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Executive Summary:  

· Abiraterone acetate is a potent, select inhibitor of CYP17, preventing conversion of steroidal precursors to DHEA and androstenedione, weak androgens that are converted to testosterone and dihydrotestosterone.
· FDA indication: A CYP17 inhibitor used in combination with prednisone for the treatment of patients with metastatic castration-resistant prostate cancer who have received prior chemotherapy containing docetaxel.

· Dose: Abiraterone 1000 mg per day orally (4 x 250mg tablets) plus prednisone 5 mg orally twice a day.

· Efficacy was shown in a phase III multinational, randomized, double-blinded, placebo controlled trial in 13 countries comparing abiraterone plus prednisone to placebo plus prednisone in patients who had previously been treated with docetaxel.
· The primary endpoint was Overall Survival.  The median Overall Survival was 14.8 months for the abiraterone group versus 10.9 month for the placebo group.  The hazard ratio for death was 0.65 (95%CI 0.54-0.77).  Secondary endpoints also favored the abiraterone group.

· In the pre-planned subgroup analysis for overall survival, all groups favored abiraterone except the group with ECOG Performance Status 2.

· In a multivariate analysis adjusted for 4 stratification factors, there was a treatment effect for abiraterone with a hazard ratio for death of 0.66 (95%CI 0.55-0.78)

· The phase III data is supported by phase II data showing a PSA response rate in patients previously treated with docetaxel.

· In chemotherapy naïve patients, there is preliminary data found in phase I and II trials that also shows a treatment effect for abiraterone in patients with metastatic castration-resistant prostate cancer.

· Abiraterone is well tolerated with most adverse events grade 1 or 2.

· Warning and Precautions include:  Signs/symptoms of mineralocorticoid excess including hypertension, hypokalemia, and fluid retention.  In general the incidence and severity of these adverse events are decreased when concomitant prednisone is given.  Adrenocortical insufficiency has been reported despite concomitant prednisone; it can also occur during interruptions in prednisone therapy or during concurrent infections or stress and may require increased doses of corticosteroids.  Hepatotoxicity in the form of elevated transaminases and/or elevated bilirubin has been reported, especially in the first three months of therapy.  This may require dose interruptions, dose modifications, or discontinuation of therapy.  When taken with food, abiraterone Cmax and AUC can significantly be elevated; abiraterone should be given on an empty stomach.
· Abiraterone can significantly increase the Cmax and AUC of dextromethorphan due to inhibition of CYP2D6.

· Abiraterone is a substrate for CYP3A4, but the effects of strong CYP3A4 inducers or inhibitors on abiraterone have not been studied and should be avoided or used with caution.

Summary:

Abiraterone is a potent, select inhibitor of CYP17 with an FDA indication for use along with prednisone to treat patients with metastatic castration-resistant prostate cancer who have previously received docetaxel therapy.  Clinical efficacy was demonstrated in a phase III trial in which abiraterone at 1000 mg per day plus prednisone 5 mg twice a day increase overall survival compare to placebo plus prednisone.  Patients must be monitored for signs of mineralocorticoid excess, adrenal insufficiency, and hepatotoxicity.  Hepatotoxicity may require dose interruption, dose adjustment, or discontinuation of therapy.
Introduction
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 abiraterone 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/Pharmacokinetics
,
,

Although androgen deprivation therapy suppresses testosterone levels to castrate levels, low levels of androgens continue to circulate, primarily due to peripheral conversion of adrenal steroids.  Data in castrate resistant prostate cancer suggest that conversion of adrenal steroids to androgens may involve the upregulation and gene expression of enzymes involved in androgen biosynthesis, specifically CYP17.  CYP17 catalyzes two principal enzymatic reactions in androgen biosynthesis: hydroxylation of pregnenolone and progesterone and cleavage of the hydroxylated steroids to the testosterone precursors DHEA (dehydroepiandrostenedione) and androstenedione.  DHEA and androstenedione are weak androgens, but are converted to testosterone and 5α-dihydrotesterone.
Abiraterone acetate is a potent, selective, irreversible inhibitor of CYP17, preventing conversion of pregnenolone to DHEA and progesterone to androstenedione in the testes and adrenal glands.  Animal models also suggest that abiraterone suppresses androgen production in prostate tumors.  Selective inhibition of CYP17 stimulates ACTH release in response to decreased cortisol production, leading to an excess of mineralocorticoid precursors.  Adding supplemental glucocorticoids suppresses the ACTH response and helps with signs and symptoms of mineralocorticoid excess.
Table #1
Abiraterone Acetate Pharmacokinetic Parameters
	Parameter
	Abiraterone

	Absorption
	Systemic absorption (Cmax and AUC) increases with increasing fat content of meals.  The AUC was approximately 5-fold higher when administered with a low-fat meal, and approximately 10-fold higher when administered with a high-fat meal.  Due to normal variation and composition of meals, no food should be consumed for at least 2 hours before the dose of abiraterone and for at least one hour after the dose.

