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Abstract
Background and Objectives  Yimitasvir is a novel oral hepatitis C virus non-structural protein 5A (NS5A) inhibitor. The 
aims of this first-in-human study were to evaluate the safety, tolerability and pharmacokinetics of single and multiple doses 
of yimitasvir in healthy adult Chinese volunteers and to assess the effect of food on yimitasvir pharmacokinetics.
Methods  Randomized, double-blind, placebo-controlled, single-ascending-dose (30, 100, 200 and 400 mg) and multiple-
ascending-dose (100 and 200 mg once daily for 7 days) studies were performed in 32 and 24 subjects, respectively, in male 
and female adults. Additionally, the effect of food on yimitasvir pharmacokinetics was assessed with a crossover study in 
15 male subjects.
Results  Yimitasvir was absorbed slowly after oral administration with a median time to maximum plasma concentration 
(Tmax) of 3.5–4.0 h. Increases in the maximum plasma concentration (Cmax) and area under the concentration–time curve from 
0 to the last measurable time point (AUC​0-t) were proportional to the dose of yimitasvir over a dose range of 30–100 mg, 
while increases were less than dose proportional over a dose range of 200–400 mg in part 1, indicating that absorption at 
the 200-mg dose was nearly saturated. The geometric mean terminal half-life of yimitasvir was 13.4–19.7 h in each cohort, 
supporting once-daily dosing. Faecal excretion of parent yimitasvir was the major route of elimination. Steady state was 
achieved following 5 days of dosing with minimal accumulation. A standardized high-fat meal decreased the rate and extent 
of absorption. All doses of yimitasvir were well tolerated.
Conclusions  Yimitasvir, at single doses of 30–400 mg and multiple doses of 100–200 mg for 7 days, was well tolerated in 
healthy Chinese subjects. The results of this study formed the basis for the dosing schemes evaluated in a phase Ib study and 
subsequent phase II and phase III clinical studies.
Clinical Trial Registration  This study was registered at the China Food and Drug Administration (Registration numbers: 
2014L02064 and 2014L02065) and at http://www.chict​r.org.cn (Nos. CTR20140854, CTR20150048 and CTR20150123).

Key Points 

Yimitasvir was well tolerated in healthy Chinese subjects 
up to a 400-mg single dose and 200 mg/day for 7 days.

The pharmacokinetic profile showed a long half-life, 
supporting once-daily dosing.

The exposure of yimitasvir decreased after a standard-
ized high-fat meal.
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1  Introduction

Chronic hepatitis C virus infection is a major public health 
problem, and over 150 million people worldwide are esti-
mated to be infected with hepatitis C virus (HCV) [1]. It is 
estimated that at least 25 million individuals are infected 
with HCV in China [2]. Long-term HCV infection can cause 
chronic liver diseases, including cirrhosis and hepatocellular 
carcinoma (HCC).

In recent years, direct-acting antivirals (DAAs), a broad 
class of potent drugs, have been approved for HCV treat-
ment. Combination regimens of DAAs provide rates of sus-
tained virological response exceeding 90% [3]. However, 
Peg-interferon-α/ribavirin, which has limited efficacy and 
significant side effects, is still the current standard treatment 
in mainland China [2]. There is a crucial need to develop 
novel, safe and effective DAAs to help patients with HCV.

Non-structural protein 5A (NS5A) has been identified to 
be a target for inhibiting the replication of HCV [4]. Several 
NS5A inhibitors are used as part of multidrug regimens to 
treat HCV [5]. Yimitasvir phosphate (Fig. 1) is an NS5A 
inhibitor, and its structure is similar to daclatasvir [6] and 
ledipasvir [7]. Preclinical characterization of yimitasvir 
showed that it has superior or comparable in vitro inhibition 
efficacy in HCV genotypes 1a, 1b and 4a, which makes yimi-
tasvir a promising new DAA drug for HCV treatment [8].

The objectives of this first-in-human study were to evalu-
ate the safety and tolerability of single- and multiple-dose 
administration of yimitasvir in healthy adult Chinese volun-
teers and to assess the pharmacokinetic profile of yimitasvir 
over the same timeframe. Additionally, the effect of food on 
pharmacokinetics and tolerability was evaluated.

2 � Methods

The protocol and informed consent documentation were 
reviewed and approved by Peking University First Hospital 
Ethical Committee (Peking, China), and the study was con-
ducted in accordance with the Declaration of Helsinki and 
followed the principles of Good Clinical Practice. Written 
informed consent was obtained for all subjects prior to par-
ticipation in any study procedures. This phase I study was 
conducted at Peking University First Hospital Phase I Unit.

