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The experimental drug SHR6390 has anti-tumor activity as a cyclin dependent

kinase 4/6 inhibitor and is metabolized primarily by the cytochrome P450

3A4 enzyme. Therefore, The purpose of this trial was to evaluate the safety

and pharmacokinetics of SHR6390, a potent cytochrome P450 3A4 inhibitor, in

healthy Chinese subjects. In this trial study, 18 subjects received a single oral

dose of SHR6390 50mg on day 1, multiple doses of 200mg itraconazole on

days 12–24 for 13 days, and a single oral dose of SHR6390 50mg on day 15.

After coadministration with itraconazole, the maximum plasma concentration

(Cmax) of SHR6390 increased by 70.7% (from 14.3 ng/ml to 24.5 ng/ml), and the

area under the time curve from 0 to T (AUC0-T) increased by 110.8% from

468 h·ng/mL to 988 h·ng/mL. The area under the concentration-time curve

extrapolated to∞(AUC0-∞) increases from 509 H·ng/mL to 1,040 h·ng/mL, an

increase of 105.1%. Oral gap (CL/F) decreased (47.9 L/h and 98.3 L/h) and

apparent volume of distribution (Vz/F) decreased (4190 L and 5890 L).

According to common terminology criteria, 15 32 adverse events were

reported in 18 subjects (AEs) (27 SHR6390-related AEs and 15 Itraconazole-

related AEs), AEs were all Class 1 adverse events. Overall, co-administration of

Itraconazole increased the plasma exposure of SHR6390 in healthy subjects.

Both SHR6390 alone and co-administration of Itraconazole showed acceptable

safety profiles, which warrants further investigation. The experimental drug

SHR-6390 of this clinical trial has been applied for registration, which is

classified as Chemical drugs Class 1. The study drug SHR6390 registration

number:ClinicalTrials.gov Identifier: NCT04423601 (https://clinicaltrials.gov/)
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Introduction

Cyclins and cyclin-dependent kinases (CDK)mainly regulate and process cyclins. Early in

G1 phase, CDK4/6 interacts with cyclin D, phosphorylates retinoblastoma protein (Rb),

releases transcription factor E2F, and accelerates transcription of downstream genes.

Transitioning the cell cycle from G1 phase to S Phase Although Rb loss typically occurs

in some types of tumors, increased ACTIVATION of CDK4/6 occurs in most tumors,

suggesting unwinding of the Cyclin D1-CDK4/6-Rb pathway in cancer suggests that
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acceleration of the G1 phase occurs and leads to uncontrolled cell

proliferation. According to the significance of CDK4/6 activity in

cancer cells, selective CDK4/6 inhibitors has been utilized as a

therapeutic strategy for cancer. Among them, Palbociclib,

Abemaciclib and Ribociclib have been approved by the US Food

and Drug Administration and are mainly used for hormone

receptor-positive (HR+) and human epidermal growth factor

receptor-2 negative (HER2-) advanced breast cancer in

combination with endocrine therapy. Abemaciclib is approved as

a post-endocrine monotherapy for the treatment of advanced HR+/

HER2- breast cancer.

SHR6390, an oral, highly selective, small molecule CDK4/

6 inhibitor, reduced Rb phosphorylation in PDX models in vivo,

and had similar or better anti-tumor efficacy than Palbociclib in

xenografts in vivo. Within an in vivo study, SHR6390 was a

P-glycoprotein (P-gp) substrate which was metabolized in the

liver by Cytochrome P450 (CYP) enzymes, primarily

metabolized by CYP3A4, and partly metabolized by

CYP2C9 and CYP2C8. Considering that inhibitors or inducers

of CYP3A4 might have influence on the exposure of SHR6390,

this study evaluated the effect of Itraconazole, one of the potent

strong CYP3A4 inhibitors, on the pharmacokinetics and safety of

SHR6390 in Chinese healthy subjects, and the results will provide

reference for concomitant clinical medications.

