionally over the Change in size of target lesion from baseline for
range of 125—-175 mg when combined with fulves- individual patients is shown in Figure 2. Among
trant (Supplemental Table S6). 58 patients with no prior treatment for advanced
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Figure 1. Plasma concentration-time curve of dalpiciclib (semi-log scale). (a) After a single dosing of dalpiciclib with letrozole/
anastrozole. (b) After multiple dosing of dalpiciclib with letrozole/anastrozole. (c) After a single dosing of dalpiciclib with fulvestrant.
(d) After multiple dosing of dalpiciclib with fulvestrant. Data are mean = standard deviation.

BC, 1 (1.7%) CR, 37 (63.8%) PR, and 18
(31.0%) SD were recorded with dalpiciclib plus
letrozole/anastrozole; the activity of the combina-
tion was consistent regardless of the NSAI part-
ner. The ORR was 62.5% (95% CI 40.6-81.2)
and 67.6% (95% CI 49.5-82.6) for the 125 and
150mg cohort, respectively, and the DCR was
100% (95% CI 85.8-100) and 94.1% (95% CI
80.3-99.3), respectively (Table 3). Durable
responses were observed in both cohorts
(Supplemental Figure S2). As of data cutoff,
median PFS was 38.7 months (95% CI 27.6—not
reached (NR)) in the 125mg cohort and
24.1months (95% CI 16.9-46.0) in the 150mg
cohort.

Among 46 patients progressing after ET, 1 (2.2%)
CR, 23 (50.0%) PR, and 15 (32.6%) SD were
recorded with dalpiciclib plus fulvestrant. The
ORR was 50.0% (95% CI 24.7-75.4), 53.3%
(95% CI 26.6-78.7), and 53.3% (95% CI 26.6—
78.7) for the 125, 150, and 175mg cohorts,
respectively, and the DCR were 87.5% (95% CI

61.7-98.5), 80.0% (95% CI 51.9-95.7), and
86.7% (95% CI 59.5-98.3), respectively. As of
data cutoff, median DoR ranged 10.2 months to
NR (Supplemental Figure S3), and median PFS
ranged 12.0-16.7months across cohorts, with
numerically longer DoR and PFS observed in the
150mg cohort (Table 3).

Discussion

Dalpiciclib is a novel CDK 4/6 inhibitor that has
recently gained approval in China both for use
with letrozole/anastrozole in previously untreated
HR-+/HER2- advanced BC and with fulvestrant
in relapsed or progressed disease, based on the
DAWNA-1 and -2 phase III trials.1819 In this
phase Ib trial, we established the synergic efficacy
of dalpiciclib with ET in the treatment of HR+/
HER2- BC and provided data supporting the
regimen selection for confirmatory phase III
investigations. At the recommended phase III
dose of 150mg, dalpiciclib in combination with
letrozole/anastrozole resulted in an ORR of 67.6%
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Figure 2. Best percentage change from baseline in the sum of diameters in target lesions. (a) Patients treated with dalpiciclib plus
letrozole/anastrozole. (b) Patients treated with dalpiciclib plus fulvestrant.

*Confirmed response.

and a median PFS of 24.1months, while the
combination with fulvestrant yielded an ORR of
53.3% and a median PFS of 16.7 months. These
encouraging efficacy outcomes with dalpiciclib
150mg and ET combinations were further vali-
dated in the DAWNA-2 (dalpiciclib with letro-
zole/anastrozole: ORR, 57%, median PFS,
30.6months) and DAWNA-1 (dalpiciclib with
fulvestrant: ORR, 27%; median PFS,
15.7months) trials in the same treatment set-
tings.!819 Additionally, the manageable safety
profile with dalpiciclib 150mg and ET combina-
tions observed in this study has also been con-
firmed in the subsequent phase III trials.