	Metabolism
	Following oral administration, abiraterone acetate is hydrolyzed to abiraterone (active metabolite) through esterases and not CYP.  The 2 main circulating metabolites are abiraterone sulphate (inactive; formed via SULT2A1) and N-oxide abiraterone sulphate (inactive; formed via CYP3A4 and SULT2A1).

	Elimination
	88% recovered in feces and 5% in urine (55% as unchanged abiraterone acetate, 22% as abiraterone).

	Half-life
	Mean terminal half-life= 12 ±5 hours

	Protein Binding
	Highly protein bound (>99%); it is not a substrate for but is an inhibitor of P-glycoprotein


FDA Approved Indication(s) 

A CYP17 inhibitor used in combination with prednisone for the treatment of patients with metastatic castration-resistant prostate cancer who have received prior chemotherapy containing docetaxel.
Potential Off-label Uses

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).
Treatment of castrate-resistant prostate cancer in patients prior to receiving chemotherapy.

Neoadjuvant therapy of prostate cancer.

Metastatic breast cancer.

Current VA National Formulary Alternatives

For FDA indication:  Docetaxel rechallenge, mitoxantrone, flutamide, bicalutamide, estrogen, corticosteroids, combination chemotherapy, ketoconazole
Dosage and Administration

The recommended dose of abiraterone is 1000 mg orally (4 X 250mg tablets) once daily in combination with prednisone 5 mg orally twice a day.  Abiraterone must be taken on an empty stomach, at least one hour before or at least 2 hours after a meal.  The tablets should be swallowed whole.
Dose Modifications
Hepatic Impairment at baseline
In patients with baseline moderate hepatic impairment (Child-Pugh score B) reduce abiraterone dose to 250mg once daily.  This dose should result in an AUC similar that seen in patients with normal hepatic function receiving a 1000 mg dose; however there is no clinical data to support this dose in patients with moderate hepatic impairment and caution is advised.  In patients with moderate hepatic impairment at baseline, measure AST, ALT, and bilirubin prior to starting therapy, every week for the first month, then every 2 weeks for the following 2 months, then monthly.  If AST or ALT is elevated more than 5 times the upper limit of normal or total bilirubin is elevated more than 3 times the upper limit of normal in patients with baseline moderate hepatic impairment, discontinue abiraterone and do not re-treat.

There is no data on the use of abiraterone in patients with severe hepatic impairment (Child-Pugh Class C) at baseline and abiraterone should be avoided in these patients.
Hepatotoxicity during therapy
In patients who develop hepatotoxicity during treatment (AST and/or ALT elevations greater than 5 times the upper limit of normal or total bilirubin greater than 3 times the upper limit of normal), abiraterone therapy should be interrupted.  Treatment may be restarted at 750 mg daily after the return of liver function tests to patient’s baseline or to AST and ALT less than or equal to 2.5 times the upper limit of normal and total bilirubin less than or equal to 1.5 time the upper limit of normal.  If restarted, monitor transaminases and bilirubin every 2 weeks for 3 months and monthly thereafter.
If hepatotoxicity recurs at the 750 mg dose, retreatment may be restarted at 500 mg daily following return of liver function tests to patient’s baseline or to AST and ALT less than or equal to 2.5 times the upper limit of normal and total bilirubin less than or equal to 1.5 time the upper limit of normal.

If hepatotoxicity recurs at the 500 mg dose, discontinue abiraterone treatment.  The safety of abiraterone retreatment in patients who develop AST or ALT levels greater than or equal to 20 times the upper limit of normal and/or bilirubin greater than or equal to 10 times the upper limit of normal is unknown.

