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interaction. Thus, the quantitative data for effect of ketoconazole on the pharmacokinetics 
of mifepristone would be beneficial to the target populations. A drug-drug interaction 
study with ketoconazole is recommended as a Post Marketing Requirement (PMR). The 
goal of this study is to get a quantitative estimate of the change in exposure of 
mifepristone following co-administration with ketoconazole. Based on the results of this 
study, the effect of moderate CYP3A inhibitors on mifepristone pharmacokinetics may 
need to be addressed. This will help provide more therapeutic options available to 
Cushing’s patients and appropriate labeling of mifepristone when co-administered with 
CYP3A inhibitors.   
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AUC0-∞ (hr*ng/mL) 170059 (61717) 369177 (205164) 
AUC0-last (hr*ng/mL) 164816 (60913) 323797 (146061) 
Cmax (ng/mL) 2982.3 (1040) 3329.3 (1259) 
Tmax (hr)* 1.25 [0.5, 6] 1 [0.5, 2] 
t1/2 (hr)  40.7 (14.6) 84.6 (60.9) 
*Median with range 
 

 
Figure 1. Pharmacokinetics profiles of mifepristone following single dose of mifepristone 600 mg or 
multiple doses of mifepristone 600 mg/day for 7 days (source: C-1073-05) 
 
 
Simvastatin: The exposure of simvastatin and simvastatin acid (AUC) was increased 
greater than 10-fold and 15-fold, respectively following 80 mg of simvastatin co-
administered with multiple doses of mifepristone (1200 mg/day) compared to that 
following 40 mg of simvastatin only.   
 
Fluvastatin: Following the first and last dose of mifepristone 1200 mg/day given for 7 
days, there was a 2.67-fold and 3.57 fold increase, respectively, in AUC0-24 of fluvastatin. 
 
Digoxin: The drug-drug interaction study with digoxin did not find significant effect of 
mifepristone on digoxin pharmacokinetics. 
 
Alprazolam: The exposure of alprazolam is expected to increase approximately 2-fold 
with concomitant administration of mifepristone. 
 
Cimetidine: No evidence for the effect of cimetidine, a mild inhibitor of CYP3A4, on the 
pharmacokinetics of mifepristone was observed.  
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Hepatic/renal impairment: No dose adjustment of mifepristone is recommended to 
subjects with renal impairment, but the sponsor set the maximum dose as 600 mg per day. 
No dose adjustment of mifepristone is recommended to patients with mild/moderate 
hepatic impairment, but the maximum dose should be set to 600 mg per day as it is to 
patients with renal impairment. The administration of mifepristone to patients with severe 
hepatic impairment is not recommended 
 
 
 
2 Question Based Review 
 
 

2.1 General Attributes 
 

2.1.1 What the chemistry and physicochemical properties of the drug substance? 
 

 
 
 

Chemical Structure: 
 
11β-[p-(Dimethylamino)phenyl]-17β-hydroxy-17-(1-propynyl)estra-4,9-dien-3-one 
(IUPAC) 
 
Mifepristone is derived from the naturally occurring material, estrone, and is structurally 
similar to progesterone and glucocorticoids. Mifepristone is an antagonist of the 
progesterone receptor at low doses and an antagonist of the glucocorticoid receptors at 
higher doses. Mifepristone has five chiral centers with the absolute stereochemistry 8S, 
11R, 13S, 14S, 17S. The sponsor claimed the absolute stereochemistry is believed to be 
preserved in vivo, which is preserved in the six metabolites. The CMC review team also 
confirmed that in vivo chiral conversion of mifepristone that generates altered 
pharmacological activity of the drug is not anticipated. 
 
Mifepristone is a weak base with a pKa of approximately 5.0 and demonstrates a pH-
dependent solubility profile. At pH=1.5, the solubility is ~25 mg/mL and declined as pH 
increases. At pH=2.5 and above, the solubility is less than 1 mg/mL. The logarithm of the 
partition coefficient between n-octanol and water of mifepristone is 5.13. 
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Figure 2. pH- dependent solubility profile of mifepristone at ~25°C 

 

2.1.2 What is the proposed mechanism of action and therapeutic indication? 
 
The proposed indication of the current NDA of oral administration of mifepristone is to 
treat clinical and metabolic effects of hypercortisolism with endogenous Cushing’s 
syndrome.  
 
Glucocorticoid cortisol, secreted from the zona fasciculate and reticularis of the adrenal 
gland under the stimulus of adrenocorticotropic hormone (ACTH) from the pituitary 
gland is the end product of the hypothalamo-pituitary-adrenal (HPA) axis. ACTH is then 
secreted in response to corticotropin releasing hormone (CRH) and vasopressin from the 
hypothalamus. Cortisol exerts negative feedback control on both CRH and vasopressin in 
the hypothalamus, and ACTH in the pituitary. In normal individuals, cortisol is secreted 
in a circadian rhythm; levels fall during the day from a peak in the morning to a ground at 
midnight; they then begin to rise again in the afternoon. If this circadian rhythm is lost 
along with the feedback mechanism, excessive levels of cortisol may render 
“endogenous” Cushing’s syndrome. Administration of excessive quantity of 
glucocorticoid may lead to similar symptoms, which is called “exogenous” Cushing’s 
syndrome. 
 
Pituitary-dependent Cushing’s syndrome, known as Cushing’s disease, is the most 
common, which accounts for 60-80% of the cases. It is usually due to a monoclonal 
corticotroph adenoma. ACTH-independent causes of Cushing’s syndrome apart from 
exogenous glucocorticoids are various. The most common cause is an adrenal adenoma 
or carcinoma.  
 
The treatment of choice for Cushing’s disease is trans-sphenoidal surgery. The overall 
remission rate is about 70%, and ~25% of them have a recurrence within 10 years of 
post-surgery. The mortality rate associated with the surgery is about 2% and other major 
complications occur at 15% rate. The treatment of choice for all cases of ACTH-
independent Cushing’s syndrome is adrenalectomy. Patients with adrenal adenomas show 
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100% recovery rate following the surgery, with low morbidity and mortality. 
Conventional radiotherapy is also accompanied.  
 
In patients who failed in responding surgery and/or radiotherapy, medical management is 
recommended prior to bilateral adrenalectomy. Inhibitors of steroid biosynthesis in the 
adrenal cortex are used, and the most commonly used agents are metyrapone, 
ketoconazole, and mitotane (BA Gross et al., 2007). Ketoconazole is believed to have a 
direct effect on ACTH secretion from a thymic carcinoid tumor.  
 
Mifepristone is a cortisol receptor blocker and it is suggested to treat the clinical and 
metabolic effect of hypercortisolism in patients with endogenous Cushing’s syndrome, 
including:  

• patients with Cushing’s disease who have not adequately responded to or relapsed 
after surgery 

• Patients with Cushing’s disease who are not candidates for surgery 

 
Mifepristone has a high affinity for the receptors of glucocorticoids (cortisol) and 
progesterone, and competes with these endogenous steroids for binding sites (Philibert et 
al,, 1985). The glucocorticoid-blocking effects of mifepristone occur at doses that those 
required to block progesterone. Mifepristone does not decrease cortisol production. 
Glucocorticoids modulate gene expression by interacting with a glucocorticoid receptor, 
followed by “transformation” of the steroid-receptor complex into a form capable of 
nuclear binding. Mifepristone appears to exert its antiglucocorticoid effects both by 
preventing complete glucocorticoid receptor transformation and by altering a step 
subsequent to binding of the glucocorticoid receptor with DNA.  
 

2.1.3 What are proposed dosage and routes of administration? 
 
Mifepristone is orally administered with recommended initial dose of 300 mg once daily. 
Further escalation in 300-mg increments to a maximum of 1200 mg once daily may be 
appropriate in some patients, with increased monitoring for risk factors associated with 
the drug. Korlym should be given as a single daily dose and recommended to be given 
with a meal for more consistent exposure. 
 

2.1.4 Is there any DSI inspection requested for any of the clinical studies? 
 
No. The Phase 3 study used the final to-be-marketed formulation. 
 

2.2 General Clinical Pharmacology 
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2.2.1 What are the design features of the clinical pharmacology and clinical 
studies used to support dosing? 

 
One Phase 3 clinical efficacy trial (C-1073-400) in patients with Cushing’s syndrome has 
been completed and a long-term extension study (C-1073-415) is ongoing. Study C-1073-
400 was a 24-week, open-label study where 50 subjects were assigned to receive an 
initial dose of 300 mg mifepristone once daily (QD) following screening period. In search 
of the optimal dose, dose escalation was undertaken under clinical monitoring. After 14 
days of dosing at 300 mg QD, dose escalations in 300-mg increments were made every 
four weeks if no clinical improvement was seen and if the drug was well tolerated. Dose 
escalation was not required to patients who showed significant clinical improvement at 
the current dosing level. The primary endpoints were glucose homeostasis in diabetes 
cohort and blood pressure in hypertensive cohort. The secondary endpoints for clinical 
improvements included body weight, body composition, body strength, and psychiatric 
symptoms etc. The maximum dose to be used was 1200 mg QD (or 900 mg QD for 
subjects weighing < 60 kg). In cases of severe hypercortisolism, the dose of mifepristone 
could have been increased further with the approval of the medical monitor; however, the 
dose was not to be increased beyond a weight-adjusted dose of 20 mg/kg per day. 
Subjects who completed the study were to enter the extension study (C-1073-415) for 
evaluation of long-term safety of mifepristone of the signs and symptoms of endogenous 
Cushing’s syndrome and persistence of therapeutic benefit of mifepristone treatment. The 
initial dose of mifepristone for the extension study was the same dose that was being 
administered at the Week 24 visit in study C1073-400. 
 
Thirteen clinical pharmacology studies have been submitted under the current NDA. 
 

• C-1073-05 PK (single and multiple dose) in hepatically impaired and healthy 
subjects 

• C-1073-12 Food effect for a 600 mg single dose 
• C-1073-16 Drug interaction study: fluvastatin (CYP2C9 substrate) 
• C-1073-19 PK (multiple dose) in renally impaired and healthy subjects 
• C-1073-20 Food effect for a 1200 mg single dose: Dose effect for single doses of 

300, 600, or 1200 mg 
• C-1073-22 Bioavailability study of effect of formulation change 
• C-1073-23 Drug interaction study: digoxin (P-gp substrate) 
• C-1073-24 Drug interaction study: alprazolam (CYP3A substrate) 
• C-1073-25 Drug interaction study: simvastatin (CYP3A substrate) 
• C-1073-26 Drug interaction study: cimetidine (CYP3A inhibitor) 
• C-1073-27 Food effect for multiple doses of 1200 mg/day 
• C-1073-300 Thorough QT study in healthy volunteers - multiple doses of 600 or 

1800 mg/day 
• C-1073-425 Multiple dose study at 600 mg/day to assess effects on high-density 

lipoproteins 
 
Dose recommendations in the proposed labeling are in agreement with Phase 3 clinical 
trial for general population and results obtained from clinical pharmacology studies are 
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reflected in sections for contraindications, drug-drug interactions, and specific 
populations.  
 
The dose recommendations proposed by the sponsor are: 

 
During the pre-NDA meeting on September 4, 2010, recommendations from clinical 
pharmacology were made to the sponsor, which included: 

• DDI studies as guidance recommends including with a strong inhibitor of 
CYP3A4  

• PK sampling in Phase 3 trial was recommended for covariate analysis 
• Evaluation of hepatic impairment at all stages 

 
The sponsor did not conduct any additional DDI studies after the meeting. Instead, they 
briefly addressed the interaction potential using concentrations of mifepristone in one 
patient who was on ketoconazole (400 mg TID). Samples were collected for PK 
evaluation in Phase 3 trial but no population pharmacokinetic analysis was performed. 
Non-parametric covariate analysis was performed with pre-dose concentrations only. 
 

2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or 
surrogate endpoints)? 

 
The primary endpoints in the Phase 3 protocol are (1) change in AUCglucose during the 
oral glucose tolerance test (OGTT) in diabetes (DM) cohort (2) change in diastolic blood 
pressure in hypertensive (HT) cohort. The success of the study was evaluated by the 
responder analysis: subjects were defined as responders if they had (1) greater than 25% 
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decrease in AUCglucose in DM cohort (2) greater than 5 mmHg decline in diastolic blood 
pressure in HT cohort. A key secondary endpoint was an assessment of clinical 
improvement determined at every visit by the Data Review Board. 
 

2.2.3 What are characteristics of the exposure-response relationships (dose-
response, concentration-response) for efficacy/safety? 

 
In study C-1073-400, mifepristone doses of 300, 600, 900, and 1200 mg were 
administered based on tolerability and clinical response. To determine how mifepristone 
exposure changes as dose changes, reviewer’s analysis was performed using the data of 
patients in DM cohort. As seen in Figure 3, there is no strong indication for increase in 
exposure in both responders and non-responders whose dose was increased from 300 mg 
to 1200 mg over time (top left panel in Figure 3). The distribution of responders is close 
to the central tendency (lowess line) and the exposure of non-responders was higher than 
average in patients whose maximum escalated dose was 300 mg (lower right panel in 
Figure 3). 
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Figure 3. Trough concentrations of mifepristone over time in patients whose maximum dose was 300, 
600, 900, and 1200 mg in Study C-1074-400 (two patients who received 150 mg as protocol deviation 
were excluded) 
 
Since mifepristone metabolites are also active, similar analysis were performed, to see if 
there is any exposure-response with respect to each metabolite. Figure 4 below shows 
that similar to the parent, there is a lack of any exposure-response relationship for the 
three metabolites.   
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(a) 
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(b) 

 
Figure 4. . Trough concentrations of mifepristone and its metabolites over time in patients whose 
maximum dose was 300 mg (a) or 1200 mg (b) in Study C-1074-400  
 
To evaluate if body weight is a covariate for the PK exposure of mifepristone, trough 
concentrations were plotted against body weight of individual patients. As seen in figure 
5, body weight does not contribute to the PK exposure of mifepristone.   
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Figure 5. Trough concentrations of mifepristone at Week 24 in patients whose maximum dose was 
300, 600, 900, and 1200 mg in Study C-1074-400 (two patients received 150 mg as protocol deviation) 
 
Although the sponsor specified 60 kg body weight for dosing cap of 900 mg, there is no 
justification for the body weight cut-off. The recommendation was based on dosing cap 
for 20 mg/kg. No subjects included in Phase 3 study had body weight below 60 kg and 
the clinical experience above 20 mg/kg is rare according to literature study summary. 
Thus, this recommendation for dosing seems reasonable. 
 