2.1 � Study Design

The study comprised three parts, as follows (Fig. 2):

Part 1 was a single-ascending-dose (SAD) study with four 
dose cohorts of yimitasvir (30 mg, 100 mg, 200 mg and 
400 mg). Eight subjects in each dose cohort were rand-
omized to receive a single oral dose of yimitasvir phosphate 
capsule (six subjects) or a matching placebo (two subjects) 
after overnight fasting. Dose escalation was performed after 
the safety profile of the preceding dose was evaluated.

Part 2 was a multiple-ascending-dose (MAD) study with 
100 mg and 200 mg of yimitasvir once daily for 7 days. 
Twelve subjects in each dose cohort were randomized at a 
3:1 ratio to receive multiple doses of yimitasvir phosphate 
capsule or placebo. The investigators and subjects were 
blinded to subject randomization throughout the study. 
Doses were escalated following review of safety in earlier 
study cohorts.

Subjects in part 1 and part 2 attended a screening visit 
within 7 days prior to receiving the first dose of study 
drug. They were admitted to the clinical study unit on day 
− 1. The day after admission, subjects received their ran-
domized treatment and underwent a period of observation 
and assessment in the unit (7 days for part 1 and 12 days 
for part 2). Subjects returned for a follow-up visit on day 
10 for part 1 and day 15 for part 2.

Part 3 was a randomized, two-period, two-sequence, open-
label, crossover study of yimitasvir with a washout period 
of 12 days between the two periods. Fifteen subjects were 
randomized to receive a standard high-fat and high-calorie 
(at least 800 kcal) breakfast 30 min prior to the administra-
tion of a single 100-mg oral dose of yimitasvir or fast prior 
to drug administration in period 1 or period 2. After dosing, 
subjects underwent observation and assessment in the unit 
for 5 days during each period and returned for a follow-up 
visit on day 8 after the second dosing.

2.2 � Study Populations

Healthy Chinese male and female adults (only males in 
part 3) between 18 and 45 years of age, with a body mass 
index (BMI) within the range of 19–25 kg/m2 and a weight 
of at least 50 kg, were eligible to participate in this study. 
Subjects could participate in only a single cohort and were 
not allowed to participate in other parts. The key exclusion 
criteria included: (1) clinically significant abnormalities 
in the relevant physical examination, vital signs, electro-
cardiogram (ECG), or clinical laboratory evaluations at 

Fig. 1   Chemical structure of yimitasvir phosphate
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screening; (2) positivity for HBV, HCV, HIV or TPPA; (3) 
use of known inhibitors or inducers of drug metabolism 
within the previous month or any medication (prescrip-
tion medication, over-the-counter medication and herbal 
products) within 2 weeks; (4) history or presence of any 
systemic disorders or disease; (5) alcohol consumption 
averaging > 20 g/week within 6 months; (6) regular smok-
ing habit (> 1 cigarettes/day); (7) positive drug screen; (8) 
participation in an investigational drug/device study within 
3 months; (9) blood donation within the previous 3 months 
or intention to donate blood within 1 month after the trials; 
or (10) participants or their partners were unwilling to use 
effective contraception for 3 months after administration 
of the drug.

2.3 � Blood, Urine and Faeces Sampling

To measure yimitasvir plasma levels in part 1 and part 3, a 
series of blood samples were collected in heparin lithium 

tubes at predetermined time points: pre-dose and at 0.5, 
1, 2, 3, 4, 5, 6, 8, 10, 12, 24, 36, 48, 72, 96, 120 and 144 h 
(120 and 144 h were not applicable for part 3) post-dose 
following single-dose administration. In part 2, blood sam-
ples were drawn pre-dose and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 
12 and 24 h post-dose on day 1 and pre-dose on days 5, 
6 and 7 and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 24, 36, 48, 
72, 96 and 120 h after the last dose. At each point, a 4-ml 
blood sample was collected and centrifuged at 3000 rpm 
for 10 min at 4 °C. The plasma samples were stored at 
− 70 °C.

In part 1, urine samples were obtained pre-dose and 
at the following predetermined collection intervals: 
0–8 h, 8–24 h, 24–48 h, 48–72 h, 72–96 h, 96–120 h and 
120–144 h. After measurement of the total volume of urine 
for each collection timepoint, 10 ml was stored for drug 
assays. Faeces samples voided 0–144 h post-dose were 
pooled for the 100- and 200-mg doses in part 1. All of the 
samples were stored at − 70 °C.