In our previous phase I trial, the recommended
dose for single-agent dalpiciclib was determined to

be 150mg. Considering a potential drug—drug
interaction, dalpiciclib was tested up to 175mg in
combination with ET. While the MTD for dalpici-
clib was not reached during the prespecified period
for clinically significant toxicity assessment, a nota-
ble proportion of patients experienced late-onset
equivalent toxicities (overall rate of grade 4 neutro-
penia, 46.7%) in the 175mg cohort and dose
reduction was required by >70% of patients.
Therefore, dalpiciclib at a dose of 175mg was not
recommended for further clinical development.
The tolerability and safety profile of dalpiciclib
plus ET observed in this study was generally con-
sistent with dalpiciclib and ET monotherapy, with
no new safety signals noted.®15:17 Overall, the most
common grade 3—4 AEs with dalpiciclib plus ET
were neutropenia and leukopenia (predominantly
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Table 3. Efficacy outcomes.

Variable

Dalpiciclib
125mg + letrozole/
anastrozole (n=24)

Dalpiciclib
150 mg + letrozole/
anastrozole (n=34)

Dalpiciclib 125mg +
fulvestrant (n=16)

Dalpiciclib 150 mg +
fulvestrant (n=15)

Dalpiciclib 175 mg +
fulvestrant (n=15)

Best overall response

CR 0 1(2.9) 0 1(6.7)

PR 15 (62.5) 22 (64.7) 8(50.0) 7 (46.7)

SD 9 (37.5) 9 (26.5) 6 (37.5) 4(26.7)

PD 0 1(2.9) 2(12.5) 3(20.0)

Not evaluable 0 1(2.9) 0 0
ORR (95% Cl), % 62.5(40.6-81.2) 67.6 (49.5-82.6) 50.0 (24.7-75.4) 53.3(26.6-78.7)

DoR (95% Cl), mo 44.2 (31.0-NR) 25.8 (14.7-NR) 15.7 (9.4-NR) NR (3.7-NR)
DCR (95% Cl), % 100 (85.8-100) 94.1(80.3-99.3) 87.5(61.7-98.5) 80.0 (51.9-95.7)
Median PFS (95% ClI), mo  38.7 (27.6-NR) 24.1(16.9-46.0) 12.0(3.7-20.2) 16.7 (1.9-24.1)

0

8 (53.3)

5 (33.3)

2(13.3)

0

53.3 (26.6-78.7)
10.2 (5.5-14.8)

86.7 (59.5-98.3)
12.9(9.1-16.6)

Cl, confidence interval; CR, complete response; DCR, disease control rate; DoR, duration of response; NR, not reached; ORR, objective response
rate; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.

grade 3 events in the 125-150mg cohorts), which
are known class effects of CDK4/6 inhibitors, par-
ticularly those with comparable potencies against
CDK4 and CDKG®6; in contrast, gastrointestinal
toxicities, a common AE of abemaciclib, are rarely
reported with dalpiciclib.®15 According to sub-
group analysis from the global phase III
PALOMA-3 trial?? and findings from the phase III
PALOMA-4 trial from China,?! there appeared to
be an increased risk of neutropenia in Asian
patients treated with CDK4/6 inhibitors. In this
study, the incidence of neutropenia observed with
dalpiciclib (125-150mg) plus ET in Chinese
patients was in line with that reported for palboci-
clib plus letrozole (grade 3, 72%; grade 4, 12.5%)
in the PALOMA-4 trial.2! Neutropenia was effec-
tively managed with dose modifications and
standard supportive care (e.g. granulocyte colony-
stimulating factor), and none resulted in treatment
discontinuation. Moreover, the incidence of febrile
neutropenia (none in the 125-150mg cohorts)
and infection-related serious AEs were rare. The
most common non-hematological toxicity
observed with dalpiciclib plus ET were low-grade
liver enzyme abnormalities. Given the lack of a
clear dose relationship of dalpiciclib with these
events, the hepatotoxicities might be at least partly
attributed to the ET component (i.e. letrozole/
anastrozole or fulvestrant) of the combination.
In our subsequent randomized phase III trials of

