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1 Executive Summary 

Crofelemer is a botanical product intended for the treatment of  diarrhea in HIV+ 
patients taking antiretroviral (ARV) therapy.  There are no other drugs that have been 
approved for this indication.  Other antidiarrheal medications (ADMs), including loperamide, 
methylcellulose, and bismuth subsalicylate, are used to manage diarrhea but have limited 
effect in patients with chronic secretory diarrhea.  Chronic diarrhea is of particular concern in 
patients with HIV due to concerns about ARV compliance and the potential for subsequent 
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loss of clinical effect.  The sponsor seeks to market this botanical drug as a 125 mg enteric-
coated tablet in the U.S. 
 
This NDA is submitted under the provisions of 505(b)(1).  To support the clinical 
pharmacology section of this NDA, the sponsor has submitted the results of nine Phase 1 
studies, a Phase 2 study, and two Phase 3 trials.  The Phase 1 studies in healthy volunteers 
included four single- and multiple-dose pharmacokinetic (PK) studies, three studies of the 
maximum tolerated dose, one drug-drug interaction study, and one food effect study.  The 
sponsor has also submitted some data from several in vitro studies of crofelemer that 
addressed the following: plasma protein binding, Caco-2 permeability, CYP inhibitory 
potential, and transporter inhibitory potential.   

1.1 Recommendations 
From the viewpoint of the Office of Clinical Pharmacology, the Clinical Pharmacology and 
Biopharmaceutics information in the NDA is acceptable provided that mutual agreement on 
label language can be reached between the sponsor and the Agency. 

1.2 Post-Marketing Commitments 
1.  The Office of Clinical Pharmacology recommends the sponsor perform an in vitro study 
to determine the whether crofelemer is an inhibitor of P-glycoprotein (p-gp) and BCRP, 
transporters expressed in the gut.  The sponsor has conducted one in vitro study of p-gp 
but it was performed with  crofelemer.  This study would be a post-marketing 
commitment.  Depending on the results, further studies may be necessary.   
 
2.  We also recommend an in vivo drug interaction study to characterize the potential of 
crofelemer to inhibit CYP3A4 at the level of the gut using a sensitive 3A4 substrate such as 
midazolam or a suitable antiretroviral drug because in vitro studies suggested the potential 
for such in vivo interactions.  The study would also be a post-marketing commitment.   

1.3 Summary of CPB Findings 
Pharmacokinetics in Healthy Volunteers and Patients 
The systemic exposure of crofelemer was low in healthy volunteers and patients; therefore, 
the PK was not able to be fully characterized.  Crofelemer, a proanthocyanidin, is described 
by the sponsor as a polymer and is made up of linear chains of catechin, epicatechin, 
gallocatechin, or epigallocatechin monomer units.  These chains reportedly range from 1 to 
28 units, with an average length of 5 to 7 units.  Data from the literature confirms that 
proanthocyanidin polymerization greatly impairs intestinal absorption [AJCN 2005;81:230s-
42s].  Results from the food effect study, which included rich sampling and an LC/MS/MS 
assay with an LOQ of 50 ng/mL, showed only two samples with detectable crofelemer (54.7 
and 70.7 ng/mL).  Trough blood samples collected in the ADVENT trial and also analyzed 
using the same assay method detected crofelemer in only 15 of 456 samples with a 
maximum concentration of 77 ng/mL.  
 
Metabolism 
The metabolism of crofelemer, in vitro or in vivo, was not determined by the sponsor.  Data 
from the literature suggests gut microflora are responsible for degradation of 
proanthocyanidins; however, data from crofelemer is not available in humans [AJCN 
2005;81:230s-42s].  Due to the complexity of the molecules present in this drug, no further 
studies will be requested of the sponsor at this time. 
 
Drug Drug Interactions 
The results of in vitro studies suggest that crofelemer has the potential to inhibit CYP 3A4 at 
the concentration expected in the gut.  Inhibition of other CYPs is also possible, however, 
only 3A4 is widely expressed in the gut.  Inhibition of CYP enzymes in the liver is unlikely 
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2.1.2 List the in vitro and in vivo clinical pharmacology and biopharmaceutics studies 
and the clinical studies with PK and/or PD information submitted in the NDA or 
BLA.   
Nine clinical pharmacology studies were performed in healthy volunteers and three 
studies were performed in HIV+ patients.  The following table lists the clinical studies that 
were submitted in support of this application.   

 
Table 1.  Summary of Clinical Pharmacology Studies 

Study 
Identifier 

Type of 
Study 

Number of 
subjects 

Duration of 
treatment 

Patient 
Population 

SP-303-I-01 Single-dose 
PK 

14 1 day Healthy 

SP-303-I-02 Maximum 
tolerated dose 

37 1 day Healthy 

SP-303-I-03 Maximum 
tolerated dose 

24 7 days Healthy 

SP-303-I-04 Maximum 
tolerated dose 

16 7 days Healthy 

SP-303-I-07 Multiple-dose 
PK 

5 3.5 days Healthy 

37554-103 Drug 
Interaction 

28 5 days Healthy 

51818-101 Single-dose 
PK 

6 1 day Healthy 

51818-102 Single- and 
multiple-dose 

PK 
8 2 days Healthy 

CFFE1091 Food Effect 28 1 day Healthy 
NP-303-101 
(ADVENT) 

Phase 3 376 24 weeks HIV+ 

37554-209 Phase 2 85 4 days HIV+ 
37554-210 Phase 3 400 27 days HIV+ 

 
In addition, the following in vitro studies were conducted in support of the application: 1) 
intestinal permeability using Caco-2 cells; 2) protein binding in human plasma; 3) effect of 
crofelemer on the metabolism of probe substrates for CYP 1A2, 2B6, 2C9, 2C19, 2D6, 2E1 
and 3A4 isozymes in pooled human liver microsomes; and 4) interaction with transporters 
including MRP2, MRP4, P-gp, OATP2B1, PEPT1, OATP1A2, and ASBT.   

2.2 General Attributes of the Drug 

2.2.1 What are the highlights of the chemistry and physical-chemical properties 
of the drug substance, and the formulation of the drug product?   

 
Crofelemer is classified as a proanthocyanidin (or condensed tannin), which are 
ubiquitous naturally-occurring phenolic substances found in a wide variety of plants.  The 
drug substance is extracted from the bark latex of the plant Croton lechleri in the western 
Amazon regions of South America.  Crofelemer is described as a polymer with linear 
chains of catechin, epicatechin, gallocatechin, or epigallocatechin monomer units.  These 
chains of monomers range from one to 28 units with an average of five to seven units 
reported.  The average molecular weight is estimated to be 1700 to 2500 Dalton.  
Crofelemer is highly water soluble over a wide pH range but exhibits very poor 
permeability in vitro.   
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Figure 1.  Crofelemer structure 

 
 
Crofelemer is formulated as a 125 mg enteric coated tablet.  The sponsor indicates that 
early in the development they assumed the drug substance needed to be protected from 
acid so it could be delivered intact to the intestine, where it exerts a local effect.  
However, a study of crofelemer under gastric conditions demonstrated the stability of 
crofelemer in acid for up to 24 hours.  The sponsor elected to continue manufacturing an 
enteric coated tablet in order to be consistent with the product that was used in the 
clinical trial.  See review by Dr. Seggel of ONDQA for a complete discussion of this issue.   
 