2.2.4 What are the pharmacokinetic characteristics? 
 

2.2.4.1 What are single- and multiple-dose PK parameters of mifepristone and its 
metabolites in healthy adults? 

 
Mifepristone is mainly metabolized by CYP3A4 and its metabolites are believed to be 
pharmacologically active. Mifepristone is rapidly absorbed (Tmax 1~2 hours postdose), 
and mean Cmax and AUC0-inf  following 600 mg of mifepristone were 2982.3 ng/mL, and 
170,059 ng*hr/mL, respectively. Its active metabolites are produced to substantial extent. 
The peak of RU 42633, RU 42698, and RU 42848 were observed around 4, 6, and 36 
hours, respectively. The AUC0-inf of RU 42633 was greater than the parent compound 
while Cmax was slightly lower: 240,533 ng*hr/mL and 2331 ng/mL, respectively. Other 
two metabolites’ PK parameters are summarized in Table 2. 
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Figure 7. Spaghetti plot for half-life following multiples doses (MD) of 600 mg mifepristone in 
healthy subjects compared to singles dose (SD) of 600 mg mifepristone. (Reviewer’s analysis with 
data from C-1073-05 study) 
 
 

2.2.4.4 Have concentrations of mifepristone reached steady state during Phase 3 
clinical trial? Are there differences in pharmacokinetics between healthy 
volunteers and patients? 

 
Theoretically time to reach steady state is approximately 8 days based on T½ of 40 hours 
(half-life following single dose) and 18 days based on T½ of 85 hours (half-life following 
multiple doses of mifepristone 600 mg for 7 days. In the Phase 3 trial, the pre-dose 
concentrations did not increase significantly as dose was increased above 600 mg and the 
profiles in patients whose maximum titrated dose was 300 mg indicate that mifepristone 
concentration tends to decrease over time. These observations are inconclusive as the 
doses were titrated at various time points and the data are too sparse. Trough 
concentrations from the Phase 3 study were compared to the pre-dose concentrations 
observed from two Phase 1 studies including healthy subjects in Study C-1073-05 and 
Study C-1073-19. On comparison of the pre-dose concentrations on Week 24, there is no 
significant difference in pharmacokinetics in healthy volunteers and patients (Figure 8). 
The mean pre-dose concentrations in healthy volunteers on Day 7 following 600 mg and 
1200 mg were 1594 ng/mL and 1553 ng/mL, respectively, and in patients with Cushing’s 
syndrome on Week 24 following titration to 600 mg and 1200 mg were 1855 ng/mL and 
2001 ng/mL, respectively. Simple two-sample t-test indicates there are no differences in 
healthy and patients for both dose levels. 
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Figure 8. Boxplots for trough concentrations of mifepristone from C-1073-05, C-1073-19, and C-
1073-400 studies. (Doses in the studies were 600 mg, 1200 mg in healthy volunteers, and 600 mg to 
1200 mg as the maximum escalated doses in patients) 
 

2.2.4.5 What are general ADME characteristics of mifepristone? 

• Absorption 
 
According to the approved Mifeprex labeling, following oral administration of a single 
dose of 600 mg, mifepristone is rapidly absorbed, with a peak plasma concentration of 
1.98 mg/L occurring approximately 90 minutes after ingestion. Mifeprex summary basis 
of approval indicates that the absolute bioavailability of 100 mg of mifepristone is 
approximately 40% (range, 30-56%), while that of lower doses is higher, 72% for 40 mg 
and 69% for 20 mg. The low solubility of mifepristone is likely to be the limiting factor 
on absorption with higher doses. This solubility-limited absorption seems to be consistent 
with the pharmacokinetic data included in the current submission. The dose-dependent 
nonlinearity of mifepristone PK following oral administration of a single dose of 300 mg 
~ 1800 mg is specified by less than proportional increase in exposure with increasing 
dose. Since drug clearance is not decreased as dose increases, saturation of protein-
binding is not likely to contribute to the nonlinear PK. Tmax ranged from 1 to 4 hours 
and delayed a little with food. 
 

• Distribution 
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Mifepristone is extensively bound to plasma proteins, albumin and α1-acid glycoprotein 
(AAG). Within the therapeutic dose range, binding to AAG is saturable. The level of 
AAG showed no correlation with exposure following single dose of 600 mg, while both 
Ctrough and AUC0-24hr were highly associated with AAG following multiple doses of 600 
mg (n=52), 1200 mg (n=8), and 1800 mg (n=43). The mean apparent volume of 
distribution (Vd/F) under fed conditions was approximately 270 L. 

• Metabolism of Mifepristone 
 
According to the Summary of Approval of Mifeprex®, approximately 92% of a 
radiolabeled dose of 600 mg mifepristone is recovered in the feces, with biliary excretion 
as the primary route of elimination with 0.5% of the dose being receptor-reactive.  
 
Mifepristone has 6 identified metabolites: M1 (RU 42633, N-desmethyl mifepristone), 
Mw (RU 42848, N,N-didesmethyl mifepristone), M3 (RU 42698, Hydroxymethyl-
mifepristone), M4 (N-desmethyl-hydroxymethyl-mifepristone), M5 (N,N-didesmethyl-
bydroxymethyl-mifepristone), M6 (Formyl mifepristone). Metabolism of mifepristone is 
primarily via N-demethylation and hydroxylation on the 17-propynyl chain. Cytochrome 
P450 3A4 has been shown to be responsible enzyme for the three major metabolites M1, 
M2, and M3 (Jang et al., 1996). 
 

 
Figure 9. Proposed in vitro metabolism of mifepristone in the rat, monkey, and human (ref: Wu et al., 
1999) 
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2.3.3 Should dose of mifepristone be adjusted in patients with renal impairment? 
 
No. Results from a study with subjects with severe renal impairment showed no 
significant change in the pharmacokinetics of mifepristone following administration of 
1200 mg of mifepristone. However, the upper limit of 90% confidence intervals of AUCs 
for mifepristone and its metabolites were all above 200% due to the large variability. No 
adjustment of initial mifepristone dose is recommended to subjects with renal impairment. 
The sponsor has proposed that the maximum dose be limited to 600 mg per day, which is 
acceptable.  
 

2.3.4 Is there any effect of gender or race on mifepristone PK?  
 
According to the sponsor’s analysis for covariates with pre-dose concentrations, race and 
gender did not affect pharmacokinetics of mifepristone. 
 

2.4 Extrinsic factors 
 
Drug-drug interaction studies are summarized in the Forest plot below.  
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*Simvastatin dose in multiple dosing regimen is 80 mg while 40 mg in single dosing regimen 
(Exposure was not normalized by dose) 

Figure 10. Forest plot for DDI with mifepristone 
 
 

2.4.1 What extrinsic factors influence exposure and/or response, and what is the 
impact of any differences in exposure on efficacy or safety responses? 

 

2.4.1.1 Is there an in vitro basis to suspect in vivo drug-drug interaction? 
 
Yes. Mifepristone is mainly metabolized by CYP3A4 and its metabolites are substrates of 
CYP2C8/9. The sponsor’s study indicates that mifepristone and its metabolites are 
inhibitors of various CYP isoforms (See Section 2.5.1.2). In addition, mifepristone is an 
inhibitor of P-gp and BCRP. Literature reported mifepristone as mechanism-based 
inhibitor of CYP3A4 and CYP2B6 by covalently binding to their apoproteins (Kan He et 
al., JPET 1999, Hsia-lien Lin et al, JPET 2009). Furthermore, induction of CYP450 3A  
has been suggested (J. Andrew Williams et al., DMD 1997). 
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2.4.1.2 Is mifepristone an inhibitor and/or an inducer of enzymes? 
 
Yes, Mifepristone is a strong inhibitor for CYP3A4 and CYP2C9 and moderate inhibitor 
for CYP2A6 and CYP2C8. Based on the Ki values obtained from in vitro studies RU 
42633 also seems to have potential for inhibition of CYP2C8 and CYP3A4. The 
inhibitory potential of RU 42698 for CYP2C9 seems to be significant as well. Only one 
exception with RU42698 for CYP3A4, all four analytes seems to have substantial 
potential for CYP2A6 (RU42698), CYP2C8 (mifepristone and RU 42848), CYP2C19 
(RU 42698), and CYP3A4 (mifepristone and RU42633).  

 
Table 8. Summary of in vitro studies of effect on cytochrome P450 

Analyte Cmax (ng/mL 
(μM))* 

Isoform Probe IC50 (μM) [I]/Ki 

CYP3A4 Midazolam 9.3 0.52 mifepristone 3329 (7.75) 
CYP2C8 Paclitaxel 8.7 0.43~0.65 
CYP3A4 Midazolam 8.6 0.52 
CYP3A4 Testosterone 8.1 0.65~0.87 

RU 42633 2166 (5.21) 

CYP2C8 Paclitaxel 3.5 0.74~1.74 
CYP3A4 Midazolam 8.7 0.08 
CYP2A6 Coumarin 8.5 0.19~0.75 
CYP2C9 Diclofenac 3.0 0.62~1.87 

RU 42698 832 (1.87) 

CYP2C19 S-Mephenytoin 8.5 0.19~0.37 
RU 42848 1244 (2.79) CYP2C8 Paclitaxel 6.7 0.33~0.47 
Source: *Cmax from C-1073-05 in healthy subjects 
 
There are studies show that mifepristone is an inducer of various CYP isoforms. Ex vivo 
studies in mice treated with mifepristone as well as in vitro studies in cultured mouse 
hepatocytes demonstrated that there was an increase in the expression of CYP2B mRNA 
(Jarukamjorn et al., 2001). In vitro studies in rat hepatocytes demonstrated that 
incubation with mifepristone increase CYP3A1/2 mRNA levels (Kocarek et al., 1995). 
Ex vivo studies in rats showed that treatment with mifepristone resulted in a significant 
increase in hepatic microsomal and mRNA  concentrations of CYP3A23, CYP3A1 and 
CYP3A18 (Cheesman and Reilly, 1998). Incubation of rabbit hepatocytes with 
mifepristone resulted in increase in CYP3A6 mRNA levels, and incubation of human 
hepatocytes with mifepristone resulted in increase in CYP3A mRNA levels (Kocarek et 
al., 1995). 
 

2.4.1.3 Is mifepristone a substrate, an inhibitor and/or an inducer of any relevant 
transporter? 

 
Yes. Mifepristone is a strong inhibitor of P-glycoprotein (P-gp) with IC50 value of 1.8 
μM and BCRP with IC50 of 5.6 μM. Furthermore, literature studies also support that 
mifepristone inhibits P-gp (Donald J. Gruol et al., Cancer Research, 1994).  
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Mifepristone also interacted with all the investigated uptake transporters. The most potent 
inhibition was observed in the cases of OATP1B1 (IC50 of 9.1 μM), OATP1B3 (IC50 of 
1.0) μM and OATP2B1 (IC50 of 4.3) μM with IC50 in the low micromolar range (< 10 
μM). Inhibitory effects were less potent in case of NTCP (IC50 of 70 μM) and OCT1 
(IC50 of 67 μM).  
 
The calculated [I]/Ki indicated that no transporters except P-gp have high potential drug-
drug interaction. 
 

2.4.1.4 What are effects of mifepristone on other drugs? 
 

• DDI with simvastatin 
 
 
Concomitant administration of a single dose of mifepristone 1200 mg/day resulted in an 
almost 3-fold increase in Cmax and an almost 4-fold increase in AUC0-inf for simvastatin. 
Increases in simvastatin acid Cmax and AUC0-inf, were even greater than 9-fold and 
almost 7-fold, respectively. The sponsor reported that multiple doses of mifepristone 
1200 mg/day for 10 days (Day 17) produced a 7- fold increase in Cmax and a greater 
than 10- fold increase in AUC0-inf relative to Day 1. Increases in simvastatin acid Cmax 
and AUC0-inf were even greater (greater than 18- fold and almost l6-fold, respectively). 
Furthermore, the sponsor discussed that these increases resulted in simvastatin and 
simvastatin acid PK parameter increases of approximately 2- to 3- fold for the last dose 
of mifepristone as compared to the first dose. It should be noted that the dose of 
simvastatin concomitantly administered with mifepristone on Day 17 was 80 mg while 
the dose of simvastatin on Day 1 and Day 7 was 40 mg. The sponsor voluntarily 
contraindicated concomitant use of simvastatin. 
 
 

 
 

Figure 11. Schematic summary of study design for DDI with simvastatin 
 
 

• DDI with digoxin 
 
The sponsor reported that Cmax values of digoxin were increased when digoxin was 
administered with the first dose (ratio, 1.68, CI, 1.54-1.84) and the last dose of 
mifepristone (ratio, 1.64, CI, 1.50-1.79). Digoxin AUC0-24hr was higher after the last dose 
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of mifepristone as compared to when it was administered alone (ratio 1.40, CI, 1.33-1.47) 
with loading doses. The sponsor even claimed that AUC0-24 was deemed equivalent when 
digoxin was administered with the first dose of mifepristone compared to alone (ratio 
1.19, CI 1.13-1.25).  

 
Figure 12. Schematic summary of study design of DDI with digoxin 

 
 

• DDI with alprazolam 
 
AUC0-72 hr of alprazolam and 4-OH alprazolam following 1 mg of alprazolam increased 
80% (n=16) and 76% (n=16) , respectively with concomitant administration of multiple 
doses of 1200 mg/day mifepristone for 10 days compared to those following 1 mg of 
alprazolam alone. AUC0-inf of alprazolam and 4-OH alprazolam following 1 mg of 
alprazolam increased 67% (n=4) and 94% (n=5), respectively with concomitant 
administration of multiple doses of 1200 mg/day mifepristone for 10 days compared to 
those following 1 mg of alprazolam alone. The half-life increase in both alprazolam and 
4-OH alprazolam (14.9 hours increase to 37.9 hours and 14.7 hours to 32.8 hours, 
respectively, with multiple doses of mifepristone) resulted in substantial number of 
subjects (12 out of 16 subjects) having greater than 25% of extrapolated % for AUC0-inf . 
Thus, the estimated geometric mean ratios for AUC0-72 hr  for both alprazolam and 4-OH 
alprazolam do not truly represent the expected drug interaction. Co-administration of 
mifepristone may increase AUC of both alprazolam and 4-OH alprazolam more than 
double. Cmax of alprazolam and 4-OH alprazolam following 1 mg of alprazolam 
decreased by 19% (n=16) and 61% (n=16), respectively with concomitant administration 
of multiple doses of 1200 mg/day mifepristone for 10 days compared to those following 1 
mg of alprazolam alone.  
 
The sponsor proposed CYP3A4 substrates to be administered at the lowest or a reduced 
dose when used with mifepristone. 
 
It is likely that exposures of sensitive CYP3A substrates (e.g., alfentanil, aprepitant, 
budesonide, buspirone, conivaptan, darifenacin, darunavir, dasatinib, dronedarone, 
eletriptan, eplerenone, everolimus, felodipine, indinavir, fluticasone, lopinavir, lovastatin, 
lurasidone, maraviroc, midazolam, nisoldipine, quetiapine, saquinavir, sildenafil, 
simvastatin, sirolimus, tolvaptan, tipranavir, triazolam, vardenafil,) are increased 
significantly when co-administered with mifepristone. Furthermore, CYP3A substrates 
with narrow therapeutic window (e.g., alfentanil, astemizole, cisapride, cyclosporine, 

Reference ID: 3072217



 30/100

dihydroergotamine, ergotamine, fentanyl, pimozide, quinidine, sirolimus, tacrolimus, 
terfenadine) may be subject to increased toxicity when co-administed with mifepristone.  
 
Therefore, it is reasonable to avoid sensitive CYP3A substrates and use the lowest dose 
for other CYP3A substrates when used concomitantly with mifepristone. The use of 
midazolam should be contraindicated. 
 
