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1 – Background and Objectives

 HAP_R10 is an inhibitor of Hepatitis B virus (HBV) capsid assembly that significantly 

induced CYP3A4 in vitro.

 Microgram doses of midazolam can be used in early clinical trials as a safe, sensitive 

probe of CYP3A4 activity [1,2]. 

 Micro dose of midazolam is sub-therapeutic and has no particular safety 

concerns.

 Microdosing of midazolam can reliably predict Pharmacokinetics (PK) at 

therapeutic doses to evaluate in vivo CYP3A activity.

 4β-hydroxycholesterol is a metabolite formed by CYP3A-catalyzed metabolism of 

cholesterol. 4β-hydroxycholesterol/cholesterol ratio in blood can be measured as an 

endogenous marker for the activity of hepatic CYP3A4 [3]. 

 The objective of the research was to evaluate the effect of multiple oral dosing 

of HAP_R10 on CYP3A4 activity in an EiH study assessed by the PK of a single 

oral microdose of midazolam and by blood 4β-hydroxycholesterol/cholesterol 

ratio.

 Single-ascending dose (SAD, 30 – 2000 mg, n=39) and multiple-ascending dose 

(MAD, 60 – 900 mg BID for 14 days, n=18) of HAP_R10 study in healthy 

volunteers (HVs). 

 A single oral dose of 100 g midazolam was administered prior to and after 13 

days of HAP_R10 dosing in all MAD cohorts to evaluate induction potential on 

CYP3A4 as measured by midazolam systemic exposure. 

 4β-hydroxycholesterol and cholesterol levels were measured in MAD cohorts 

prior to and after HAP_R10 dosing as an endogenous marker for hepatic 

CYP3A4 activity. 

2 – Clinical Study Design

3 – Study Results

* PK parameters are presented as geometric mean (coefficient of variation) except 

for tmax which is shown as median (range). 

Table 1. Midazolam PK Parameters Before and After 

Multiple Dose of HAP_R10

Figure 3. Individual Midazolam AUC0-inf

Changes Before and After Multiple Dose of 

HAP_R10 (n=18) 

Figure 1. Multiple-Ascending Dose Part of HAP_R10 EiH Study Design

• Midazolam AUC0-inf were substantially 

reduced by 89%, 91%, and 91%, respectively, 

when given with 60 mg BID, 300 mg BID, and 

900 mg BID HAP_R10.

• The decreases in midazolam exposure 

confirmed clinical CYP3A4 induction by 

HAP_R10. 

• All HAP_R10 doses resulted in maximal 

induction and no dose response was 

characterized. 

• The increases in 4β-

hydroxycholesterol/cholesterol ratio, which 

reflected induction on hepatic CYP3A4, 

were lower than the increases in apparent 

clearance of midazolam, where a 

combined induction effect on both gut and 

liver CYP3A4 was estimated. 

• However, linear regression shows a 

significant correlation between increases in 

midazolam clearance and increases in 4β-

hydroxycholesterol/cholesterol ratio. 

3.1 Midazolam Results

3.2 4β-hydroxycholesterol/cholesterol Ratio Results

Figure 4. Individual 4β-

hydroxycholesterol/cholesterol Ratio Before 

and After Multiple Dose of HAP_R10 (n=18) 

3.3 Midazolam vs. 4β-hydroxycholesterol/cholesterol Ratio 

• Compared with values prior treatment, the ratios of 4-β hydroxycholesterol/cholesterol were 

increased by 1.9, 2.6 and 4.9 fold after 14 days of 60 mg, 300 mg,  and 900 mg BID dosing 

of HAP_R10, respectively.

• The increases in 4-β hydroxycholesterol/cholesterol ratio across the dose range tested 

indicate corresponding dose-response in activity of hepatic CYP3A4 following multiple doses 

of HAP_R10.

4 – Conclusion
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Baseline: 

Midazolam intensive PK, 

4β-hydroxycholesterol/cholesterol Ratio 

After Treatment: 

Midazolam intensive PK, 

4β-hydroxycholesterol/cholesterol Ratio 

HAP_R10 Twice a Day  for 14 days 

in Healthy Volunteers: 

Cohort1: 300 mg; n=6 (active) :2(placebo)

Cohort2: 900 mg; n=6 (active) :2(placebo) 

Cohort3: 60 mg; n=6 (active) :2(placebo)

Dosing: 100 g midazolam Dosing: 100 g midazolam

Figure 2. Mean (SD) Midazolam Plasma 

Concentration vs. Time Profiles Before and After 

Multiple Dose of HAP_R10

The decreases in midazolam exposure and increases in 4β-hydroxycholesterol/cholesterol 

ratio indicated clinically significant CYP3A4 induction by HAP_R10. 

 Use of Midazolam microdosing in an EiH study allows early determination of clinical drug 

interaction liability through CYP3A4. 

The corresponding dose-response increases in 4-β hydroxycholesterol/cholesterol ratio 

suggested its potential use as endogenous marker of hepatic CYP3A4 activity.

Figure 6. Correlation Between Increases in 

Apparent Clearance of Midazolam and Increases 

in 4β-hydroxycholesterol/cholesterol ratio (n=18) 
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* Red triangles represent geometric mean at each dose level. 

HAP_R10 Dose (mg BID)

Figure 5. Dose Response in 4β-

hydroxycholesterol/cholesterol Ratios 

Before and After Multiple Dose of HAP_R10 

(n=18) 