Methods

This study was reviewed and approved by the Clinical Trial

Ethics Committee of Sun Yat-sen Memorial Hospital, Sun Yat-

sen University, and conducted in the Phase I Clinical Research

Center of Sun Yat-sen Memorial Hospital, Sun Yat-sen

University, Guangzhou, China. The study was conducted in

accordance with the Clinical Trial Quality Management

Practice and the Declaration of Helsinki, and all subjects were

taught and signed informed consent.

Materials

SHR6390 was provided by Jiangsu Hengrui Pharmaceuticals

Co., Ltd. with a specification of 50 mg per tablet, batch number of

190215KF, storage below 25°C. Itraconazole was provided by

Xian Janssen Pharmaceutical Ltd. with a specification of 100 mg

per capsule, batch number of 190512179, storage at cool and dry

place.

Study design

This open-label, single-dose, self-controlled study

(ClinicalTrials.gov Identifier: NCT04423601) was designed to

investigate the effects of itraconazole on the safety and

tolerability of SHR6390 and drug metabolism in healthy

Chinese subjects. On day 1 after one night of fasting,

enrolled subjects received a single oral dose of 50 mg

SHR6390 (Figure 1), with no food allowed for 4 h before and

after administration and no water allowed for 1 h. On days

12–14 and 16–24, 200 mg itraconazole was orally

administered daily after breakfast, with no food and no water

allowed for 1 h before and 4 h after administration. On day

15 after the night fast, a single oral dose of 50 mg SHR6390 and

200 mg itraconazole was given, with no food and no water

allowed for 4 h before and after administration. All subjects

were checked out on day 25 after the trial and followed up on

day 31–33.

Subjects

The main inclusion criteria are as follows: (Malumbres and

Barbacid, 2009) the age requirement is 18–45 years old

(including boundary values), (Hamilton and Infante, 2016) the

subject is willing to use effective contraception, The serum

human chorionic gonadotropin test in women must be

negative from the time of signing the informed consent until

the final dose, after 6 months and pre-drug Fertility enabled,

(Gao et al., 2020) weight ≥50 kg for men and ≥45 kg for women,

Body mass index (BMI) 19–26 kg/m2 (including boundary

value), (Dickler et al., 2017) general examination, laboratory

examination, 12-lead electrocardiogram, chest radiography

and other examinations showed no significant clinical

abnormalities.

The main exclusion criteria were: (Malumbres and Barbacid,

2009) blood donation ≥400 ml (examination before receiving

blood transfusion within 3 months), (Hamilton and Infante,

2016) allergy or known allergy to SHR6390, itraconazole,

(Gao et al., 2020) drug abuse, (Dickler et al., 2017) alcohol

and non-smoking (Wang et al., 2017) excessive smoking or

active testing, (Long et al., 2019) male or female QTcF

value ≥ 450 ms ≥ 470 Msec, (Zhang et al., 2021) clear history

of major organ disease, (U. S. Food and Drug Administration,

2020) examination within 6 months prior to any surgery, (Liu

et al., 2016) long-term examination of hep drugs prior to

6 months, (Yu et al., 2017) participation of any clinical trial

subjects within 3 months, (Hoffman et al., 2014) administration

of any drugs that alter the activity of liver enzymes within 28 days

prior to administration, (Vermeer et al., 2016) use of any

medication Or health products, or herbal medicine within

14 days of dose prior to (13) positive hepatitis C antibodies,

HIV antibodies, HEPATITIS B surface antigen, syphilis

antibodies.

The 18 subjects were all Han nationality, including 10 male

subjects and 8 female subjects, with an average age (Standard

deviation) 27.6 (±4.90) years (median age 28.0 years, range

20–36 years), mean height (± standard deviation),165.83
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(±8,351) cm, mean weight (± SD) 58.89 (± 8.258) kg, mean body

mass index (soil SD) 21.37 kgm2 (+/-2.233).