Efficacy 

A.  Patients Previously Treated With Docetaxel
Phase III Trial
 (COU-AA-301)
Efficacy Measures

Primary Endpoint:

· Overall Survival
Secondary Endpoints:

· PSA response rate (proportion of patients with a decrease of ≥50% in the PSA concentration from the pretreatment baseline PSA value, confirmed after ≥4 weeks by an additional PSA evaluation)

· Time to PSA progression (in patients in whom the PSA did not decrease, defined as a 25% increase over baseline and an increase in the absolute PSA value by at least 5 ng/mL which was confirmed by a second value; in patients with a PSA decrease but not reaching response criteria [PSA ≤50%] progressive disease occurred when the PSA increased 25% over PSA nadir provided the increase was at least 5 ng/mL)

· Radiographic evidence of Progression-Free Survival (soft-tissue disease progression according to modified RECIST criteria [baseline lymph node of ≥2.0 cm considered a target lesion] or progression according to bone scans with two or more new lesions not consistent with tumor flare)

· Complete Response- disappearance of all target and non-target lesions
· Partial Response- decrease by at least 30% in the sum of the largest diameter of each target lesion relative to the sum at baseline

· Stable Disease- absence of shrinkage sufficient for a partial response and the absence of enlargement sufficient for progressive disease, relative to the sum of the largest diameter of each target lesion at baseline

· Progressive Disease- increase by at least 20% in the sum of the largest diameter of each target lesion, relative to the smallest corresponding diameter since the start of treatment or the appearance of new lesions.

Study Design
Phase 3, multinational, randomized, double-blind, placebo-controlled trial at 147 sites in 13 countries of abiraterone plus prednisone versus placebo plus prednisone in men with castrate-resistant prostate cancer that had previously been treated with docetaxel.

Table #2
Patient Characteristics Phase 3 Trial
	Characteristic
	Abiraterone + prednisone

N=797
	Placebo + prednisone

N=398

	Median Age- yr
   ≥75 years old- %
	69
28
	69
28

	Disease location- %
   Bone

   Node

   Liver
	89

45

11
	90

41

8

	Brief Pain Index-Short Form score for pain
   No. of patients

   Median score (range)
	792

3.0 (0-10)
	394

3.0 (0-10)

	No. of previous chemotherapy regimens -%
   1

   2
	70
30
	69

31

	ECOG Performance Status- %
   0 or 1

   2
	90

10
	89

11

	Prostate Specific Antigen
   No. of patients

   Median (range) – ng/mL
	788

128.8 (0.4-9253)
	393

137.7 (0.6-10,114)


Summary of efficacy findings 

Median duration of treatment: abiraterone plus prednisone 8 months; placebo plus prednisone 4 months.
Table #3
Results of Phase III trial in previously treated, castration-resistant patients
	Outcome
	Abiraterone
	Placebo

	Overall Survival
   Median- months

   Hazard ratio for death

   95%CI

   P value
	14.8

0.65

0.54-0.77

<0.001
	10.9

-

-

-

	Secondary Endpoints

	Time to PSA progression- mos
   Hazard ratio

   95%CI

   P value
	10.2
0.58

0.46-0.73

<0.001
	6.6
-

-

-

	Progression Free Survival- mos
   Hazard ratio

   95%CI

   P value
	5.6
0.67

0.59-0.78

<0.001
	3.6

	PSA response rate- %
   Total

   P value

   Confirmed based on PSA

   P value

   Objective response based on images

   P value
	38

<0.001

29.1

<0.001

14

<0.001
	10.1

-

5.5

-

2.8

-

	Exploratory

	Time to 25% of patients with SRE- mos
	9.9
	4.9

	Rate of pain palliation in patients with a baseline score of 4 or more - %
	44

P=0.002
	27


PSA=Prostate specific antigen; SRE=Skeletal related event
At the time of the interim analysis, 42% of patients in the abiraterone arm died compared to 55% in the placebo arm.  In a pre-planned subgroup analysis, the effect on survival favored abiraterone for all subgroups except patients with a baseline ECOG performance status of 2.  A multivariate analysis adjusted for stratification factors (ECOG: 0 or 1 vs 2, pain: absent or present, number of previous chemotherapy regimens: 1 vs 2, and evidence of progression: PSA vs imaging) also found a treatment effect with a hazard ratio for death of 0.66 (95%CI 0.55-0.78; P<0.001) when comparing abiraterone to placebo.  At the interim analysis the independent data and safety committee recommended unblinding of the study and crossover of placebo patients to abiraterone per a protocol specification.
Supporting Data
Table #4
Results of Phase II trials in previously treated castration-resistant patients
	Study
	No. of Patients
	Primary Endpoint
	Outcomes

	Phase II
Danila et al. 2010

	N=58
	% with a decline in PSA ≥50% according to the Prostate Specific Antigen Working Group (PSA response)
	PSA response: 43%
(95%CI 30%-55%)

Time to PSA Progression: 169 days (95%CI 86 to 200)

Time to PSA Progression in ketoconazole-naïve patients: 198 days

Time to PSA Progression in ketoconazole-treated patients: 99 days

	Phase II (COU-AA-003)