dalpiciclib in the front-line and later-line set-
tings,!81° comparable incidence and severity of
liver enzyme abnormalities were observed for dal-
piciclib plus ET and ET alone in patients with BC,
suggesting that the addition of dalpiciclib to ET
was not associated with increased risk of hepatic
toxicities. Importantly, the incidence of grade =3
increased AST and ALT was consistently very low
in the present study (0%) and phase III trials of
dalpiciclib combinations (0-2%; all grade 3).
These data compared favorably with the rates
reported in trials involving other CDK4/6 inhibi-
tors®15 and supported long-term use of the dalpici-
clib combination therapies.

In this study, the ORRs achieved with the combi-
nation of dalpiciclib and either letrozole/anastro-
zole or fulvestrant (50.0%—67.6%) were markedly
higher than previously reported for dalpiciclib!?
or the corresponding ETs7-%11-14 ysed as mono-
therapies at the equivalent dose levels in the
treatment of HR+/HER2- advanced BC, sug-
gesting a synergic effect of dalpiciclib with these
ETs. Generally consistent clinical activity was
observed with dalpiciclib plus letrozole and anas-
trozole, which was supported by the similar PK
profile of dalpiciclib when given with these two
NSAIs. Across cohorts, dalpiciclib 150mg com-
binations were associated with a numerically
higher ORR in both patients untreated for
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advanced disease (67.6%, 95% CI 49.5-82.6)
and patients progressing after ET (53.3%, 95%
CI 26.6-78.7). While cross-trial comparison
should be interpreted with caution, the median
PFS of 24.1 months (95% CI 16.9-46.0) and
16.7months (95% CI 1.9-24.1) achieved with
dalpiciclib 150 mg in combination with letrozole/
anastrozole as a first-line treatment, and in com-
bination with fulvestrant as a later-line treatment
for HR+/HER2- advanced BC appeared prom-
ising, in the context of outcomes observed with
approved combination regimens of palbociclib,
ribociclib, and abemaciclib in the same set-
ting.”-%11-13 Notably, remarkable antitumor activ-
ities were also observed with the dalpiciclib
125 mg combinations, particularly in previously
untreated patients. The interpretation of efficacy
was complicated by crucial aspects such as the
nonrandomized design and potentially unbal-
anced distribution of disease prognostic factors,
and the relatively small sample sizes. PK analysis
showed that the steady-state exposure of dalpici-
clib increased with dose of 125-150mg when
combined with letrozole/anastrozole or fulves-
trant. Considering the potential inter-patient
pharmacokinetic variability, part of patients may
derive optimal efficacy from the higher dose.
This notion supports a starting dose of 150 mg
for dalpiciclib, with the implementation of dose
modification if necessary. Of note, the determi-
nation of dalpiciclib at 150mg as the RP3D with
ET was made before the enrollment of 175mg
cohort. This decision was based on the favorable
efficacy and safety profile with the 150mg regi-
men demonstrated in this study, prior observa-
tions of reduced tolerability and no signal of
improved efficacy at 175mg as monotherapy,
and the absence of apparent drug—drug interac-
tions in the 125-150mg cohorts in this study.
Importantly, the efficacy, safety, and PK data
generated in this study for dalpiciclib in combi-
nation with ET across a range of doses provide
valuable insights and reference information for
study designs employing different disease set-
tings and treatment regimens. A phase III study
(NCT04842617) with a planned sample size of
over 5000 patients is currently ongoing, to assess
dalpiciclib in combination with ET as adjuvant
treatment for patients with HR+/HER2— high-
risk early BC.

The study has some limitations. Firstly, the study
population comprised only Chinese patients, and
therefore, the efficacy and safety of dalpiciclib in
patients of other ethnicities require further

investigation. Secondly, the relatively small sample
size of patients in the early-phase trial and the
sequential enrollment of patients into the study
cohorts, as opposed to a randomized approach,
could introduce complexities and potential biases
in data interpretation.