Food influence

The drug was administered once in the morning after

intensive blood collection. Water was forbidden within 1 h

before and after administration, and fasting within 4 h after

administration. For the rest of the time, the standard breakfast

was taken 30mi before Dl2 to D14 administration (half of the

meal was finished within 25 min), and itraconazole 200 mg was

taken orally 30 mn (±lmin) postprandial. In this study, food was

forbidden during the intensive blood collection time, while

breakfast was available during the non-intensive blood

collection before drug administration, so the effect of food on

blood drug concentration was extremely small.

Pharmacokinetic sample collection

Blood samples for pharmacokinetic assessments of

SHR6390 were collected on day 1 (13 collection points:1 h

pre-dose, 0.5, 1, 2, 4, 6, 8, 10, 24, 48, 72, 96, and 144 h post-

dose), and on day 15 (15 collection points:1 h pre-dose, 0.5, 1, 2,

4, 6, 8, 10, 24, 48, 72, 96, 144, 192, and 240 h post-dose), 4 ml

blood samples were collected from each sample. For

determination of plasma concentrations of SHR6390, bloods

were centrifugated at 4°C, 2000 g for 10 min within 1 h after

sampling, the upper layer of blood plasma was separated and

stored at -80°C. PK samples were sent to Shanghai Frontage

Biotechnology Co., Ltd (Shanghai, China) for analysis of

SHR6390 by The method verified by liquid chromatography-

mass spectrometry (LC-MS/MS technology), the calibration

range was 0.390–390 ng/ml, linear regression was applied, and

the lower limit of quantification (LLOQ) was 0.390 ng/ml.

Pharmacokinetic analysis

PK parameters for SHR6390 were calculated by the

compartment method using Phoenix WinNonlin software

(Version 8.0:Pharsight Corporation): maximum plasma

concentration (Cmax), elimination half-time (t1/2), time to

reach Cmax (Tmax), area under the concentration-time curve

extrapolated to infinity (AUC0-∞), area under the

concentration-time curve from time zero to time oral

clearance (CL/F),t (AUC0-t), and apparent volume of

distribution (Vz/F).

Safety evaluation

Safety was assessed by monitoring AEs, vital sign values and

clinical laboratory parameters, physical examination, 12-lead

electrocardiogram, and blood pregnancy tests. AEs is graded

for each event according to the Common Terminology standard

for Adverse Events (Version 5.0:CTCAE). Severe adverse events

(SAEs) are defined as medical events resulting in hospitalization

or extension of existing hospital stay, incapacity, disability, life-

threatening, death, or congenital abnormalities after

administration.

FIGURE 1
Mean plasma concentration-time profile of SHR6390 alone and co-administrated with Itraconazole in healthy subjects: (A) linear scale and (B)
semi-log scale.
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Statistical analysis

The sample size was not determined by hypothesis testing, in

which 18 subjects were planned to be recruited and enrolled to

allow for drop-off or drop-out. PK concentration analysis set:

includes all subjects who received at least 1 dose of the test drug

and had at least 1 dose of the post-administration PK

concentration. PK parameter analysis set: includes all subjects

who received at least 1 dose of the test drug and had at least 1 dose

of the PK parameter after administration. In addition, safety

analysis set: includes all subjects who received at least 1 dose of

the investigational drug.

PK concentrations, PK parameters, and safety data of

SHR6390 treated with itraconazole alone or in combination

were summarized by descriptive statistics. Mean and median

plasma concentration-time profiles for SHR6390 were obtained

under both treatments. AUC0-∞, AUC0-T and Cmax after log

transformation were analyzed by using mixed effects model,

which were treated as fixed effects and subjects as random

effects. The least-squares mean difference of the model

between the two treatments and the corresponding 90%

CI(credibility interval) limit values are reverted to the original

scale. Use SAS, version 9.4 (SAS Institute, Cary, NC) for

organization, statistics, processing, and analysis.

