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Simple Summary: Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors have provided clinical benefits
for a subset of patients with advanced breast cancer; however, treatment resistance generally emerges
over time in patients with breast cancer, and the efficacy of existing CDK4/6 inhibitors in patients
with other cancers is modest. The aim of this study was to explore the safety and preliminary
antitumor efficacy of a novel, orally available CDK4/6 inhibitor, FCN-437c, in patients with advanced
solid tumors. The results demonstrated promising signs of durable tumor response and disease
control in this patient population. The safety profile was consistent with that of approved CDK4/6
inhibitors, with no concerning signals in terms of pulmonary, cardiac, or thrombotic risk. The efficacy
and safety of FCN-437c merit further study, and this novel agent holds promise as a new alternative
treatment for patients with few options.

Abstract: A phase I study evaluated the safety, tolerability, and maximum-tolerated dose
(MTD)/recommended phase II dose (RP2D) of FCN-437c, a novel, orally available cyclin-dependent
kinase inhibitor (CDK4/6i), in participants with advanced/metastatic solid tumors (aSTs). FCN-437c
was escalated from 50 mg (once daily [QD] on days 1–21 of 28-day cycles) to the MTD/RP2D. In
the dose-expansion phase, patients with CDK4/6i-treated breast cancer, or KRAS-mutant (KRASmut)
non-small-cell lung cancer (NSCLC) received the MTD. Twenty-two patients were enrolled. The most
common tumors in the dose-escalation phase (n = 15) were breast, colorectal, and lung (each n = 4
[27.3%]). The dose-expansion phase included five (71.4%) patients with breast cancer and two (28.6%)
with KRASmut NSCLC. Twenty (90.9%) participants experienced FCN-437c–related adverse events.
Dose-limiting toxicities occurred in two (33.3%) participants (200-mg dose, dose-escalation phase):
grade 3 neutropenia and grade 4 neutrophil count decreased. Due to toxicities reported at 150 mg QD,
the MTD was de-escalated to 100 mg QD. One (4.5%) participant (KRASmut NSCLC, 100-mg dose)
achieved a partial response lasting 724+ days, and five (22.7%) had stable disease lasting 56+ days. In
conclusion, FCN-437c was well tolerated with encouraging signs of antitumor activity and disease
control. Further exploration of FCN-437c in aSTs is warranted.

Keywords: FCN-437c; CDK4/6 inhibitor; advanced solid tumors; phase I

1. Introduction

Cyclin-dependent kinases (CDKs) 4 and 6 play a pivotal role in cell-cycle control and
progression via phosphorylation and the inactivation of retinoblastoma protein (pRb) [1–3].
Loss of cell-cycle control due to aberrant CDK/Rb signaling can occur as a result of
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mutations in the genes encoding its components or the components of upstream signaling
pathways. While such mutations are common in solid tumors, to date, regulatory approval
of CDK4/6 inhibitors has only been granted for the treatment of hormone receptor-positive
(HR+)/human epidermal growth factor receptor 2-negative (HER–) breast cancer [1,2,4].

The inhibition of CDK4/6 blocks the CDK/Rb signaling pathway, causing cell-cycle
arrest and thereby inhibiting tumor growth and inducing tumor cell apoptosis [1]. First-
generation, non-selective pan-CDK inhibitors such as flavopiridol and roscovitine were
hampered by limited efficacy and off-target toxicities. Second-generation iterations and
beyond have been more selective, targeting specific CDKs toward achieving efficacy with
improved safety profiles and reduced off-target effects [3]. To date, three CDK4/6 in-
hibitors (palbociclib, ribociclib, and abemaciclib) have received regulatory approval for
the treatment of HR+/HER– breast cancer in combination with aromatase inhibitors (AIs)
or fulvestrant, or as a monotherapy (abemaciclib only) in adjuvant and metastatic treat-
ment settings [5–7]. The addition of a CDK4/6 inhibitor to endocrine therapy prolonged
progression-free survival (PFS) and overall survival (OS) in patients with advanced or
metastatic HR+/HER2– breast cancer [8–11]. Based on these results, CDK4/6 inhibitors
have become a standard of care for that indication [12,13]. Preclinical and ongoing clinical
studies suggest a role for CDK4/6 inhibitors in the treatment of several other solid tumors,
including melanoma and non-small cell lung cancer (NSCLC) [1,4]. Although early-stage
clinical studies of CDK4/6 inhibitor (palbociclib, abemaciclib) monotherapy demonstrated
good safety profiles in small populations of patients with advanced, previously treated
NSCLC, the overall antitumor efficacy was limited and generally no better than that
achieved with other second-line agents [14]. Studies of CDK4/6 inhibitors combined with
immune checkpoint inhibitors and other antitumor agents are assessing whether preclinical
signs of synergy translate into therapeutic efficacy in patients with NSCLC [14–16].

Despite improved clinical outcomes in advanced/metastatic HR+/HER2– breast can-
cer, the utility of CDK4/6 inhibitors is limited by intrinsic resistance (in approximately
10% of patients) and the acquired resistance that inevitably emerges over time [3,17]. As
demonstrated by current regulatory approvals, combination therapy with agents targeting
other signaling pathways improves the efficacy of CDK4/6 inhibitors. These combinations
were also intended to reduce the risk of adaptive resistance [3]. New CDK4/6 inhibitors
are being developed to address drug resistance and to pave the way for re-treatment with
other agents in this class after progressive disease (PD) [18].

Brain metastases (BM) develop in an estimated >40% of patients with advanced solid
tumors and are particularly prevalent in patients with advanced NSCLC (50%; range 12–65%),
breast cancer (25%; range 5–30%), and melanoma (20%; range 12–90%) [19]. BMs are
associated with poor prognosis, and until recently, treatment has been palliative [19].
Currently available CDK4/6 inhibitors have proven less effective in patients with primary
central nervous system (CNS) and metastatic solid tumors, in most cases due to the limited
penetration of the blood–brain barrier (BBB) and rapid elimination from the CNS [20] or (in
the case of abemaciclib) uncertain efficacy [21–23].

A clear rationale exists for developing new CDK4/6 inhibitors for patients with
advanced HR+/HER2− breast and other solid tumors (including those with BMs), either
alone or in combination with agents targeting other oncogenic pathways, to prevent or
overcome treatment resistance. FCN-437c is a novel, selective, potent, and orally active
CDK4/6 inhibitor with demonstrated antiproliferative activity in pRb-positive tumor cells
derived from a variety of solid tumors [24]. Preclinical findings have shown good BBB
penetration and improved potency relative to currently approved CDK4/6 inhibitors
and comparable efficacy in combination with AIs or fulvestrant [24]. Further study is
warranted to confirm these findings and to determine if they translate into improved
clinical outcomes. A recent phase Ia study evaluating the safety and tolerability of FCN-
437c reported acceptable safety and a favorable pharmacokinetic (PK) profile in Chinese
patients with advanced HR+/HER– breast cancer (NCT04488107). While antitumor activity
was modest (no complete responses [CRs] or partial responses [PRs]), 60% of patients
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experienced durable stable disease (SD), suggesting that FCN-437c is capable of inducing
disease control [25]. These findings indicate that FCN-437c has potential as a novel and
effective targeted therapy for patients with advanced solid tumors. A phase I study was
therefore conducted to assess the safety and tolerability of orally administered FCN-437c in
patients with advanced solid tumors.

2. Materials and Methods
2.1. Patients and Study Design

This multicenter, open-label, single-arm dose-escalation and dose-expansion study
(NCT03951116) was conducted in the United States. Its primary objectives were to evaluate
the safety, tolerability, and maximum tolerated dose (MTD) or recommended phase II dose
(RP2D) of orally administered FCN-437c in adult patients (aged ≥ 18 years) with confirmed
advanced/metastatic solid tumors whose disease had progressed when receiving currently
available therapy or for whom there was no standard therapy. Other key eligibility criteria
included no prior treatment with a CDK4/6 inhibitor (except in the case of patients with
HR+ advanced breast cancer who had received a CDK4/6 inhibitor as standard treatment),
Eastern Cooperative Oncology Group performance status of 0 or 1, and evaluable disease
per Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1) [26]. Patients
with clinically controlled BMs were eligible for inclusion. A full account of the study
eligibility criteria is provided in Supplementary Table S1.

Dose escalation followed a traditional 3 + 3 design, commencing at an FCN-437c dose
of 50 mg and escalating in 50-mg increments to 300 mg or until reaching the MTD or RP2D
(Supplementary Figure S1). FCN-437c was administered to participants once daily (QD) on
day (D)1–D21 of consecutive 28-day cycles. Enrollment into the next higher dose cohort
proceeded unless MTD (i.e., the stopping dose) was observed during the first 28-day cycle
(cycle [C]1) of the prior dose level. The RP2D would be based on safety data from all
participants treated at the MTD, as well as PK and pharmacodynamic data collected across
all tested doses.

Dose expansion commenced upon the identification of the MTD, defined as the highest
dose level at which ≤1/6 of the participants experienced dose-limiting toxicity (DLT) in
C1. Based on preliminary efficacy findings from the dose-escalation phase, only patients
with HR+/HER2– breast cancer previously treated with a CDK4/6 inhibitor or who had
confirmed KRASmut NSCLC were eligible for enrollment into the dose-expansion cohort.
The rationale underlying tumor selection for this study is provided in the Supplementary
Methods. In both the dose-escalation and dose-expansion cohorts, treatment with FCN-437c
continued until PD, intolerable toxicity, withdrawal of consent, or end of study (whichever
occurred first), for a maximum of 2 years (unless otherwise approved by the investigator).

The study was conducted in accordance with the principles of the Declaration of
Helsinki and Good Clinical Practice guidelines and with the approval of the local Institu-
tional Review Board/Independent Ethics Committee at participating sites. All patients
provided informed consent to participate prior to screening and enrollment.

2.2. Study Endpoints

Primary endpoints were the incidence, type, and severity of treatment-emergent
adverse events (TEAEs), including DLTs, abnormal vital signs, clinical laboratory mea-
surements, and electrocardiograms (ECGs). DLTs were defined as any grade 5 toxicity,
FCN-437c–related toxicity (treatment-related adverse event [TRAE]) resulting in treatment
discontinuation, TEAEs meeting definition criteria for Hy’s law [27], or any of the following
hematologic and nonhematologic toxicities, observed during C1: grade 4 anemia, neutrope-
nia, or thrombocytopenia lasting >7 days, grade ≥3 thrombocytopenia associated with
bleeding, grade ≥3 febrile neutropenia, and any grade ≥3 nonhematologic toxicity except
for grade 3 nausea or vomiting, grade 3 diarrhea lasting <3 days with adequate supportive
care, and grade 3 fatigue lasting <1 week. Secondary endpoints were serum PK parameters
for FCN-437c and ORR (based on RECIST v1.1) per investigator assessment.
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2.3. Study Assessments

TEAEs, including serious TEAEs, were collected throughout the study and for 30 days
after the last dose of the study drug, or until all TRAEs had resolved (whichever occurred
later). TEAEs were graded using National Cancer Institute Common Terminology Criteria
for Adverse Events version 5.0 (NCI CTCAE v5) [28]. Serious TEAEs were adverse events
that resulted in death, were life-threatening, required hospitalization or the prolongation
of existing hospitalization, resulted in persistent or significant disability/incapacity, were
medically important events, or were congenital anomalies/birth defects. The causality of
TEAEs was determined by the investigator and categorized as unrelated, possibly related,
or probably related to FCN-437c (definitions provided in Supplementary Table S2). TEAEs
considered to be either possibly or probably related to FCN-437c are grouped herein as
FCN-437c TRAEs.

Clinical laboratory tests, vital signs, physical exams, and ECG results were evaluated
during screening and at regular intervals thereafter during treatment, at the end of treat-
ment, and 30 days after the last dose of the study drug. Clinical laboratory parameters in-
cluded hematology, blood chemistry, coagulation tests, and urinalysis. Blood samples were
collected from participants at specific time points to determine the serum concentration of
the study drug and/or metabolites using a validated assay for PK analyses. The FCN-437c
PK parameters that were evaluated are listed and defined in Supplementary Table S3.

Tumor response was assessed by computed tomography/positron emission tomogra-
phy/magnetic resonance imaging (according to the standard radiographic procedure for
specific tumor sites) per RECIST v1.1 [26] at baseline, after every two cycles of treatment
for the first six cycles, and every three cycles thereafter until PD, death, or the investiga-
tor’s decision to discontinue study treatment. Best overall response (CR, PR, or SD), ORR
(CR + PR according to RECIST v1.1), duration of response (DoR), and DCR (CR + PR + SD)
at weeks 6 and 12 were determined.

2.4. Statistical Analyses

The sample size was determined according to the number of dose levels evaluated
and emerging TRAEs. Approximately 18–36 patients were planned for enrollment in the
dose-escalation phase and 6–15 patients in the dose-expansion phase. Safety was assessed
in all participants who received at least one dose of FCN-437c. Efficacy was evaluated in
those who completed two cycles of treatment and had at least one post-baseline tumor
assessment or discontinued early due to clinical progression, PD, lack of efficacy, or death
(intention to treat [ITT]). PK parameters were assessed in all participants who received at
least one dose of FCN-437c and provided at least one blood sample that was evaluable for
PK assessment.

All data were summarized according to FCN-437c dose cohorts. All safety, PK, and
efficacy data were summarized using descriptive statistics for continuous variables, and
frequencies and percentages for discrete variables. The Kaplan–Meier method was used
to analyze time-to-event variables (e.g., DoR). PK parameters were estimated using a
noncompartmental method with Phoenix WinNonlin (Certara, formerly Pharsight Corp,
Cary, NC, USA). These analyses were conducted using data collected from all enrolled
patients up to and including those from the last patient on the last visit (8 December 2021).

3. Results

Twenty-two of the 27 screened patients were enrolled, including 15 in the dose-
escalation phase and seven in the dose-expansion phase. At the time of analysis, all
22 patients had received at least one dose of FCN-437c, 15 (68.2%) had completed at
least two cycles of study treatment, and all had discontinued study treatment and from
the study, primarily due to PD or clinical progression (n = 19, 86.4% and n = 14, 63.6%,
respectively) (Figure 1).
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Figure 1. Patient disposition. Abbreviations: PD, progressive disease; QD, once daily.

In the dose-escalation phase, participants in the 50-, 100-, 150-, and 200-mg dose
cohorts received a median of 2, 4, 1, and 2 cycles of treatment with FCN-437c, respectively,
with a range of 1–28 cycles across all dose levels tested. One (33.3%) participant each in
the 50-, 100-, and 150-mg dose cohorts received >4 cycles of FCN-437c; three (20.0%) of
these participants received ≥10 cycles: one with breast cancer received 21 cycles (50-mg
dose cohort), one with KRASmut NSCLC received 28 cycles (100-mg cohort), and another
with breast cancer received 10 cycles (150-mg cohort). In the dose-expansion phase, no
participant received >2 cycles of study treatment (two participants received 1 cycle and five
received 2 cycles). The safety analysis, ITT, and PK sets included all 22 enrolled patients.

3.1. Patient Demographics and Baseline Characteristics

The entire study cohort had a median age of 64 years (range, 39–88 years) and was
predominantly female (n = 14, 63.6%). The most common solid tumors in the dose-escalation
phase were breast, colorectal, and NSCLC (n = 4 for each). Five (71.4%) participants in
the dose-expansion phase had breast cancer and two (28.6%) had KRASmut NSCLC. All
nine patients with HR+ breast cancer had received prior therapy with a CDK4/6 inhibitor:
four in the dose-escalation phase and five in the dose-expansion phase. Among those in
the dose-escalation phase, two had received abemaciclib and two had received palbociclib.
Three of the five patients in the dose-expansion phase had received only palbociclib, one
had received only abemaciclib, and one had received both palbociclib and abemaciclib.
Across both study phases, all but one patient had stage IV disease; the exception was a
participant in the 200-mg dose-escalation group who had stage III disease (Table 1).
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Table 1. Summary of patient baseline demographic and baseline disease characteristics.

Characteristic
n (%), Unless

Otherwise Stated

FCN-437c Dose-Escalation Phase
N = 15

FCN-437c Dose-Expansion
Phase
N = 7 Total

N = 22
50 mg
n = 3

100 mg
n = 3

150 mg
n = 3

200 mg
n = 6

100 mg
n = 3

150 mg
n = 4

Age, years
Median (range) 64.0 (52–71) 70.0 (69–77) 64.0 (51–64) 62.5 (45–88) 56.0 (39–67) 59.0 (54–77) 64.0 (39–88)

<65 years 2 (66.7) 0 3 (100) 3 (50.0) 2 (66.7) 3 (75.0) 13 (59.1)
≥65 years 1 33.37) 3 (100) 0 3 (50.0) 1 (33.3) 1 (25.0) 9 (40.9)

Sex
Female 1 (33.3) 1 (33.3) 2 (66.7) 5 (83.3) 3 (100) 2 (50.0) 14 (63.6)
Male 2 (66.7) 2 (66.7) 1 (33.3) 1 (16.7) 0 2 (50.0) 8 (36.4)

Ethnicity
Hispanic or Latino 1 (33.3) 0 2 (66.7) 1 (16.7) 1 (33.3) 1 (25.0) 6 (27.3)

Not Hispanic or
Latino 2 (66.7) 3 (100) 1 (33.3) 4 (66.7) 1 (33.3) 3 (75.0) 14 (63.6)

Not reported 0 0 0 1 (16.7) 1 (33.3) 0 2 (9.1)
Primary tumor site

Breast 1 (3.33) 0 1 (3.33) 2 (3.33) 3 (100) 2 (50.0) 9 (40.9)
Uterine a 0 0 0 1 (16.7) 0 0 1 (4.5)
Colorectal 2 (66.7) 1 (33.3) 1 (33.3) 0 0 0 4 (18.2)

Liver and bile duct 0 0 0 1 (16.7) 0 0 1 (4.5)
Pancreatic b 0 0 1 (33.3) 0 0 0 1 (4.5)

Lung 0 2 (66.7) 0 2 (3.33) 0 2 (50.0) 6 (27.3)
Tumor stage

III 0 0 0 1 (16.7) 0 0 1 (4.5)
IV 3 (100) 3 (100) 3 (100) 5 (83.3) 3 (100) 4 (100) 21 (95.5)

a Corpus uteri, including endometrial. b Pancreas, exocrine, and endocrine.

3.2. Dose-Limiting Toxicities

Two (33.3%) participants in the dose-escalation phase (200-mg dose cohort) reported
DLTs: grade 3 neutropenia (n = 1, 16.7%) and grade 4 neutrophil count decreased (n = 1,
16.7%); both events resolved, and both were assessed as being related to FCN-437c. No
cases of febrile neutropenia were reported. The MTD was initially determined to be 150 mg
QD, and four participants were subsequently treated at that dose in the expansion phase.
Only one of these participants completed the first cycle of treatment, and the other three
discontinued due to toxicity; therefore, the Safety Review Committee determined that the
MTD should be de-escalated to 100 mg QD. Three participants were subsequently treated
at the 100-mg dose in the dose-expansion phase with no significant toxicity.

3.3. Safety and Tolerability

All participants reported at least one TEAE and 16 (72.7%) experienced at least one
grade ≥3 TEAE (Table 2). The most frequently observed TEAEs were neutrophil count
decreased (n = 8, 36.4%), white blood cell count (WBC) decreased (n = 7, 31.8%), and fatigue
(n = 6, 27.3%). The most common grade ≥ 3 TEAEs were neutrophil count decreased, WBC
decreased (n = 6, 27.3% for each), and anemia (n = 2, 9.1%); all others were reported in one
(4.5%) participant each. No venous or arterial thromboembolic events were reported.

Twenty (90.9%) participants experienced at least one TRAE, most of which were
hematologic (Supplementary Table S4). Two participants in the 100-mg dose cohort of
the dose-expansion phase did not experience any FCN-437c TRAEs. The most commonly
occurring TRAEs across all dose cohorts were neutrophil count decreased (n = 9, 40.9%),
WBC decreased (n = 8, 36.4%), fatigue (n = 6, 27.3%), and lymphocyte count decreased (n = 5,
22.7%), each accounting for all occurrences of these particular TEAEs. No FCN-437c–related
treatment or study discontinuations or deaths were reported.
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Table 2. Summary of treatment-emergent adverse events (TEAEs) by dose group and for all patients
(safety population, N = 22), and summary of the most commonly occurring (in ≥10% of the total
population) TEAEs.

TEAEs, n (%)

FCN-437c Dose-Escalation Phase
(N = 15)

FCN-437c Dose-Expansion
Phase
(N = 7) Total

(N = 22)
50 mg
(n = 3)

100 mg
(n = 3)

150 mg
(n = 3)

200 mg
(n = 6)

100 mg
(n = 3)

150 mg
(n = 4)

Any TEAE 3 (100) 3 (100) 3 (100) 6 (100) 3 (100) 4 (100) 22 (100)
Related to FCN-437c a 3 (100) 3 (100) 3 (100) 6 (100) 1 (33.3) 4 (100) 20 (90.9)

Grade ≥ 3 2 (66.7) 2 (66.7) 3 (100) 4 (66.7) 1 (33.3) 4 (100) 16 (72.7)
SAEs 0 1 (33.3) 0 1 (16.7) 0 0 2 (9.1)

Leading to dose
interruption 1 (33.3) 1 (33.3) 3 (100) 4 (66.7) 0 2 (50.0) 11 (50.0)

Leading to dose
modification b 1 (33.3) 0 1 (33.3) 1 (16.7) 0 1 (25.0) 4 (18.2)

TEAEs occurring in ≥10% of the total population

Neutrophil count
decreased 1 (33.3) 1 (33.3) 0 3 (50.0) 0 3 (75.0) 8 (36.4)

WBC decreased 0 1 (33.3) 2 (66.7) 2 (33.3) 0 2 (50.0) 7 (31.8)
Fatigue 1 (33.3) 0 0 4 (66.7) 0 1 (25.0) 6 (27.3)

Lymphocyte decreased 0 0 0 2 (33.3) 1 (33.3) 2 (50.0) 5 (22.7)
Nausea 0 1 (33.3) 1 (33.3) 2 (33.3) 0 1 (25.0) 5 (22.7)

Diarrhea 0 1 (33.3) 0 2 (33.3) 0 1 (25.0) 4 (18.2)
Dyspnea 1 (33.3) 0 0 1 (16.7) 1 (33.3) 1 (25.0) 4 (18.2)

Platelet count decreased 0 0 1 (33.3) 1 (16.7) 0 2 (50.0) 4 (18.2)
Anemia 1 (33.3) 0 0 2 (33.3) 0 0 3 (13.6)
Cough 1 (33.3) 0 1 (33.3) 0 0 1 (25.0) 3 (13.6)

Dehydration 0 0 0 2 (33.3) 0 1 (25.0) 3 (13.6)
Fall 1 (33.3) 1 (33.3) 0 0 0 1 (25.0) 3 (13.6)

Upper respiratory tract
infection 1 (33.3) 0 2 (66.7) 0 0 0 3 (13.6)

Abbreviations: SAE, serious adverse event; TEAE, treatment-emergent adverse event; WBC, white blood cell.
a Considered by the investigator to be possibly or probably related to FCN-437c. b All were dose reductions except
for one patient in the 50-mg dose cohort, for whom the dose was increased.

Two (9.1%) participants, both in the dose-escalation phase, experienced a serious
adverse event (SAE): grade 3 abdominal wall abscess (100-mg dose cohort) and grade 3
sepsis (200-mg dose cohort). Both cases were resolved, and neither was considered re-
lated to FCN-437c. TEAEs and TRAEs led to dose interruption/modification in 16 (72.1%)
and 13 (59.1%) participants, respectively. The most frequent TRAEs leading to dose in-
terruption/modification were neutrophil count decreased (n = 5, 22.7%; grade 3 in four
participants and grade 4 in one participant), WBC decreased (n = 4, 18.2%; grade 2 in
one participant, grade 3 in two participants, and grade 4 in one participant), and platelet
count decreased (n = 3, 13.6%; all grade 2) (Supplementary Table S5). Five deaths occurred
during the study; four were due to PD and one was categorized as being due to “other”
(participant died in hospice).

3.4. Other Safety Parameters

Most mean values for chemistry and hematology results were within normal ranges;
those that fell outside of normal ranges were not considered to be clinically significant.
Mean hematologic values decreased after the start of the study treatment. The mean
values of the coagulation and urinalysis results, as well as those for vital signs, were
within normal ranges, with no apparent trends in mean changes from baseline. In general,
abnormal physical examination findings were not considered to be clinically significant.
The exceptions were four participants who reported abnormal dermatological findings; two
each from the dose-escalation and dose-expansion phases. In the dose-escalation phase,
one participant had grade 1 abrasion (100-mg dose cohort) and another had grade 1 skin
hyperpigmentation (150-mg dose cohort). In the dose-escalation phase, one participant had
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a grade 2 bruise following a fall, and another had grade 3 macropapular rash (both in the
150-mg dose cohort). Only the grade 3 macropapular rash was considered possibly related
to FCN-437c. Most participants had abnormal, but not clinically significant, ECG findings
at baseline and throughout the study. Only one participant, a 66-year-old female with stage
IV adenocarcinoma of the liver and bile duct (200-mg dose cohort in the dose-escalation
phase), had a clinically significant ECG abnormality: severe (grade 3) supraventricular
tachycardia, low QRS voltage in limb leads, pattern consistent with pulmonary disease,
and moderate ST depression at an unscheduled visit. No dose alterations were needed,
and the condition, which was not considered to be related to FCN-437c, was ultimately
resolved without the need for treatment.

3.5. Pharmacokinetics

PK data are provided in Figure 2 and Supplementary Table S6. FCN-437c was rapidly
absorbed, with the time to maximum plasma concentration (Cmax) of FCN-437c ranging
between 2 and 4 h post-dose across dose cohorts. Overall exposure increased with increas-
ing dosage, and no plateau was reached at any dose. For the Cmax and area under the
time–concentration curve (AUC) between time 0 and 24 h post-dose (AUC0-24), a two-fold
increase in the dose from 50 to 100 mg/day resulted in an approximately four-fold increase
in exposure, except for C1D21 when AUC0–24 increased three-fold. Exposure increased
dose proportionately for the dose range of 100–200 mg/day on both C1D1 and C1D21. The
AUC extrapolated between time 0 and infinity on C1D1 was close to dose-proportional
over the dose range of 50–200 mg/day.

The trough concentration of FCN-437c was similar for most dose levels between C1D14
and C1D21, indicating that steady state was likely achieved by C1D14. On C1D21, FCN-437c
accumulation was about two- to three-fold in all except the 200-mg dose cohort, in which
a slightly lower accumulation was observed (approximately 1.5-fold). The elimination
half-life of FCN-437c ranged from 14.5 to 20.5 h across all doses on C1D1 and from 14.9 to
45.5 h on C1D21.

3.6. Efficacy

A summary of the efficacy parameters is provided in Table 3. In the dose-escalation
phase, one participant with KRASmut NSCLC (100-mg dose cohort) achieved the best
overall objective response of confirmed PR, and four participants achieved SD, two with
breast cancer (one each in the 50- and 150-mg dose cohorts), one with cancer of the liver
and bile duct (200-mg dose cohort), and one with KRASmut NSCLC (200-mg dose cohort)
(Figure 3, Table 3). In the dose-expansion phase, one participant with breast cancer (100-mg
dose cohort) achieved SD. The ORR and DCR (at 12 weeks) were thus 4.5% and 27.3%,
respectively; the median DoR was not reached (Table 3). Ten (45.5%) participants had a
best response of PD. Six participants (four in the dose-escalation phase and two in the
dose-expansion phase) were not evaluable for efficacy. Among the patients with breast
cancer who achieved SD, two had previously received palbociclib (one in the 150-mg dose
cohort and one in the 100-mg dose cohort of the dose-expansion phase), and one had
previously received abemaciclib (50-mg dose cohort). The participant who achieved PR
was a 70-year-old female with stage IV, heavily pretreated, KRASmut NSCLC that was
progressing at the time of enrollment. This participant received 28 cycles of FCN-437c
treatment and at the time of analysis had a DoR of 724 days and PFS of 827 days. This
participant discontinued from the dose-escalation study and has continued to receive
FCN-437c through the investigator’s extended access program.
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Table 3. Summary of efficacy parameters (ITT population, N = 22).

Dose-Escalation Phase
(N = 15)

Dose-Expansion Phase
(N = 7) Total

(N = 22)50 mg
(n = 3)

100 mg
(n = 3)

150 mg
(n = 3)

200 mg
(n = 6)

100 mg
(n = 3)

150 mg
(n = 4)

Best overall response,
n (%) 3 (100) 3 (100) 3 (100) 6 (100) 1 (33.3) 4 (100) 20 (90.9)

PR (confirmed) 0 1 (33.3) 0 0 0 0 1 (4.5)
SD 1 (33.3) 0 1 (33.3) 2 (33.3) 1 (33.3) 0 5 (22.7)
PD 2 (66.7) 1 (33.3) 0 3 (50.0) 2 (66.7) 2 (50.0) 10 (45.5)

Not evaluable 0 1 (33.3) 2 (66.7) 1 (16.7) 0 2 (50.0) 6 (27.3)

ORR, a % (95% CI) 0 33.3
(0.8–90.6) 0 0 0 0 4.5

(0.1–22.8)
DCR b at 12 weeks, n 1 1 1 2 1 0 6

% (95% CI) 33.3
(0.8–90.6)

33.3
(0.8–90.6)

33.3
(0.8–90.6)

33.3
(4.3–77.7)

33.3
(0.8–90.6) 0 27.3

(10.7–50.2)
DoR, median (95% CI) NR NR NR NR NR NR NR
Duration of SD (days),

median (95% C)
57

(49–NR)
NR

(112–NR)
NR

(NR–NR)
69

(56–NR)
56

(54–NR)
56

(51–NR)
112

(56–NR)

Abbreviations: CI, confidence interval; CR, complete response; DCR, disease control rate; DoR, duration of
response; ITT, intention to treat; ORR, objective response rate; PD, progressive disease; PR, partial response;
RECIST v1.1, Response Evaluation Criteria in Solid Tumors version 1.1. a ORR = CR + PR. b DCR = CR + PR + SD
according to RECIST v1.1 [26].
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Figure 3. Waterfall plot showing best percentage change from baseline in lesion size and best response
for target lesions of all evaluable patients, with tumor type. Abbreviations: BR, breast cancer; CO,
colorectal cancer; LI, liver cancer; LU, lung cancer; PD, progressive disease; PR, partial response; SD,
stable disease.

4. Discussion

This phase I, open-label study demonstrated that FCN-437c delivered orally QD for
21 days in continuous 28-day cycles was generally well tolerated in participants with
advanced or metastatic solid tumors that had progressed on available therapies or for
which there was no standard therapy. There were no unexpected safety signals, TEAEs
leading to death, FCN-437c–related SAEs, or TEAEs leading to treatment discontinuation
or study withdrawal. Two (33.3%) participants in the 200-mg dose cohort (dose-escalation
phase) reported DLTs: the grade 3 neutropenia and grade 4 neutrophil count decreased.
Although the MTD of FCN-437c was initially determined as 150 mg QD, the dose was
later de-escalated to 100 mg QD by the Safety Review Committee based on a review of the
tolerability data.

A 70-year-old female with heavily pretreated, progressive (at study entry) KRASmut

NSCLC achieved a durable objective response of confirmed PR that was ongoing at study
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closure and was thus allowed to continue to receive FCN-437c. Five (22.7%) participants
across both study phases had the best response of SD, indicating the potential for FCN-437c
to confer disease control. Experience with other CDK4/6 inhibitors suggests that promising
efficacy signals such as these might be enhanced through rational combinations with AIs,
fulvestrant, or antitumor agents with different targets/mechanisms of action (including
radiation therapy) suited to the tumor of interest [3,8,29–31]. Evidence from other stud-
ies suggests that patients who have previously progressed while receiving a CDK4/6
inhibitor can benefit from re-treatment with a CDK4/6 inhibitor or switching to a different
one [18,32,33]. In the present study, among five participants with advanced breast cancer
previously treated with a CDK4/6 inhibitor in the dose-expansion phase, the only partici-
pant evaluable for response (25.0%), who had previously received palbociclib, achieved SD.

Neutrophil count decreased and WBC count decreased were the most frequently
reported TRAEs and grade ≥3 TEAEs. This is consistent with findings from an ongoing
multicenter phase Ia FCN-437c monotherapy study in China that is enrolling women with
HR+/HER2– advanced breast cancer (NCT04488107) [25], as well as single-agent data
reported for approved CDK4/6 inhibitors [29,34,35]. The safety profile of FCN-437c com-
pared favorably with abemaciclib, with participants experiencing the most common TEAEs
(neutropenia, thrombocytopenia, fatigue, diarrhea) at lower rates with reduced severity and
lower rates of vomiting [35]. Class effects otherwise reported for approved CDK inhibitors,
such as venous thromboembolic events (including pulmonary and deep vein thrombosis)
and severe pneumonitis/interstitial lung disease [36–38] were not observed during the
present study.

The PK data may support the use of FCN-437c doses of 150–200 mg QD in phase III
trials, depending on the tumor type. In a phase I trial of abemaciclib, the PK and pharma-
codynamic data were generally comparable for 150 mg administered twice daily (BID) and
200 mg BID, and the MTD was set at 200 mg BID. However, it was noted that in certain
clinical contexts the lower dose could be initiated to limit toxicity, with the consideration
of escalating to 200 mg BID on an individual basis depending on response/toxicity [21].
In subsequent phase III trials, abemaciclib was initiated at 200 mg BID for patients with
KRASmut NSCLC [39] and at 150 mg BID for patients with ERBB2-negative breast can-
cer [11]. Conversely, with FCN-437c, some patients may be able to tolerate higher doses for
the sake of improved efficacy.

Promising preclinical trial data on FCN-437c regarding BBB penetration [24] could
not be assessed in this small study due to the lack of patients with BMs at the study entry.
Assessing whether and how this property of FCN-437c might impact tumoral and overall
clinical response will require study in larger populations that would include patients with
BM or CNS involvement. The present findings support further study of FCN-437c, a
novel CDK4/6 inhibitor with potential as a treatment for patients with advanced solid
tumors. Such studies warrant larger cohorts of patients with advanced solid tumors
treated with FCN-437c monotherapy, in combination with AIs or fulvestrant (as indicated),
or other anticancer agents such as PI3K or mTOR inhibitors. To this end, two ongoing
phase II studies in China are evaluating FCN-437c alone versus in combination with
letrozole (NCT04488107) [40], or in combination with fulvestrant or letrozole plus goserelin
(NCT05004142) [41] in patients with HR+/HER2– advanced breast cancer; in addition,
two ongoing phase III trials are evaluating FCN-437c versus placebo in combination with
letrozole or anastrozole with or without goserelin (NCT05439499) or FCN-437c versus
placebo in combination with fulvestrant with or without goserelin (NCT05438810) in
patients with HR+/HER2– advanced breast cancer. Preclinical and clinical data now
support further evaluation of FCN-437c in other indications, for example in patients with
KRASmut solid tumors and in patients with CNS involvement. The combination with
other targeted therapies may be explored to overcome or mitigate the development of
CDK4/6 inhibitor resistance. In order to enrich for patients likely to benefit from CDK4/6
inhibitors, translational studies have been nested within FCN-437c trials in order to identify
biomarkers predictive of response (e.g., high cyclin-D1 levels in patients with estrogen-
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receptor-positive luminal breast cancer [42]) or the likelihood of developing resistance
to CDK4/6 inhibitors (e.g., evidence of a functional loss of pRb at baseline, those with
metastatic breast cancer and high levels of cyclin-E1 expression or myc alteration, high
serum thymidine kinase 1, and aberrations in components of tyrosine kinase receptor
signaling) [43,44].

The strength of the present study lies in the demonstrated tolerability and safety
profile of FCN-437c, an orally available agent with promising signs of disease control. The
findings are limited by the phase I, single-arm study design and small sample size, which
prevented the assessment of preclinical leads regarding FCN-437c synergy with hormonal
therapy and potential to penetrate the BBB.

5. Conclusions

FCN-437c was generally well-tolerated at the MTD, with no SAEs related to FCN-437c
or TEAEs leading to death. The MTD was ultimately identified as 100 mg QD. Encouraging
signs of disease stabilization with FCN-437c monotherapy were observed, notably in a
participant with heavily pretreated NSCLC (treatment ongoing). This promising efficacy
signal is consistent with preclinical data that suggest a synthetically lethal relationship
between KRAS oncogenes and loss of CDK4 or CDK6, leading to the consideration of
CDK4/6 targeting as a treatment strategy for KRASmut tumors [45,46]. These data support
further exploration of FCN-437c in larger cohorts of patients with advanced solid tumors,
in combination with endocrine therapy (e.g., AIs, fulvestrant) or antitumor agents with
different targets/mechanisms of action appropriate to the tumor of interest.
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probably related to FCN-437c and SAEs by dose group and for all participants (safety population,
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population, N = 22); Table S6: Summary of key FCN-437c pharmacokinetic parameters for Cycle 1
Day 1 and Cycle 1 Day 21 by dose group.

Author Contributions: The work reported in the paper has been performed by the authors unless
clearly specified in the text. A.P.: conceptualization, investigation, and supervisory. E.H.: concep-
tualization, investigation, and supervisory. Y.X.: conceptualization, investigation, and supervisory.
D.W.R.: investigation and supervisory. L.S.: investigation and supervisory. Y.-L.L.: investigation,
supervisory, and project administrator. S.F.: investigation, supervisory, and project administrator.
J.W.: conceptualization, investigation, and supervisory. A.-M.H.: conceptualization, investigation,
and supervisory. All authors: writing—review and editing. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by Fochon Pharmaceuticals, Ltd.

Institutional Review Board Statement: The study was conducted in compliance with the Dec-
laration of Helsinki and with the approval of the local Institutional Review Board/Independent
Ethics Committee at participating sites. The study protocol was approved by institutional review
boards/independent ethics committees at each site. All patients provided written informed consent
to participate. This study is registered at Clinicaltrials.gov, NCT03951116 (https://clinicaltrials.
gov/ct2/show/NCT03951116; accessed on 1 September 2022). The central IRB Tracking Num-
ber is 20191566, and the IRB Registration Numbers are IRB00008463, IRB00003657, IRB00004920,
IRB00001035, and IRB00006075.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
this study, prior to screening and enrollment.

Data Availability Statement: Additional data are available in the supplementary material. Datasets
are available upon reasonable request from the corresponding author.

https://www.mdpi.com/article/10.3390/cancers14204996/s1
https://www.mdpi.com/article/10.3390/cancers14204996/s1
https://clinicaltrials.gov/ct2/show/NCT03951116
https://clinicaltrials.gov/ct2/show/NCT03951116


Cancers 2022, 14, 4996 13 of 14

Acknowledgments: The authors would like to thank all who participated in this study and their
families, as well as teams at the participating sites. Writing and editorial assistance were provided by
Jacqueline Kolston, Parexel, funded by Shanghai Fosun Pharmaceutical Development Co., Ltd.

Conflicts of Interest: Ya-Li Lee, Steven Fang, and Jiao Wei are employees of Fosun Pharma but
declare no stock ownership therein. Ai-Min Hui is a former Fosun Pharma employee. Amita Patnaik,
Erika Hamilton, Lon Smith, Yan Xing, and Drew W. Rasco have no competing interests to declare.

References
1. Du, Q.; Guo, X.; Wang, M.; Li, Y.; Sun, X.; Li, Q. The application and prospect of CDK4/6 inhibitors in malignant solid tumors.

J. Hematol. Oncol. 2020, 13, 41. [CrossRef]
2. Hamilton, E.; Infante, J.R. Targeting CDK4/6 in patients with cancer. Cancer Treat. Rev. 2016, 45, 129–138. [CrossRef] [PubMed]
3. Ettl, T.; Schulz, D.; Bauer, R.J. The renaissance of cyclin dependent kinase inhibitors. Cancers 2022, 14, 293. [CrossRef]
4. Schettini, F.; De Santo, I.; Rea, C.G.; De Placido, P.; Formisano, L.; Giuliano, M.; Arpino, G.; De Laurentiis, M.; Puglisi, F.;

De Placido, S.; et al. CDK 4/6 inhibitors as single agent in advanced solid tumors. Front. Oncol. 2018, 8, 608. [CrossRef]
5. Pfizer Inc. IBRANCE US Prescribing Information; Pfizer Inc.: New York, NY, USA, 2019.
6. Novartis Pharmaceuticals Corp. KISQALI US Prescribing Information; Novartis Pharmaceuticals Corp.: Cambridge, MA, USA, 2022.
7. Eli Lilly Co. VERZENIO US Prescribing, Information; Eli Lilly, Co.: Indianapolis, IN, USA, 2021.
8. Turner, N.C.; Slamon, D.J.; Ro, J.; Bondarenko, I.; Im, S.-A.; Masuda, N.; Colleoni, M.; DeMichele, A.; Loi, S.; Verma, S.; et al.

Overall survival with palbociclib and fulvestrant in advanced breast cancer. N. Engl. J. Med. 2018, 379, 1926–1936. [CrossRef]
9. Im, S.-A.; Lu, Y.-S.; Bardia, A.; Harbeck, N.; Colleoni, M.; Franke, F.; Chow, L.; Sohn, J.; Lee, K.-S.; Campos-Gomez, S.; et al.

Overall survival with ribociclib plus endocrine therapy in breast cancer. N. Engl. J. Med. 2019, 381, 307–316. [CrossRef] [PubMed]
10. Hortobagyi, G.N.; Stemmer, S.M.; Burris, H.A.; Yap, Y.S.; Sonke, G.S.; Paluch-Shimon, S.; Campone, M.; Petrakova, K.; Blackwell,

K.L.; Winer, E.P.; et al. Updated results from MONALEESA-2, a phase III trial of first-line ribociclib plus letrozole versus placebo
plus letrozole in hormone receptor-positive, HER2-negative advanced breast cancer. Ann. Oncol. 2018, 29, 1541–1547. [CrossRef]
[PubMed]

11. Sledge, G.W., Jr.; Toi, M.; Neven, P.; Sohn, J.; Inoue, K.; Pivot, X.; Burdaeva, O.; Okera, M.; Masuda, N.; Kaufman, P.A.; et al.
The effect of abemaciclib plus fulvestrant on overall survival in hormone receptor–positive, ERBB2-negative breast cancer that
progressed on endocrine therapy—MONARCH 2: A randomized clinical trial. JAMA Oncol. 2020, 6, 116–124. [CrossRef]

12. Cardoso, F.; Paluch-Shimon, S.; Senkus, E.; Curigliano, G.; Aapro, M.S.; André, F.; Barrios, C.H.; Bergh, J.; Bhattacharyya, G.S.;
Biganzoli, L.; et al. 5th ESO-ESMO International Consensus Guidelines for advanced breast cancer (ABC 5). Ann. Oncol. 2020, 31,
1623–1649. [CrossRef] [PubMed]

13. National Comprehensive Cancer Network. Breast Cancer, Version 3.2022; National Comprehensive Cancer Network: Plymouth
Meeting, PN, USA, 2022.

14. Zhang, J.; Xu, D.; Zhou, Y.; Zhu, Z.; Yang, X. Mechanisms and implications of CDK4/6 inhibitors for the treatment of NSCLC.
Front. Oncol. 2021, 11, 676041. [CrossRef]

15. Goel, S.; DeCristo, M.J.; Watt, A.C.; BrinJones, H.; Sceneay, J.; Li, B.B.; Khan, N.; Ubellacker, J.M.; Xie, S.; Metzger-Filho, O.; et al.
CDK4/6 inhibition triggers anti-tumour immunity. Nature 2017, 548, 471–475. [CrossRef]

16. Ke, Y.; Liao, C.-G.; Zhao, Z.-Q.; Li, X.-M.; Lin, R.-J.; Yang, L.; Zhang, H.-L.; Kong, L.-M. Combining a CDK4/6 inhibitor with
pemetrexed inhibits cell proliferation and metastasis in human lung adenocarcinoma. Front. Oncol. 2022, 12, 880153. [CrossRef]

17. McCartney, A.; Migliaccio, I.; Bonechi, M.; Biagioni, C.; Romagnoli, D.; De Luca, F.; Galardi, F.; Risi, E.; De Santo, I.; Benelli, M.; et al.
Mechanisms of resistance to CDK4/6 inhibitors: Potential implications and biomarkers for clinical practice. Front. Oncol. 2019,
9, 666. [CrossRef]

18. Bardia, A.; Hurvitz, S.A.; DeMichele, A.; Clark, A.S.; Zelnak, A.; Yardley, D.A.; Karuturi, M.; Sanft, T.; Blau, S.; Hart, L.; et al.
Phase I/II trial of exemestane, ribociclib, and everolimus in women with HR+/HER2− advanced breast cancer after progression
on CDK4/6 inhibitors (TRINITI-1). Clin. Cancer Res. 2021, 27, 4177–4185. [CrossRef]

19. Gutiérrez-Valencia, E.; Sánchez-Rodríguez, I.; Balderrama-Ibarra, R.; Fuentes-Lara, J.; Rios-Martínez, A.; Vázquez Aldana Arroyo,
I.; Bayardo-López, L.; Hernández Chávez, A.; Puebla-Mora Ana, G.; Nader-Roa, L.; et al. Diagnosis and management of brain
metastases: An updated review from a radiation oncology perspective. J. Cancer Metastasis Treat. 2019, 5, 54. [CrossRef]

20. George, M.A.; Qureshi, S.; Omene, C.; Toppmeyer, D.L.; Ganesan, S. Clinical and pharmacologic differences of CDK4/6 inhibitors
in breast cancer. Front. Oncol. 2021, 11, 693104. [CrossRef]

21. Patnaik, A.; Rosen, L.S.; Tolaney, S.M.; Tolcher, A.W.; Goldman, J.W.; Gandhi, L.; Papadopoulos, K.P.; Beeram, M.; Rasco, D.W.;
Hilton, J.F.; et al. Efficacy and safety of abemaciclib, an inhibitor of CDK4 and CDK6, for patients with breast cancer, non-small
cell lung cancer, and other solid tumors. Cancer Discov. 2016, 6, 740–753. [CrossRef]

22. Tolaney, S.M.; Sahebjam, S.; Le Rhun, E.; Bachelot, T.; Kabos, P.; Awada, A.; Yardley, D.; Chan, A.; Conte, P.; Diéras, V.; et al. A
Phase II study of abemaciclib in patients with brain metastases secondary to hormone receptor-positive breast cancer. Clin. Cancer
Res. 2020, 26, 5310–5319. [CrossRef]

23. Nguyen, L.V.; Searle, K.; Jerzak, K.J. Central nervous system-specific efficacy of CDK4/6 inhibitors in randomized controlled
trials for metastatic breast cancer. Oncotarget 2019, 10, 6317–6322. [CrossRef]

http://doi.org/10.1186/s13045-020-00880-8
http://doi.org/10.1016/j.ctrv.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/27017286
http://doi.org/10.3390/cancers14020293
http://doi.org/10.3389/fonc.2018.00608
http://doi.org/10.1056/NEJMoa1810527
http://doi.org/10.1056/NEJMoa1903765
http://www.ncbi.nlm.nih.gov/pubmed/31166679
http://doi.org/10.1093/annonc/mdy155
http://www.ncbi.nlm.nih.gov/pubmed/29718092
http://doi.org/10.1001/jamaoncol.2019.4782
http://doi.org/10.1016/j.annonc.2020.09.010
http://www.ncbi.nlm.nih.gov/pubmed/32979513
http://doi.org/10.3389/fonc.2021.676041
http://doi.org/10.1038/nature23465
http://doi.org/10.3389/fonc.2022.880153
http://doi.org/10.3389/fonc.2019.00666
http://doi.org/10.1158/1078-0432.CCR-20-2114
http://doi.org/10.20517/2394-4722.2019.20
http://doi.org/10.3389/fonc.2021.693104
http://doi.org/10.1158/2159-8290.CD-16-0095
http://doi.org/10.1158/1078-0432.CCR-20-1764
http://doi.org/10.18632/oncotarget.27238


Cancers 2022, 14, 4996 14 of 14

24. Lin, S.; Zhao, X.; Li, T.; Zhang, H.; Tan, H.; Wang, X.; Jiang, L.; Liu, Y.; Sun, J.; Linghu, L.; et al. Abstract 4425: FCN-437: A novel,
potent and selective oral inhibitor of CDK4/6 for the treatment of solid tumors. Cancer Res. 2019, 79, 4425. [CrossRef]

25. Zhang, J.; Wang, X.; Wang, X.; Hui, A.; Wu, Z.; Tian, L.; Xu, C.; Yang, Y.; Zhang, W.; Hu, X. Phase 1a study of the CDK4/6 inhibitor,
FCN-437c, in Chinese patients with HR + /HER2- advanced breast cancer. Investig. New Drugs 2021, 39, 1549–1558. [CrossRef]

26. Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.G.; Gwyther, S.; Mooney,
M.M.; et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45,
228–247. [CrossRef]

27. Reuben, A. Hy’s law. Hepatology 2004, 39, 574–578. [CrossRef]
28. National Cancer Institute (USA). Common Terminology Criteria for Adverse Events (CTCAE), Version 5.0; National Cancer Institute

(USA): Bethesda, MD, USA, 2017.
29. Malorni, L.; Curigliano, G.; Minisini, A.M.; Cinieri, S.; Tondini, C.A.; D’Hollander, K.; Arpino, G.; Bernardo, A.; Martignetti, A.;

Criscitiello, C.; et al. Palbociclib as single agent or in combination with the endocrine therapy received before disease progression
for estrogen receptor-positive, HER2-negative metastatic breast cancer: TREnd trial. Ann. Oncol. 2018, 29, 1748–1754. [CrossRef]

30. Sledge, G.W.; Toi, M.; Neven, P.; Sohn, J.; Inoue, K.; Pivot, X.; Burdaeva, O.; Okera, M.; Masuda, N.; Kaufman, P.A.; et al.
MONARCH 2: Abemaciclib in combination with fulvestrant in women with HR+/HER2− advanced breast cancer who had
progressed while receiving endocrine therapy. J. Clin. Oncol. 2017, 35, 2875–2884. [CrossRef]

31. Goetz, M.P.; Toi, M.; Campone, M.; Sohn, J.; Paluch-Shimon, S.; Huober, J.; Park, I.H.; Trédan, O.; Chen, S.-C.; Manso, L.; et al.
MONARCH 3: Abemaciclib as initial therapy for advanced breast cancer. J. Clin. Oncol. 2017, 35, 3638–3646. [CrossRef]

32. Wander, S.A.; Han, H.S.; Zangardi, M.L.; Niemierko, A.; Mariotti, V.; Kim, L.S.L.; Xi, J.; Pandey, A.; Dunne, S.; Nasrazadani, A.;
et al. Clinical outcomes with abemaciclib after prior CDK4/6 inhibitor progression in breast cancer: A multicenter experience.
J. Natl. Compr. Canc. Netw. 2021. Epub ahead of print. [CrossRef]

33. dos Anjos, C.H.; Razavi, P.; Herbert, J.; Colon, J.; Gill, K.; Modi, S.; Bromberg, J.; Dang, C.T.; Liu, D.; Norton, L.; et al. A large
retrospective analysis of CDK 4/6 inhibitor retreatment in ER+ metastatic breast cancer (MBC). J. Clin. Oncol. 2019, 37, 1053.
[CrossRef]

34. Infante, J.R.; Shapiro, G.; Witteveen, P.; Gerecitano, J.F.; Ribrag, V.; Chugh, R.; Issa, I.; Chakraborty, A.; Matano, A.; Zhao, X.; et al.
A phase I study of the single-agent CDK4/6 inhibitor LEE011 in pts with advanced solid tumors and lymphomas. J. Clin. Oncol.
2014, 32, 2528. [CrossRef]

35. Barroso-Sousa, R.; Shapiro, G.I.; Tolaney, S.M. Clinical development of the CDK4/6 inhibitors ribociclib and abemaciclib in breast
cancer. Breast Care 2016, 11, 167–173. [CrossRef]

36. Rugo, H.S.; Huober, J.; García-Sáenz, J.A.; Masuda, N.; Sohn, J.H.; Andre, V.A.M.; Barriga, S.; Cox, J.; Goetz, M. Management of
abemaciclib-associated adverse events in patients with hormone receptor-positive, human epidermal growth factor receptor
2-negative advanced breast cancer: Safety analysis of MONARCH 2 and MONARCH 3. Oncologist 2021, 26, e53–e65. [CrossRef]
[PubMed]

37. West, M.T.; Smith, C.E.; Kaempf, A.; Kohs, T.C.L.; Amirsoltani, R.; Ribkoff, J.; Choung, J.L.; Palumbo, A.; Mitri, Z.; Shatzel, J.J.
CDK 4/6 inhibitors are associated with a high incidence of thrombotic events in women with breast cancer in real-world practice.
Eur. J. Haematol. 2021, 106, 634–642. [CrossRef] [PubMed]

38. Gervaso, L.; Montero, A.J.; Jia, X.; Khorana, A.A. Venous thromboembolism in breast cancer patients receiving cyclin-dependent
kinase inhibitors. J. Thromb. Haemost. 2020, 18, 162–168. [CrossRef] [PubMed]

39. Goldman, J.W.; Mazieres, J.; Barlesi, F.; Dragnev, K.H.; Koczywas, M.; Göskel, T.; Cortot, A.B.; Girard, N.; Wesseler, C.; Bischoff,
H.; et al. A randomized phase III Study of abemaciclib versus erlotinib in patients with stage IV non-small cell lung cancer with a
detectable KRAS mutation who failed prior platinum-based therapy: JUNIPER. Front. Oncol. 2020, 10, 578756. [CrossRef]

40. Ahon Pharmaceutical, Co. Ltd. Safety, Tolerability, Pharmacokinetics and Antitumor Activity of FCN-437c. Available online:
https://clinicaltrials.gov/ct2/show/NCT04488107 (accessed on 17 March 2022).

41. Ahon Pharmaceutical, Co. Ltd. Study of Efficacy, Safety, and Pharmacokinetics of FCN-437c in Combination with Fulvestrant or
Letrozole+Goserelin. Available online: https://clinicaltrials.gov/ct2/show/NCT05004142 (accessed on 17 March 2022).

42. Garrido-Castro, A.C.; Goel, S. CDK4/6 inhibition in breast cancer: Mechanisms of response and treatment failure. Curr. Breast
Cancer Rep. 2017, 9, 26–33. [CrossRef] [PubMed]

43. Asghar, U.S.; Kanani, R.; Roylance, R.; Mittnacht, S. Systematic review of molecular biomarkers predictive of resistance to
CDK4/6 inhibition in metastatic breast cancer. JCO Precis. Oncol. 2022, 6, e2100002. [CrossRef]

44. Migliaccio, I.; Leo, A.; Galardi, F.; Guarducci, C.; Fusco, G.M.; Benelli, M.; Di Leo, A.; Biganzoli, L.; Malorni, L. Circulating
biomarkers of CDK4/6 inhibitors response in hormone receptor positive and HER2 negative breast cancer. Cancers 2021, 13, 2640.
[CrossRef] [PubMed]

45. Puyol, M.; Martin, A.; Dubus, P.; Mulero, F.; Pizcueta, P.; Khan, G.; Guerra, C.; Santamaria, D.; Barbacid, M. A synthetic lethal
interaction between K-Ras oncogenes and Cdk4 unveils a therapeutic strategy for non-small cell lung carcinoma. Cancer Cell 2010,
18, 63–73. [CrossRef] [PubMed]

46. Li, K.; You, J.; Wu, Q.; Meng, W.; He, Q.; Yang, B.; Zhu, C.; Cao, J. Cyclin-dependent kinases-based synthetic lethality: Evidence,
concept, and strategy. Acta Pharm. Sin. B 2021, 11, 2738–2748. [CrossRef]

http://doi.org/10.1158/1538-7445.AM2019-4425
http://doi.org/10.1007/s10637-021-01133-2
http://doi.org/10.1016/j.ejca.2008.10.026
http://doi.org/10.1002/hep.20081
http://doi.org/10.1093/annonc/mdy214
http://doi.org/10.1200/JCO.2017.73.7585
http://doi.org/10.1200/JCO.2017.75.6155
http://doi.org/10.6004/jnccn.2020.7662
http://doi.org/10.1200/JCO.2019.37.15_suppl.1053
http://doi.org/10.1200/jco.2014.32.15_suppl.2528
http://doi.org/10.1159/000447284
http://doi.org/10.1002/onco.13531
http://www.ncbi.nlm.nih.gov/pubmed/32955138
http://doi.org/10.1111/ejh.13590
http://www.ncbi.nlm.nih.gov/pubmed/33527479
http://doi.org/10.1111/jth.14630
http://www.ncbi.nlm.nih.gov/pubmed/31479568
http://doi.org/10.3389/fonc.2020.578756
https://clinicaltrials.gov/ct2/show/NCT04488107
https://clinicaltrials.gov/ct2/show/NCT05004142
http://doi.org/10.1007/s12609-017-0232-0
http://www.ncbi.nlm.nih.gov/pubmed/28479958
http://doi.org/10.1200/PO.21.00002
http://doi.org/10.3390/cancers13112640
http://www.ncbi.nlm.nih.gov/pubmed/34072070
http://doi.org/10.1016/j.ccr.2010.05.025
http://www.ncbi.nlm.nih.gov/pubmed/20609353
http://doi.org/10.1016/j.apsb.2021.01.002

	Introduction 
	Materials and Methods 
	Patients and Study Design 
	Study Endpoints 
	Study Assessments 
	Statistical Analyses 

	Results 
	Patient Demographics and Baseline Characteristics 
	Dose-Limiting Toxicities 
	Safety and Tolerability 
	Other Safety Parameters 
	Pharmacokinetics 
	Efficacy 

	Discussion 
	Conclusions 
	References