Conclusion

In summary, dalpiciclib plus letrozole/anastrozole
or fulvestrant showed an acceptable safety profile,
with hematological toxicities as the most common
AEs. The recommended phase III dose of dalpici-
clib was 150 mg.

Declarations

Ethics approval and consent to participate

The study was conducted in compliance with
good clinical practice guidelines and the
Declaration of Helsinki. The study protocol and
all amendments were approved by the independ-
ent ethics committee at each participating site
(Cancer Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College;
Harbin Medical University Cancer Hospital; The
affiliated Cancer Hospital of Zhengzhou
University and Henan Cancer Hospital; West
China Hospital, Sichuan University; Sir Run Run
Shaw Hospital; The First Affiliated Hospital of
Zhengzhou University; The First Affiliated
Hospital of China Medical University). All
patients provided written informed consent
before enrollment.

Consent for publication
Not applicable.

Author contributions
Qingyuan Zhang: Investigation; Writing—origi-
nal draft; Writing—review & editing.

Pin Zhang: Investigation; Writing—original
draft; Writing—review & editing.

Min Yan: Investigation; Writing—review &
editing.
Xi Yan: Investigation; Writing—review &
editing.

Xian Wang: Investigation; Writing—review &
editing.

Yuanting Gu: Investigation; Writing—review &
editing.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Q Zhang, P Zhang et al.

Xiujuan Qu: Investigation; Writing—review &
editing.

Shaorong Li: Formal analysis; Investigation;
Writing—review & editing.

Guoying Xu: Formal analysis; Writing—review
& editing.

Xiaoyu Zhu: Conceptualization; Methodology;
Supervision; Writing—review & editing.

Binghe Xu: Conceptualization; Investigation;
Methodology; Supervision; Writing—review &
editing.

Acknowledgements

We are grateful to all patients and their families
and all members of the collaborative group in this
trial. Medical writing support was provided by
Xiuzhi Wu, PhD (Jiangsu Hengrui Pharma-
ceuticals) according to Good Publication Practice
Guidelines.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This study was
funded by Jiangsu Hengrui Pharmaceuticals.

Competing interests

S.L., G.X., and X.Z. were employees of Hengrui
Pharmaceuticals at the time of study. All other
authors have no conflicts to declare.

Availability of data and materials
Datasets supporting the conclusions of the study
are presented in the paper or are available from

the corresponding author wupon reasonable
request.

ORCID iD

Binghe Xu https://orcid.org/0000-0002-
6863-5024

Supplemental material
Supplemental material for this article is available
online.

References
1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer
Statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer ¥ Clin 2021; 71:
209-249.

10.

11.

12.

13.

14.

Howlader N, Altekruse SF, Li CI, et al. US
incidence of breast cancer subtypes defined by
joint hormone receptor and HER2 status. ¥ Nail
Cancer Inst 2014; 106: dju055.

Burstein HJ, Somerfield MR, Barton DL, et al.
Endocrine treatment and targeted therapy for
hormone receptor-positive, human epidermal
growth factor receptor 2-negative metastatic
breast cancer: ASCO guideline update. ¥ Clin
Oncol 2021; 39: 3959-3977.

VanArsdale T, Boshoff C, Arndt KT, et al.
Molecular pathways: targeting the cyclin
D-CDK4/6 axis for cancer treatment. Clin Cancer
Res 2015; 21: 2905-2910.

. Ahlin C, Lundgren C, Embretsén-Varro E,

et al. High expression of cyclin D1 is associated
to high proliferation rate and increased risk of
mortality in women with ER-positive but not in
ER-negative breast cancers. Breast Cancer Res
Trear 2017; 164: 667-678.

Goel S, Bergholz JS and Zhao JJ. Targeting
CDK4 and CDKG in cancer. Nat Rev Cancer
20225 22: 356-372.

Finn RS, Martin M, Rugo HS, et al. Palbociclib
and letrozole in advanced breast cancer. N Engl ¥
Med 20165 375: 1925-1936.