Reid, et al. 2010
	N=47
	% with a decline in PSA ≥50% according to the Prostate Specific Antigen Working Group (PSA response)
	PSA response: 51% at least once on study; confirmed at least 4 weeks later in 45%.
Time to PSA Progression:

169 days (95%CI 113-281)


B.   Chemotherapy Naïve Patients
Efficacy Measures

In phase I, the primary outcome is maximally tolerated dose or dose-limiting toxicities.  In the trial that progressed to a phase II design, the phase II primary outcome was the rate of patients demonstrating a ≥50% decline in PSA after 12 weeks.
Summary of efficacy findings 

Table #5
Results of Phase I and II trials in chemotherapy-naïve, castration-resistant patients
	Study
	Number of patients
	Primary Endpoint
	Outcomes

	Phase I

Attard, et al. 2008
	N=21
	Dose-escalation
	· Titration to maximally planned 2000 mg dose achieved
· Maximum endrocrine effects at dose > 750mg

· 1000 mg chosen as dose for phase II trials

· No grade 3 or 4 toxicities

· 57% had greater than 50% decline in PSA that lasted more than 3 months

· 62% of patients with measurable disease had confirmed partial response by RECIST criteria

	Phase I/II
Attard, et al. 2009

	N=54 phase II
N=42 at 1000 mg
(5% previously received ketoconazole)
	Rate of patients with a decline of ≥50% in PSA after 12 weeks (PSA response rate)
	· PSA response rate: 67%
· Time to PSA Progression in patients with ≥50% decline in PSA: 253 days

· Time to PSA Progression in patients with ≥90% decline in PSA: 393 days

· 72% received dexamethasone in addition to abiraterone

	Phase I
Ryan, et al. 2010

	N=33
58% received previous ketoconazole
	Dose escalation and maximally tolerated dose
	· Acceptable tolerability through 1000 mg dose
· Confirmed decline of ≥50% in PSA at week 12 in 55% of patients

· Confirmed decline of ≥50% in PSA at week 12 in 47% of patients with prior ketoconazole and 64% of patients without prior ketoconazole

· Time to PSA Progression: 234 days

· Time to PSA Progression in patients with prior ketoconazole: 283 days

· Time to PSA Progression in patients without prior ketoconazole: 230 days

· 37% of patients who responded to ketoconazole did not respond to abiraterone.

· 56% of patients who responded to ketoconazole responded to abiraterone.

· Of 15 patients who developed ketoconazole-refractory disease (progression on ketoconazole after a response) 46% responded to ketoconazole.


For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 16).

Adverse Events (Safety Data)
Table #6
Abiraterone Adverse Events occurring at ≥2% versus placebo or of special interest
	System/Organ
	Abiraterone plus prednisone (N=791)
	Placebo plus prednisone (n=394)

	
	All Grades %
	Grades 3-4 %
	All Grades %
	Grades 3-4 %

	Musculoskeletal and connective tissue

   Joint swelling/discomfort

   Muscle discomfort
	29.5

26.2
	4.2

3.0
	23.4

23.1
	4.1

2.3

	General
   Edema
	26.7
	1.9
	18.3
	0.8

	Vascular
   Hot flush

   Hypertension
	19.0

8.5
	0.3

1.3
	16.8

6.9
	0.3

0.3

	Gastrointestinal
   Diarrhea

   Dyspepsia
	17.6

6.1
	0.6

0
	13.5

3.3
	1.3

0

	Infections
   Urinary tract

   Upper respiratory
	11.5

5.4
	2.1

0
	7.1

2.5
	0.5

0

	Respiratory, thoracic, mediastinal
   Cough
	10.6
	0
	7.6
	0

	Renal and urinary disorders
   Urinary frequency

   Nocturia
	7.2

6.2
	0.3

0
	5.1

4.1
	0.3

0

	Cardiac
   Arrhythmia

   Chest pain or discomfort

   Cardiac failure
	7.2

3.8

2.3
	1.1

0.5

1.9
	4.6

2.8

1.0
	1.0

0

0.3


Deaths and Other Serious Adverse Events 

In the clinical trial, one death was associated with arrhythmia, one patient with sudden death, one death was due to cardiac ischemia or myocardial infarction, and one death was due to cardiac failure.
Serious adverse events include arrhythmias, chest pain or discomfort, cardiac failure, drug-induced hepatotoxicity, hypokalemia, hypertension, and adrenal insufficiency.

Common Adverse Events

Joint discomfort or swelling, hypokalemia, edema, muscle discomfort, hot flushes, diarrhea, urinary tract infection, cough, hypertension, arrhythmia, urinary frequency, nocturia, dyspepsia, and upper respiratory tract infection.
Other Adverse Events

Cardiovascular Adverse Reactions:  The majority of arrhythmias were grade 1-2; the rates of grade 3-4 arrhythmias were similar between the groups.  There was one death due to arrhythmia and one due to sudden death in the abiraterone arm, but none in the placebo arm.  Two patients died in the placebo arm due to cardiac ischemia or myocardial infarction and 1 in the abiraterone arm.  There was one death in each arm due to cardiac failure.
Hepatotoxicity:  Drug-induced hepatotoxicity (increased ALT, AST, and total bilirubin) has been reported.  Elevations in liver function tests were reported in 2.3% of patients during the first 3 months of treatment.  In the phase III clinical trial, patients with elevated baseline ALT or AST levels were more likely to experience elevations in liver function tests than patients with normal baseline values.  Abiraterone was withheld or discontinued for elevations of either ALT or AST greater than 5 times the upper limit of normal or elevations in bilirubin greater than 3 times the upper limit of normal.  Two patients with normal baseline liver function tests experienced marked increases in liver function tests (ALT or AST elevations 15-40 times the upper limit of normal and bilirubin elevations 2-6 times the upper limit of normal).  Both patients had normalization of liver function tests upon discontinuation of abiraterone and one was re-treated without a recurrence of the elevations.

Adrenal Insufficiency:  Adrenal insufficiency occurred in two patients on the abiraterone arm (<1%).
Tolerability

Adverse events leading to discontinuation: increased aspartate aminotransferase, increased alanine aminotransferase, urosepsis, and cardiac failure.
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 16).

Contraindications

Abiraterone is contraindicated in women who are or who may become pregnant as it may cause fetal harm.
Warnings and Precautions

· Hypertension, hypokalemia, and fluid retention due to mineralocorticoid excess:  Abiraterone may cause hypertension, hypokalemia and fluid retention due to mineralocorticoid excess and should be used with caution in patients with a history of cardiovascular disease.  Concomitant therapy with a corticosteroid suppresses ACTH drive and results in a reduction in the incidence and severity of reactions.  Use with caution in patients with heart failure, recent myocardial infarction, or ventricular arrhythmia where hypertension, hypokalemia, and fluid retention may compromise the underlying condition.  Patients with a left ventricular ejection fraction <50% or with New York Heart Association Class III or IV heart failure were excluded from clinical trials therefore the safety in this population is unknown.  Monitor for hypertension, hypokalemia, and fluid retention at least once a month.  Control hypertension and correct potassium before and during abiraterone therapy.
· Adrenocortical Insufficiency:  Adrenocortical insufficiency has been reported in patients receiving abiraterone plus prednisone, following interruption of daily steroids, and/or with concurrent infection or stress.  Patients who are withdrawn from prednisone, have prednisone dose reductions, or experience stress should be monitored for signs and symptoms of adrenocortical insufficiency.  The signs and symptoms of adrenocortical insufficiency may be masked by adverse reactions due to mineralocorticoid excess.  If clinically needed, perform appropriate testing to confirm the diagnosis.  Patients may require increased dosage of corticosteroids before, during, and after stressful events.
· Hepatotoxicity:  Increases in liver enzymes or bilirubin may require dose modification or discontinuation.  Monitor serum transaminases (ALT and AST) and bilirubin levels before starting therapy, every two weeks for the first three months and monthly thereafter.  If patient has moderate hepatic impairment at baseline, the starting dose is reduced to 250mg and liver enzymes and bilirubin are measured every week for the first month, every two weeks for the next 2 months, then monthly thereafter.  If patient develops clinical signs or symptoms of hepatotoxicity promptly measure ALT, ALT, and bilirubin.  Any elevation of ALT, AST, or bilirubin requires more frequent monitoring.  Interrupt abiraterone therapy any time AST or ALT rise about 5 times the upper limit of normal or the bilirubin rises above 3 times the upper limit of normal and closely monitor liver function.  Retreatment at a reduced dose may be attempted only after return of liver function tests to baseline levels or to AST and ALT less than or equal to 2.5 times the upper limit of normal and total bilirubin less than or equal to 1.5 times the upper limit of normal.  The safety of retreatment is unknown if patients who develop AST or ALT greater than or equal to 20 times the upper limit of normal and/or bilirubin greater than or equal to 10 times the upper limit of normal.
· Food Effect:  Abiraterone must be taken on an empty stomach at least 2 hours after a meal; no food should be consumed for at least 1 hour after each dose.  Following a single dose given with a meal compared to a fasted state, the Cmax and AUC were increased 17- and 10- fold higher, respectively.  There is no safety data on administering repeated doses of abiraterone when taken with food.
· Pregnancy Category X:  Abiraterone is contraindicated in women who are pregnant or may become pregnant.  If used during pregnancy or if the patient becomes pregnant while taking abiraterone, the patient should be told of the potential harm to the fetus and risk for pregnancy loss.  Male partners receiving abiraterone therapy of women who are pregnant or may become pregnant should use a condom plus another form of contraception during therapy and for at least 1 week after stopping therapy.
· Nursing Mothers:  Abiraterone is not indicated for use in women.  It is unknown if abiraterone is excreted in human breast milk.  Because of the potential for serious adverse reaction in nursing infants due to abiraterone, a decision should be made to either stop nursing or stop taking the drug taking into account the importance of the drug to the mother.
· Pediatric Use:  Abiraterone is not indicated in children.
· Geriatric Use:  In the phase III clinical trial, 71% of patients were 65 years old or older and 28% were 75 years old and over.  There were no overall differences in safety or effectiveness in these patients compared to younger patients.
· Patients with Hepatic Impairment:  The pharmacokinetics were studied in 8 patients with mild (Child-Pugh Class A) and 8 patients with moderate (Child-Pugh Class B) hepatic impairment at baseline.  Systemic exposure after a single 1000 mg dose under fasting conditions was increased 1.1-fold in patients with mild hepatic impairment and 3.6-fold in patients with moderate hepatic impairment.  The mean half-life was prolonged to 18 hour and 19 hours, respectively.  Abiraterone has not been studied in patients with severe baseline hepatic impairment (Child-Pugh Class C).
· Patients with Renal Impairment:  The pharmacokinetics were studied in 8 patients with end-stage renal disease on a stable hemodialysis schedule and 8 patients with normal renal function.  Each group was given a 1000 mg dose under fasting conditions; samples were collected for up to 96 hours following the dose.  There was no increase in systemic exposure in patients with end-stage renal disease compared to patients with normal renal function at baseline.
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 four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name abiraterone:  amiodarone
LA/SA for trade name Zytiga:  Zyprexa, Zyrtec
Drug Interactions

Drug-Drug Interactions

In vitro studies in human hepatic microsomes show abiraterone is a strong inhibitor of CYP1A2 and CYP2D6 and a moderate inhibitor of CYP2C9, CYP2C19, and CYP3A4/5.
Substrates
Dextromethorphan is a substrate of CYP2D6.  In an in vivo drug interaction trial with abiraterone, the Cmax and AUC of dextromethorphan were increased 2.8- and 2.9 fold, respectively, after administration of a 1000 mg dose of abiraterone (plus prednisone 5 mg twice a day for 5 days).  The AUC for the active metabolite of dextromethorphan was increased 1.3 fold.

There was no increase in systemic exposure to theophylline, a CYP1A2 substrate, when given with a single 1000 mg dose of abiraterone (plus prednisone 5 mg twice a day for 5 days).

CYP3A4
Abiraterone is substrate for CYP3A4.  The effect of strong CYP3A4 inducers or inhibitors on abiraterone pharmacokinetics has not been studied.  Strong CYP3A4 inducers or inhibitors should be avoided or used with caution.
QT Prolongation
In an open-label, single arm trial of abiraterone 1000 mg daily at least 1 hour before or 2 hours after a meal in combination with prednisone 5 mg twice a day, assessments up to Cycle 2 day 2 found no large changes in QTc interval (i.e., >20 ms) from baseline. Small increases in the QTc interval (<10 ms) caused by abiraterone cannot be excluded due to design limitations.
Acquisition Costs

As of August 2011.
Table #7
Abiraterone Acquisition cost
	Drug
	Dose
	Cost/Day/patient ($)
	Cost/Month/patient ($)

	Abiraterone 250mg tablet
	1000 mg/day (4 x 250mg)
	124.56
	3,736.80

	Cabazitaxel
	
	
	5899.16 every 3 weeks


Pharmacoeconomic Analysis

There are no published pharmacoeconomic analyses of abiraterone therapy.
Conclusions

Clinical Efficacy
Abiraterone acetate is a selective inhibitor of CYP17.  CYP17 catalyzes two principle reactions in androgen biosynthesis.  Inhibition of androgen precursors occurs in the testes and adrenal glands, the primary sources of androgens.  In castration-resistant prostate cancer, low levels of androgens circulate despite castrate testosterone levels due to androgen deprivation therapy.  These androgens are thought to be due to peripheral conversion of adrenal steroids.
In a clinical development program, abiraterone acetate has been shown to decrease Prostatic Specific Antigen (PSA) levels in patients with castration-resistant disease in phase I and II clinical trials, proving the concept that castration-resistant disease is still driven by testosterone.

In patients who have previously been treated with docetaxel as part of their chemotherapy, abiraterone had produced declines in PSA levels in phase II trials.  In the pivotal phase III trial, abiraterone plus prednisone was compared to placebo plus prednisone.  Compared to the placebo group, abiraterone produced higher PSA response rates, delays in Progression Free Survival and Time to PSA Progression, and increased Overall Survival by 3.9 months with a Hazard Ratio for death of 0.65 in a pre-treated population.  Pre-planned subgroups analysis for overall survival favored abiraterone therapy over placebo for all groups except those with a baseline ECOG Performance Status of 2.
In patients with castrate-resistant prostate cancer who have not received prior chemotherapy, early trials confirm the activity of abiraterone with respect to declines in PSA levels during therapy.  There are ongoing trials in this population; for example a trial combining abiraterone with a LHRH agonist in patients with non-metastatic disease but a rising PSA level, and a large phase III trial in patients with metastatic castrate-resistant disease who are asymptomatic or minimally symptomatic.  There are also clinical trials in neoadjuvant therapy.
There is an interest in sequencing or abiraterone with ketoconazole due to cost considerations.  Ketoconazole is an azole antifungal agent that inhibits the cholesterol side-chain cleavage enzyme 11-beta hydroxylase as well as CYP17.  High doses of ketoconazole are required for PSA reduction and can be accompanied by clinical symptoms of adrenal insufficiency and grade 3 or 4 toxicities, most commonly neurotoxicity (neuropathy and ototoxicity) and malaise or fatigue.  The data on outcomes when using abiraterone after the patient received ketoconazole are of interest, but are only preliminary.  In a phase I trial that prespecified ketoconazole naïve and experienced patients, the rates of patients with decline in PSA levels with abiraterone therapy was higher in the ketoconazole naïve patients, but the Time to PSA Progression was numerically longer for ketoconazole experienced patients.  Prior response to ketoconazole did not predict response to abiraterone.  However, in patient previously treated with docetaxel, the Time to PSA Progression in ketoconazole experienced patients was half that if ketoconazole naïve patients.  Thus, the appropriate sequencing of these two drugs based on clinical trial data is unknown.  Ketoconazole plus androgen withdrawal therapy has not shown a overall survival advantage when compared to androgen withdrawal therapy alone.
Abiraterone therapy is appropriate for patients with castrate-resistant prostate cancer previously treated with docetaxel therapy based on the results of the pivotal phase III trial.  In an indirect comparison to cabazitaxel in this same population, overall survival is similar between cabazitaxel and abiraterone; however the toxicity profiles, routes of administration, and drug costs are different enough to allow a provider and patient a choice in this setting.
Toxicity
Abiraterone is well tolerated with the majority of adverse events Grade 1 or 2.  Warnings include signs of mineralocorticoid excess which are reduced in incidence and severity with concomitant prednisone therapy; a risk for adrenal insufficiency despite concomitant prednisone or when prednisone is suddenly stopped or during concurrent infections/stress; hepatotoxicity requiring dose interruptions, dose modifications, and discontinuation of therapy in some cases; and a warning on the effects of a meal on the Cmax and AUC, requiring administration on an empty stomach.  There were four deaths in the phase III trial all associated with a cardiac event.  Discontinuation of abiraterone in the clinical trial was due to hepatotoxicity, urosepsis, and cardiac failure.
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Appendix:  Clinical Trials

Abiraterone Phase III Clinical Trial Data
	Citation
	Eligibility Criteria
	Interventions/Endpoints
	Efficacy Results/Author’s Conclusions
	Safety/Study Analysis

	COU-AA-31
De Bono, et al.
R, DB, PC  

147 sites in 13 countries including U.S., Canada, U.K, Europe, Australia
n=1195
Supported by Ortho Biotech Oncology Research and Development (a unit of Cougar Biotechnology) and grants from the Medical Research Council of the United Kingdom, Experimental Cancer Medical Centre, and Prostate Cancer Foundation
	Inclusion 
· Histologically or cytologically confirmed prostate cancer previously treated with docetaxel

· Disease progression according to PCWG (2 consecutive PSA increases over a reference value) or radiologic evidence of progression in soft tissue or bone without PSA progression
·  Ongoing androgen deprivation with serum testosterone ≤50 ng/mL)
· ECOG PS of ≤2