 

 
Figure 13. Schematic summary of study design of DDI with alprazolam 

 
 

• DDI with fluvastatin 
 
The first and last multiple doses of mifepristone 1200 mg/day for 7 days produced 2.67-
fold and 3.57 fold increase, respectively, in fluvastatin AUC0-24. Single and multiple 
doses of mifepristone produced equivalent increases in the Cmax of fluvastatin (70% and 
76%, respectively). Median Tmax of fluvastatin increased from 0.53 hr to 1.00 hr 
following a concomitant single dose of mifepristone and increased to 2.04 hr following 
multiple doses of mifepristone. Mean half-life of fluvastatin increased slightly following 
the first dose (21 %) and last dose of mifepristone (37%). The results indicate that 
mifepristone inhibits the metabolism of fluvastatin via CYP2C9 significantly and dose 
adjustment of fluvastatin and other CYP2C8/9 substrates is necessary. The sponsor 
proposed the use of smallest recommended doses and close monitor for adverse effects.  
It should be noted that fluvastatin is not a sensitive CYP2C8/9 substrate. Regardless, the 
sponsor’s proposal seems acceptable.  
 
 

 
Figure 14. Schematic summary of study design of DDI with fluvastatin 
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2.4.1.5 What are the effects of other drugs on mifepristone 
 

• DDI with cimetidine 
 
The geometric least square mean (GLSM) ratio for AUC0-24 of mifepristone at steady 
state following multiple doses of 300 mg/day mifepristone with versus without co-
administration of first dose of multiple doses of 800 mg/day cimetidine was 0.91 (CI 
0.87-0.94). The geometric least square mean (GLSM) ratio for AUC0-24 of mifepristone at 
steady state with versus without co-administration of first dose of multiple doses of 800 
mg/day cimetidine was 0.78 (CI 0.72-0.86). The geometric least square mean (GLSM) 
ratio for AUC0-24 of mifepristone at steady state with versus without co-administration of 
7th dose of multiple doses of 800 mg/day cimetidine was 0.85 (CI 0.82-0.88). The 
geometric least square mean (GLSM) ratio for AUC0-24 of mifepristone at steady state 
with versus without co-administration of 7th dose of multiple doses of 800 mg/day 
cimetidine was 0.75 (CI 0.69-0.82).  
 
It should be noted that the effect of cimetidine was evaluated at presumably steady state 
of mifepristone. However, the steady state of mifepristone is not likely achieved by Day 7, 
thus the drug-drug interaction could be confounded by auto-inhibition of mifepristone on 
its own. 
 
Nonetheless, there is no evidence for the effect of cimetidine on the pharmacokinetics of 
multiple doses of mifepristone based on the study results.  
 
 

 
Figure 15. Schematic summary of study design of DDI with cimetidine 

 

2.4.2 Should dose of mifepristone be adjusted with concomitant use of strong, 
moderate, and mild CYP3A4 inhibitors? 

 
The drug-drug interaction study with cimetidine 800 mg did not show increase in the 
exposure of mifepristone. Drug-drug interaction study with moderate/strong inhibitors 
was not conducted to address the effect of CYP3A inhibitors. Nonetheless, increase in the 
exposure of mifepristone and/or its metabolites are expected with concomitant use of 
moderate and strong CYP3A4 inhibitors. Use of strong CYP3A4 inhibitors is proposed to 
be contraindicated by the sponsor. The sponsor recommends no dose adjustment for 
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moderate CYP3A4 inhibitors based on the results from DDI with cimetidine. However, 
the concomitant administration of moderate CYP3A4 inhibitors should be also avoided 
until further information is provided. 
 

2.4.3 Are DDI studies with moderate and/or strong CYP3A4 inhibitors needed? 

 

The significant increase in half-life with multiple doses of mifepristone indicates that 
mechanism-based inhibition of mifepristone is clearly presented in clinical 
pharmacokinetic data. Furthermore, in vitro studies showed mifepristone inhibits 
CYP3A4 and CYP2B6 by covalently binding to their apoproteins (Kan He et al., JPET 
1999, Hsia-lien Lin et al, JPET 2009).  
 
The Agency recommended a drug-drug interaction study with a strong CYP3A4 inhibitor 
prior to the submission because the DDI study with a cimetidine, could not adequately 
address the DDI with CYP3A4 inhibitors. Instead of conducting a DDI study with 
ketoconazole, the sponsor provided two randomly-timed concentrations of mifepristone 
obtained from one patient who were on the concomitant use of 400 mg TID ketoconazole 
during Phase 3 clinical trial on page 122 in Clinical Pharmacology Summary. Those 
concentrations were 8,520 and 8,770 ng/mL (75 minutes apart between the two samples), 
which were more than 4 times higher than average trough concentrations (~2,000 ng/mL). 
However, reasonable interpretation of these concentrations was not possible, because 
detailed information was not provided further.  

 
The results obtained from the DDI with cimetidine indicate that the mechanism-based 
inhibition by mifepristone itself seems to be stronger than any inhibitory effect of 
cimetidine. The drug interaction was assessed only for the effect of cimetidine on the 
steady-state PK of mifepristone and did not show any evidence for drug interaction. 
 
Thus, DDI studies to evaluate the inhibitory effects of strong CYP3A4 inhibitor 
(ketoconazole is recommended) is recommended. Based on the results further evaluation 
to determine the effect of a moderate CYP3A4 inhibitor on mifepristone 
pharmacokinetics may be needed.  
 

2.4.4 Should CYP2B6 substrates such as bupropion and efavirenz be avoided? 
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Practice (GLP) regulations, and the results were preliminary as the report  
 clarified. BCS guidance recommends that permeability 

studies be performed at concentrations equivalent to 1, 0.1, and 0.01 times the highest 
dose strength in humans dissolved in 250 mL. However, the study was conducted with 
only once concentration (0.5 μM, which is 0.00018 times of the 300 mg dose strength) 
due to the low solubility of mifepristone. 

2.5.2 What are protein-binding properties of the drug? 
 
Mifepristone is believed to be highly bound to α1-acid glycoprotein (AAG) and 
approaches saturation at doses of 100 mg (2.5 μM) or more. Mifepristone and its 
metabolites also bind to albumin and distribute to other tissues, including the central 
nervous system.   
Form equilibrium dialysis studies, the fraction of protein binding were found to be 99.2% 
for mifepristone, 98.9% for RU 42633, 97.8% for RU 42698, and 96.1% for RU 42848. 
These values were from experiments for one analyte. The protein binding of mifepristone 
in the presence of its metabolites and vice versa was not studies in vitro. Study C-1073-
PK-002 included concentrations of 0.2, 1, 5, and 10 μg/mL, and 1 and 5 μg/mL are 
representative concentrations for the clinical doses.  
 

2.5.2.1 What is the effect of food on pharmacokinetics of mifepristone and its 
metabolites? 

 
Three food effect studies were conducted by the sponsor with 1200 mg single dose, 1200 
mg multiple doses, and 600 mg single dose. Food increase Cmax of mifepristone by 19% 
and AUC by 29% following a single dose of 600 mg of mifepristone. Similar food effects 
were observed for metabolites. With a single dose administration of 1200 mg of 
mifepristone, a high-fat, high-calorie breakfast increased mifepristone Cmax and AUC0-inf 
by 29% and 42%, respectively, with increase for the metabolites ranging from 9 to 32% 
for Cmax and from 34% to 51% for AUC0-inf. While mifepristone was administered with 
multiple doses of 1200 mg/day, mean Cmax and AUC0-24hr of mifepristone increased ~ 
32% and 43%, respectively, after the first dose of 1200 mg mifepristone and 56% and 
65%, respectively, after 7 days of mifepristone 1200 mg/day under fed conditions (34% 
fat breakfast) compared with fasting condition. After an eighth day of dosing with 
mifepristone 1200 mg/day given with a 50% fat breakfast, Cmax and AUC0-24hr increased 
by 52% and 68%, respectively, compared with fasting condition. Cmax and AUC0-24hr 
following mifepristone dose with 50% fat meal were similar to those with 34% fat 
breakfast. The food delayed drug absorption and reduced the interindividual variability in 
pharmacokinetic parameters. Furthermore, the less-than-proportional increase in 
exposure, which is limited by the low solubility of mifepristone, seems to be closer to 
proportional with food at doses higher than 600 mg. The food effect was not dependent 
on the meal content. According to the sponsor’s proposed labeling, mifepristone is 
recommended to be taken with food that is in accordance with the dosing scheme used in 
the Phase 3 trial. 
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2.6 Analytical Section 

2.6.1 What bioanalytical methods are used to assess the drug concentrations? 
 
Concentrations of plasma samples for mifepristone and its three active metabolites, RU 
42633, RU 42698, RU 42848 were determined by high-performance liquid 
chromatography (HPLC) with mass spectrometric (MS/MS) detection. The internal 
standards for the analyses were d4-mifepristone, d4-RU 42633, d4-RU 42698, d4-RU 
42848. The lower limit of quantification was 10 ng/mL for each analyte on a calibration 
curve from 10 to 2000 ng/mL. 
 
One validation run containing a single calibration curve, five QC samples at each 
concentration level (30.0, 300.0 and 1600.0 ng/mL), one reagent blank, one plasma blank 
and one control zero were analyzed. For recovery, five additional plasma blanks were 
extracted in the intraday validation run. Five replicates of internal standard (5.00 μg/mL) 
were spiked post extraction and the mean of the peak heights was compared to the peak 
height mean of the internal standards spiked in the QC samples for recovery 
determination. For matrix effect, three replicates each of six blank plasma lots were 
spiked with a target concentration of 100.0 ng/mL and extracted with one of the 
validation runs.  
 
The accuracy of the analytical method was determined by comparing the mean of the 
measured concentrations of the analytes in the QC samples with the actual values. The 
deviation from the actual values of the plasma standards did not exceed ±4.0%, ±5.0%, 
±3.0% and ±6.3% for any concentration level of mifepristone, RU 42633, RU 42698 and 
RU 42848. The intraday mean values ranged from 1.3% to 6.1% deviation for 
mifepristone, 1.7% to 3.7% for RU 42633, -1.0% to 3.3% deviation for RU 42698 and -
1.9% to 10.0% for RU 42848 from the actual values for the QC samples concentrations. 
The precision of the analytical method was measured from three QC sample 
concentrations with each analytical run. The %CV for mifepristone, RU 42633, RU 
42698 and RU 42848 in the QC samples did not exceed 4.1%, 1.9% 3.0% and 7.8%, 
respectively. The intraday precision was 1.4%, 1.8%, and 3.3% for the samples of 30.0 
ng/mL, 300.0 ng/mL 1600 ng/mL, respectively. 
 
The recoveries of d4-mifepristone, d4-RU 42633, d4-RU 42698, d4-RU 42848 were 
determined by comparing the peak heights of extracted internal standards spiked into QC 
samples with the peak heights of unextracted recovery internal standards spiked into 
extracted blank plasma at the same concentrations. The overall mean recoveries of d4-
mifepristone, d4-RU 42633, d4-RU 42698, d4-RU 42848 were 98.1%, 143.4%, 103.9%, 
144.1%, respectively. 
 
 
Reviewer’s comments: Long-term stability in biological matrix has not been assessed 
(the sponsor indicated those studies are ongoing and planning to update when available). 
However, QC samples for stability (thawed at room temperature) for 24 hours, QC 
samples for storage stability (frozen at -20°C) for 89 days, QC samples for storage 
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stability (freeze/thaw) for 3 cycles, and extracted samples for processed sample stability 
(reinjection) at room temperature for 73 hours showed less than 15% deviation from 
theoretical values. Moreover, mifepristone and its 3 metabolites are believed to be stable 
at 25°C/60%RH condition for 36 months according to the stability study and according to 
CMC’s review team (per discussion with Dr. Suong Tran).  
 
 
Reference: 
 
Gross BA et al., “Medical Management of Cushing Disease,” Neurosurgical Focus; 
23(3): E10 (2007) 
 
Kan He et al., “Mechanism-base Inactivation of Cytochrome P-450-3A4 by Mifepristone 
(RU486), The Journal of Pharmacology and Experimental Therapeutics 288(2): 791-797 
(1999) 
 
Heikinheimo O. “Pharmacokinetics of the Antiprogesterone RU 486 in Women During 
Multiple Dose Administration”. J Steroid Biochem 1989; 32:21-25. 
 
Jang GR et al., “Identification of CYP3A4 as the principal enzyme catalyzing 
mifepristone (RU 486) oxidation in human liver microsomes.”, Biochem Pharmcol; 
52(5):753-761 (1996)  
 
Hsia-lien Lin et al., “Metabolic Activation of Mifepristone [RU486; 17β-Hydroxy-11β-
(4-dimethylaminophenyl)-17α-(1-propynyl)-estra-4,9-dien-3-one] by Mammalian 
Cytochrome P450 and the Mechanism-Based Inactivation of Human CYP2B6”; 329(1): 
26-37 (2009) 
 
Shi YE et al., “Pharmacokinetic Study of RU 486 and Its Metabolites after Oral 
Administration of Single Doses to Pregnant and Mon-pregnant Women”; 48(2): 133-49 
(1993) 
 
Williams JA et al., “Induction of Cytochrome P4503A by the Antiglucocorticoid 
Mifepristone and a Novel Hypocholesterolaemic Drug,” Drug Metabolism and 
Disposition 25(6): 757-761 (1997) 
 
 
3 Labeling 
 
Detailed labeling comments will be included in the addendum to Clinical Pharmacology 
review.  
 
4 Appendix 
 

4.1 Individual Clinical Study Review 
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only), V/F (Period 1 only), and accumulation ratio. Statistical 
comparisons of pharmacokinetic parameters in the two populations were 
performed using 90% confidence intervals. Equivalence was determined 
if CIs were contained within 0.80-1.25. 

Safety 
Assessment 

Safety assessments included monitoring of adverse events (AEs), 
clinical laboratory, vital sign measurements, physical examinations, and 
12-lead electrocardiograms (ECGs). 

 
Results:   
 
Safety: No deaths, serious adverse events, early terminations, or interruptions in dosing 
were reported in this pharmacokinetic study in all subjects. The most common adverse 
event reported was mild headache, reported by 9 of 20 subjects (45%), and often 
observed in confinement studies. One subject with hepatic impairment experienced 
moderately severe orthostatic hypotension of 24 hours duration. 
 