A variety of formulations were used in the clinical pharmacology studies and the clinical 
trials (see table below).  In addition, several different manufacturers were responsible for 
drug production, coating, and encapsulation throughout clinical development.  The to-be-
marketed formulation was used in the ADVENT clinical trial and in the food effect study 
(CFFE1091).  The early clinical trial (study 37554-210) used both an encapsulated tablet 
and beads in capsule.  The Phase 2 study (37554-209) used beads in capsule.   
 
Table 2.  Summary of formulations used in clinical studies 

Formulation Study Identifier Lot Number Manufacturer 
Oral solution (powder 
dissolved in water or 
0.2% xanthan gum) 

SP-3-3-I-01 
SP-3-3-I-02 
SP-3-3-I-03 
SP-3-3-I-04 
SP-3-3-I-07 

SH-04-06211 
SH-05-03032 
SH-06-07152 
PL-018 
PL-022 
 

Beads in capsule 51818-101 
 

960056A 

Beads in capsule 37554-209 
37554-210 

970031, 970147 
980030A, B; 980079A, B 

Encapsulated tablet 37554-210 980038A, 980062A 
Encapsulated tablet 37554-103 980080 
Tablet 51818-102 970096A, 970096B 
Tablet NP303-101 

(ADVENT) 
 
 
 
 
 
 

3059847R, 3061308R, 
3062741R, 3063506R, 
3064439R, 3065505R, 
3067354R, 3067355R, 
3072911R, 3072912R 
3061703R, 3062743R, 
3063507R, 3064440R, 
3065503R, 3067356R 
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CFFE1091 3075208 
 

2.2.2 What are the proposed mechanism of action and therapeutic 
indication(s)?   
Crofelemer has been shown to be a potent inhibitor of the cystic fibrosis transmembrane 
regulator conductance (CFTR) and calcium-activated chloride (CaCC) channels in vitro.  
These two apical chloride transporters regulate chloride ion secretion in enterocytes.  
Intestinal fluid secretion involved Cl- influx into enterocytes through transporters on the 
basolateral side and then efflux through apical chloride channels.  Sodium and water 
follow passively.  Inhibition of Cl- efflux by crofelemer results in an antidiarrheal effect by 
decreasing water flow in the lumen of the gastrointestinal tract.  The proposed indication 
is the control and symptomatic relief of diarrhea in patients with HIV/AIDS on 
antiretroviral therapy.   

2.2.3 What are the proposed dosage and route of administration?   
The proposed dose is one 125 mg crofelemer tablet by mouth twice daily.   

2.2.4 What drugs with the same indication are approved in the U.S.?   
There are currently no drugs approved for the treatment of diarrhea in patients with HIV 
or AIDS on antiretroviral therapy.   

2.3 General Clinical Pharmacology 

2.3.1 What are the design features of the clinical pharmacology and 
biopharmaceutics studies and the clinical studies used to support dosing 
or claims? 
Very little PK data was generated from the clinical pharmacology studies and the clinical 
trials due to the low bioavailability of crofelemer.  Three studies were conducted to 
assess the maximum tolerated dose (dose range: 3-20 mg/kg and 150-2000 mg), which 
found no dose-response relationship for safety.  One phase 2 study and two phase 3 
trials were also conducted to support claims.   
 
Phase 2 Study 
Study 37554-209 was conducted in HIV+ patients to assess the effect of crofelemer 500 
mg Q6H on stool weight following four days of treatment.  There was a significantly 
greater decrease in stool weight from baseline to Day 4 in the crofelemer group 
compared to placebo.   
 
Table 3.  Stool weight in the Phase 2 study at baseline and Day 4 
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The mean and median stool weight at baseline was higher in the crofelemer group than 
the placebo group.  The sponsor indicated that the decrease in stool weight appeared to 
be greater in patients with a baseline stool weight > 740 g compared to those ≤ 740 g.   
 
Figure 2.  Change in stool weight from baseline to Day 4 (ITT population) 
 

 
 
This study also included daily measurements of stool chloride concentrations and stool 
Cl- output.  Crofelemer treated subjects had a statistically significant reduction in stool Cl- 
concentrations and stool Cl- output from baseline to Day 4 relative to placebo.   
 
Table 4.  Stool chloride output change from baseline to Day 4 
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Overall, there was a significant change in stool Cl- output following four days of treatment.  
The difference is most apparent for patients with a high Cl- output at baseline.  The 
difference is not significant for patients with a low Cl- output at baseline, which is 
consistent with the proposed mechanism of action.   
 
Table 5.  Stool chloride concentration change from baseline to Day 4 

 

 
 
Overall, there was a significant change in stool Cl- concentration following four days of 
treatment.  The difference is most apparent for patients with a high Cl- output at baseline 
but is not apparent for patients with a low Cl- output at baseline.   
 
Phase 3 Studies 
The first clinical trial (37554-210) explored the effect of three crofelemer dosing regimens 
(250 or 500 mg tablet Q6H or 500 mg encapsulated beads Q6H) on stool weight over a 
27-day treatment period.   
 
Table 6.  Stool weight in study 37554-210 at baseline and Day 7 
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There was a statistically significant decrease in stool weight in only one treatment group 
(500 mg tablet Q6H) relative to placebo.  The results are likely driven by a higher mean 
baseline stool weight in that group relative to the others and do not suggest a dose 
response relationship for the primary endpoint.   
 
The ADVENT trial was designed with a 24-week dose-ranging stage (125, 250, or 500 
mg twice daily) followed by an additional 24-week stage with the lowest effective dose 
identified in the first phase.  No difference in clinical response, defined as < 2 watery 
stools per week during at least 2 of 4 weeks of the placebo-controlled phase, was 
observed during the dose-ranging stage; therefore, the lowest dose (125 mg twice daily) 
was selected for the second stage of the study and is the proposed dose for marketing.   
 
Demographics 
The vast majority of patients in the Phase 2 and Phase 3 studies were males.  The Phase 
2 study (37554-209) had the highest percentage of males (98%) while the ADVENT trial 
and Study 37554-210 were composed of 85% and 89% males, respectively.  The mean 
ages in these three studies ranged from 39 to 45 years of age.  The majority of patients 
were White (39% to 68%) or African American (12% to 38%).  By ethnicity, Hispanics 
accounted for 6% to 26% of the patient population in these three studies.   

2.3.2 What is the basis for selecting the response endpoints, i.e., clinical or 
surrogate endpoints, or biomarkers (also called pharmacodynamics, PD) 
and how are they measured in clinical pharmacology and clinical studies?   
For the ADVENT trial, the primary efficacy endpoint was clinical response, defined as ≤ 2 
watery stools per week for at least 2 weeks of the 4-week placebo-controlled phase.  A 
reduction in the number of watery stools to ≤ 2 was considered clinically significant 
because the diarrhea experienced by these patients can have a major impact on quality 
of life and may result in clinical consequences such as dehydration and electrolyte loss. 

The primary efficacy endpoint in the Phase 2 (37554-209) and the first Phase 3 trial 
(37554-210) was decrease in stool weight from baseline.  This endpoint was selected as 
a reasonable measure of secretory diarrhea and as proof-of-concept despite the absence 
of a defined clinical benefit.  Secondary endpoints for both studies included change in 
stool frequency, change in daily GI symptom score and the measure of relief scores.   
The Phase 2 study also studied the change from baseline in daily stool Cl- concentration.  
The inhibition of Cl- secretion to the intestinal lumen is purported to be the mechanism of 
action for crofelemer.     
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2.3.3 Are the active moieties in the plasma (or other biological fluid) 
appropriately identified and measured to assess pharmacokinetic 
parameters and exposure response relationships?  
Crofelemer is a proanthocyanidin that appears to have very low systemic absorption.  
The drug product consists of polymeric chains of 1-28 units, with an average length of 5-7 
units.  Typically, absorption is limited to monomeric and dimeric proanthocyanidins.  An 
effort was made to fully characterize the PK of crofelemer; however, very few blood 
samples had measurable crofelemer.  For example, in the food effect study, which used a 
single 500 mg dose of crofelemer, only two of 840 blood samples had crofelemer levels 
above the LOQ.  A sparse sampling scheme was included in the clinical trials but, as with 
the studies in healthy volunteers, few samples contained measurable crofelemer.   
 
The analytical methods changes over the two decades of clinical development.  HPLC 
was used in the majority of studies (LOQ ranged from 50 to 500 ng/mL) while LC/MS/MS 
was used in the ADVENT and food effect studies (LOQ 50 ng/mL).  Despite use of newer 
analytical methods, several issues regarding the methodology remain and there are 
additional questions about the molecular composition of the drug substance.  Information 
from the sponsor related to this issue is being evaluated by the CMC reviewer and may 
impact the need for additional studies pre- or post-approval.  See 2.9.4.  We further 
recommend the sponsor improve assay sensitivity in future studies.   

2.4 Exposure-Response 

2.4.1 What are the characteristics of the exposure-response relationships 
(dose-response, concentration-response) for efficacy?  If relevant, indicate 
the time to the onset and offset of the pharmacological response or clinical 
endpoint.   
Given the low bioavailability and the inability to characterize crofelemer PK, a 
concentration-response relationship was not able to be determined.  However, a dose-
ranging phase was conducted as the first stage of the ADVENT trial.  The doses that 
were selected for the dose-ranging portion of the study were 125 mg, 250 mg, and 500 
mg twice daily.  Patients were randomized to one of the three treatment regimens or to 
placebo for the first four weeks (PC phase).  This was followed by a 20-week treatment 
period in which placebo-treated patients were re-randomized to one of the three active 
treatment groups.  Patients who received crofelemer in the PC phase were maintained on 
that dose for the remaining 20-week period. 
 
Figure 3.  Overview of Stage I of the ADVENT trial 
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Following the PC phase, an interim analysis was conducted and the dose that appeared 
to show better efficacy and safety data was selected by an independent analysis 
committee for use in the second stage of the study.  See Figure below.   
 
Figure 4.  Stages 1 and 2 of the ADVENT trial.   

 
 
The trial was composed of two stages, each made up of a 4-week PC phase and a 20-
week PF phase.  Multiple dose levels were compared only in Stage I and the lowest 
effective dose was selected for study in Stage II.   
 
Table 7.  Stage I clinical response 
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The results of the PC phase of the first stage of the study showed better clinical response 
in all treatment groups relative to placebo.  However, there was no apparent dose 
response with the lowest dose group and the highest dose group showing similar 
response rates, while the middle dose group showed a lower response rate.  Therefore, 
the lowest dose, 125 mg twice daily, was selected for the second stage of the trial and for 
marketing.   

2.4.2 What are the characteristics of the exposure-response relationships 
(dose-response, concentration-response) for safety?  If relevant, indicate 
the time to the onset and offset of the pharmacological response or clinical 
endpoint.   
The only study in which multiple doses were compared head-to-head was the ADVENT 
trial.  The table below shows safety data from the PC phase of Stage 1 of that trial.   
 
Table 8.  Summary of adverse events in the PC phase of Stage I of the ADVENT trial 

 
 
Safety results show a slightly higher incidence of treatment emergent adverse events 
(TEAEs), severe TEAEs, TEAEs leading to discontinuation, and severe adverse events 
(SAEs) in the placebo group compared to the three crofelemer treatment groups.  The 
incidence of mild or moderate TEAEs appears similar between the 125 mg crofelemer 
group and the placebo-treated group.   
 
Table 9.  Summary of adverse events in the PF phase of Stage I of the ADVENT trial 
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The incidence of mild, moderate, or severe TEAEs did not appear to correlate with the 
dose of crofelemer administered during this longer phase of the trial.  In fact, the lowest 
dose group (125 mg twice daily) had a slightly higher incidence of SAEs, and TEAE, and 
drug-related TEAEs.  However, the differences among these three groups were small.   
 
Table 10.  TEAEs Occurring in ≥ 3 and ≥ 5 Subjects Treated with Crofelemer or Placebo 
in the PC Phase and the PF Phase, respectively 
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Table 11.  Summary of Crofelemer (SP-303) PK in Volunteers and HIV+ Patients 

Study (Type) 
PK 

sampling 
scheme 

Maximum  
Daily Dose 

Studied 

Proportion 
samples 

with SP-303

Max 
detectable 

SP-303 

Detection 
Method 
(LOQ) 

SP-303-I-01 
(PK) 

Full 10 mg/kg x 1 0/30* 0 HPLC  
(0.5 μg/mL) 

SP-303-I-02 
(MTD) 

Full 20 mg/kg x 1 0/8† 0 HPLC 
(0.05 μg/mL) 

SP-303-I-03 
(MTD) 

Full 
600 mg QD x 

7 days 
Not Available Not Available HPLC 

SP-303-I-04 
(MTD) 

Sparse 
2000 mg QD 

x 7 days 0/17‡ 0 HPLC 
(0.05 μg/mL) 

SP-303-I-07 
(PK) 

Full 
1000 mg BID 

x 3.5 days 
1/90 0.31 HPLC  

(0.3 μg/mL) 
37554-103 
(DDI) 

Sparse 
500 mg Q6H 

x 5 days 
20/168 0.084 HPLC 

(0.05 μg/mL) 
51818-101 
(PK) 

Full 1250 mg x 1 0/42 0 HPLC 
(0.4 μg/mL) 

51818-102 
(PK) 

Sparse 
500 mg Q6H 

x 2 days 
0/192 0 HPLC 

(0.05 μg/mL) 
CFFE1091 
(Food Effect) 

Full 500 mg x1 2/840 0.071 LC/MS/MS 
(0.05 μg/mL) 

NP-303-101 
(ADVENT) 

Sparse 
500 mg BID 
x 4 weeks 

15/456# 0.077 LC/MS/MS 
(0.05 μg/mL) 

37554-209 
(Phase 2) 

None 
500 mg Q6H 

x 4 days 
No PK -- -- 

37554-210 
(Phase 3) 

Sparse 
500 mg Q6H 

x 27 days 
11/504 0.8 HPLC 

(0.1 μg/mL) 
* Only the blood samples from the highest dose group (10 mg/kg) were analyzed for SP-303 
† Samples from only two subjects were analyzed for SP-303 
‡ Samples from only four subjects were analyzed for SP-303 
#
 All blood samples from ADVENT were troughs 

 
The results of the PK studies were difficult to interpret given the few samples with 
detectable crofelemer.  This was further complicated by differences in the limit of 
detection across studies.  However, even studies with the lowest LOQ of 50 ng/mL were 
found to have few detectable samples.  Interestingly, blood samples collected in the first 
Phase 3 trial (37554-210, conducted in 1998), which had the highest LOQ (0.1 μg/mL), 
were found to have concentrations of crofelemer (up to 0.8 μg/mL) that were the highest 
of all the studies.  Although a relatively high dose (500 mg QID) was used in that study, 
blood samples from other (Phase 1) studies using at least an equivalent daily dose were 
several times lower.  A comparison between the PK results of trial 37554-210 and the 
ADVENT trial are complicated by the fact that only troughs were collected in the ADVENT 
trial.  No PK was collected in the Phase 2 study in patients.  Differences in analytical 
methodology across studies and the presence of proanthocyanidins in the diet may also 
account for the discrepancy in PK results.   
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2.5.2 How does the PK of the drug and its major active metabolites in healthy 
volunteers compare to that in patients? 
The PK of crofelemer in healthy volunteers and patients was not able to be fully 
characterized due to the low apparent bioavailability; therefore differences in PK between 
the two populations could not be determined.  Major active metabolites in humans have 
not been identified.   

2.5.3 What are the characteristics of drug absorption?  
Crofelemer has very low bioavailability.  With the exception of monomers and dimers, 
proanthocyanidins are generally not absorbed [AJCN 2005;81:230s-42s].   
 
Caco-2 cells were used to evaluate the potential for crofelemer to penetrate the small 
intestinal mucosa.  The results demonstrated that crofelemer permeability was very low in 
the basolateral-to-apical and the apical-to-basolateral directions relative to the positive 
control.     
 
Table 12. Permeability Coefficient of SP-3-3 (NP-3-3) in Caco-2 Cells 

 
 
Results from the marker compounds including mannitol, caffeine, and rhodamine, 
confirmed the monolayers performed as expected.  There was no change in the 
permeability of crofelemer in the presence of verapamil indicating crofelemer is not likely 
to be a P-gp substrate.  The description of this study states that verapamil was added to 
the basolateral side of the cell monolayer.  Ordinarily, verapamil would be added to the 
apical side of the monolayer as P-gp is present primarily in the apical membrane.  
However, verapamil is highly permeable and the results of the rhodamine portion of the 
study, indicating inhibition of P-gp when added to the basolateral side, provide some 
reassurance regarding the overall conclusions of the study.     

2.5.4 What are the characteristics of drug distribution?  
The drug distribution characteristics in vivo could not be determined.  The in vitro free 
fraction of crofelemer in human plasma was determined using radiolabelled SP-303 with 
liquid scintillation counting of dialysate at eight hours.  A preliminary experiment found 
that crofelemer has a low degree of non-specific binding to human plasma in vitro.   

 
Table 13.  Summary of SP-303 (NP-303) Plasma Protein Binding 

 
 
The results of this in vitro study indicate crofelemer is highly protein bound; however, the 
drug is poorly absorbed and the systemic exposure appears to be very low.   
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2.5.5 Does the mass balance study suggest renal or hepatic as the major route 
of elimination?  
A mass balance study was not performed due to difficulty labeling the compound.  The 
radiolabelled compound used in some of the in vitro studies was C14 methylated 
crofelemer.  Therefore, the results observed in the in vitro studies may or may not be 
representative of the performance of unmethylated crofelemer.   

2.5.6 What are the characteristics of drug metabolism?   
Crofelemer metabolites were not characterized in clinical studies and no in vitro studies 
were conducted to assess the effect of various CYP isozymes on crofelemer.  
Proanthocyanidins are degraded into various aromatic acids by the gastrointestinal 
microflora.  Some of these aromatic acids have been shown to increase in human urine 
following consumption of procyanidin-rich chocolate; however, microbial metabolism of a 
purified proanthocyanidin, such as crofelemer, has not been studies in humans.   
 
Given the prevalence of CYP isozymes including 3A in the GI tract, it is reasonable to 
recommend a post-marketing commitment for the sponsor to study the effect of CYP 
enzymes on the metabolism of crofelemer in vitro.     
 
An in vitro study was conducted to determine the effect of crofelemer on the metabolism 
of probe substrates of the CYP enzyme system (see 2.7.3.1).   

2.5.7 What are the characteristics of drug excretion?    
The excretion was not characterized.     

2.5.8 Based on PK parameters, what is the degree of linearity or nonlinearity in 
the dose-concentration relationship? 
These parameters were not able to be determined due to the low bioavailability of 
crofelemer.   

2.5.9 How do the PK parameters change with time following chronic dosing?   
Systemic crofelemer exposure is still low when administered for up to 24 weeks in 
patients; however, determination of precise PK parameters following single or multiple 
doses was not possible.   

2.5.10 What is the inter- and intra-subject variability of PK parameters in 
volunteers and patients, and what are the major causes of variability? 
These parameters were not able to be determined.   

2.6 Intrinsic Factors 

2.6.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure 
and/or response and what is the impact of any differences in exposure on 
the pharmacodynamics?  
The impact of intrinsic factors on crofelemer exposure or pharmacodynamics was not 
studied due to the difficulty characterizing PK in healthy volunteers and patients.  The 
impact of race and gender were explored with regard to the primary efficacy endpoint in 
ADVENT.  See 2.6.2.3 and 2.6.2.4.   
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2.6.2.5 Renal impairment 
No studies were conducted in renally impaired patients.   

2.6.2.6 Hepatic impairment 
No studies were conducted in hepatically impaired patients. 

2.6.2.7 What pregnancy and lactation use information is there in the application? 
There are no studies of crofelemer in pregnant or nursing women.  A rabbit study 
revealed no significant evidence of impaired fertility or harm to the fetus.   

2.6.3 Does genetic variation impact exposure and/or response?   
The impact of genetic polymorphisms on exposure and response were not evaluated.   

2.7 Extrinsic Factors 

2.7.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol 
use) influence exposure and/or response and what is the impact of any 
differences in exposure on pharmacodynamics? 
The influence of these factors on clinical response or PD effect was not explored.   

2.7.2 Based upon what is known about exposure-response relationships and 
their variability, what dosage regimen adjustments, if any, do you 
recommend for each of these factors?     
No dosage adjustments are recommended based on extrinsic factors for this locally-
acting drug.   

2.7.3 Drug-Drug Interactions 

2.7.3.1 Is there an in vitro basis to suspect in vivo drug-drug interactions? 
Pooled human liver microsomes were used to investigate the effect of crofelemer on the 
metabolism of standard probes for CYP 1A2, 2B6, 2C9, 2C19, 2D6, 2E1, and 3A4 
isozymes.  Results from the in vitro study indicate that crofelemer has the potential to 
inhibit several CYP enzymes.   
 
Table 14.  Summary of Inhibition (Non-Time Dependent) of SP-303 (NP-303) on CYP 
Activity in Human Liver Microsomes 
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In vivo DDI studies are recommended based on the calculation of the theoretical GI 
inhibitor concentration [I2] to in vitro inhibitory potential [IC50].  A value exceeding 10 
should prompt consideration of additional in vivo studies.  The calculation is as follows:  
 

Dose / 250mL = molar concentration in gut  
= 240 μM crofelemer (using average MW of 2100 Da) 

 
240 μM crofelemer / IC50 (μM) < 10; further studies generally not recommended 

240 μM crofelemer / IC50 (μM) ≥ 10; further studies should be considered 
 
The values calculated for crofelemer and the seven CYP enzymes in Table 14 were as 
follows:  11.1 (1A2), 24.5 (2B6), 9.1 (2C9), 30.3 (2C19), 24.4 (2D6), 5.5 (2E1), 11.4 (3A4 
– testosterone), and 38.1 (3A4 – midazolam).  Therefore, crofelemer may have the 
potential to inhibit 1A2, 2B6, 2C19, 2D6, and 3A4 at the concentration present in the gut.  
However, of these enzymes, only 3A4 is widely expressed in the small intestine, 
accounting for approximately 80% of total P450.  Crofelemer does not appear to be an 
inhibitor of 1A2, 2C9, or 2E1.  An in vivo DDI study with a 3A4 substrate is 
recommended.   
 
Table 15.  Summary of Inhibition (Time Dependent) of SP-303 (NP-303) on CYP Activity 
in Human Liver Microsomes 

 
 
The time-dependent inhibition for each isozyme was determined by pre-incubating 
crofelemer with the microsomes and NADPH for 30 minutes before initiating the reaction.  
An IC50 shift (> 2-fold lower) was only apparent for one of the two 3A4 substrates 
(testosterone) and not apparent for other CYP enzymes suggesting crofelemer does not 
exhibit time dependent inhibition.  Interestingly, a shift to a higher IC50 value was 
observed for 2E1, 2D6, 2C9, 2B6, and 1A2.   This may indicate that the concentration of 
crofelemer was too low in this study or that crofelemer is metabolically unstable.    
 
Another in vitro study was conducted to characterize the effects of crofelemer on the 
induction of CYP enzymes (1A2, 2B6, and 3A) in cultured human hepatocytes.  Three 
concentrations of crofelemer were used (10, 100, and 1000 nM) and compared to the 
effects of positive controls (omeprazole, phenobarbital, and rifampin) at appropriate 
concentrations.   
 
Table 16.  Summary of Induction Potential of SP-303 on CYPs 1A2, 2B6, and 3A in 
Human Hepatocytes 
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Treatment of cultured human hepatocytes with crofelemer once daily for three days 
resulted in no increase in the activity of any of the three enzymes that were tested 
relative to the effects of the positive controls.   

2.7.3.2 Are there other metabolic/transporter pathways that may be important? 
Yes.  The affinity of crofelemer for a variety of transporters was evaluated in vitro.  A 
vesicular transport assay was performed with membrane vesicles prepared from SF9 
ovarian cells and mammalian LLC-PK1 cells overexpressing transporters.  Uptake 
transporter inhibition assays were performed using CHO, HEK293, and MDCKII cells 
expressing the transporters of interest.  The results suggest that crofelemer has the 
potential to inhibit MRP2 (IC50 15 μM), MRP4 (IC50 7 μM), ASBT (IC50 7 μM), and 
OATP1A2 (IC50 7 μM) at concentrations expected in the gut.  However, of these 
transporters, only MRP2 and OATP1A2 are expressed in enterocytes.  Crofelemer is 
unlikely to inhibit OATP2B1 (IC50 39 μM) and PEPT1 (IC50 50 μM).  Based on these 
results it appears that crofelemer has the potential to interact with drugs that are 
substrates of MRP2 and OATP1A2; however, these transporters have not been identified 
as mediating clinically significant drug-drug interactions and specific probes for these 
transporters have not been identified.  Therefore, an in vivo drug interaction study is not 
recommended at this time.   

2.7.3.3 Does the label specify co-administration of another drug (e.g., 
combination therapy in oncology) and, if so, has the interaction potential 
between these drugs been evaluated? 

The label does not specify co-administration of crofelemer with other drugs; however, 
given the indication, it is likely to be administered with antiretroviral (ARV) drugs and with 
other antidiarrheal medications (ADMs).  See 2.7.3.4 below.   

2.7.3.4 What other co-medications are likely to be administered to the target 
patient population?   

Crofelemer is likely to be administered with ARVs and with other ADMs.  Given the 
mechanism of action and the lack of systemic absorption, the interaction with other ADMs 
is expected to be a pharmacodynamic interaction; crofelemer would be expected to 
increase the antidiarrheal effect of these coadministered drugs.   
 
The potential for crofelemer to alter the exposure ARVs was explored in study 37554-
103.  This study included 28 healthy volunteers who received crofelemer 500 mg Q6H for 
five days.  Three ARVs, nelfinavir, zidovudine, and lamivudine, were administered as a 
single dose together on Day 5.  The results of the study showed crofelemer had no effect 
on the exposure of zidovudine and nelfinavir when administered as a single dose.  
However, there was a 20% decrease in lamivudine exposure when administered with 
crofelemer.  A review of this study was also performed by Dr. Vikram Arya, who noted 
several limitations (see review dated 3 May 2012).  His specific conclusions were as 
follows:  
 

1.  The dosing regimen of crofelemer used in the drug-drug interaction trial (500 mg 
every 6 hours) was different from the proposed dosing regimen (125 mg twice daily), 
hence, it is not clear if the effect of crofelemer 500 mg every 6 hour regimen on 
lamivudine pharmacokinetics will be similar to the effect of crofelemer 125 mg twice 
daily regimen (proposed regimen) on lamivudine pharmacokinetics. 
 
2.  There were differences in the composition of the formulation used in trial 37554-
103 and pivotal clinical trial (ADVENT; NP303-101): Per the description provided in 
attachment 2 of the summary of pharmaceutical development (section 3.2.P.2; Page 
30), the excipients in the core tablet used in trial NP303-101 included microcrystalline 
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cellulose, croscarmellose sodium, colloidal silicon dioxide and magnesium stearate.  
The excipients in the core tablet used in the drug-drug interaction trial included  

  Crofelemer is not significantly absorbed into the systemic 
circulation; therefore, the potential effects of crofelemer on coadministered drugs in 
the gastrointestinal (GI) tract can vary depending on the active/inactive ingredients of 
the crofelemer formulation.  In addition, the drug interaction trial included the use of 
crofelemer tablets contained within a capsule  

, which is not the formulation intended for commercial use.   
 
3.  Use of single dose of the antiretroviral drugs does not represent the clinical 
scenario where multiple doses of these antiretroviral drugs are used. 

 
The observed interaction with lamivudine is likely the result of an effect on absorption at 
the local level.  Furthermore, the decrease in lamivudine mean systemic exposure was 
not considered by Dr. Arya to be clinically relevant and dosage adjustment was not 
recommended.  Despite the limitations of the drug interaction study that were identified, 
additional drug-drug interaction studies with more commonly used ARVs were not 
recommended.  According to Dr. Arya, the majority of drugs used for treatment of HIV-1 
infection are either metabolized by CYP enzymes or eliminated unchanged by the kidney 
and because crofelemer is not significantly absorbed into the systemic circulation, it is not 
expected to alter the systemic concentrations of the antiretroviral drugs due to alteration 
of enzyme/transporter activity or compete for transporters in the renal proximal tubule.   

2.7.3.5 Is there a known mechanistic basis for pharmacodynamic drug-drug 
interactions, if any?   

Crofelemer may have an additive antidiarrheal effect when co-administered with other 
ADMs.  Given the chronicity of secretory diarrhea in HIV+ patients taking ARVs and the 
negative impact on drug compliance, the benefit of this additive antidiarrheal effect likely 
outweighs the risks.    

2.7.3.6 Are there any unresolved questions related to metabolism, active 
metabolites, metabolic drug interactions or protein binding?   

The metabolic pathway of this polymer was not well characterized by the sponsor.  
However, the drug appears to have very low bioavailability and the activity is likely limited 
to the gastrointestinal tract.   

2.7.4 What issues related to dose, dosing regimens or administration are 
unresolved, and represent significant omissions?   
The timing of administration of ARVs relative to administration of crofelemer was not 
addressed.  The sponsor concluded that the decrease in lamivudine exposure was not 
clinically relevant and; therefore, the drugs could be co-administered.  Dr Arya also 
concluded that the decrease in lamivudine exposure was not clinically relevant but the 
timing of administration was not specifically addressed.     

2.8 General Biopharmaceutics 

2.8.1 What is the in vivo relationship of the proposed to-be-marketed 
formulation to the pivotal clinical trial formulation in terms of comparative 
exposure?   
The crofelemer formulation used in the ADVENT trial is the same as the to-be-marketed 
formulation.  Numerous other formulations were studied in the Phase 1, Phase 2, and 
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earlier clinical trial; however, no in vivo relationship between these formulations could be 
determined due to the low bioavailability.   

2.8.2 What is the effect of food on the bioavailability (BA) of the drug from the 
dosage form? What dosing recommendation should be made, if any, 
regarding administration of the product in relation to meals or meal types?  
Administration of crofelemer with a standard high-fat meal was not associated with an 
increase in systemic exposure of crofelemer in healthy volunteers.  The sponsor 
performed a randomized, open-label, single-dose, 2-period, crossover study in healthy 
volunteers.  Subjects were randomized at a 1:1 ratio to Group 1 (fasted then fed) or 
Group 2 (fed then fasted).  Each subject received a single dose of crofelemer 500 mg 
(administered orally as 2 × 250 mg tablets) with a high fat meal and after fasting.  
Crofelemer was administered as a 500 mg (2 x 250 mg), enteric-coated tablet.  This was 
the highest dose of crofelemer used in the clinical trials for HIV associated diarrhea and 
in studies conducted for other potential indications.  The drug was administered with 240 
mL of water in both groups but the fed group had to have completed their standard high-
fat breakfast approximately 5 minutes prior to dosing.  The tablet was manufactured by 
the same company and in the same manner as the 125 mg to-be-marketed tablet.  The 
two study periods were separated by 7 days.  All subjects fasted overnight prior to 
administration of crofelemer.   
 
Blood samples for pharmacokinetic analyses of crofelemer were collected pre-dose and 
at 0.5, 1, 2, 4, 6, 8, 10, 12, 16, 24, 30, 36, 42, and 48 hours postdose following both 
fasted and fed single-dose treatment regimens.  Two of 25 subjects had crofelemer 
plasma concentrations above the LOQ (50 ng/mL).  Both detectable samples occurred in 
the fasting group; 54.7 ng/mL at 8 hours post dose in one subject and 70.7 ng/mL and 
64.9 ng/mL at 4 and 6 hours post dose, respectively, in another subject.  There was no 
detectable crofelemer in any plasma sample from subjects in the fed state.   
 
These results indicate that there is no increase of crofelemer absorption when 
administered with a high fat meal.  However, these results are difficult to interpret in the 
absence of an ability to accurately characterize PK, the lack of an exposure-response 
relationship, and the classification of this drug as one that is locally acting.  In the 
ADVENT trial, crofelemer was administered one-half hour before the morning and 
evening meals, which may be reasonably described as taking the drug with a meal (as 
opposed to taking a drug in the fasted state, generally understood to be at least one hour 
before or two hours after a meal).  Therefore, it seems reasonable to label the drug to be 
administered with or without a meal based on the design of the clinical trial and the 
supporting evidence from the food effect study.   

2.8.3 Was the bioequivalence of the different strengths of the to be marketed 
formulation tested?   
Only one strength of tablet, 125 mg, is currently planned for marketing.   

2.8.4 What other significant, unresolved issues related to in vitro dissolution or 
in vivo BA and BE need to be addressed?   
There are several issues related to in vitro dissolution testing.  Please refer to ONDQA 
(Biopharm) review by Dr. Mark Seggel for a thorough description of these issues.   
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2.9 Analytical Section 

2.9.1 How are the active moieties identified and measured in the plasma in the 
clinical pharmacology and biopharmaceutics studies?  
Methods to detect crofelemer included HPLC and LC/MS.  For this highly variable 
botanical drug, a number of methods were used throughout the clinical development 
program in an effort to maximize the extraction of the range of polymers expected while 
minimizing interference from the biological matrix.  Studies NP-303-101 (ADVENT) and 
CFFE1091 employed a gel permeation chromatography (GPC) method with fluorescence 
detection to quantify plasma crofelemer. 

2.9.2 Which metabolites have been selected for analysis and why?   
One metabolite, 4’-O-methylepigallocatechin (4-MEGC), was selected for analysis in 
urine samples collected in studies 37554-103 and 37554-210 based on the identification 
of this metabolite in a study in rats.  Crofelemer was not detected in quantifiable amounts 
(LOQ of 50 ng/mL) in the urine of any subject in study 37554-103 over the six hours post-
dose.  Due to irregularities in sample processing in study 37554-210, no urine data was 
reported.  No other study included this metabolite in the analytical reports.   

2.9.3 For all moieties measured, is free, bound or total measured?  Is it 
appropriate? 
Total crofelemer was measured in plasma and urine.  This appears reasonable given the 
low bioavailability of the compound.   

2.9.4 What bioanalytical methods are used to assess concentrations? 
Methods to detect crofelemer included HPLC and LC/MS.  See table below.   
 
Table 17.  Summary of Analytical Methods for SP-303 in Plasma 

Study 
Analytical Report 

(date) 
Validated 
Method 

Detection 
Method (LOQ) 

LLOQ 

SP-303-I-01  303-92-018 
(1992) 

TM-043 HPLC  0.5 μg/mL 

SP-303-I-02 SP-303-G-007 
(1993) 

TM-018 HPLC 0.05 μg/mL 

SP-303-I-03  SP-303-I-03 CSR 
(1993) 

NA HPLC NA 

SP-303-I-04 SP-303-G-007 
(1993) 

TM-018 HPLC 0.05 μg/mL 

SP-303-I-07 SP-303-I-07 CSR 
(1995) 

NA HPLC  0.3 μg/mL 

37554-103 048-98001D 
(1998) 

048-98002V HPLC 0.05 μg/mL 

51818-101 NA TM-043 HPLC 0.4 μg/mL 
51818-102 SP-303-G-023 

(1997) 
TM-082 HPLC 0.05 μg/mL 

CFFE1091 AA94739-01 
(2010) 

AA43544-01 LC/MS 0.05 μg/mL 

NP-303-101 
(ADVENT) 

AA88803-01 
(2011) 

AA43544-01 LC/MS 0.05 μg/mL 

37554-210  048-98002D 
(1999) 

048-98003V HPLC 0.1 μg/mL 
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To Kristina E. Estes, Pharm.D. 
Division of Clinical Pharmacology 3 
Office of Clinical Pharmacology  

From Vikram Arya, Ph.D., Clinical Pharmacology Reviewer  
Division of Clinical Pharmacology 4 
Office of Clinical Pharmacology  

Shirley Seo, Acting Clinical Pharmacology Team 
Leader, Division of Clinical Pharmacology 4 
Office of Clinical Pharmacology 

Name of drug product 
(NDA #) 

Crofelemer (NDA 202292) 

Sponsor Salix Pharmaceuticals 
Raleigh, North Carolina 

Re: Drug interactions with Antiretroviral Drugs 
(Lamivudine, Zidovudine, Nelfinavir) 

Date of consult request  Feb 21, 2012  
 
Background: 
 
This document is a consult review of a drug interaction study conducted with 
crofelemer and three antiretroviral drugs (lamivudine, zidovudine, nelfinavir) as 
requested by the gastrointestinal products team within the Office of Clinical 
Pharmacology.  
 
Crofelemer is an inhibitor of both the cyclic adenosine monophosphate (cAMP)-
stimulated cystic fibrosis transmembrane conductance regulator (CFTR) chloride 
ion (CL-) channel and calcium activated Cl- channels (CaCC) at the luminal 
membrane of the enterocytes.  CFTR Cl- and CaCC regulate Cl- and fluid 
secretion by intestinal epithelial cells. 
 
The proposed indication of crofelemer is control and symptomatic relief of 
diarrhea in patients with HIV/AIDS who are taking antiretroviral therapy.  The 
proposed dose is 125 mg twice a day, with or without food using 125 mg tablets.    
 
Summary of Drug-Drug Interaction Trial (Trial 37554-103): 
 
A drug-drug interaction trial was conducted to evaluate the effect of multiple 
doses of SP-303 (crofelemer) on the pharmacokinetics of the antiviral drugs 
zidovudine, lamivudine, and nelfinavir in healthy subjects (trial 37554-103).  
 
Trial 37554-103 was a randomized, double-blind, placebo-controlled, cross-over, 
pharmacokinetic trial. The primary objective of the trial was to determine whether 
crofelemer, administered orally (500 mg every 6 hours) over 5 consecutive 24-
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hour periods (20 doses) affects the pharmacokinetic parameters of zidovudine, 
lamivudine, and nelfinavir.   
 
Following screening, there were two in-clinic 7-day treatment/surveillance periods 
with a 7-day washout period between the two periods.  A final evaluation was 
conducted 4 days after the end of the second treatment/surveillance period. The 
total duration of the trial was 25 days.  
 
28 subjects were randomized such that 14 subjects received crofelemer and 14 
subjects received placebo in the first treatment/surveillance period; each group 
received the alternate regimen in the second treatment/surveillance period. 
During each treatment/surveillance period, the subjects received crofelemer (one 
500 mg capsule every 6 hours; delayed release tablets in capsules was used in 
the trial) or placebo (one capsule; tablets in capsule was used in the trial) every 6 
hours until they received 20 doses. On the morning of the last day of treatment, 
shortly after the 19th dose of crofelemer was administered, the subjects received 
a single dose of zidovudine (formulation not specified) , lamivudine (tablet, 1 X 
150 mg), and nelfinavir (tablets, 3 X 250 mg). Zidovudine and lamivudine were 
administered before breakfast (breakfast was served 1 hour and 40 minutes 
later) and nelfinavir was administered 20 minutes after breakfast.    
 
Serial blood samples (relative to the 19th dose of crofelemer) were collected to 
determine the plasma concentrations of crofelemer (samples collected at pre-
dose, 3 and 6 hours post dose) and each antiviral drug (zidovudine: samples 
collected at pre-dose and up to 9 hours post dose; lamivudine: samples collected 
at pre-dose and up to 25 hours post dose; nelfinavir: samples collected at pre-
dose and up to 23 hours post dose) 
 
Table 1 shows the mean pharmacokinetic parameters of the antiviral agents. 
 
Table 1:  Mean pharmacokinetic parameters of zidovudine, lamivudine, and  
                Nelfinavir after co-administration of multiple dose crofelemer and  
                 single dose of zidovudine, lamivudine, and nelfinavir 
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NP303-101 included microcrystalline cellulose, croscarmellose sodium, 
colloidal silicon dioxide and magnesium stearate.  The excipients in the 
core tablet used in the drug-drug interaction trial included  

  Crofelemer is not significantly absorbed into the systemic 
circulation; therefore, the potential effects of crofelemer on co-
administered drugs in the gastrointestinal (GI) tract can vary depending on 
the active/inactive ingredients of the crofelemer formulation. In addition, 
the drug interaction trial included the use of crofelemer tablets contained 
within a capsule  

, which is not the formulation intended for commercial use.  
 Use of single dose of the antiretroviral drugs does not represent the 

clinical scenario where multiple doses of these antiretroviral drugs are 
used.   

 
Selection of Antiretroviral Drugs: 
 
The drug-drug interaction trial (37554-103) evaluated the effect of multiple dose 
crofelemer on single-dose pharmacokinetics of lamivudine (nucleoside reverse 
transcriptase inhibitor), zidovudine (nucleoside reverse transcriptase inhibitor), 
and nelfinavir (protease inhibitor).  The trial was conducted in May-June 1998.  
Since that time, several new HIV drugs with novel mechanisms of action have 
been approved. Hence, antiretroviral drugs used in trial 37554-103 do not 
represent the preferred antiretroviral drugs used in current clinical practice.  For 
example, in the guidelines for the Use of Antiretroviral Agents in HIV-1 Infected 
Adults and Adolescents (April 2012 version) developed by the Department of 
Health and Human Services (DHHS), the majority of “preferred regimens” do not 
recommend the use of any of the antiretroviral agents used in the drug-drug 
interaction trial.  Further, neither the “preferred” nor the “alternative” regimens 
recommends the use of nelfinavir.     
 
Need for Additional Trials: 
 
The majority of drugs used for treatment of HIV-1 infection are either metabolized 
by CYP enzymes or eliminated unchanged by the kidney. As crofelemer is not 
significantly absorbed into the systemic circulation, crofelemer is not expected to 
alter the systemic concentrations of the antiretroviral drugs due to alteration of 
enzyme/transporter activity or compete for transporters in the renal proximal 
tubule. Thus, the observed interaction with lamivudine is likely the result of an 
effect on absorption at the local level. 
 
No conclusions can be drawn regarding the potential effect of crofelemer on 
systemic exposures of other antiretroviral drugs from trial 37554-103.  
Extrapolating the findings of trial 37554-103 to other “crofelemer-antiretroviral 
drug” combinations is challenging because the potential for a local interaction 
between crofelemer and other antiretroviral drugs can vary from one drug to 
another. 
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Consult Question # 2: 
 
 
Regarding the lamivudine exposure - is the 20% reduction in lamivudine exposure potentially 
clinically significant?  Of so, do you have any recommendations, through labeling or PMRs, to 
address the concern?   
 
A 20% decrease in the mean systemic exposures of lamivudine is not considered 
to be clinically relevant.  In support of this conclusion, per the approved package 
insert of Ziagen (Abacavir), co-administration of abacavir and lamivudine resulted 
in a mean decrease in lamivudine exposure (~15 %) similar to the decrease in 
the mean exposure of lamivudine in the drug-drug interaction trial with crofelemer.  
The abacavir package insert indicates that a decrease in the mean lamivudine 
exposure is not considered clinically relevant.     
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS 
 FILING FORM/CHECKLIST FOR NDA/BLA or Supplement 

 

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808 

 

Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number 2022421 Brand Name unknown 
OCP Division (I, II, III, IV, V) III Generic Name Crofelemer 
Medical Division DGIEP Drug Class Anti-diarrheal 
OCP Reviewer Kris Estes Indication(s) Diarrhea in patients with HIV on ARVs 
OCP Team Leader Sue Chih Lee Dosage Form Tablet 
Pharmacometrics Reviewer  Dosing Regimen 125 mg BID 
Date of Submission 6 December 2011 Route of Administration PO 
Estimated Due Date of OCP Review 14 April 2012 Sponsor Salix 
Medical Division Due Date  Priority Classification Priority 

PDUFA Due Date 
5 June 2012   

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                      

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

X                                                 

Tabular Listing of All Human Studies  X                                                    
HPK Summary  X                                                    
Labeling  X                                                    
Reference Bioanalytical and Analytical 
Methods 

X                          

I.  Clinical Pharmacology                                                                                                      
    Mass balance:     
    Isozyme characterization:     
    Blood/plasma ratio:     
    Plasma protein binding: X 1   
    Pharmacokinetics (e.g., Phase I) -                                                                                                 

Healthy Volunteers- 
                                                                                                     

single dose: X 3   
multiple dose: X 2   

Patients- 
                                                                                                     

single dose:     
multiple dose: X 2 (as part of 

Phase 3 trials) 
  

   Dose proportionality -                                                                                                      
fasting / non-fasting single dose:     

fasting / non-fasting multiple dose:     
    Drug-drug interaction studies -                                                                                                                               

In-vivo effects on primary drug:     
In-vivo effects of primary drug: X 1   

In-vitro: X 1   
    Subpopulation studies -                                                                                                                               

ethnicity:     
gender:     

pediatrics:     
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS 
 FILING FORM/CHECKLIST FOR NDA/BLA or Supplement 

 

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808 

geriatrics:     
renal impairment:     

hepatic impairment:     
    PD -                                                                                                                               

Phase 2:     
Phase 3:     

    PK/PD -                                                      
Phase 1 and/or 2, proof of concept:     

Phase 3 clinical trial: X 10 (3 for HIV 
pts)  

  

    Population Analyses -                                                      
Data rich:     

Data sparse:     
II.  Biopharmaceutics                                                                                                                               
    Absolute bioavailability     
    Relative bioavailability -                                                                                                                               

solution as reference:     
alternate formulation as reference:     

    Bioequivalence studies -                                                                                                                               
traditional design; single / multi dose:     

replicate design; single / multi dose:     
    Food-drug interaction studies X 1   
    Bio-waiver request based on BCS     
    BCS class     
   Dissolution study to evaluate alcohol induced 
   dose-dumping 

    

III.  Other CPB Studies                                                                                                                               
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan X 1   
    Literature References     
Total Number of Studies  13   
     

 
On initial review of the NDA/BLA application for filing: 
 

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data 

comparing to-be-marketed product(s) and those used in 
the pivotal clinical trials? 

  X TBM product used in 
pivotal Phase 3 trial 

2 Has the applicant provided metabolism and drug-drug 
interaction information? 

X    

3 Has the sponsor submitted bioavailability data satisfying 
the CFR requirements? 

X    

4 Did the sponsor submit data to allow the evaluation of 
the validity of the analytical assay? 

X    

5 Has a rationale for dose selection been submitted? X    
6 Is the clinical pharmacology and biopharmaceutics 

section of the NDA organized, indexed and paginated in 
a manner to allow substantive review to begin? 

X    

7 Is the clinical pharmacology and biopharmaceutics 
section of the NDA legible so that a substantive review 
can begin? 

X    

8 Is the electronic submission searchable, does it have 
appropriate hyperlinks and do the hyperlinks work? 

X    
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS 
 FILING FORM/CHECKLIST FOR NDA/BLA or Supplement 

 

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808 

The sponsor will be asked to provide PK data in .xpt format from two studies.  Data was only summarized 
in the electronic submission.    
 
Kristina Estes        12 January 2012 
Reviewing Clinical Pharmacologist      Date 
 
Sue Chih Lee        17 January 2012 
Team Leader/Supervisor       Date 
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