Results

Subject

A total of 18 subjects (10 males, 8 females) were enrolled,

completed the trial, and were included in the full

pharmacokinetic and safety analysis (Table 1). The mean age

was 27.6 (range, 20.0–36.0) years, mean height was 165.8 (range,

149.0–181.0) cm, mean body weight was 58.9 (range, 45.0–71.2)

kg and median BMI was 21.4 (range, 19.0–25.3) kg/m2.

Pharmacokinetic

The mean plasma concentration-time profile of

SHR6390 alone or combination with Itraconazole was shown

in Figure 2, and the statistical comparison of PK parameters was

shown in Table 2.

Combination with Itraconazole had no significant effect on

the median Tmax of SHR6390 (6 h versus 6 h), however,

SHR6390 plasma concentrations demonstrated a slower

decline in the presence of Itraconazole after attainment of

Cmax (geometric mean 24.5 ng/ml versus 14.3 ng/ml). Mean

t½ was longer in SHR6390 with Itraconazole than SHR6390 alone

(61.1 versus 42.2 h), CL/F and Vz/F were reduced in

SHR6390 with Itraconazole compared with SHR6390 alone

(47.9 L/h versus 98.3 L/h, 4190 L versus 5890 L, respectively),

AUC0-t and AUC0-∞ were increased in SHR6390 with

Itraconazole compared with SHR6390 alone (988 h·ng/mL

versus 468 h·ng/mL, 1,040 h·ng/mL versus 509 h·ng/mL,

respectively). The geometric least-square mean treatment ratio

of AUC0-t was 2.108 (90% CI, 1.954, 2.274), the ratio of AUC0-∞
was 2.051 (90% CI, 1.903, 2.211) and the ratio of Cmax was 1.707

(90% CI, 1.541, 1.890), when SHR6390 with Itraconazole

compared with SHR6390 alone. The overall exposure of

SHR6390 was increased in the presence of Itraconazole.

Safety

The safety evaluable population was comprised of all

18 subjects. A summary of AEs was listed in Table 3. A total

of 32 AEs were reported for 15 subjects (83.3%), of which AEs

were recorded for 8 subjects (44.4%, 16 times) after treatment

with SH6390 alone, 1 subject (5.6%, 1 times) after treatment with

Itraconazole alone, and 10 subjects (55.6%, 15 times) after co-

administration of SH6390 with Itraconazole. The most common

AEs were constipation (4 subjects, 4 times), increased alanine

aminotransferase (2 subjects, 3 times), shortened PR interval on

electrocardiogram (2 subjects, 2 times), increased serum creatine

phosphokinase (2 subjects, 2 times), reduced fibrinogen

(2 subjects, 2 times), diarrhea (2 subjects, 2 times), and

urinary tract infection (2 subjects, 2 times).

A total of 27 SHR6390-related AEs were reported for

13 subjects (72.2%), which mainly included constipation

(4 subjects, 4 times), increased alanine aminotransferase

(2 subjects, 3 times), shortened PR interval on

electrocardiogram (2 subjects, 2 times), increased serum

creatine phosphokinase (2 subjects, 2 times), reduced

fibrinogen (2 subjects, 2 times), and diarrhea (2 subjects,

2 times), whereas 15 Itraconazole-related AEs were reported

TABLE 1 Demographic characteristics.

Characteristic Total (n = 18)

Age (years)

Mean (range) 27.6 (20.0–36.0)

Sex, n (%)

Male 10 (55.6)

Female 8 (44.4)

Ethnicity, n (%)

Han nationality 18 (100)

Height (cm)

Mean (range) 165.8 (149.0–181.0)

Weight (kg)

Mean (range) 58.9 (45.0–71.2)

Body mass index (kg/m2)

Mean (range) 21.4 (19.0–25.3)
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for 11 subjects (61.1%), which mainly included constipation

(4 subjects, 4 times) and increased alanine aminotransferase

(2 subjects, 2 times). All reported AEs were treatment-

emergent adverse events and were considered as CTCAE

grade I. There were no SAEs reported and no subjects

discontinued treatment, required dose reductions, or withdrew

due to AEs during this study. Overall, SHR6390 was well

tolerated with no safety profile concerns with a single dose of

50 mg or in combination with 200 mg Itraconazole.

Discussion

SHR6390 is mainly metabolized by CYP3A4. According to

the drug-drug interaction guidelines, itraconazole is

recommended to be included as a potent inhibitor of

CYP3A4, and drug-drug interaction is studied through the

metabolism of CYP3A4. Therefore, itraconazole is adopted as

a co-administration drug in this study. The selected 50 mg

dose of the investigational drug SHR6390 was safe and well

tolerated. The usual daily dose of itraconazole is 200–400 mg,

and a single dose of 400 mg has a limited increase in inhibition

of CYP3A4 compared with 200 mg. Therefore, we hope that a

daily dose of 200 mg of itraconazole (day 15–24) has a longer

and comprehensive inhibition of CYP3A4.

Tmax of 6 h and t1/2 of 42.2 h for SHR6390 supported the

once-daily administration. A previous tissue distribution

study of rats showed that SHR6390 was widely distributed

in tissues except the brain, SHR6390 with a large Vz/F of

4190 L suggested that SHR6390 was widely distributed in the

body. SHR6390 with a large Vz/F of 4190 L in the study

suggested that SHR6390 distributed widely in the body.

Another CDK4/6 inhibitor, palbociclib was mainly

metabolized by CYP3A, in physiologically based

pharmacokinetic modeling, the predicted ratios of

geometric mean AUC0-∞ and Cmax for palbociclib with

itraconazole compared with palbociclib alone were 2.10 and

1.48. In the study of palbociclib pharmacokinetics in healthy

volunteers, compared with a single 125 mg palbociclib,

coadministration of multiple 200 mg itraconazole with

palbociclib increased AUC0-∞ and Cmax of palbociclib by

87 and 34%. In the study, the geometric least-square mean

treatment ratios of AUC0-t, AUC0-∞ and Cmax were 2.108,

2.051 and 1.707 for SHR6390 with itraconazole compared

with SHR6390 alone, indicating CYP3A4 inhibition was the

probable mechanism on the interactions between itraconazole

and SHR6390. In addition, SHR6390 was a P-glycoprotein

substrate, inhibition of itraconazole on the transport protein

P-glycoprotein might contribute to interaction, but it required

further investigation.

FIGURE 2
Study design.

TABLE 2 Pharmacokinetic parameters of SHR6390 alone or co-administrated with itraconazole.

Parametera SHR6390 alone (n = 18) SHR6390 with itraconazole (n = 18)

Cmax (ng/mL) 14.3 (29.7) 24.5 (26.2)

AUC0-t (h*ng/mL) 468 (23.8) 988 (19.3)

AUC0-∞(h*ng/mL) 509 (23.6) 1,040 (19.0)

Tmax(h) 6.00 (1.00–8.00) 6.00 (1.00–8.02)

t1/2(h) 42.2 (7.56) 61.1 (7.30)

CL/F (L/h) 98.3 (23.6) 47.9 (19.0)

Vz/F(L) 5,890 (23.6) 4,190 (19.3)

Parameters are presented as geometric mean (geometric %CV) except median (minimum to maximum) for Tmax and arithmetic mean ± SD, for t1/2.
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Previous studies on SHR6390 showed that the most

common hematological AEs included neutropenia and

leukopenia, and the most frequent non-hematological AEs

included increased alanine aminotransferase and aspartate

aminotransferase. No SAEs were reported during the study,

and all AEs were grade 1 with no treatment discontinuation,

where the most common AEs included constipation, increased

alanine aminotransferase, shortened PR interval on

electrocardiogram, increased serum creatine phosphokinase,

reduced fibrinogen, diarrhea, and urinary tract infection.

Overall, the incidence of AEs was similar when

SHR6390 was co-administered with Itraconazole (55.6%)

compared with SHR6390 alone (44.4%). Therefore,

SHR6390 was well tolerated when administered alone or

co-administered with Itraconazole.

Conclusion

In summary, the pharmacokinetics of SHR6390 were

affected by the co-administration of Itraconazole, where co-

administration of Itraconazole resulted in the increase of

SHR6390 exposure, where the Cmax, AUC0-t and AUC0-∞
increased by 70.7, 110.8, 105.1%, respectively. A single

TABLE 3 Summary of adverse events in subjects treated with SH6390 alone or Itraconazole alone or SH6390 co-administrated with Itraconazole.

Adverse events SH6390 alone (n = 18) n
(%) E

Itraconazole
alone
(n = 18) n (%) E

SHR6390 with
itraconazole
(n = 18) n (%) E

Total (n = 18) n
(%) E

Treatment emergent adverse events 8 (44.4) 16 1 (5.6) 1 10 (55.6) 15 15 (83.3) 32

Increased alanine aminotransferase 1 (5.6) 1 0 (0.0) 0 2 (11.1) 2 2 (11.1) 3

Shorted PR interval of
electrocardiogram

1 (5.6) 1 0 (0.0) 0 1 (5.6) 1 2 (11.1) 2

Increased serum creatine
phosphokinase

1 (5.6) 1 0 (0.0) 0 1 (5.6) 1 2 (11.1) 2

Reduced fibrinogen 2 (11.1) 2 0 (0.0) 0 0 (0.0) 0 2 (11.1) 2

Increased aspartate aminotransferase 1 (5.6) 1 0 (0.0) 0 1 (5.6) 1 1 (5.6) 2

Increased C-reactive protein 1 (5.6) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1

Conjugated bilirubin increased 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1 1 (5.6) 1

Lymphopenia 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1 1 (5.6) 1

Urinary ketone bodies 1 (5.6) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1

Urine occult blood 1 (5.6) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1

Change of ST-T segment 1 (5.6) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1

Constipation 0 (0.0) 0 1 (5.6) 1 3 (16.7) 3 4 (22.2) 4

Diarrhea 1 (5.6) 1 0 (0.0) 0 1 (5.6) 1 2 (11.1) 2

Abdominal pain 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1 1 (5.6) 1

Oral ulcer 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1 1 (5.6) 1

Triglyceride increased 1 (5.6) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1

Hyperuricemia 1 (5.6) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1

Urinary tract infection 1 (5.6) 1 0 (0.0) 0 1 (5.6) 1 2 (11.1) 2

Headache 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1 1 (5.6) 1

Ventricular extrasystole 1 (5.6) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1

Anemia 1 (5.6) 1 0 (0.0) 0 0 (0.0) 0 1 (5.6) 1

CTCAE 1 grade 8 (44.4) 16 1 (5.6) 1 10 (55.6) 15 15 (83.3) 32

CTCAE 2 grade 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0

CTCAE 3 grade 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0

CTCAE 4 grade 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0

CTCAE 5 grade 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0

SAE 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0 0 (0.0) 0

SHR6390-related adverse events 6 (33.3) 13 1 (5.6) 1 9 (50.0) 13 13 (72.2) 27

Itraconazole-related adverse events 0 (0.0) 0 1 (5.6) 1 10 (55.6) 14 11 (61.1) 15

The data are presented as n (%) E, where n is the number of subjects, % is the percentage of subjects, and E is the number of events.
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50 mg dose of SHR6390 alone and co-administration with

200 mg Itraconazole were well tolerated according to the

presence of grade 1 AEs and the absence of SAEs in

healthy subjects. The results provide information on

potential pharmacokinetic interactions and reference for

the co-administration of a potent CYP3A4 inhibitor with

SHR6390.
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