Fig. 2   Study flow diagram
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2.4 � Pharmacokinetic Assessment

Plasma, urine and faeces samples were prepared using 
protein precipitation prior to analysis. A Shimadzu Promi-
nence 20-Series liquid chromatography-SCIEX API4000 
mass spectrometer was employed to detect yimitasvir and 
d8-DAG (isotope-labelled yimitasvir as an internal stand-
ard). The analytical column was a Waters Xterra MS C18 
(50 × 2.1 mm; 5 μm; Waters Technologies, Inc., Milford, 
MA, USA). Mobile phase A was 0.1% formic acid and 
5 mM ammonium formate in water, and mobile phase B was 
0.1% formic acid acetonitrile for plasma, urine and faeces 
samples. The injection volume was 2 μl, and the flow rate 
was 0.4 ml/min for plasma and urine samples. The injec-
tion volume was 5 μl, and the flow rate was 0.4 ml/min for 
faeces samples. The column temperature was maintained at 
40 °C, and the mass spectrometer was used in the positive 
scan mode. Quantitation was accomplished by triple quad-
rupole mass spectrometry and monitoring of the precursor-
to-production pairs m/z 856.5–630.2 for yimitasvir and m/z 
864.4–630.5 for the internal standard.

The linear calibration ranges were 5.00–5000 ng/ml for 
plasma, 1.00–900 ng/ml for urine and 100–100,000 ng/ml 
for faeces. The lower limits of quantitation (LLOQs) were 
5.00 ng/ml for plasma, 1.00 ng/ml for urine, and 100 ng/ml 
for faeces. The four QC sample concentrations were 5.00, 
15.0, 250 and 4000 ng/ml for plasma; 1.00, 3.00, 50.0 and 
800 ng/ml for urine; and 100, 300, 5000 and 80,000 ng/ml 
for faeces. The inter- and intra-day precision values (RSD %) 
were < 11.7%, and accuracy was within 92.8–107.8% for 
plasma; the inter- and intra-day precision values (RSD %) 
were < 9.7%, and accuracy was within 97.7–104% for urine; 
and the inter- and intra-day precision values (RSD  %) 
were < 7.9%, and accuracy was within 92–103% for faeces. 
No significant matrix effect was found. All samples were 
analysed within established storage stability periods. Yimi-
tasvir in plasma was stable on the bench-top for 24 h, six 
freeze/thaw cycles, and 167 days at − 10 °C to − 30 °C and 
− 60 °C to − 80 °C. Yimitasvir in urine was stable on the 
bench-top for 25 h, five freeze/thaw cycles, and 222 days at 
− 10 °C to − 30 °C and − 60 °C to − 80 °C. Yimitasvir in 
faeces was stable on the bench-top for 24 h, five freeze/thaw 
cycles, and 218 days at − 10 °C to − 30 °C and − 60 °C to 
− 80 °C.

Pharmacokinetic analyses were performed to deter-
mine the plasma pharmacokinetic parameters and the total 
excretion of yimitasvir in urine and faeces by standard non-
compartmental methods using Phoenix WinNonlin 6.3 (A 
Certara™ Company, Princeton, NJ, USA). Maximum con-
centration (Cmax), Cmax at steady state after multiple doses 
(Cmax,ss), minimum concentration at steady state after multi-
ple doses (Cmin,ss), and the time to Cmax or Cmax,ss (Tmax and 
Tmax,ss) were obtained from the observed data. The area under 

the curve (AUC) for plasma concentration versus time from 
0 to the last measurable time point (AUC​0−t), the AUC from 
0 to infinity (AUC​0−∞), the AUC over a dosing interval at 
steady state (AUC​tau), the terminal half-life (t1/2), the apparent 
plasma clearance after extravascular administration (CL/F), 
the apparent volume of distribution (Vz/F) and the accu-
mulation ratio (Racc,observed = day 7 AUC​0–24/day 1 AUC​0–24,  
Racc,predicted = 1/(1 − e−λz×24)) were calculated.

In addition, accumulative urine and faeces excretion was 
calculated as the sum of the amounts excreted during each 
interval and expressed as accumulative excretion amount 
(Au0–t) and accumulative excretion ratio (Fe0–t).

2.5 � Safety Assessment

Physical examinations, electrocardiograms (ECGs), assess-
ment of vital signs and standard clinical laboratory evalu-
ations (haematology, blood chemistry, lymphocyte sub-
populations, blood coagulation function and urinalysis) 
were performed at screening and periodically after dosing. 
Adverse events (AEs) and the concomitant medications 
taken were recorded from time of first administration of the 
study drug until study completion. All AEs were evaluated 
by the investigators for severity and relationship to the study 
drug.

2.6 � Statistical Methods

Descriptive statistics were performed for AEs, vital signs, 
ECG results, and clinical laboratory abnormalities. Dose pro-
portionality was assessed across doses for Cmax and AUC val-
ues using Power Model [9, 10]. The food effect on yimitasvir 
pharmacokinetics was assessed in part 3 using analysis of 
variance (ANOVA). The 90% confidence interval (CI) of the 
ratio of geometric means for the variables AUC​0–t, AUC​0–∞  
and Cmax were calculated for the fed and fasted conditions. 
Tmax was evaluated by a nonparametric test. Statistical analy-
ses were performed using SAS 9.3 software (SAS Institute 
Inc, Cary, NC, USA).

3 � Results

3.1 � Demographic Characters

In part 1, 32 healthy native Chinese subjects were rand-
omized and completed the study (n = 24 for yimitasvir and 
n = 8 for placebo). Twenty-four healthy subjects (n = 18 
for yimitasvir and n = 6 for placebo) were enrolled in part 
2, and one subject discontinued the study because of an 
AE, urticaria. In part 3, 15 subjects were enrolled, and 
14 completed the study. One subject was lost to follow-
up before period 2. All subjects with evaluable data were 
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included in the safety analysis. Twenty-four, 18 and 14 
subjects, respectively, were included in the pharmacoki-
netic analysis in parts 1, 2 and 3. Demographic data are 
summarized in Table 1.

3.2 � Pharmacokinetic Assessments

The arithmetic mean plasma concentration versus time 
profiles are presented in Figs. 3, 4 and 5. The principal 

Table 1   Demographic characteristics of the subjects

Values are expressed as mean ± SD unless specified otherwise
BMI body mass index

Characteristics Part 1 (yimitasvir dose, mg) Part 2 (yimitasvir dose, mg) Part 3

30 100 200 400 Placebo 100 200 Placebo Food

Subjects (n) 6 6 6 6 8 9 9 6 15
Male, n (%) 3 (50.0) 4 (66.7) 4 (66.7) 3 (50.0) 4 (50.0) 6 (66.7) 8 (88.9) 3 (50.0) 15 (100)
Age (years) 27.8 ± 7.3 24.7 ± 4.1 27.0 ± 5.4 29.2 ± 5.4 30.4 ± 6.8 26.1 ± 6.1 25.9 ± 3.4 22.3 ± 2.0 27.2 ± 4.1
Weight (kg) 61.8 ± 3.6 57.3 ± 5.6 64.0 ± 8.1 64.5 ± 5.5 63.9 ± 4.8 63.4 ± 6.5 65.6 ± 5.0 65.3 ± 4.9 62.1 ± 6.7
BMI (kg/m2) 22.7 ± 1.4 21.4 ± 1.4 22.6 ± 1.5 22.9 ± 1.8 23.2 ± 1.0 22.7 ± 1.7 22.5 ± 1.2 23.3 ± 1.1 21.8 ± 1.5

Fig. 3   Mean plasma concentration–time profile of yimitasvir in part 1. a Linear scale; b semi-log scale. Error bars represent the standard devia-
tions

Fig. 4   Mean plasma concentration–time profile of yimitasvir in part 2. a Linear scale; b semi-log scale. Error bars represent the standard devia-
tions



676	 N. Zhao et al.

pharmacokinetic parameters for the three study parts are 
summarized in Tables 2, 3 and 4. In part 1, the median Tmax 
of the four dose cohorts ranged from 3.5 h to 4.0 h. The geo-
metric mean t1/2 was 13.4–19.7 h over the dosage range. The 
geometric mean Cl/F and VZ/F showed increasing trends 
as the dose increased. Based on the power model assess-
ment (Fig. 6), there was a significant deviation from dose 
proportionality for Cmax, AUC​0–t and AUC​0–∞ (slope 0.681, 
90% CI (0.500–0.861); slope 0.732, 90% CI (0.571–0.892); 
slope 0.712, 90% CI (0.556–0.868), respectively). Increases 
in the Cmax and AUC​0–t were proportional for the doses rang-
ing from 30 mg to 100 mg. However, over the dose range 
of 200–400 mg, the increase in the AUC and Cmax was less 
than dose proportional. No significant difference in pharma-
cokinetic parameters was observed between male and female 
subjects.

In part 2, plasma concentrations reached steady state by 
day 5 following repeated dose administration. The plasma 

concentration–time profile on day 1 was similar to that on 
day 7. The Cmax and AUC​0–t on day 1 were 472 and 689 ng/
ml and 5720 and 7650 ng·h/ml for 100 mg and 200 mg, 
respectively. The corresponding values on day 7 were 635 
and 1050 ng/ml and 11,500 and 17,000 ng h/ml, respectively. 
The predicted accumulation ratios were 1.32 and 1.34 for 
100 mg and 200 mg, respectively. The observed accumula-
tion ratios were 1.42 and 1.59, respectively, indicating no 
significant accumulation of yimitasvir. The accumulation 
ratio of daily dosing of yimitasvir was in agreement with 
the t1/2 of yimitasvir administered on a once-daily regimen. 
Values of Cmax and AUC​0-t increased in a less-than-dose-
proportional manner from 100 to 200 mg.

In part 3, after a standard high-fat breakfast, the extent 
of absorption was affected significantly by food intake, as 
the ratio of geometric means (90% CI) in fed versus fast-
ing conditions was 37.0% (27.6%, 49.4%) for Cmax, 52.3% 
(39.5%, 69.4%) for AUC​0–t, and 53.8% (41.1%, 70.6%) for 

Fig. 5   Mean plasma concentration–time profile of yimitasvir in part 3. a Linear scale; b semi-log scale. Error bars represent the standard devia-
tions

Table 2   Principal pharmacokinetic parameters of yimitasvir following oral administration of single ascending doses (part 1)

Values are expressed as geometric mean (between-subject % coefficient of variance, %CV) except for Tmax, which is expressed as median (range)
Cmax maximum concentration, AUC​0-t area under the concentration–time curve from 0 to the last measurable time point, AUC​0-∞ area under the 
concentration–time curve from 0 to infinity, Tmax time to maximum plasma concentration, t1/2 terminal half-life, Vz/F apparent volume of distri-
bution, CL/F apparent plasma clearance

Parameters 30 mg 100 mg 200 mg 400 mg

Cmax (ng/ml) 160 (23.4) 586 (34.4) 911 (33.7) 848 (38.2)
AUC​0–t (ng·h/ml) 2610 (20.4) 8630 (34.5) 13,500 (34.8) 16,600 (38.9)
AUC​0–∞ (ng·h/ml) 2780 (18.6) 8840 (33.5) 13,700 (34.3) 16,800 (38.7)
Tmax (h) 3.5 (3.0–5.0) 3.5 (3.0–4.0) 3.5 (3.0–4.0) 4.0 (3.0–5.0)
t1/2 (h) 13.4 (24.8) 14.9 (10.1) 15.2 (13.2) 19.7 (22.4)
Vz/F (L) 209 (18.3) 243 (34.3) 321 (40.9) 675 (31.9)
Cl/F (L/h) 10.8 (17.1) 11.3 (27.1) 14.6 (39.3) 23.7 (44.4)
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AUC​0–∞. Tmax was significantly delayed from a median of 
4.0 h under the fasting condition to 10.0 h under the fed 
condition (P = 0.00190).

Urinary and faecal excretion of yimitasvir was evaluated 
in single-dose cohorts for 100 mg and 200 mg. Table 5 pre-
sents the accumulative excretion amount and accumulative 
excretion ratio of yimitasvir. Less than 0.04% of yimitasvir 
100 mg and 200 mg was excreted in urine as the parent drug. 
However, approximately 75.9% and 62.0% of the drug in the 
100 mg and 200 mg doses, respectively, was excreted as the 
parent drug in faeces.

3.3 � Safety and Tolerability

The safety analysis included data from all 71 subjects who 
received at least one dose of yimitasvir (n = 57) or placebo 
(n = 14). Summaries of the AEs reported during the study 
are provided in Table 6.

In part 1, 12 of the 24 subjects administered yimitasvir 
developed 21 AEs, and of these, only four AEs were related 
to the drug. No AEs were reported in subjects administered 
placebo. In part 2, the incidence of AEs was similar in yimi-
tasvir (27.8%) and placebo (33.3%) subjects. In part 3, two 
subjects reported two AEs in the fasted period and one sub-
ject reported two AEs in the fed period. One subject was lost 
to follow-up before period 2 dosing.

The most frequently reported AEs were low potassium 
and elevated creatine kinase levels. Both occurred in four 
of 57 subjects who were exposed to yimitasvir. However, 
these two AEs were recognized as possibly unrelated to the 
study drug. Elevated alanine transaminase (ALT), aspar-
tate transaminase (AST) and bilirubin (TBIL) levels were 
observed in our studies and were considered by the investi-
gator to be related to yimitasvir. However, these parameters 
did not increase in a dose-dependent manner. No clinically 
meaningful change was observed in physical examination 
results, vital sign measurements or ECG.

Yimitasvir was well tolerated without serious adverse 
events (SAEs) or dose-limited toxicity. All AEs were mild 
in severity, except moderate urticaria, which occurred in one 
subject who received placebo and withdrew from the part 
2 study, and which resolved after antiallergic treatment. No 
dose-related trends with regard to incidence or intensity of 
adverse events were observed.

Table 3   Principal pharmacokinetic parameters of yimitasvir following oral administration of multiple ascending doses (part 2)

Values are expressed as geometric mean (between-subject   % coefficient of variance, %CV) except for Tmax, which is expressed as median 
(range)
Cmax maximum concentration, Cmax,ss maximum concentration at steady state after multiple doses, Cmin,ss minimum concentration at steady state 
after multiple doses, AUC​0-24h area under the concentration–time curve from 0 to 24 h, AUC​tau area under the concentration–time curve over a 
dosing interval at steady state, Tmax time to maximum plasma concentration, t1/2 terminal half-life, Vz/F apparent volume of distribution, Vz/Fss 
apparent volume of distribution at steady state, CL/F apparent plasma clearance, CL/Fss apparent plasma clearance

Parameters 100 mg 200 mg

Day 1 Day 7 Day 1 Day 7

Cmax or Cmax,ss (ng/ml) 472 (43.9) 635 (38.1) 689 (33.3) 1050 (29.5)
Cmin,ss (ng/ml) – 141 (46.7) – 196 (41.6)
AUC​0–24 or AUC​tau (ng·h/ml) 5720 (37.8) 11,500 (39.3) 7650 (28.3) 17,000 (29.8)
Tmax (h) 4.0 (3.0-6.0) 4.0 (3.0-6.0) 4.0 (2.0-5.0) 4.0 (3.0-6.0)
t1/2 (h) – 16.4 (21.0) – 15.3 (15.3)
Vz/F or Vz/Fss (L) 273 (58.1) 292 (30.0) 412 (37.3) 363 (22.2)
Cl/F or Cl/Fss(L/h) 17.5 (55.2) 12.4 (37.3) 26.1 (28.0) 16.4 (26.4)
Observed accumulation ratio 1.42 (38.4) 1.59 (28.9)
Predicted accumulation ratio 1.32 (7.4) 1.34 (7.6)

Table 4   Principal pharmacokinetic parameters of yimitasvir in food 
effect study (part 3)

Values are expressed as geometric mean (between-subject   % coef-
ficient of variance,   %CV) except for Tmax, which is expressed as 
median (range)
Cmax maximum concentration, AUC​0-t area under the concentration–
time curve from 0 to the last measurable time point, AUC​0-∞ area 
under the concentration–time curve from 0 to infinity, Tmax time to 
maximum plasma concentration, t1/2 terminal half-life, Vz/F apparent 
volume of distribution, CL/F apparent plasma clearance

Parameters Fast Fed Geometric mean 
ratio (90% CI) %

Cmax (ng/ml) 478 (37.0) 180 (31.4) 37.0 (27.6–49.4)
AUC 0–t (ng·h/ml) 7270 (36.6) 3810 (30.5) 52.3 (39.5–69.4)
AUC​0–∞ (ng·h/ml) 7460 (36.0) 4020 (29.4) 53.8 (41.1–70.6)
Tmax (h) 4.0 (3.0–4.0) 10.0 (5.0–12.0) –
t1/2 (h) 13.4 (17.4) 13.5 (13.1) –
Vz/F (L) 260 (44.4) 484 (37.3) –
Cl/F (L/h) 13.4 (40.1) 24.9 (28.6) –
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4 � Discussion

In this first-in-human study, the safety, tolerability and 
pharmacokinetics of yimitasvir were evaluated in healthy 
Chinese human volunteers by administration of single and 
multiple once-daily ascending doses as well as under fed 
and fasting conditions. Both single and multiple doses of 
yimitasvir were well tolerated at the 30-, 100-, 200- and 
400-mg dose levels given after overnight fasting. There 
were no deaths or serious AEs; all observed AEs were mild 
to moderate in severity. No obvious dose-related trends in 
the frequency of specific adverse events were observed, 
and similar findings were obtained to those of the phase 
I studies of Velpatasvir, Pibrentasvir and GSK2336805 
[11–13].

Following single- or multiple-oral-dose administration, 
yimitasvir was absorbed slowly, with peak exposure being 
reached at 3.5–4.0 h. Dose-proportional linear kinetics 
were observed over the dose range of 30–100 mg, whereas 
the increases in plasma exposure (Cmax and AUC​0–t) 
between 200 mg and 400 mg in part 1 and between 100 mg 
and 200 mg in part 2 were less than the dose increase. It 
was concluded that 200 mg may have a tendency to satu-
rate absorption and that 400 mg may be close to the maxi-
mum saturated dose. We suspected that this finding was 
owing to the poor solubility of this drug in the intestine, 
where drug precipitated in intestinal fluid and affected the 
absorption. Compared with the fasted state, food decreased 
the extent and rate of absorption of yimitasvir, shown by 
a decrease of 63.0% in Cmax and 47.7% in AUC​0–72 h and 
a delay in median Tmax from 4 to 10 h. Yimitasvir is a 
weak base with pH-dependent solubility. In vitro solubil-
ity data demonstrated that the solubility decreased along 
with an increase in pH from 2 to 6.8. In the fasting condi-
tion, yimitasvir solubility increased due to a low gastric 
pH in the stomach. However, a high-fat meal containing 
protein, fat and carbohydrate resulted in higher gastric pH 
and fluid volume available for drug dissolution reduction 
[14]; both could have a negative effect on the yimitasvir 
dissolution and absorption extent. The decrease in absorp-
tion rate might be attributed to food, which can lengthen 
gastric emptying time and reduce the contact area between 
yimitasvir and the gastrointestinal tract [15]. These results 
in healthy volunteers clearly suggest that yimitasvir should 
be given under fasting conditions.

In this study, a total of three metabolites were detected 
in human plasma samples, and all were mono-oxide 
metabolites at low proportions (data not shown). There-
fore, yimitasvir was mainly eliminated as the parent 
drug. A mass balance study indicated that yimitasvir was 
excreted mainly in faeces, and very little was excreted 
through the urine as the parent drug. After reaching the 

Fig. 6   Dose proportionality assessment. a Cmax, b AUC​0–t and c AUC​0–∞  
versus dose of yimitasvir. Cmax maximum concentration, AUC​0–t area 
under the concentration–time curve from 0 to the last measurable time 
point, AUC​0–∞ area under the concentration–time curve from 0 to infinity
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peak concentration following single administration, yimi-
tasvir was eliminated via first-order kinetics. The geomet-
ric mean t1/2 was 13.4–19.7 h, which indicated that yimi-
tasvir has low or moderate clearance. The pharmacokinetic 

parameters on day 1 were similar to those on day 7, indi-
cating that the clearance rate of yimitasvir remained 
unchanged before and after steady state.

Table 5   Accumulative excretion amount and accumulative excretion ratio of yimitasvir in urine and faeces (part 1)

Values are expressed as geometric mean ((between-subject % coefficient of variance, %CV)
Au0–t accumulative excretion amount, Fe0–t accumulative excretion ratio

Time (h) Urine Faeces

Yimitasvir (100 mg) Yimitasvir (200 mg) Yimitasvir (100 mg) Yimitasvir (200 mg)

Au0–t Fe0–t Au0–t Fe0–t Au0–t Fe0–t Au0–t Fe0–t

0 0 0 0 0 – – – –
8 0.0198 (56.7) 0.0198 (56.7) 0.0279 (75.5) 0.0140 (75.5) – – – –
24 0.0319 (54.0) 0.0319 (54.0) 0.0485 (72.7) 0.0243 (72.7) 0.714 (136) 0.714 (136) 19.5 9.75
48 0.0394 (51.4) 0.0394 (51.4) 0.0605 (71.8) 0.0303 (71.8) 14.7 (86.7) 14.7 (86.7) 102 (41.4) 50.7 (41.4)
72 0.0396 (53.4) 0.0396 (53.4) 0.0629 (71.6) 0.0315 (71.6) 60.5 (16.3) 60.5 (16.3) 87.2 (55.7) 43.6 (55.7)
96 0.0396 (53.4) 0.0396 (53.4) 0.0629 (71.6) 0.0315 (71.6) 69.2 (13.3) 69.2 (13.3) 92.4 (53.7) 46.2 (53.7)
120 0.0396 (53.4) 0.0396 (53.4) 0.0629 (71.6) 0.0315 (71.6) 75.9 (8.00) 75.9 (8.00) 94.0 (54.5) 47.0 (54.5)
144 0.0396 (53.4) 0.0396 (53.4) 0.0629 (71.6) 0.0315 (71.6) 75.9 (8.20) 75.9 (8.20) 124 (31.6) 62.0 (31.6)

Table 6   Summary of adverse events (AEs)

AE adverse event, WBC white blood cell, ALT alanine transaminase, AST aspartate aminotransferase
a AEs that are considered possibly related to study drug

AE Part 1 (yimitasvir dose, mg) Part 2 (yimitasvir dose, mg) Part 3

30 100 200 400 Placebo 100 200 Placebo Fast Fed

Number of subjects 6 6 6 6 8 9 9 6 14 15
Number of AEs 2 11 4 4 0 2 3 2 2 2
Laboratory evaluations
 Potassium, low – 3 – 1 – – – – – –
 WBC, decreased 1a – – – – 1a – – – –
 ALT elevation – – 1a 1 – – – – 1a –
 AST elevation – – 1a – – – – – – 1a

 Total bilirubin elevation 1a – – – – – 1a – – 1a

 Uric acid elevation – – – – – 1a – 1a 1 –
 Creatine kinase, high – 1 1 – – – 2 – – –
 Glucose, high – – 1 – – – – – – –

Infection
 Upper respiratory infection – 1 – – – – – – – –

Neurological
 Dizziness – 3 – – – – – – – –

Gastrointestinal
 Nausea – 2 0 1a – – – – – –
 Vomiting – – – 1a – – – – – –

Cardiovascular
 Palpitation – 1 – – – – – – – –

Skin
 Urticaria – – – – – – – 1a – –
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We used the preclinical, clinical efficacy and pharma-
cokinetic data of daclatasvir [16, 17] to estimate the thera-
peutic dose of yimitasvir. The clinical dose of daclatasvir 
was 60 mg. The plasma protein binding rate and liver/blood 
ratio of yimitasvir were 83.6 and 9–44, respectively (data 
not published), which were similiar to daclatasvir [18], so 
the therapeutic dose of yimitasvir could be evaluated as 
presuming that the ratio of the concentration at 24 h after 
dose (C24 h) and protein-binding-adjusted EC90 (PBA EC90) 
were the same as that of 60 mg daclatasvir. The C24 h of 
daclatasvir was approximately 201 ng/ml at this dose based 
on its pharmacokinetic parameters, and the PBA EC90 
(40% normal human serum adjusted) of daclatasvir was 
0.051 ng/ml calculated by GraphPad Prism. The C24 h was 
3941-fold higher than the PBA EC90 for daclatasvir (201 ng/
ml/0.051 ng/ml = 3941). The PBA EC90 (40% normal human 
serum adjusted) of yimitasvir was 0.045 ng/ml calculated 
by GraphPad Prism. According to this value, the optimal 
C24 h of yimitasvir was calculated as 177 ng/ml (3941 × 
0.045 ng/ml). Based on this trial, it was predicted that the 
optimal dose should be approximately 100 mg/day. This rec-
ommended dosage is consistent with the result of a phase Ib 
study [8]. The estimated geometric mean terminal t1/2 val-
ues after multiple dosing (16.4 h for 100 mg and 15.3 h for 
200 mg) support a once-daily regimen, which was a regimen 
that results in good patient compliance compared with more 
frequent dosing regimens or other routes of administration.

5 � Conclusions

In conclusion, this study assessed the safety, tolerability and 
pharmacokinetics of yimitasvir in healthy adult Chinese vol-
unteers in the presence and absence of food. Yimitasvir was 
well tolerated in all parts of this trial. The results of this 
study formed the basis for the dosing schemes evaluated 
in a phase Ib study and subsequent phase II and phase III 
clinical studies.
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