PK: Mean (SE) concentration vs. time profiles of mifepristone and its metabolites are 
shown in Figure 16 and their pharmacokinetic parameters are summarized in Table 11. 
Following both single dose and multiple doses of 600 mg of mifepristone, plasma 
concentrations of mifepristone, RU42633 (mono-demethylated metabolite) and RU42698 
(mono-hydroxylated metabolite) rose quickly while concentrations of RU42698 (di-
demethylated metabolite) rose slower. The distribution and elimination characteristics of 
mifepristone and its metabolites seem to be similar between subjects with moderate 
hepatic impairment and healthy subjects. 
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Figure 16. Mean (SE) Plasma concentrations of mifepristone and its metabolites following single (600 
mg) and multiple doses (600 mg/day for 7 days) of mifepristone 

 
 

 
Table 9. Pharmacokinetics parameters of mifepristone and its metabolites following single (600 mg) 
and multiple doses (600 mg/day for 7 days) of mifepristone 
Single Dose  
Hepatic 
Function 

Analyte Tmax (hr) Cmax 
(ng/mL) 

AUC0-inf 
(ng*hr/mL) 

T1/2 (hr) 

Mifepristone 1.7±1.6 2648±1785 143383+76384 42.6+25.9 
RU 42633 8.5+6.5 1648±909 188762±102142 52.7±39.2 
RU 42698 10.6±13.5 719±432 78330±54913 52.9±28.6 

Impaired 
(n=10) 

RU 42848 43.1±24.3 680±369 105003±62189 61.8±48.1 
Mifepristone 1.9±1.8 2982±1040 170331±61681 43.0±14.5 
RU 42633 14.0±1.5 2331±456 240216±82136 44.5±14.7 
RU 42698 9.6±13.7 804±291 79591±37437 47.9±13.5 

Normal 
(N=10) 

RU 42848 35.1±28.1 1077±377 167721±70314 54.4±26.8 
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Multiple Dose 
Hepatic 
Function 

Analyte Tmax (hr) Cmax 
(ng/mL) 

AUC 0-24 
(ng*hr/mL) 

T1/2 (hr) 

Mifepristone 2.4±2.5 3398±2123 46074+23144 78.0+44.4 
RU 42633 11.7+14.8 1655±722 34267±14495 67.5±26.0 
RU 42698 16.7±28.1 916±486 18979±9548 117±96.0 

Impaired 
(n=10) 

RU 42848 51.4±70.1 726±332 14493±6254 72.7±29.8 
Mifepristone 1.1±0.6 3329±1260 48020±14358 71.6±45.4 
RU 42633 9.0±13.8 2166±480 45008±10354 100±82.6 
RU 42698 7.0±6.2 832±362 16685±7253 75.3±42.9 

Normal 
(N=10) 

RU 42848 24.4±21.1 1244±368 25265±7525 90.2±64.2 
 
Reviewer’s comments: The major metabolites are expected to be decreased in hepatic 
impairment but interestingly significant decrease in the exposure of parent compound 
along with decrease in the exposure of metabolites was observed. 
 
Notable change in half-lives in multiple-dose PK compared to single-dose PK. The 
parallel decrease of metabolites indicates that the metabolism kinetics is formation-rate 
limited.  
 
Table 10. Statistical comparisons of pharmacokinetic parameters of mifepristone and its metabolites 
in subjects with normal or moderate hepatic impairment 
Dosing Analyte Parameter GMLS ratio 

(Impaired/Normal) 
90% CI 
(Impaired/Normal) 

Mifepristone Cmax 0.77 0.51-1.27 
 AUCinf 0.79 0.53-1.16 
RU 42633 Cmax 0.62 0.47-0.95 
 AUCinf 0.71 0.49-1.09 
RU 42698 Cmax 0.80 0.54-1.25 
 AUCinf 0.90 0.53-1.44 
RU 42848 Cmax 0.58 0.36-0.90 

Single Dose 
600 mg 

 AUCinf 0.57 0.32-0.93 
Mifepristone Cmax 0.92 0.61-1.43 
 AUC0-24h 0.90 0.65-1.27 
RU 42633 Cmax 0.71 0.55-0.98 
 AUC0-24h 0.71 0.54-0.98 
RU 42698 Cmax 1.06 0.70-1.50 
 AUC0-24h 1.09 0.73-1.52 
RU 42848 Cmax 0.55 0.37-0.80 

Multiple 
Dose 600 
mg/day for 7 
days 

 AUC0-24h 0.55 0.36-0.79 
 
Accumulation: The sponsor reported the accumulation ratio for the four analytes were 
1.05~1.45 in healthy subjects and 1.18~1.59 for hepatic impairment, respectively. 
 
 
Table 11. Accumulation ratio for mifepristone and its metabolites in subjects with normal or 
moderate hepatic function 
Hepatic function Mifepristone RU 42633 RU 42698 RU 42848 
Impaired 1.52±0.36 1.18±0.33 1.59±0.58 1.41±0.46 
Normal 1.31±0.23 1.05±0.31 1.12±0.27 1.45±0.65 
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Reviewer analysis and comments: The accumulation ratio cannot be a simple ratio of 
Cmax following single-dose and multiple-dose when drug elimination is prolonged (e.g., 
prolonged half-life due to saturated metabolism or suicidal inhibition). As seen in Table 
11, there are significant increases in half-lives for all analytes. Theoretically, the 
accumulation ratio for mifepristone is to be 2.59 when half-life does not change with 
multiple dosing. With the increase half-life of mifepristone, the accumulation ratio would 
be approximately 4.3 after 7 days of multiple dosing. Therefore, the accumulation ratio is 
expected to be between 2.59 and 4.3 following multiple doses of 600 mg/day.  
 
Therefore, the reviewer conducted non-compartmental analysis and the resulting values 
in comparison of PK parameters of healthy and hepatic impairment are reported in Table 
14. 
 
Table 12. Pharmacokinetic parameters for mifepristone and its metabolites following single (600 mg) 
and multiple doses (600 mg/day for 7 days) of mifepristone (Reviewer’s analysis) 
Dosing Analyte Parameter GMLS ratio 

(Impaired/Normal) 
90% CI 
(Impaired/Normal) 

Cmax 0.77 0.52-1.14 Mifepristone AUCinf 0.79 0.51-1.24 
Cmax 0.62 0.45-0.87 

RU 42633 AUCinf 0.71 0.48-1.05 
Cmax 0.80 0.54-1.20 RU 42698 AUCinf 0.90 0.51-1.57 
Cmax 0.58 0.40-0.85 

Single Dose 
600 mg 

RU 42848 AUCinf 0.57 0.37-0.89 
Cmax 0.92 0.60-1.39 Mifepristone AUCinf 1.02 0.59-1.76 
Cmax 0.71 0.54-0.95 RU 42633 AUCinf 0.95 0.52-1.71 
Cmax 1.06 0.70-1.61 RU 42698 AUCinf 1.37 0.71-2.62 
Cmax 0.55 0.41-0.76 

Multiple 
Dose 600 
mg/day for 7 
days 

RU 42848 AUCinf 0.62 0.33-1.16 
 
Time-dependent pharmacokinetics of mifepristone and its metabolites have been 
observed from PK profiles of them. The reviewer conducted a separate analysis to 
describe the time-dependent PK and the results are described in Table 15. 
 
Table 13. Statistical comparisons of pharmacokinetic parameters of mifepristone and its metabolites 
(Reviewer’s analysis) 
Population  Analyte Parameter GMLS ratio (MD/SD) 90% CI (MD/SD) 

Cmax 1.09 0.89-1.33 
AUCinf 2.03 1.61-2.56 Mifepristone 
Half-life 1.79 1.29-2.48 
Cmax 0.93 0.81-1.06 
AUCinf 1.76 1.38-2.25 RU 42633 
Half-life 2.03 1.44-2.88 
Cmax 1.00 0.87-1.15 

Healthy 
Volunteers  
(n=10) 

RU 42698 
AUCinf 1.97 1.57-2.48 
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Half-life 1.76 1.23-2.53 
Cmax 1.18 1.02-1.37 
AUCinf 1.72 1.30-2.28 RU 42848 
Half-life 1.91 1.40-2.62 
Cmax 1.30 1.15-1.46 
AUCinf 2.60 2.05-3.30 Mifepristone 
Half-life 2.38 1.81-3.14 
Cmax 1.05 0.89-1.24 
AUCinf 2.36 1.73-3.22 RU 42633 
Half-life 2.77 1.66-4.62 
Cmax 1.32 1.08-1.63 
AUCinf 3.01 2.13-4.25 RU 42698 
Half-life 2.46 1.59-3.81 
Cmax 1.12 0.99-1.27 
AUCinf 1.91 1.38-2.64 

 Hepatic 
Impairment 
(n=10) 

RU 42848 
Half-life 2.10 1.12-3.95 

 
As seen in Table 15, half-lives of mifepristone and its metabolites in both healthy 
volunteers and hepatic impairment are increasing with time as daily doses of mifepristone 
600 mg are administered. The time-dependent PK presented in both healthy subjects and 
subjects with moderate hepatic impairment similarly. Consequently, the difference 
between the pharmacokinetic characteristics in the two populations became insignificant. 
No dose adjustment is recommended to subjects with mild and moderate hepatic 
impairment, however, the upper limits of confidence interval for the ratio of AUC0-inf 
were over 260% or close 200%, and the studied dose was 600 mg. Thus, the maximum 
dose should not exceed 600 mg per day. 
 

4.1.2 C-1073-19: Effect of Renal Impairment Study 
 
Title: A Phase 1, Open-Label, Adaptive Two-Stage Study of the Effects of Renal 
Impairment on the Pharmacokinetics of CORLUX and its Active Metabolites 
Following Multiple Doses of CORLUX (mifepristone) in Volunteers with Impaired 
and Normal Renal Function 
 
Objectives Primary:  

• To determine the effect of renal function on the pharmacokinetics of 
mifepristone and its metabolites following multiple doses of 
mifepristone (1200 mg/day for 7 days) 

 
Study 
Design  

This was an open-label, adaptive two-stage study. The first stage evaluated 
the effects of severe renal impairment (GFR < 30 mL/min/1.73 m2 but not 
on dialysis) as compared to normal renal function (CrCL ≥ 90 mL/min/1.73 
m2) on the pharmacokinetics of mifepristone and its three active metabolites 
RU 42633, RU 42698, RU 42848 following mifepristone 1200 mg/day for 7 
days. The second stage of the study is designed to evaluate subjects with 
mild impairment (CrCL 60~89 mL/min/1.73 m2) and moderate impairment 
(GFR 30~59 mL/min/l.73 m2). Results from Stage 1 are presented here; 
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Stage 2 has not been conducted. 
Serial blood sampling over 14 days (normal renal function) and over 28 
days (renal impairment) was obtained following the last dose on Day 7. 
Trough samples were obtained during dosing to determine if steady-state 
conditions were achieved. A final safety evaluation was performed 2 weeks 
after the last PK blood sample. 

Study 
population 

Eighteen volunteers were enrolled the study: 10 subjects with ESRD but not 
on dialysis (5 males, 5 females) and 8 healthy subjects with normal function 
(4 males, 4 females). Mean age was 56.5 (range 35~78) for the ESRD 
subjects and 36.0 years (range 22~49) for the healthy subjects.  

Treatment 
group 

Mean (SD) creatinine clearance by treatment group is described in the table 
below. 

PK 
Assessment 

GFR was determined using 3 methods: (1) measured urine and serum 
creatinine on Day 1, (2) estimated using Cockcroft-Gault equation adjusted 
for body surface area and (3) estimated using the modified diet in renal 
disease (MDRD) equation which includes a correction for body surface 
area. 
Serial blood sampling for determination of mifepristone and its metabolites 
was performed prior to the last mifepristone dose on Day 7 at 0.5, 1, 2, 4, 6, 
8, 10, 12, 24, 36, 48, 72, 120, 192, 264, and 336 hours (14 days), 432, 552 
and 672 hours (28 days) post-last dose with samples for the latter 3 time 
points only obtained for subjects with end stage renal disease (ESRD). Pre-
dose blood samples were obtained on Days 1, 5, 6 and 7. Unbound (free) 
concentrations of mifepristone and its primary metabolite, RU 42633, were 
determined on Day 7 from blood samples collected at 0,2 and 8 h. Total 
plasma concentrations of mifepristone and its metabolites (RU 42633, RU 
42698, and RU 42848) were determined by  

 using a validated liquid chromatography tandem mass spectrometry 
(LC/MS/MS) assay. The lower limit of detection of this method was 10 
ng/mL for each analyte. Unbound concentrations of mifepristone and RU 
42633 were determined using equilibrium dialysis (a non-GLP assay) with a 
limit of detection 0.200 ng/mL for both analytes. Total plasma 
concentrations of mifepristone and its metabolites were used to determine 
pharmacokinetic parameters Cmax, Tmax, AUC0-24, CL/F, and T½, while 
unbound concentrations of mifepristone and RU 42663 were used to 
calculate Cmax free, T max, AUC0-24 free drug, fu, CL/F for free drug and 
T½. An analysis of variance (ANOVA) was performed to compare PK 
parameters of the severe renal function group with those of the normal renal 
function group. The analysis was performed on log (Cmax), log (AUC), and 
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T½  values with group as fixed effect and subject as random effect. The 90% 
CI for the ratio (severe/normal) of the PK parameters were generated. 
Equivalence was determined if the 90% CI of the ratio was entirely 
contained within 0.80-1.25. Median Tmax of mifepristone, RU 42633, RU 
42698, and RU 42848 from the severe renal function group was compared 
to those from the normal renal function group using nonparametric 
Wilcoxon Rank-Sum test. A P-value of ~ 0.05 provided evidence that the 
two medians significantly differed. 
A comparison of mean total and free plasma concentration between normal 
and severe renal impaired subjects was statistically tested at each scheduled 
time point using two-sample t-test for mifepristone, RU 42633, RU 42698 
and RU 42848 with the differences between the means, 95% CIs and 
corresponding P-values determined at each scheduled time point. The 
association between PK parameters and renal function (GFR) was presented 
using scatter plots for each of the two renal function groups. Total Cmax 
and AUC0-24 and unbound Cmax and AUC0-24 for mifepristone were plotted 
as a function of GFR estimated by all three methods. For the metabolites, 
total Cmax and AUC0-24 and unbound Cmax and AUC0-24 (RU 42633 only) 
were plotted as a function of GFR as determined by measured creatinine 
clearance. Regression analyses were performed for selected comparisons 
based on visual inspection of the scatter plots. Measured unbound plasma 
concentrations of mifepristone and RU 42633 were compared to predicted 
concentrations. 

Safety 
Assessment 

Safety assessments included monitoring of adverse events (AEs), clinical 
laboratory tests, vital sign measurements, physical examinations, and 12-
lead electrocardiograms (ECGs). 

 
Results: 
Plasma concentrations of mifepristone and its metabolites for the two treatment groups 
are described in Figure 17 and pharmacokinetics parameters in these groups following 
1200 mg of mifepristone are summarized in Table 16. 
 
Table 14.  Pharmacokinetic parameters from total concentrations of mifepristone and its metabolites 
following mifepristone 1200 mg /day for 7 days 
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Figure 17.  Mean (SE) plasma concentrations of mifepristone and its metabolites following multiple 
doses of 1200 mg/day for 7 days of mifepristone 
 
 
Table 15. Pharmacokinetic parameters from unbound concentrations of mifepristone and its 
metabolites following 1200 mg/day for 7 days 
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The statistical analysis for the pharmacokinetic parameters of mifepristone and its 
metabolites between subjects with normal or severe renal impairment is summarized in 
Table 18. 
 
Table 16. Statistical analysis for mifepristone and its metabolites (N=8 in each group) 

 
 
Mifepristone: Cmax and AUC0-24 of mifepristone increased by 30% (CI 0.97, 1.75) and 
31 % (CI, 0.99, 1.74), respectively, in subjects with severe renal impairment as compared 
to healthy subjects. Median Tmax was 1.0 hour for both treatment groups. While half-life 
was reduced 18% (CI, 0.54-1.25) in subjects with severe renal impairment, it is important 
to note that samples were taken for a longer period of time in subjects with severe renal 
impairment; this could have resulted in the identification of another phase to the plasma 
concentration versus time profile. When plasma protein binding was taken into account, 

Reference ID: 3072217











 51/100

Three subjects (Treatment C: simvastatin 80 mg + CORLUX (mifepristone) 1200 
mg/day) were discontinued from the study due to the AE, generalized rash. 
 
Pharmacokinetics parameters for simvastatin and simvastatin acid are summarized in 
Table 18. 
 
Table 18. Mean (±SD) selected pharmacokinetic parameters for simvastatin and simvastatin acid 

 
 
The first dose of mifepristone multiple dosing increased the exposure of both simvastatin 
and simvastatin acid drastically. Mean values of Cmax increased from 10.2 ng/mL to 
26.2 ng/mL for simvastatin, and from 1.67 ng/mL to 19.1 ng/mL. The mean AUC0-inf 
increased from 47.4 ng*hr/mL to 190 ng*hr/mL for simvastatin, and from 19.2 ng*hr/mL 
to 164 ng*hr/mL for simvastatin acid. Simvastatin acid seems to be more sensitive to 
mifepristone co-administration that simvastatin at early stage of mifepristone multiple 
dosing. The last dose of mifepristone of 10-day multiple dosing rendered additional 
increment in exposure of simvastatin and simvastatin acid. Mean values of Cmax 
increased from 26.2 ng/mL to 116 ng/mL for simvastatin, and from 19.1 ng/mL to 56.5 
ng/mL. The mean AUC0-inf increased from 190 ng*hr/mL to 905 ng*hr/mL for 
simvastatin, and from 164 ng*hr/mL to 569 ng*hr/mL for simvastatin acid.  
 
Pharmacokinetics profiles of simvastatin and simvastatin acid following a single dose of 
40 mg simvastatin are depicted in Figure 19. 
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Assessment within 30 minutes prior to digoxin administration and at 0.25, 0.5, 0.75, 
1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 15, and 24 hours post dose. On Days 7, 8 
and 17, interval urine collections were obtained at 0 ~12 hours and 12 
~24 hours post dose. On Days 10, 12 and 14, 2-hour urine collections 
were obtained and a blood sample was taken midway through the urine 
collection. Plasma and urine samples were assayed for digoxin using 
LC/MS/MS methods by  

. The limit of detection of the plasma assay was 0.1 
ng/mL, while the limit of the urine assay was 0.5 ng/mL. Trough plasma 
concentrations were determined locally (24 hour turnaround time) on 
Days 2, 4, 6 ~10, 12, 14 and 16. Digoxin pharmacokinetic parameters 
calculated from plasma and urine concentrations included Tmax, Cmax 
and AUC0-24, amount excreted (Ae), % excreted and renal clearance 
(CLr). Log-transformed PK parameters for AUC0-24, Cmax, Ae%, and 
CLr, were analyzed using a mixed-effects model with day as a fixed 
effect and subject as a random effect. The 90% confidence interval (CI) 
of the ratio of the geometric means of the PK parameters for Day 8 (first 
mifepristone dose) and Day 17 (last mifepristone dose) were compared 
with Day 7 (digoxin alone). Less than a 30% increase or decrease in the 
parameter was determined if the 90% CIs were contained within the 
interval 0.70 to 1.43. 
Mifepristone: Pre-dose and trough total plasma concentrations of 
mifepristone and its metabolites were determined on Days 8, 9, 15, 16 
and 17.  assayed all plasma samples for 
mifepristone and the 3 active metabolites (RU 42633, RU 42698 and RU 
42848) using a validated liquid chromatography tandem mass 
spectrometry (LC/MS/MS) assay. The lower limit of detection of this 
method was 10 ng/mL for each analyte. 

Safety 
Assessment 

Safety assessments included monitoring of adverse events (AEs), 
clinical laboratory tests (including local laboratory monitoring of 
digoxin trough plasma concentrations on Days 2, 4, 6 through 10, 12, 
14, and 16), vital sign measurements, physical examinations, and 12-
lead electrocardiograms (ECGs ). 

 
Results: 
 
Due to the half-life of digoxin (approximately 1.6 days), the sponsor designed the study 
under steady-state condition of digoxin. To achieve steady state quickly, three doses of 
0.25 mg digoxin was administered with 6-hour interval on Day 1. These feature of the 
study design should be remembered when the study results are interpreted. Descriptive 
statistics for the digoxin pharmacokinetic parameters are provided in Table 20. 
 
Table 20. Statistical summary of digoxin following Treatments A, B, and C. 
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Table 21. Statistical comparison of Treatments A, B, and C 

 
Treatment A: digoxin 0.125 mg/day + 0.75 mg loading dose 
Treatment B: digoxin 0.125 mg/day + mifepristone 1200 mg/day (first dose) 
Treatment C: digoxin 0.125 mg/day (last dose) + mifepristone 1200 mg/day (last dose) 
Bold indicates CI within predefined boundary of 0.70 to 1.43. 
 
Cmax values of digoxin were increased when digoxin was administered with the first 
dose (ratio, 1.68, CI, 1.54-1.84) and the last dose of mifepristone (ratio, 1.64, CI, 1.50-
1.79) with the lower and upper end of the CIs exceeding the upper predefined boundary 
of 1.43. Digoxin AUC0-24hr was higher after the last dose of mifepristone as compared to 
when it was administered alone (ratio 1.40, CI, 1.33-1.47) with the upper bound of the CI 
exceeding the predefined limit of 1.43. However AUC0-24 was deemed equivalent (i.e., 
less than a 30% change) when digoxin was administered with the first dose of 
mifepristone compared to alone (ratio 1.19, CI 1.13-1.25). The CLr and Ae% values for 
digoxin were equivalent in the presence of either the first or last of the multiple doses of 
mifepristone. Tmax median estimates and their ranges were similar for all three treatment 
groups. Digoxin PK parameters were equivalent when digoxin was administered with the 
last dose of mifepristone compared to administration with the first dose of mifepristone. 
 
Reviewer’s comments: The reference treatment (Treatment A, 0.125 mg of digoxin) was 
administered with significant amount of loading dose (0.75 mg of digoxin) to achieve 
steady state faster. The effect of mifepristone on the pharmacokinetics of digoxin was 
assessed under steady-state condition of digoxin with maintenance dose of 0.125 mg. 
However, the reference treatment on Day 7 could be still under the influence of 
significant amount of loading dose, which was given on Day 1 to achieve steady state 
faster. The half-life of digoxin is about 1.6 days as the sponsor reported. Theoretically, 
the steady state can be achieved by the end of Day 8. Thus, the comparisons of digoxin 
PK on Day 7 without concomitant administration of mifepristone to digoxin PK on Day 8 
with concomitant administration of mifepristone would not be desirable in predicting the 
true effect of mifepristone on digoxin. Digoxin exposure on Day 7 would be greater than 
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that on Day 8 without co-administration of mifepristone since the loading dose may be 
still being cleared along with the maintenance doses. This theoretical concern was 
partially resolved at least for the steady-state assumption for Day 7 and Day 8 by 
checking the pre-dose concentrations on Day 7 and Day 8 (Figure 21). Although, the 
evidence is insufficient to declare drug-drug interaction with digoxin, clinical monitoring 
along with measurements of digoxin concentrations after 1~2 weeks of concomitant use 
is recommended as the sponsor indicates in the labeling.  
 

 
Figure 21. Pre-dose concentrations of digoxin 
 
The sponsor reported that Cmax values of digoxin were increased when digoxin was 
administered with the first dose (ratio, 1.68, CI, 1.54-1.84) and the last dose of 
mifepristone (ratio, 1.64, CI, 1.50-1.79). Digoxin AUC0-24hr was higher after the last dose 
of mifepristone as compared to when it was administered alone (ratio 1.40, CI, 1.33-1.47) 
with loading doses. The sponsor even claimed that AUC0-24 was deemed equivalent when 
digoxin was administered with the first dose of mifepristone compared to alone (ratio 
1.19, CI 1.13-1.25). However, 64% increase in Cmax and 40% increase in AUC are 
considered significant interaction for digoxin that has a narrow therapeutic widow. 
According to the labeling of digoxin, before concomitant use of drugs which indicated 
interaction to similar extent (e.g., digoxin’s Cmax and AUC were increased 58% and 
39%, respectively by captopril, and 57% and 15%, respectively by nitrendipin), serum 
concentrations of digoxin should be measured. Then digoxin dose should be reduced by 
approximately 30% to 50% and monitored continuously. Therefore, the same dosing 
recommendations are applied to digoxin. 
 
 

4.1.5 C-1073-24: DDI with Alprazolam 
 
Title: A Phase 1, Open-Label, Fixed-Sequence, Three-Period Crossover Study to 
Determine the Effect of Single dose and Multiple Doses of Mifepristone on the 
Pharmacokinetics of a Single Dose of Alprazolam in Healthy Volunteers 
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the interval of 0.8 to 1.25. The effect of gender on the pharmacokinetics 
of alprazolam was explored by repeating the mixed-effect ANOVA 
model with treatment, gender, and treatment-by-gender as fixed effects 
and subject as a random effect. 
 
Mifepristone: Blood sampling for plasma concentrations of 
mifepristone and its 3 active metabolites (RU 42633, RU 42698, and RU 
42848) was performed within 30 minutes before dosing on Day 8, 19, 
and 20 as well as 24 hours after the last dose on Day 21.  

 assayed all plasma samples for mifepristone and the 3 
active metabolites (RU 42633, RU 42698 and RU 42848) using a 
validated LC/MS/MS assay. The lower limit of detection of this method 
was 10 ng/mL for each analyte. 

PD 
Assessment 

Conducted but not its endpoints were not relevant to the current 
submission. See reviewer’s comments. 

 
Results:  
 
PD: The sponsor performed and reported PD assessment for PD endpoints of sedation 
and mood. This study seems to have been conducted when the sponsor was investigating 
this compound for another indication. Since these endpoints are not relevant to this 
submission, PD assessments have not been reviewed. 
 
PK:  
 
Pharmacokinetic parameters for alprazolam and 4-hydroxyalprazolam are summarized in 
Table below.  
 
 
Table 22. Summary of pharmacokinetic parameters of alprazolam and 4-OH alprazolam 

 

Reference ID: 3072217

(b) (4)







 63/100

   C/B 0.91 0.75-1.10 
A 16 24.99 - - - 
B 16 31.60 B/A 1.26 1.07-1.49 
C 16 18.92 C/A 0.76 0.64-0.89 

AUC0-t 
(ng*h/mL) 

   C/B 0.60 0.51-0.71 
A 16 26.20 - - - 
B 16 33.53 B/A 1.28 1.07-1.54 
C 5a 24.55 C/A 0.94 0.70-1.25 

AUC0-inf 
(ng*h/mL) 

   C/B 0.73 0.55-0.98 
A 16 1.09 - - - 
B 16 1.37 B/A 1.25 1.03-1.52 
C 16 0.42 C/A 0.39 0.32-0.47 

4-O
H

 A
lprazolam

 

Cmax 
(ng/mL) 

   C/B 0.31 0.25-0.38 
a AUCo-inf results were excluded from summary statistics and statistical analysis for subjects whose 
extrapolated fraction of AUC0-inf was greater than 20%. 
 
AUC0-t of alprazolam and 4-OH alprazolam following 1 mg of alprazolam increased 80% 
(n=16) and 76% (n=16) , respectively with concomitant administration of multiple doses 
of 1200 mg/day mifepristone for 10 days compared to those following 1 mg of 
alprazolam alone. AUC0-inf of alprazolam and 4-OH alprazolam following 1 mg of 
alprazolam increased 67% (n=4) and 94% (n=5), respectively with concomitant 
administration of multiple doses of 1200 mg/day mifepristone for 10 days compared to 
those following 1 mg of alprazolam alone. Cmax of alprazolam and 4-OH alprazolam 
following 1 mg of alprazolam decreased by 19% (n=16) and 61% (n=16), respectively 
with concomitant administration of multiple doses of 1200 mg/day mifepristone for 10 
days compared to those following 1 mg of alprazolam alone. The half-life increase in 
both alprazolam and 4-OH alprazolam can increase of AUC while Cmax is decreasing 
with co-administration of mifepristone. 
 
 
Reviewer’s analysis and comments: 
 
The sponsor’s conclusion over the drug-drug interaction was acceptable, although the 
reviewer had to reassure since the magnitude of the drug-drug interaction was smaller 
than the magnitude obtained from the drug-drug interaction study with another CYP3A4 
substrate, simvastatin. Furthermore, the sponsor used AUC0-inf for the exposure 
comparison but the number of subjects used in AUC0-inf comparison was only four after 
dropping subjects with extrapolated portion of AUC0-inf greater than 20%. If it is the case, 
the AUC0-t instead of AUC0-inf can be in the drug-drug interaction, and the sponsor in fact 
used AUC0-t as the main measurement of exposure. However, it is still needed to assess 
AUC0-inf  from all subjects as reference because of the fact that half-life of alprazolam 
seems to increase with co-administration of mifepristone. The concentrations of 4-
hyrdoxyaplrazolam profiles clearly indicate that mifepristone significantly inhibit the 
metabolism of alprazolam. 
 
Reviewer’s analysis resulted in small difference in the ratio of geometric mean ratio of 
Cmax and AUC for both alprazolam and 4-Hydroxyalprazolam as shown in Table 24. 
 
Table 24. Reviewer’s Analysis Results for the Effect of Mifepristone on Alprazolam PK a 
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Parameter Analyte Test/Reference Ratio of 
GLSM 

CI_90_Lower CI_90_Upper 

AUC0-inf 4-OH-Alprazolam B/A 1.276 1.083 1.503 
 4-OH-Alprazolam C/A 0.953 0.809 1.123 
 Alprazolam B/A 1.272 1.053 1.538 
 Alprazolam C/A 2.366 1.958 2.86 
AUC0-t 4-OH-Alprazolam B/A 1.265 1.071 1.494 
 4-OH-Alprazolam C/A 0.758 0.641 0.895 
 Alprazolam B/A 1.208 1.015 1.438 
 Alprazolam C/A 1.805 1.516 2.148 
Cmax 4-OH-Alprazolam B/A 1.25 1.025 1.524 
 4-OH-Alprazolam C/A 0.388 0.318 0.473 
 Alprazolam B/A 0.895 0.739 1.084 
 Alprazolam C/A 0.814 0.672 0.986 
a The comparison between the first dose of mifepristone and the last dose of mifepristone on alprazolam PK 
was omitted due to its low relevance. 
 

 
 
The results obtained from the reviewer’s analysis do not show large difference from those 
of the sponsor’s analysis, except the AUC0-inf from all subjects can be compared with 
AUC0-t. The AUC0-inf from all subjects increased by 2.4 fold. Thus, it would be 
reasonable to expect 2-fold increase in alprazolam exposure with concomitant 
administration of mifepristone. 
 

Reference ID: 3072217





 66/100

from time 0 to the last quantifiable concentration after dosing (AUC0-

last); area under the plasma concentration curve from time 0 to 24 hours 
after dosing (AUC0-24), area under the plasma concentration-time curve 
from time 0 to 72 hours after dosing (AUC0-72), area under the plasma 
concentration-time curve from time 0 to extrapolated infinity (AUC0-inf), 
maximum observed plasma concentration (Cmax), time to maximum 
observed plasma concentration (Tmax), and t1/2. 
 
Cimetidine (Plasma): From the second aliquot of plasma samples that 
were collected as backup for determination of concentrations of 
mifepristone and its metabolites, plasma concentrations of cimetidine on 
Days 1, 8, and 14 of Period 3 (Treatments C,D, E, and F) were used to 
calculate the following PK parameters: AUC0-last, AUC0-24, AUC0-inf, 
Cmax, Tmax, t1/2. 

Cimetidine (Urine): Four 24-hour urine collections were obtained in 
the presence and absence of CORLUX for determination of unchanged 
cimetidine on Day 1 of Period 1 (single dose of cimetidine), on Day 1 of 
Period 3 (single dose of CORLUX in combination with a single dose of 
cimetidine). The following PK parameters were calculated from urine 
concentrations of unchanged cimetidine and the volume of urine: renal 
clearance (CLr), amount excreted from time 0 to 24 hours after dosing 
(Ae0-24), and the percentage excreted in urine from time 0 to 24 hours 
after dosing (%Ae0-24). 

Safety 
Assessment 

Safety assessments included monitoring of adverse events (AEs), 
clinical laboratory tests, vital sign measurements, physical 
examinations, and 12-lead electrocardiograms (ECGs).  

Statistical 
Methods 

Mifepristone:  The 90% CIs were computed on the ratio of the 
geometric least square means (GLSMs) of log-transformed Cmax and 
AUCs for mifepristone and its metabolites using an ANOVA model 
with treatment as a fixed effect and subject as a random effect. 
Equivalence for the parameters was determined if the 90% CIs were 
contained in the predefined interval of 0.80 to 1.25. The treatment 
comparisons were as follows: C/B, D/B, E/B, F/B, E/D, F/D, and F/E.  

 
Results: 
 
Effect of mifepristone on cimetidine: 
 
Geometric mean values of pharmacokinetic parameters and the statistical comparisons of 
PK parameters of cimetidine by treatments are summarized in Table 25.  
 
Table 25. Statistical comparisons of pharmacokinetic parameters of cimetidine by treatment 
Treatment Parameter N Geometric 

Mean 
Treatment 
Comparison 

Ratio of 
GLSM 

90% CI 

C AUC0-inf 15 24430    
E AUC0-inf 15 27061 E/C 1.11 1.05-1.16 
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 AUC0-24 20 63595 F/E 1.00 0.95-1.05 
 Cmax 16 5397    
 Cmax 16 5686 E/C 1.05 0.94-1.19 
 Cmax 16 5186 F/E 0.91 0.81-1.03 
A %Ae0-24 16 55.5    
C %Ae0-24 16 50.5 C/A 0.91 0.78-1.06 
E %Ae0-24 16 62.1 E/A 1.12 0.96-1.30 
F %Ae0-24 16 58.8 F/A 0.16 0.91-1.23 
    E/C 1.23 1.05-1.43 
    F/E 0.95 0.81-1.10 
Treatment A = single 800-mg cimetidine dose. 
Treatment C = first 300-mg CORLUX dose of a multiple-dose regimen and a single 800-mg cimetidine dose. 
Treatment E = multiple doses of CORLUX at 300 mg/day and a single 800-mg cimetidine dose. 
Treatment F = multiple doses of CORLUX at 300 mg/day and multiple doses of cimetidine at 800 mg/day. 
(Source: study report Table 11-17) 
 
 
The comparisons were made for single dose pharmacokinetics of cimetidine in Period 3 
when multiple doses of mifepristone were co-administered: the effect of the last dose 
compared with the first dose of mifepristone multiple dosing on cimetidine PK. The 
ratios of geometric least square means fell with 0.8-1.25 range. However, the results are 
not interpretable for the objective of the study.  
 
The urine PK parameters used for the comparison between Treatment A and others are 
summarized in Table 26. 
 
Table 26. Mean (CV) urine pharmacokinetic parameters of cimetidine  
Parameter Treatment A Treatment C Treatment E Treatment F 
N 20 20 20 20 
Ae0-24 433.5 (13) 422.2 (24) 480.9 (22) 468.7 (31) 
%Ae0-24 54.2 (13) 52.8 (24) 60.1 (22) 58.6 (31) 
CLr NA 18.0 (31) 18.8 (21) 18.2 (35) 
Treatment A = single 800-mg cimetidine dose. 
Treatment C = first 300-mg CORLUX dose of a multiple-dose regimen and a single 800-mg cimetidine dose. 
Treatment E = multiple doses of CORLUX at 300 mg/day and a single 800-mg cimetidine dose. 
Treatment F = multiple doses of CORLUX at 300 mg/day and multiple doses of cimetidine at 800 mg/day. 
(Source: study report Table 11-7) 
 
The recoveries of cimetidine from the urine are less than 60% since urine samples were 
not collected for sufficient period of time.  
 
Reviewer’s analysis and comments:  
 
It should be noted that the reference treatment (single dose of cimetidine without co-
administration of mifepristone) was not used in statistical comparisons. The effect of 
mifepristone on the pharmacokinetics of cimetidine would be adequately assessed when 
Treatment A is used as a reference treatment. The comparison of Treatment C and A, 
which is reported by the sponsor, will give an estimated effect of the first dose of 
multiple doses of mifepristone on the single dose PK of cimetidine and the comparison of 
Treatment F and A will give an estimated effect of the last dose of multiple doses of 
mifepristone on the single dose PK of cimetidine. The sponsor conducted comparisons 
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for the amount of excreted in the urine using Treatment A as the reference. However, it is 
also insufficient for reliable prediction on the drug interaction since the drug recovery 
was less ~60% or less. However, the main objective of the study is to evaluate the effect 
of cimetidine on mifepristone not the effect of mifepristone on cimetidine. Thus, the lack 
of information is not critical. 
 
Effect of cimetidine on mifepristone: 
 
Geometric mean values of pharmacokinetic parameters and the statistical comparisons of 
PK parameters of mifepristone by treatments are summarized in Table 27. Furthermore, 
the mean (SD) concentrations of mifepristone versus time profiles are depicted in Figure 
24. 
 
Table 27. Statistical comparisons of pharmacokinetic parameters of mifepristone by treatment 
Treatment Parameter N Geometric 

Mean 
Treatment 
Comparison 

Ratio of 
GLSM 

90% CI 

B AUC0-24 20 21488    
C AUC0-24 20 20953 C/B 0.98 0.85-1.12 
B* AUC0-inf 20 63595    
D AUC0-24 20 34836 D/B 0.55 0.50-0.60 
E AUC0-24 20 31613 E/B 0.50 0.45-0.55 
F AUC0-24 20 29491 F/B* 0.46 0.42-0.51 
    E/D 0.91 0.87-0.94 
    F/D 0.85 0.82-0.88 
    F/E 0.93 0.90-0.97 
B Cmax 20 2141    
C Cmax 20 1722 C/B 0.80 0.70-0.92 
D Cmax 20 2604 D/B 1.22 1.06-1.39 
E Cmax 20 2040 E/B 0.95 0.83-1.09 
F Cmax 20 1950 F/B 0.91 0.80-1.04 
    E/D 0.78 0.72-0.86 
    F/D 0.75 0.69-0.82 
    F/E 0.96 0.88-1.04 
AUC0-inf following single dose is reference to AUC0-24 following multiple doses 
Treatment B = single 300-mg CORLUX dose. 
Treatment C = first 300-mg CORLUX dose of a multiple-dose regimen and a single 800-mg cimetidine dose. 
Treatment D = multiple doses of CORLUX at 300 mg/day. 
Treatment E = multiple doses of CORLUX at 300 mg/day and a single 800-mg cimetidine dose. 
Treatment F = multiple doses of CORLUX at 300 mg/day and multiple doses of cimetidine at 800 mg/day. 
(Source: study report Table 11-8) 
 
The geometric least square mean (GLSM) ratio for AUC0-24 of mifepristone with versus 
without co-administration of a single dose of 800 mg cimetidine at steady state was 0.91 
(CI 0.87-0.94). The geometric least square mean (GLSM) ratio for AUC0-24 of 
mifepristone with versus without co-administration of a single dose of 800 mg cimetidine 
at steady state was 0.78 (CI 0.72-0.86).  
 
The GLSM ratio for AUC0-24 of mifepristone with versus without co-administration of a 
multiple doses of 800 mg cimetidine at steady state was 0.85 (CI 0.82-0.88). The GLSM 
ratio for AUC0-24 of mifepristone with versus without co-administration of a single dose 
of 800 mg cimetidine at steady state was 0.75 (CI 0.69-0.82).  

Reference ID: 3072217



 69/100

 
Based on the comparisons the sponsor made, the sponsor claims that there was no 
evidence effect of cimetidine on the pharmacokinetics of multiple doses of mifepristone. 
However, the study results should be carefully interpreted based on adequate 
comparisons (See reviewer’s comments and analysis). 
 
Reviewer’s comments: 
 
 

 
Treatment B = single 300-mg CORLUX dose. 
Treatment C = first 300-mg CORLUX dose of a multiple-dose regimen and a single 800-mg cimetidine dose. 
Treatment D = multiple doses of CORLUX at 300 mg/day. 
Treatment E = multiple doses of CORLUX at 300 mg/day and a single 800-mg cimetidine dose. 
Treatment F = multiple doses of CORLUX at 300 mg/day and multiple doses of cimetidine at 800 mg/day. 
Figure 24. Mean concentrations of mifepristone versus time by treatment. Two plots in the linear 
scale are for Treatment B and Treatment F. 
 
 
As shown in Figure 24, there is significant in the exposure of mifepristone between 
Treatments B and F. It is not fully reflected in Table 27 since the sponsor compared 
AUC0-inf of Treatment B and AUC0-24 of Treatment F, and reported 0.46 for the GLSM 
ratio. This comparison is undesirable since the pharmacokinetics of mifepristone is 
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detection of this method was 10 ng/mL for each analyte. 
Pharmacokinetic parameters calculated included Tmax, Cmax, AUC0-

24hr, AUC0-t, AUC0-inf, kel, T½, and %AUCextrapolated. A linear mixed model 
for analysis of variance (ANOVA) was performed to test for differences 
in the PK parameters of fluvastatin between treatments. Ninety percent 
(90%) confidence intervals (CIs) were computed on the ratio of the least 
square means (LSM) of log-transformed Cmax, AUC0-24hr, and AUC0-inf 
for the comparison of the 2 test treatments (Treatments B and C) to the 
reference treatment (Treatment A), and for the comparison of the 
difference in fluvastatin PK after the first and last dose of mifepristone 
1200 mg/day (Treatment B to Treatment C). Absence of a clinically 
relevant effect of single or multiple doses of mifepristone on the single 
dose PK of fluvastatin was concluded if there was less than a 50% 
increase or decrease in each parameter based on the CIs being between 
0.67-1.50. 

Safety 
Assessment 

Safety was assessed by spontaneously reported adverse events (AEs), 
physical examinations, vital signs, 12-lead electrocardiograms (ECGs), 
and routine clinical laboratory tests. 

 
Results: 
 
One of the subjects who completed the study vomited 45 minutes postdose on Day 14 
(Treatment C) which was within twice the expected Tmax of both fluvastatin and 
mifepristone; therefore the sponsor performed the statistical analysis including and 
excluding the data for the subject. No differences were observed between the two 
analyses.  
 
Pharmacokinetic parameters of fluvastatin following three treatments are summarized in 
Table 29. 
 
 
Table 29. Summary of the pharmacokinetic parameters of fluvastatin (Source: Clinical Study Report 
Tables 14.2.4 through 14.2.6) 
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Tmax is presented as median (minimum, maximum) 
Treatment A: 40 mg fluvastatin alone (Day 1) 
Treatment B: 40 mg fluvastatin with the first dose of mifepristone 1200 mg/day for 7 days (Day 8) 
Treatment C: 40 mg fluvastatin with the last dose of mifepristone 1200 mg/day for 7 days (Day 14) 
 
 
 
Table 30. Statistical analysis of fluvastatin pharmacokinetic parameters (Source: Clinical Study 
Report Tables 11.4.1.2) 

 
Treatment A: 40 mg fluvastatin alone (Day 1) 
Treatment B: 40 mg fluvastatin with the first dose of mifepristone 1200 mg/day for 7 days (Day 8) 
Treatment C: 40 mg fluvastatin with the last dose of mifepristone 1200 mg/day for 7 days (Day 14) 
 
 
Median Tmax of fluvastatin increased from 0.53 hr 1.00 hr following single dose 
administration of mifepristone and nearly quadrupled (from 0.53 hr to 2.04 h) following 
multiple dose administration of mifepristone compared to administration of fluvastatin 
alone. Increases in Cmax of fluvastatin following the first mifepristone dose (ratio 0.70, 
CI, 1.27-2.29) and the last mifepristone dose(ratio 0.76, CI, 1.31-2.36) were equivalent 
(i.e., less than a 50% change for Treatment B/C) as defined by CI within the predefined 
boundary of 0.67-1.50 (ratio, 0.97, CI 0.72-1.31). Increases in fluvastatin AUC0-inf were 
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greater following the last multiple dose of mifepristone (ratio, 3.57, CI, 2.74-.65) than 
following the first dose of mifepristone (ratio, 2.67, CI 2.05-3.49). Mean half-life (ty,) of 
fluvastatin appeared to increase slightly when administered with both the first dose (3.03 
versus 2.51 h) and last dose of mifepristone (3.44 versus 2.51 h) as compared to 
fluvastatin alone, respectively. Mean (SD) trough concentrations of mifepristone on the 
fifth, sixth and seventh day of multiple dose administration were l730 (515), 1830 (595) 
and l830 (593) ng/mL, suggesting that steady-state conditions had been achieved 
 
Conclusion:  
 
The first and last multiple doses of mifepristone 1200 mg/day for 7 days produced 2.67-
fold and 3.57 fold increase, respectively, in fluvastatin AUC0-24. Single and multiple 
doses of mifepristone produced equivalent increases in the Cmax of fluvastatin (70% and 
76%, respectively). Median Tmax doubled (0.53 to 1.00 hr) following a single dose of 
mifepristone and quadrupled (0.53 to 2.04 hr) following multiple doses of mifepristone. 
Mean half-life increased slightly following the first dose (21 %) and last dose of 
mifepristone (37%). The results suggest that mifepristone inhibited the metabolism of 
fluvastatin via CYP2C9. 
 
Reviewer’s comments: Since the half-life of fluvastatin is short, it is believed for the 
drug to be cleared almost completely at 24 hour pose dose. Thus, the sponsor’s statistical 
analyses for AUC0-24 hr among treatments were acceptable. However, the effect of 
mifepristone on the pharmacokinetics of fluvastatin should be based on the comparison 
between single-dose PK of fluvastatin with or without concomitant administration of 
multiple doses of mifepristone. Thus, the statistical comparison results between 
Treatment C versus Treatment A should be reflected in the label. Independent analysis by 
the reviewer was not conducted. 
 