Goetz MP, Toi M, Campone M, et al.
MONARCH 3: abemaciclib as initial therapy for
advanced breast cancer. ¥ Clin Oncol 2017; 35:
3638-3646.

. Tripathy D, Im SA, Colleoni M, et al. Ribociclib

plus endocrine therapy for premenopausal women
with hormone-receptor-positive, advanced breast

cancer (MONALEESA-7): a randomised phase 3
trial. Lancet Oncol 2018; 19: 904-915.

Hortobagyi GN, Stemmer SM, Burris HA, et al.
Opverall survival with ribociclib plus letrozole in
advanced breast cancer. N Engl ¥ Med 2022; 386:
942-950.

Turner NC, Ro J, André F, et al. Palbociclib
in hormone-receptor-positive advanced breast
cancer. N Engl ¥ Med 2015; 373: 209-219.

Sledge GW Jr, Toi M, Neven P, et al.
MONARCH 2: abemaciclib in combination

with fulvestrant in women with HR+/HER2—
advanced breast cancer who had progressed while
receiving endocrine therapy. ¥ Clin Oncol 2017;
35: 2875-2884.

Hortobagyi GN, Stemmer SM, Burris HA, et al.
Ribociclib as first-line therapy for HR-positive,
advanced breast cancer. N Engl ¥ Med 2016; 375:
1738-1748.

Slamon DJ, Neven P, Chia S, et al. Phase III
randomized study of ribociclib and fulvestrant

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0002-6863-5024
https://orcid.org/0000-0002-6863-5024

THERAPEUTIC ADVANCES in

Volume 16

Visit Sage journals online
journals.sagepub.com/
home/tam

S Sage journals

15.

16.

17.

18.

in hormone receptor-positive, human epidermal
growth factor receptor 2-negative advanced breast
cancer: MONALEESA-3. ¥ Clin Oncol 2018; 36:
2465-2472.

Slamon DJ, Neven P, Chia S, et al. Overall
survival with ribociclib plus fulvestrant in
advanced breast cancer. N Engl ¥ Med 2019; 382:
514-524.

Long F, He Y, Fu H, et al. Preclinical
characterization of SHR6390, a novel CDK
4/6 inhibitor, in vitro and in human tumor
xenograft models. Cancer Sci 2019; 110:
1420-1430.

Zhang P, Xu B, Gui L, et al. A phase 1 study
of dalpiciclib, a cyclin-dependent kinase 4/6
inhibitor in Chinese patients with advanced
breast cancer. Biomark Res 2021; 9: 24.

Xu B, Zhang Q, Zhang P, et al. Dalpiciclib or
placebo plus fulvestrant in hormone receptor-
positive and HER2-negative advanced breast
cancer: a randomized, phase 3 trial. Nat Med
20215 27: 1904-1909.

19.

20.

21.

Zhang P, Zhang Q, Tong Z, et al. Dalpiciclib
plus letrozole or anastrozole versus placebo plus
letrozole or anastrozole as first-line treatment in
patients with hormone receptor-positive, HER2-
negative advanced breast cancer (DAWNA-2): a
multicentre, randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Oncol 2023; 24:
646-657.

Iwata H, Im SA, Masuda N, et al. PALOMA-3:
phase III trial of fulvestrant with or without
palbociclib in premenopausal and postmenopausal
women with hormone receptor-positive, human
epidermal growth factor receptor 2-negative
metastatic breast cancer that progressed on prior
endocrine therapy-safety and efficacy in Asian
patients. ¥ Glob Oncol 2017; 3: 289-303.

Xu B, Hu X, Li W, et al. Palbociclib plus
letrozole versus placebo plus letrozole in Asian
postmenopausal women with oestrogen receptor-
positive/human epidermal growth factor receptor
2-negative advanced breast cancer: primary
results from PALOMA-4. Eur ¥ Cancer 2022;
175: 236-245.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam

