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Executive Summary:1-3  

· Crofelemer tablets are a botanical drug product derived from the red latex of Croton lechleri Müll. Arg.  

· Crofelemer was approved by the FDA for the symptomatic relief of non-infectious diarrhea in adult patients with HIV/AIDS on anti-retroviral therapy.  The dosage regimen of crofelemer is 125 mg orally twice daily. 
· In a pivotal Phase III clinical study (ADVENT trial), crofelemer significantly lowered the number of watery bowel movements per week to ≤ 2 per week when compared to placebo (17.6% vs 8.0%, respectively) for at least 2 weeks of the 4 week efficacy phase. 
· The percentage of subjects who experienced adverse events during the placebo-controlled phase of the ADVENT trial was 35% in the crofelemer 125 mg twice daily group compared with 33% in the placebo group.

· Crofelemer represents the first agent specifically approved for the symptomatic relief of non-infectious diarrhea in adult patients with HIV/AIDS on anti-retroviral therapy.  Crofelemer showed reduction in the number of watery bowel movements per week when compared to placebo.  However, crofelemer has not been tested head to head with other anti-diarrheal medications, and the long-term use and safety of crofelemer have not been studied.  Crofelemer should only be used when other therapeutic options have been tried (e.g., changing anti-retroviral therapy if possible based upon individual patient characteristics and resistance pattern and/or anti-diarrheal agents).
Introduction4-5  
Non-infectious HIV associated diarrhea may be due to antiretroviral therapy, HIV enteropathy, HIV-associated malignancies and pancreatitis.  For non-infectious diarrhea due to medication intolerance, the DHHS guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents indicate that diarrhea may be managed by using symptomatic treatment (e.g., anti-diarrheal), or in the absence of drug resistance by changing one antiretroviral to another within the same drug class or from one drug class to another.  At this time, the role of crofelemer is not addressed in the DHHS Guidelines. 

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating crofelemer for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.
Pharmacology/Pharmacokinetics1-3
Crofelemer is a cyclic adenosine monophosphate (cAMP)-stimulated cystic fibrosis transmembrane conductance regulator (CFTR) and chloride ion (Cl-) channel inhibitor that exerts its anti-secretory action at the luminal membrane of enterocytes. Fluid and Cl- secretion is regulated by the CFTR and Cl- channels in enterocytes and Cl- secretion inhibition aids in the prevention of high volume water loss in diarrhea.  
Crofelemer tablets are a botanical drug product derived from the red latex of Croton lechleri Müll. Arg.  The botanical drug substance is a Crude Plant Latex partially purified from the red viscous latex of Croton lechleri, commonly known as Dragon’s blood.  The botanical drug substance of crofelemer is mainly composed of a mixture of procyanidin oligomers comprised of four different catechin like linearly linked monomers.
Crofelemer is minimally absorbed systemically; therefore, the pharmacokinetic profile of crofelemer remains largely uncharacterized.  
FDA Approved Indication(s) 1-3
Crofelemer is indicated for the symptomatic relief of non-infectious diarrhea in adult patients with HIV/AIDS on anti-retroviral therapy

Potential Off-label Uses6-8
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM intranet site only). 
According to clinicaltrials.gov, crofelemer is being evaluated for the symptomatic treatment of diarrhea-predominant irritable bowel syndrome and as a topical treatment for herpes simplex virus.
Current VA National Formulary Alternatives

There are no FDA approved alternatives that are specifically indicated for the symptomatic relief of non-infectious diarrhea in adult patients with HIV/AIDS on anti-retroviral therapy.   Non-specific anti-diarrheal agents on the VA national formulary include loperamide, atropine/diphenoxylate, and bismuth subsalicylate.
Dosage and Administration3
The recommended dose of crofelemer is a 125 mg delayed-release tablet taken orally twice daily. It may be taken with or without food.  A crofelemer tablet should be swallowed whole and should not be crushed or chewed. 
Efficacy1-3,9-10 

Efficacy Measures

The efficacy of crofelemer for the control and symptomatic relief of diarrhea in patients (n=136 crofelemer, n=138 placebo) with HIV/AIDS on antiretroviral therapy has been evaluated in a pivotal phase III clinical study (NP 303-101: ADVENT).  The study had a two-stage adaptive design. The primary efficacy endpoint was clinical response as defined as ≤ 2 watery bowel movements per week for at least 2 weeks of the 4 week efficacy phase.  Crofelemer was compared to placebo, but contents of placebo were not described. At this time, the ADVENT study has not been published in literature.  The FDA efficacy assessment also reviewed two supportive studies that used a different dosage formulation.  Please refer to the FDA briefing documents for additional information on these supportive studies.  
Summary of efficacy findings 

· Crofelemer significantly lowered the number of watery bowel movements per week to ≤ 2 per week (17.6% crofelemer treated vs 8.0% placebo treated, p=0.0096) for at least 2 weeks of the 4 week efficacy phase. 
· Change in daily watery bowel movements (-0.96 vs -0.75, p = 0.0424) and daily stool consistency score      (-0.43 vs -0.28, p = 0.0166) from baseline were significantly higher in the crofelemer 125 mg group versus the placebo group, respectively. Other non-significant endpoints include daily abdominal pain discomfort score, days per week of urgency, days per week of fecal incontinence and number of bowel movements per day.
FDA Review Summary Document

The FDA review summary stated that for crofelemer “the observed treatment difference of 9.6% is modest but there is an unmet medical need for treatment of HIV associated diarrhea, particularly for patients that do not respond to other anti-diarrheal medications. Furthermore, sensitivity analyses suggest that this effect is magnified in the scenario of patients who have been exposed to multiple antidiarrheal medications." 

For further details on the efficacy results of the clinical trials, refer to Appendix A.
Adverse Events (Safety Data)1-3 
Safety data were obtained from three placebo-controlled trials in which a total of 696 HIV-positive patients received crofelemer at various doses (i.e., 125mg, 250mg and 500mg) and dosing intervals (twice and four times daily) for a mean duration of 78 days.   Of note, the 250mg and 500mg tablets consisted of different dosage formulations in two of the additional trials used for safety data than the enteric coated tablets used for safety data in the ADVENT trial. Adverse reactions that occurred at a higher incidence than placebo in at least 2% of patients receiving crofelemer 125mg twice daily are provided in Table 1.

Deaths and Other Serious Adverse Events 

No deaths were considered drug related.  Serious Adverse Events (SAEs) occurred in 3% (19/696) of the crofelemer group, and 2% (6/274) of placebo treated patients.  The most frequent SAEs reported for the crofelemer group were anemia, pneumonia, depression, and suicide attempts.  Each of these SAEs was reported twice in crofelemer subjects (0.3%, 2/696). 

Common Adverse Events
Table 1: Adverse reactions occurring in at least 2% of patients receiving 125mg twice daily 

	Adverse Reaction*

	Crofelemer 125 mg twice daily
N = 229 n (%) 
	Placebo 
N = 274 n (%) 

	Upper respiratory tract infection 
	13 (5.7) 
	4 (1.5) 

	Bronchitis 
	9 (3.9) 
	0 

	Cough 
	8 (3.5) 
	3 (1.1) 

	Flatulence 
	7 (3.1) 
	3 (1.1) 

	Increased bilirubin 
	7 (3.1) 
	3 (1.1) 

	Nausea 
	6 (2.6) 
	4 (1.5) 

	Back pain 
	6 (2.6) 
	4 (1.5) 

	Arthralgia 
	6 (2.6) 
	0 

	Urinary tract infection 
	5 (2.2) 
	2 (0.7) 

	Nasopharyngitis 
	5 (2.2) 
	2 (0.7) 

	Musculoskeletal pain 
	5 (2.2) 
	1 (0.4) 

	Hemorrhoids 
	5 (2.2) 
	0 

	Giardiasis 
	5 (2.2) 
	0 

	Anxiety 
	5 (2.2) 
	1 (0.4) 

	Increased alanine aminotransferase 
	5 (2.2) 
	3 (1.1) 

	Abdominal distension 
	5 (2.2) 
	1 (0.4) 

	*P values were not provided 


Tolerability

In the ADVENT trial, no discontinuations due to treatment emerged adverse events occurred in patients receiving crofelemer during the placebo-controlled phase (0% crofelemer vs. 3% placebo group), and infrequent discontinuations (2%) occurred during the placebo free-extension phase. 
Contraindications 1-3
None.
Warnings and Precautions 1-3
-If crofelemer is initiated in a patient with diarrhea of infectious etiology, then there is a risk that patient will not receive appropriate treatments for infection and as a result their infection may worsen. Before starting crofelemer, rule out other infectious etiologies of diarrhea.
-Crofelemer is not indicated for the treatment of infectious diarrhea.
Special Populations 1-3
Pregnancy:  FDA Pregnancy Category C

There are no data on the use of crofelemer during human pregnancy.  In humans, systemic absorption of crofelemer is minimal and serum levels are below the level of quantification.  Reproduction studies performed in pregnant rats at oral doses up to 177 times the recommended daily human dose of 4.2 mg/kg revealed no adverse pre- or postnatal effects in fetuses or offspring.  When pregnant rabbits received oral crofelemer at doses about 96 times the recommended human dose, increased abortions and fetal resorptions occurred; however, it is not clear whether this outcome was a direct drug related effect or due to maternal toxicity.  This drug should be used during pregnancy only if clearly needed.  The potential maternal nutritional impacts of persistent ARV-associated diarrhea and potential effects on fetal growth and wellbeing should be weighed against the potential risk of fetal exposure to minimal levels of crofelemer.

Nursing Mother:  No data concerning presence of crofelemer in human milk. However, systemic absorption of crofelemer is minimal after oral administration and serum levels are below the level of quantification.   Therefore, levels of crofelemer in human milk are likely to be very low.  Because of the potential for both HIV transmission, HIV positive mothers should be instructed not to breastfeed.  

CD4 count and HIV viral load: Subgroup analysis of patients defined by CD4 cell count and HIV viral load did not indicated dose modifications are necessary in these populations.
Sentinel Events 
No data
Look-alike / Sound-alike (LA / SA) Error Risk Potential 
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name crofelemer:  sevelmer, cefdinir, clofarabine, colesevelam
LA/SA for trade name Fulyzaq: firazy, fuzeon, fusiley 

Drug Interactions 1-3
Crofelemer has the potential to inhibit cytochrome P450 isoenzyme 3A and transporters MRP2 and OATP1A2 at concentrations expected in the gut in vitro. However, due to the minimal absorption of crofelemer, it is unlikely to inhibit cytochrome P450 isoenzymes systemically.  Of note, crofelemer did not have a clinically relevant interaction with nelfinavir, zidovudine, or lamivudine.
Acquisition Costs 
Refer to VA pricing sources for updated information.

Pharmacoeconomic Analysis 
Pharmacoeconomic analysis has not been published in the literature. 
Conclusion
Crofelemer represents the first agent specifically approved for the symptomatic relief of non-infectious diarrhea in adult patients with HIV/AIDS on anti-retroviral therapy.  Crofelemer showed reduction in the number of watery bowel movements per week when compared to placebo.  However, crofelemer has not been tested head to head with other anti-diarrheal medications, and the long-term use and safety of crofelemer have not been studied. Crofelemer should only be used when other therapeutic options have been tried (e.g., changing anti-retroviral therapy if possible based upon individual patient characteristics and resistance pattern and/or anti-diarrheal agents).
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Appendix A. Phase III Clinical Trial
	Citation
	Randomized, Double-Blind, Parallel-Group, Placebo-Controlled, Two-Stage Study to Assess the Efficacy and Safety of 3 Doses of Crofelemer Orally Twice Daily for the Treatment of HIV-Associated Diarrhea (ADVENT)
Please note that the results of the phase III trial have not been published, and data were obtained from FDA drug application and product insert

	Study Goals
	To assess the efficacy and safety of crofelemer orally twice daily for the treatment of HIV-associated diarrhea