4.1.8 C-1073-20: Food Effect Study with 1200 mg Dose 
 
Title: A Phase 1, Randomized, Open-Label Study to Determine the Effect of Food, 
and the Effect of Dose on the Pharmacokinetics of a Single Dose of CORLUX 
(mifepristone) in Healthy Volunteers 
 
Objectives Primary:  

• To determine the effect of a high-calorie, high-fat breakfast on 
the pharmacokinetics of a single 1200-mg oral dose of 
mifepristone 

Secondary: 
• To explore the effect of dose (single oral doses of 1200 mg 

versus 500 mg and 1200 mg versus 300 mg) on the 
pharmacokinetics of mifepristone/metabolites 

• To determine within-subject variability of the 3 mifepristone 
doses 
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mifepristone and its 3 active metabolites with treatment and sequence as 
fixed effects and subject (nested within sequence) as a random effect. 
The least squares means and the difference of the least squares means of 
the natural log-transformed, dose-normalized AUClast, AUC0-inf, and 
Cmax for the treatments was back transformed to obtain the geometric 
means and ratios of geometric means on the raw data scale (Treatments 
CIA and D/A). 90% CIs for the ratios of the geometric means were 
calculated for the dose-normalized parameters AUClast, AUC0-inf, and 
Cmax of mifepristone. Intra-subject CVs were also reported. A one-way 
ANOV A model (with a fixed-effect term for group, where group = A/C 
or A/D) was performed to test the differences between the A/C and A/D 
AUC ratios. Dose effect was also evaluated using a t-test, where the 
natural log-transformed AUC ratio was compared with the natural log-
transformed dose ratio of Treatments A versus C or D (A/C and A/D). 
The p-values were reported for the comparison with a p-value < 0.05 
indicating that the 2 comparisons were significantly different. 

Safety 
Assessment 

Safety assessments included vital signs, physical examinations, clinical 
laboratory testing, electrocardiograms (ECGs), and the monitoring of 
adverse events (AEs) and concomitant medication use. 

 
Results: 
 
Mean plasma concentrations of mifepristone, RU 42633, RU 42698, and RU 42848 are 
presented by treatment on linear scales in Figure 25. Mean (CV) pharmacokinetic 
parameters for the four analytes are provided in Table 31. 
 
Table 31. Mean (CV%) plasma pharmacokinetic parameters of mifepristone and its metabolites 
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Figure 25. Mean plasma concentration versus time profiles of mifepristone and its metabolites by 
treatment (Source: Clinical Study Report Figures 14.2.1. to 14.2.1.4) 
 
 
The statistical analysis for food effect is provided in Table 32. Furthermore, the sponsor 
provided the results of statistical analysis of pharmacokinetic parameters of three dose 
levels evaluated in this study (Table 33). 
 
Table 32. Statistical analysis of pharmacokinetic parameters of mifepristone and its metabolites 
(Food effect) 
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Table 33. Statistical analysis of pharmacokinetic parameters of mifepristone and its metabolites 
(Dose effect) 
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Food effect: A high-fat, high-calorie breakfast increased mifepristone Cmax and AUC0-

inf by 29% and 42%, respectively, with increase for the metabolites ranging from 9 to 
32% for Cmax and from 34% to 51% for AUC0-inf. 
 
Dose effect: Dose-normalized Cmax of mifepristone was 2.96- and 1.84-fold higher and 
dose-normalized AUC0-inf was 2.2- and 1.5-fold higher for the 300 mg and 300 mg doses, 
respectively, as compared to the 1200 mg dose. For the metabolites, increase in Cmax 
ranging from 1.98-fold to 3.05 fold higher and in AUC0-inf ranging from 1.58-fold to 
2.45-fold higher were observed when comparing the 300 and 600 mg doses to the 1200 
mg dose. Intra-subject variabilities (CVs) were 26% for AUC0-inf and 23% for Cmax. 
 
Reviewer’s comments: A significant food effect was observed which is in agreement 
with results obtained from other food effect studies. 
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fed regimen. In Period 1 only, subjects returned to the clinic on Days 11, 
14, 17,20, and 23 (±24 hours each visit) for the collection of single PK 
blood samples for plasma concentrations of mifepristone and its active 
metabolites. In addition, blood samples for the determination of pre-
dose plasma concentrations of mifepristone and its metabolites were 
collected on Days 5, 6, and 7.  assayed 
all plasma samples for mifepristone and the 3 active metabolites (RU 
42633, RU 42698 and RU 42848) using a validated LC/MS/MS assay. 
The lower limit of detection of this method was 10 ng/mL for each 
analyte. 
Pharmacokinetic parameters calculated included Tmax, Cmax, AUC0-

last , AUC0-inf , T1/2, MRT, CL/F and Vdß/F. Formal equivalence 
comparisons of pharmacokinetic parameters of the two populations were 
done using 90% confidence intervals. An analysis of variance was 
performed on the natural logarithms of the parameters with treatment, 
period, and sequence as fixed effects and subject as a random effect. 
Point estimates and 90% CIs for differences on the log scale were 
exponentiated to obtain estimates for ratios of geometric means on the 
original scale. Equivalence was determined if the 90% CIs were fully 
contained between 0.80-1.25. 

Safety 
Assessment 

Safety assessments included monitoring of adverse events (AEs), 
clinical laboratory tests, vital sign measurements, physical examinations, 
and 12-lead electrocardiograms (ECGs). 

 
Results: 
 
PD Assessment: The endpoints are not relevant to the indication of current submission. 
 
PK Assessment: The pharmacokinetic parameters of mifepristone and its metabolites are 
summarized in Table 34.  
 
 
Table 34. Mean (CV) plasma pharmacokinetic parameters of mifepristone and its metabolites 
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Table 35. Statistical analysis of plasma pharmacokinetic parameters: primary endpoint (first and 
multiple doses) 
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Conclusions and reviewer’s comments: 
 
Mean Cmax and AUC0-24hr of mifepristone increased ~ 32% and 43%, respectively, after 
the first dose of 1200 mg mifepristone and 56% and 65%, respectively, after 7 days of 
mifepristone 1200 mg/day under fed conditions (34% fat breakfast) compared with 
fasting condition. After an eighth day of dosing with mifepristone 1200 mg/day given 
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Safety 
Assessment 

Safety assessments included vital signs, physical examinations, clinical 
laboratory testing, electrocardiograms (ECGs), and the monitoring of 
adverse events (AEs) and concomitant medication use. 

 
Results: 
 
One subject vomited 5 minutes after taking the 600-mg dose under fed conditions (high 
fat, high calorie breakfast) and was discontinued from the study; the subject did not 
receive the treatment under fasting conditions. Forty nine subjects were included in the 
pharmacokinetic analysis and the pharmacokinetic parameters are described in Table 36.  
 
Table 36. Pharmacokinetic parameters of mifepristone and its metabolites following a single dose of 
600 mg of mifepristone under fasting or fed conditions (N=49) 

 
 

 
Figure 26. Mean (SE) plasma concentrations of mifepristone vs., time profile following a single dose 
of mifepristone under fed or fasted conditions 
 
 
Table 37. Statistical analysis of pharmacokinetic parameters of mifepristone and its metabolites 
following a single dose of 600 mg of mifepristone under fasting or fed conditions 
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Time to reach the maximum concentration of mifepristone is delayed with food from 2 to 
4 hours after dosing. Mean AUC0-inf and Cmax under fed conditions were 29% (CI, 1.15-
1.45) and 19% (CL, 1.06-1.33) higher than those under fasted conditions. Plasma 
concentrations for both treatments declined at a similar rate with T1/2 of 40.8±12.7 hours 
and 40.8±11.2 hours under fed and fasted conditions, respectively. The mean (SD) 
apparent clearance (CL/F) of 4.9 (2.3) L/hour and mean apparent volume of distribution 
(Vdß/F) of 269 (106) L were lower under fed conditions than under fasted conditions (6.6 
(3.8) L/hour and 364 (180) L, respectively). Food did not have significant effect on the 
pharmacokinetics of mifepristone and its metabolites including elimination half-lives. 
Slight delay in Tmax has been observed. 
 
Reviewer’s comments: Food increase Cmax of mifepristone by 19% and AUC by 29%. 
Similar food effects were observed for metabolites as well. 
 
 

4.1.11  C-1073-22: Bioavailability Comparison for Three Formulations 
 
Title: A Phase 1. Open-Label, Randomized Three-Way Crossover Study of the 
Effects of Formulation and Dissolution Rate on the Pharmacokinetics of CORLUX 
Following a Single 300 mg Dose of CORLUX (mifepristone) in Healthy Volunteers 
 
Objectives Primary:  

• To evaluate the effect of formulation differences as defined by in 
vitro dissolution rate on the pharmacokinetics of mifepristone 

 
Study Design  Open-label randomized, three-period, crossover study in healthy 

subjects. Subjects received in random order three single doses of 
mifepristone 300 mg from different manufacturing lots under fasting 
conditions: original formulation (Treatment A), revised formulation with 
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Figure 27. Mean (SD) concentrations of mifepristone versus time following three formulations of 
mifepristone 300 mg 
 
 
The statistical comparisons of plasma mifepristone pharmacokinetic parameters are 
provided in table below. 
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Bold indicates CI within predefined boundary of 0.70 to 1.43  
Source: Clinical Study Report Tables 8-10 
 
The 90% confidence intervals around the ratio of geometric means for PK parameters 
indicated that all AUC parameter were compared. Cmax values for treatments B and C 
were 17% and 15% greater, respectively, than for treatment A as reflected by the upper 
bound of the 90% CIs being outside the reference interval (CIs, B/A of 0.85-1.61, CIA 
0.88-1.49). Cmax values for Treatments Band C were considered equivalent as the CI 
was fully contained within the predefined boundary (CI, 0.76-1.27) by the sponsor. 
 
Reviewer’s comments: The predefined boundary for CI was not acceptable; however, 
this is not critical since the to-be-marketed formulation was used in Phase 3 clinical trial. 
 
 

4.1.12  C-1073-425: Multiple dose study at 600 mg/day to assess effects on high-
density lipoproteins 

 
Title: A Randomized, Placebo-Controlled Study to Evaluate the Effects of 
Mifepristone on HDL-Cholesterol Levels and HDL Functionality in Healthy 
Volunteers 
 
Objectives • To determine the effect of mifepristone on high-density 

lipoprotein-cholesterol (HDL-C) levels as determined by several 
complementary techniques and to examine HDL particle 
functionality in healthy postmenopausal female volunteers taking 
600 mg of mifepristone/day 

Study Design  This was a 14-week, randomized, double-blind, placebo-controlled 
study in 30 healthy volunteers. After up to 2 weeks of screening, 
subjects were randomized to mifepristone or matching placebo in a 2:1 
ratio to receive 6 weeks of study treatment followed by a 6-week period 
off from study drug. All subjects were evaluated at Screening (Days -14 
to -1) and Study Days 1, 8, 15, 29, 43, and 84. Lipid levels, 
apolipoprotein levels, HDL functionality, and relevant hormone levels 
were assessed at Days 1, 15, and Day 43. (Blood draws for standard 
lipid panels were done at Screening and Days 1, 15, 43, and 84).  

Study 
population 

Thirty-nine healthy postmenopausal female volunteers were enrolled. 
The subjects were 45 to 65 years of age, with normal liver function, 
euthyroid status, baseline serum HDL-C level > 40 mg/dL, and 
triglyceride level 0:200 mg/dL, and not concomitantly taking lipid-
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The values for total HDL particle concentration (i.e., the sum of HDL3+2a and HDL2b 
particle concentrations) for the mifepristone group show a pronounced drop from 
baseline by Day 15 that is sustained through Day 43. In the mifepristone group, a 23.3% 
overall decline in the mean level of total HDL particle concentration was observed at Day 
43. As shown in Table 39, the mean change from baseline total HDL particle 
concentration at Day 43 in the mifepristone group was a decrease of 1988.9 nmol/L 
(23.3%), whereas the placebo group showed a mean increase of 483.2 nmol/L (5.2%). 
The difference between the mean changes in the two groups (mifepristone minus 
placebo) was 2472.1 nmol/L (95% CI: -4286.1, -658.1; p=0.010). The decrease in 
HDL3+2a was less than that for HDL2b (overall mean decline for HDL2b of 55.4% vs. 5.2% 
for HDL3+2a); the decline in the larger HDL2b accounted for 94% of the mean change in 
total HDL particle concentration. 
 
There was a statistically insignificant trend toward a decrease in peak diameter of LDL 
particles with mifepristone treatment.  
 
Conclusions: 
 
In the present study, mifepristone administered at 600 mg/day to 20 postmenopausal 
women produced a significant decrease in HDL-C, which was mostly due to reduction in 
the concentration of large, cholesterol-enriched HDL2b particles rather than smaller 
HDL3+2a particles. The results indicate the potential of mifepristone for the treatment 
effect in reducing HDL-C. 
 
Reviewer’s comments: The PD endpoints studied in the study are among many 
secondary endpoints of Cushing’s syndrome. The statistical significance in HDL-C 
reduction was observed seem to be clinically meaningful for the proposed indication, 
Cushing’s syndrome. 
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4.1.13 Summary of In Vitro Studies   
 
Study C-1073-PK-002: In Vitro Evaluation of the Binding of Mifepristone and 
Three Metabolites to Human Plasma Proteins   
 
From Corcept-sponsored equilibrium dialysis studies, binding of mifepristone and its 
three active metabolites to human plasma proteins was ~99.2% for mifepristone, 98.9% 
for RU 42633, 97.8% for RU 42698, and 96.1% for RU 42848 with binding being only 
slightly concentration-dependent. The summary of protein binding characteristics of 
mifepristone and its metabolites are summarized in Table 40. The control drug used in 
this protein binding study was salicylic acid. 
 
Table 40. Determination of equilibrium time of mifepristone and metabolite in pooled human plasma  

 
 
 
 
 
Study C-1073-PK-003 & Study C-1073-PK-004: Determination of the 
Inhibition Potential (Ki) of C-1073, RU42633, RU 42698, and RU 42848 Using 
Human Liver Microsomes   
 
Study C-1073-PK-004 was conducted in May 2005 and reported IC50 for mifepristone 
and its metabolites for selected isoforms from incubation with human liver microsomes in 
the presence and absence of each analyte. Inhibitory potential was characterized as low, 
medium, or high based on the IC50 values (see Table 41). The sponsor concluded 
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“medium” inhibitory effects of mifepristone and/or its metabolites for CYP2A6, 
CYO2C8, CYP2C9, CYP2C19, and CYP3A4.  
 
The conclusion of Study C-1073-003 also included that mifepristone had a low inhibitory 
effect on CYP3A4 and other isoforms because it showed IC50 > 10 μM to CYPIA2, 
CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2El, CYP3A4. The results were 
reported in the study report of C-1073-PK-003, dated to December 2005.  
 
 
Table 41. Summary of inhibition assays (Source: C-1073-004) 

 
 
Table 42. Summary of Ki and IC50 (Source: C-1073-003) 
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Reviewer’s comments: The sponsor interpreted that most the inhibition mechanism 
seem to be competitive inhibition, however, definitive prediction of in vivo metabolism is 
very difficult with the results obtained from this in vitro study since none of the 
experiments were conducted under the condition that all analytes (mifepristone and its 3 
active metabolites) coexisted. 
The inhibitory effect of mifepristone and its metabolites on isoforms seem to have 
stronger than the sponsor claims. The given information should be interpreted with 
predicted concentration of mifepristone and its metabolites following therapeutic doses of 
mifepristone ([I]/Ki). Given that, mifepristone and its metabolites seem to be strong 
inhibitors for CYP3A3, and CYP2C8/9 and moderate inhibitor for CYP2A6. The sponsor 
used tranylcypromine as a control inhibitor for both CYP2A6 and CYP2B6 in Study C-
1073-004. However, it is only acceptable for CYP2A6 but not for CYP2B6 since it is not 
selective inhibitor for CYP2B6.  
 
 
 
Study C-1073-PK-006: In Vitro Interaction Studies of Mifepristone (RU 486) 
with Human MDR1 (P-gp), MRP1, MRP2, MRP3, BCRP, Transporters, and 
with Human OATP1B1, OATP1B3, OATP2B1, OCT1, OAT1, and NTCP 
Uptake Transporters     
 
 
Mifepristone has been known to inhibit P-gp and used to block P-gp function and thus to 
restore sensitivity to cytotoxic drugs such as puromycin or doxorubicin. Mifepristone 
effectively interacted with the human MDR1, BCRP, and BSEP transporters in the 
vesicular transport assays. No effect was observed in the negative control experiments. 
According to these results, mifepristone is a potent inhibitor (substrate or inhibitor), with 
IC50 values in the low micromolar range. 
 
Mifepristone also interacted with all the investigated uptake transporters. The potent 
inhibition was observed in the cases of OATP1B3, OATP1B1, and OATP2B1 with IC50 
in the low micromolar range (< 10 μM). Inhibitory effects were less potent in case of 
NTCP and OCT1 and a slight decrease in reporter substrate transport was observed for the 
OAT1 transporter. 
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Study C-1073-PK-008: BCS Classification of Test Article Mifepristone: 
Preliminary Caco-2 Permeability Study 
 
 
Note: There is discrepancy between the section 1.2 Comprehensive Summary of 
Contents and the actual study title. (Summary of Contents indicated the Study C-1073-
PK-008 as a study titled “Determination of the Inhibition Potential (Ki) of C-1073, RU 
42633, RU 42698, and RU 42848 Using Hyman Liver Microsome” but the actual title 
appearing in the report is shown above) 
 
Objective: To determine the bi-directional permeability of mifepristone using Caco-2 
cell monolayers 
 
The apparent permeability of mifepristone was compared to those of pindolol and 
atenolol that are used as positive controls. 
 
Results:  
 
As shown in Table 43, the mifepristone Papp value was greater than the Papp of pindolol. 
Since pindolol is 90% absorbed in humans, mifepristone is expected to be well absorbed 
in humans, also. The B-to-A vs. A-to-B Papp ratio of mifepristone is listed in Table 44. 
The ratio is 1.79. 
 
Table 43. Caco-2 permeability and recovery  
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Table 44. Mifepristone B-to-A vs. A-to-B apparent permeability ratio 

 
 
 
Reviewer’s comments: This is non-GLP, preliminary study to determine the bi-
directional permeability of mifepristone using Caco-2 cell monolayer. The sponsor’s 
claim that mifepristone could be categorized into Class 2 of BCS is not acceptable. 

 
 
 

4.2 Cover Sheet and OCP Filing 
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Filability 

 “X” if yes Comments 
Application filable? X Comments to the Sponsor: Based on study reports for study C-1073-

400 and study C-1074-415 it is noted that mifepristone plasma levels 
were analyzed in patients. Provide the pharmacokinetic datasets 
from these studies in SAS transport format. Also include data 
that was used for covariate analysis (e.g., co-medication of 
ketoconazole). If you have submitted the datasets, provide its 
location. 

 
Submission in Brief: 
See the details below. 

Reviewer’s Comments (to the project manager): 
Please send the comments to the sponsor. 

* Studies are overlapped 
 
 
Relevant submissions: NDA 20687 (Mifeprex), ; IND 76480 
(  
 

• Approved product: Mifeprex® tablet (200 mg strength) for the termination of 
pregnancy (through 49 days’ pregnancy) in conjunction with misoprostol.  

• Recommended dose for the termination of pregnancy: 600 mg once 
 
Regulatory History for the Submission: 505(b)(2) 
 

During the pre-NDA meeting on September 4, 2010, recommendations from clinical 
pharmacology were made to the sponsor, which include: 
 

• DDI studies as guidance recommends including with a strong inhibitor of 
CYP3A4  

• PK sampling in the Phase 3 trial was recommended for covariate analysis 
• Evaluation of hepatic impairment at all stages was recommended 

 
The sponsor did not conduct any additional DDI studies, however, it addressed that the 
information of the effect of ketoconazole (400 mg TID) was extracted from Phase 3 data 
as concomitant drug analysis. 
 

 
Background 
 
Chemical formula: C29H35NO2 
 

Mifespristone is a substituted 19-nor steroid compound chemically designated as 
11β-[p-(dimethylamino)phenyl]-17β-hydroxy-17-(1-propynyl)estra-4,9-dien-3-
one.  

 
Structural formula:  
 

Reference ID: 2962451
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Summary of the Submission: 
 
The efficacy trial of  for the treatment of Cushing’s syndrome (C1073-400) was 
conducted in 50 patients with Cushing’s syndrome. The efficacy of mifepristone in 
Cushing’s syndrome is also supported by literature. The safety of mifepristone is 
supported from the study C1073-400 and the long-term extension study, C1073-415. 
Additional safety data from Corcept-sponsored studies conducted in other indications as 
well as from its clinical pharmacology program were provided. A total of 51 cases, 44 out 
of them were treated with therapeutic courses of mifepristone for up to 24 months with 
doses ranged from 200 to 2000 mg/day (~5 to 30 mg/kg/day) 
 
C1073-400 study 
 

• 24-week, open-label study in patients with Cushing’s syndrome 
• 50 subjects were assigned 
• Dose:  

• 300 mg QD 
• Optimal dose is not known, dose escalation was undertaken with clinical 

observation 
• After 14 days of dosing at 300 mg QD, dose escalations in 300-mg 

increments could be made every four weeks if no clinical improvement 
observed but well-tolerated 

• Maximum dose 1200 mg QD (or 900 mg QD for subjects weighing < 60 
kg) 

 
Total of 13 Clinical Pharmacology studies are included (See Appendix) 
 

• The to-be-marked formulation was used in the Phase 3 study 
• Bioavailability across three different formulations was reported to be similar. 
• Food effect was observed which increases as dose increases (fed/fasted exposure 

ratio: 1.29 following single dose of 600 mg, 1.42 following single dose of 1200 
mg) 

Reference ID: 2962451
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• Hepatic/renal impairment did not change drug exposure significantly. No dose 
adjustment is proposed by the sponsor. 

• The upper bound of CI for QTc prolongation following 1800 mg multiple dose 
was 14 and 15 ms after 6 and 16 hours on Day 14. 

 
Total of 5 Biopharmaceutics studies are included  
 

• PK-C-1073-002: In vitro evaluation of the binding of mifepristone and three 
metabolites to human plasma proteins 

• PK-C1073-003/PK-C1073-004/ PK-C1073-008: In vitro studies for inhibition 
potential of various CYP enzymes in microsomes 

• PK-C1073-006: In vitro study for potential DDI with transporters 
 

PK Characteristics of mifepristone 
 

• Bioavailability for 20 mg: 69% 
• Fraction eliminated in bile (fb):~90% 
• Fraction excreted in urine<10% 
• Protein binding:  

– ~99.2% for mifepristone, 96.1~98.9% for metabolites 
• CYP3A4 mediated metabolism 

– 3 Active metabolites 
– RU 42633, RU 42848 (demethylation) 
– RU 42698 (hydroxylation) 

 
 
Recommendation: The submission is filable from a Clinical Pharmacology 
perspective. 
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Appendix 1: Summary of Clinical Pharmacology Studies 
 
Study Number Study Type Dose Population Number of 

Subjects 
 

C-1073-05 Hepatic 
impairment 

600 mg × 1, followed 
2 weeks later by 600 
mg/day for 7 days 

Healthy and 
patients with 
hepatic impairment

10 impaired, 10 
healthy 

Phase I study of the pharmacokinetics of single and multiple doses of C-1073 (mifeprisone) in hepatic 
impairment as compared to healthy volunteers 

C-1073-12 Food effect 600 mg single dose Healthy volunteers 50 Phase I, open-label, crossover study of the pharmacokinetics and safety of single doses of orally administ
mifeprisone in fed versus fasting state in healthy volunteers 

C-1073-16 DDI, CYP2C8/9 
substrate 
(fluvastatin) 

1200 mg/day for 7 
days 

Healthy volunteers 20 Phase I  open-label, fixed-sequence study to determined the effect of single and multiple oral doses of 
on the pharmacokinetics of a single oral dose of fluvastatin (a CYP2C9 probe) in healthy volun

C-1073-19 Renal 
impairment 

1200 mg/day for 7 
days 

Healthy and 
patients with renal 
impairment 

10 impaired,  
8 healthy 

Phase I, open=-label, adaptive two-stage study of the effects of renal impairment on the pharmacokinetic
mifepristone and its active metabolites following multiple doses of mifepristone in volunteers with impai
and normal renal function – Stage 1 

C-1073-20 Food and dose 
effects  

1200 mg single dose 
(fed/fasted ) and 300, 
600, or 1200 mg 
single dose (fasted) 

Healthy volunteers 24 Phase I, randomized, open-label study to determine the effect of food and the effect of dose on the 
pharmacokinetics of a single dose of  in healthy volunteers 

C-1073-22 Bioavailability, 
formulation 
change 

300 mg Healthy volunteers 15 Phase I, open-label, randomized three-way crossover study of the effects of formulation and dissolution r
on the pharmacokinetics of mifeprisone following a single 300 mg dose of mifeprisone in healthy volunte

C-1073-23 DDI, P-gp 
substrate 
(digoxin) 

1200 mg/day for 10 
days 

Healthy volunteers 22 Phase I, open-label, fixed-sequence, three-treatment study to determined the effect of single and multiple
doses of mifepristone on the pharmacokinetics of digoxin at steady state 

C-1073-24 DDI, CYP3A 
substrate 
(alprazolam) 
 

1200 mg × 1 then 
1200 mg/day for 12 
days 

Healthy volunteers 16 Phase I, open-label, fixed-sequence, three-period crossover study to determined the effects of single and 
multiple doses of mifepristone on the pharmacokinetics of a single dose of alprazolam in healthy volunte

C-1073-25 DDI, CYP3A 
substrate 
(simvastatin) 

1200 mg/day for 10 
days 

Healthy volunteers 20 Phase I, open-label, fixed-sequence, two-period, three treatment crossover study to determined the effect
single and multiple doses of  on the pharmacokinetics of a single dose of simvastatin in healthy 
volunteers 

C-1073-26 DDI, CYP3A 
inhibitor 
(cimetidine) 

300 mg/day for 14 
days 

Healthy volunteers 20 Phase I, open-label, fixed sequence, three-period  six-treatment crossover study to determine the effects o
single and multiple oral doses of cimetidine and on the pharmacokinetics of mifepristone and th
urinary excretion of cimetidine in healthy volunteers 

Reference ID: 2962451
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C-1073-27 Food effect, 
multiple dose 

1200 mg/day for 7 
days (fasting) and 8 
days (fed) 

Healthy volunteers 24 Phase I, open-label, randomized, crossover study to determined the effects of a typical meal (34% fat) as 
compared to fasting on the pharmacokinetics of mifepristone and its metabolites following single and mu
daily oral doses of Corlux in healthy volunteers 

C-1073-300 TQT 600 or 1800 mg/day 
for 14 days 

Healthy volunteers 105 Thorough ECG trial comparing Corlux and placebo 

C-1073-425 Biomarker, 
HDL impact 

600 mg/day for 6 
weeks 

Healthy volunteers 20 Placebo-controlled two-period study to determine the effects of multiple doses of Corlux on the high den
lipoprotein (HDL-C) levels in healthy volunteers 
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Pharmacology Reviewer) 

• Dissolution Method Validation Report No. 10.6404.00: Method validation report evaluating 
validation parameters such as system suitability, accuracy, precision, specificity, linearity, limit of 
quantitation, range and robustness of the proposed dissolution method and HPLC analysis system.  
This report does not address method development and discriminating power. 

• Batch analyses data: Batch analyses data were submitted for clinical lots and three primary 
stability batches.  Different dissolution methods were used throughout the clinical development 
program. Therefore, the adequacy of bridging and batch-to-batch comparability will need to be 
reviewed closely.   

•  Drug product stability data: Long-term stability data through 24 months for supportive drug 
product lots and 9 months for registration lots were submitted in the initial NDA.  Accelerated 
data through 6 months were also submitted. 

A pre-NDA meeting was held with the applicant on 14 September 2010 (refer to FDA meeting minutes of 
26 Oct 2010). The applicant was advised that the NDA should include a dissolution method development 
report outlining the selection criteria used to determine the optimal equipment, media, agitation speed, pH, 
assay, etc.  Testing on at least twelve samples per testing variable, and dissolution/release data (individual, 
mean, SD, profiles) reported as the cumulative percentage of drug eluted with time were requested.  In 
addition, studies performed to evaluate the discriminating capabilities of the method and validation data 
were requested.  A dissolution method validation report and a description of the claimed optimal method 
conditions were submitted, but a complete method development report was not located. 

RECOMMENDATION:   
From a biopharmaceutics perspective, NDA 202-107 for  (mifepristone) Tablets is fileable. 
 
However, the following information request should be conveyed to the Applicant. 
 
We acknowledge that you provided the dissolution method validation report that was requested during the 
pre-NDA meeting held on 26 October 2010.  However, please note that the dissolution method validation 
report that you provided includes the validation of the analytical method and the quality testing of the 
dissolution methodology (i.e., robustness, etc.), but it does not include the dissolution information 
collected during the development of the proposed dissolution test and how you reached to the conclusion 
that this test is the most optimal method for the evaluation of your product.   Therefore, to support your 
application, please provide the dissolution method development report outlining the experiments 
performed and providing the entire data collected  to support revising the  
dissolution method. The report should clearly outline the following information. 

• Complete mifepristone pH solubility over the pH range of 1 to 7.5 (both numerical and graphed 
data), including a description of the buffers and conditions used to determine equilibrium 
solubility.  Solution pH data measured before and after the product should be summarized. 

• The developmental parameters (i.e., selection of the equipment/apparatus, in vitro 
dissolution/release media, agitation/rotation speed, pH, assay, sink conditions, etc.) used to select 
the proposed dissolution method as the optimal test for your product. Testing conditions used for 
each test and complete dissolution profile data (individual, mean, SD, profiles) should be clearly 
stated. 

• Testing conducted to demonstrate the discriminating capability of the proposed method to 
manufacturing changes. 

 
Minerva Hughes                                                       Patrick Marroum    
Biopharmaceutics Reviewer, ONDQA                      Biopharmaceutics Supervisor, ONDQA  

cc: filed in DARRTS  
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