	Study Design 


	Randomized, double-blind, parallel-group, placebo-controlled, two-stage adaptive design study 

	Methods
	Treatment
Both Stage 1 (Dose Selection) and Stage 2 (Dose Assessment) of the trial consisted of three components.  The three components consisted of 1) screening period; 2) placebo-control, double-blind phase; and 3) placebo-free extension phase.
Stage one (dose selection)
 -Screening period (Placebo for 10 days): Period of screening for stool weight abnormalities i.e., >200 grams and ≥ 3 abnormal stools
-Placebo-controlled, double-blind phase: randomization to crofelemer (125 mg, 250 mg, and 500 mg PO) or placebo twice daily for 4 weeks of treatment for efficacy endpoint 
-Placebo-free extension phase: crofelemer patients remained on their same dose, and subjects on placebo were re-randomized to 1 of the 3 crofelemer doses for safety endpoints (20 weeks)
Stage two (dose assessment)
-Stage two study design was identical to stage one, with the exception that all patients on crofelemer received 125 mg; participation in both stages was not allowed, but patients who had received 125 mg in stage one were included in the efficacy analysis.  Dose for the second stage (125 mg PO bid) was selected based on an interim analysis of data from the first stage.
-Screening period (Placebo for 10 days): Period of screening for stool weight abnormalities i.e., >200 grams and ≥ 3 abnormal stools 
-Placebo-controlled, double-blind phase: randomization to crofelemer 125 mg or placebo twice daily for 4 weeks of treatment for efficacy endpoints
-Placebo-free extension phase: All subjects who entered the 20-week extension phase in Stage 2 received the 125 mg of crofelemer for safety endpoints (20 weeks)
-Per protocol, anti-diarrheal use was prohibited during the screening and

placebo-controlled phases of the study.  However, anti-diarrheal use could have occurred in the placebo-free extension phases.
Primary efficacy endpoint 
The proportion of HIV-positive subjects experiencing relief of diarrhea with crofelemer compared to placebo during the placebo-controlled treatment in the intent to treat population.  The primary efficacy outcome was defined as two or less watery bowel movements per week during at least two weeks of the 4 week efficacy phase.  The efficacy analysis was based on results from the placebo-controlled portion of Stage one (only patients randomized to 125 mg) and Stage two.
Secondary efficacy endpoints
Secondary efficacy endpoints during the 4 week efficacy assessment period include: 
· Number of watery bowel movements per day
· Daily stool consistency score
· Daily abdominal pain or discomfort score
· Number of days per week that subjects experienced urgency
· Number of days per week that subjects experienced fecal incontinence
· Number of bowel movements per day 
· Proportion of subjects undergoing an unscheduled visit for a significant worsening or clinically significant exacerbation of diarrhea
Randomization

Only patients with 1 or more watery bowel movements per day on at least 5 of the last 7 days in the screening period were randomized to the placebo-controlled period. 
Statistical analysis
-For the primary efficacy endpoint methods of Posch and Bouer were used to calculate P-values and confidence intervals

	Criteria
	Inclusion criteria

· History of HIV-1 infection confirmed by standard serological tests

· Stable medical regimen for treatment of HIV disease and associated conditions for at least 4 weeks prior to screening

· Colonoscopy within the past 5 years if ≥ 50 years of age

· Patient-reported history of diarrhea for at least 1 month duration, defined as either persistently loose stools despite regular anti-diarrheal medication use, or one or more watery bowel movements per day without regular antidiarrheal medication use
Exclusion criteria

· Pregnancy or breast-feeding 

· Current or past gastrointestinal (GI) medical or surgical conditions 

· Use of certain opiate pain medications within 2 weeks of screening

· Use of an antibiotic within 2 weeks prior to screening, with the exception of stable antibiotic therapy for prophylactic treatment of infection or an HIV-associated condition 

· CD4 counts < 100 cells/mm3 

· Positive GI biopsy, GI culture, or stool test result in the past 4 months for any fecal pathogen requiring antibiotic treatment within 14 days of screening

	Results
	Enrollment 
The primary causes of diarrhea per the investigator in the crofelemer- and placebo-treated subjects were anti-retroviral therapy (75% and 75%, respectively) and HIV infection of intestine (24% and 24%, respectively).
Table 1.  Baseline demographics for placebo-controlled phase both stage one and stage two (ITT Population) of patients who received 125 mg
Characteristic 

Crofelemer 125 mg BID
(n=136)                                            
Placebo BID
(n=138)
Age - years (SD)

45.0 (7.66)
44.8 (8.42)
Male Sex -  n (%)

115 (84.6)
116 (84.1)
Race - n (%)

     White/Caucasian

53 (39.0)

58 (42.0)

     Black/African American

51 (37.5)

53 (38.4)

     Other

32 (23.5)

27 (19.6)
Time since diarrhea started (Years)

     Mean (SD)

5.9 (5.77)

6.5(6.51)

Daily watery bowel movements

     Mean (SD)

2.7 (1.65)
3 (2.08)
Stool consistency score

     Mean (SD)

4.4 (0.41)
4.4 (0.40)
Time since first diagnosis of HIV (Years)

     Mean (SD)

12.4 (6.32)

12.4 (7.52)

CD4 count, Mean (cells/mcgL)
497.5 (231.7)
530.5 (244.8)
HIV Viral Load (HIV copies/mL) – n (%)

<400 with no RNA Detected

111 (82)

116 (84)

Anti-diarrheal use prior to study enrollment

Any WHO anatomical therapeutic class11 class n (%)
79 (58)
83 (60)
     Loperamide hydrochloride -n (%)

49 (36)

51 (37)

     Lomotil -n (%)

31 (23)

30 (22)

     Bismuth subsalicylate -n (%)

10 (7)

12  (9)

     Loperamide –n (%)
4   (3)

9    (7)

Table 2. Concomitant ART use (>20%) in the placebo-controlled phase both stage one and stage two (ITT Population) of patients who received 125 mg or placebo
Characteristic 

Crofelemer 125 mg BID 
(N=136) n (%)

Placebo BID
(N=138) n (%)
Any ART

135 (99)

134 (97)

Any PI

87 (64)

97 (70)

Ritonavir
46 (34)
49 (36)
Tenofovir/Emtricitabine

45 (33)

52 (38)

Lopinavier/Ritonavier

30 (22)

40 (29)

Efavirenz/Tenofovir/Emtricitabine

30 (22)

21 (15)

Table 3. Placebo-controlled phase of stages one and two
 Primary Endpoint 
Crofelemer 125mg twice daily (n=136)
Placebo
(n=138)
P-value†
≤ 2 watery bowel movements per week for at least 2 weeks of 4 week efficacy phase
17.6%
(24/136)
8.0%
(11/138)
0.0096

 Secondary efficacy endpoint mean change from baseline to week 4 (SD)

     Number of watery bowel movements/day

-0.96 (1.495)

-0.75 (1.519)

0.0424

     Daily stool consistency score

-0.43 (0.642)

-0.28 (0.487)

0.0166

     Daily abdominal pain discomfort score

-0.28 (0.599)

-0.21 (0.504)

0.4136

     Days per week of urgency

-1.56 (2.667)

-1.26 (2.359)

0.2689
     Days per week of fecal incontinence

-1.00 (2.272)

-0.66 (2.083)

0.2149
     Number of bowel movements per day

-0.63 (2.402)

-0.47 (1.850)

0.3513

†P-values from analysis of covariance (ANCOVA model), treatment effect and baseline were included as covariates for secondary efficacy endpoints

	Conclusions
	Clinical response was experienced by a statistically significantly larger proportion of patients in the crofelemer 125mg twice daily group compared with the placebo group in the ITT population. 

	Critique
	Strengths

· Randomized, double blind, and placebo controlled 

Limitations

· Long-term efficacy and safety of crofelemer were not evaluated


	
	
	

	Updated version may be found at www.pbm.va.gov or vaww.pbm.va.gov
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