· Hematologic and chemical lab  values that met pre-defined criteria

· Albumin ≥3 g/dL
Exclusion
· Aspartate aminotransferase or alanine aminotransferase ≥2.5 times the upper limit of normal

(Known liver metastases with aspartate aminotransferase or alanine aminotransferase ≤2.5 times the upper limit of normal were allowed to participate)

· Serious co-existing nonmalignant disease
· Active or symptomatic viral hepatitis or chronic liver disease

· Uncontrolled hypertension

· History of pituitary or adrenal dysfunction

· Clinically significant heart disease

· Previous therapy with ketoconazole
	Treatment
1g abiraterone (4 X 250mg tablets) or 4 placebo tablets once daily at least 1 hour prior to meal or 2 hours after a meal 
Plus

Prednisone 5 mg twice a day

Until disease progression based on PSA, radiographic findings, or clinical findings

Endpoints 

Primary: Overall Survival
Secondary:

· PSA response rate (proportion with decrease of ≥50% from baseline value)

· Time to PSA progression

· Radiographic evidence of Progression Free Survival

· Pain palliation rate 

· Time to first skeletal –related event (pathologic fracture, spinal cord compression, palliative radiation to bone, or surgery to bone.


	Baseline 

Mean age: 69 yrs old 28% ≥75 yrs old; 89% disease in bone; median BPI-SF pain score= 3.0; 30% 2 previous chemotherapies;90% ECOG 0-1; median PSA 128.8-137.7
Median duration of therapy: Abiraterone 8 months; placebo 4 months

Median follow-up: 12.8 months
Results: Pre-planned interim analysis
Outcomes

Abiraterone

N=797

Placebo

N=398

Hazard ratio for death

95%CI

P

0.65

0.54-0.77

<0.001

̶
Median overall survival

14.8 months

10.9 months

Deat

s

42%

55%

Time to PSA progression
Hazard ratio

95%CI

P

10.2 mos
0.58

0.46-0.73

<0.001

6.6 mos
Progression Free Survival
Hazard ratio

95%CI

P

5.6 mos
0.67 (0.59-0.78)

<0.001

3.6 mos
PSA response rate (%)
  Total

   P

  Confirmed by PSA

   P

  Objective response on imaging

   P

38

<0.001

29.1

<0.001

14

<0.001

10.1

5.5

2.8

Time to first skeletal-related event

9.9 mos

4.9 mos

Pain palliation in patients with a baseline score of 4 or more

44%

27%

In a subgroup analysis of overall survival, abiraterone was statistically better than placebo in all subgroups except for ECOG=2 where the median value favored abiraterone but the upper confidence interval crossed the line of no difference.  The independent data and safety monitoring committee unblended the study and allowed patients in the placebo group to receive abiraterone if they met the crossover criteria.

	Withdrawals
19% in abiraterone group and 23% in placebo group discontinued therapy due to an adverse event
Adverse Events All Grades
AE*

Abiraterone
Placebo
Fatigue
44%
43%
Fluid retention/edema
31
22
Back pain
30
33
Nausea
30
32
Arthralgia
27
23
Constipation

26
31
Bone pain

25
28
Anemia

23
26
Vomiting

21
25
Diarrhea

18
14
Pain in arm/leg

17
20
Hypokalemia

17
8
Cardiac disorder*

13
11
Dyspnea

13
12
Asthenia

13
13
Abdominal pain

12
11
Urinary tract infection

12
7
Liver function test abn

10
8
Hypertension

10
8
*cardiac disorders associated with abiraterone: ischemic heart disease, myocardial infarction, supraventricular tachyarrhythmia, ventricular tachyarrhythmia, cardiac failure, and possible arrhythmia-related signs and symptoms
The most frequent cardiac events were tachycardia: 3% in abiraterone group and 2% in placebo group; P=0.22; and atrial fibrillation: 2% in abiraterone group and 1% in placebo group; P=0.29.  No significant increase in in fatal cardiac events: 1.1% in abiraterone group and 1.3% in placebo group.

All tachycardia events were grade 1 or 2.

Adverse events associated with  elevated mineralocorticoid levels due to CYP17 blockade: fluid retention and edema, hypokalemia, hypertension were of special interest. Fluid retention was higher in abiraterone group, primarily due to Grade 1 or 2 peripheral edema.  There was also a higher percentage of hypokalemia.

Deaths within 30 days of last dose: 11% in abiraterone group and 13% in placebo group, primarily due to disease progression.

Study Analysis
· Central randomization and concealment of allocation
· Centralized lab results
· Central, independent radiology review

· <1% Attrition


R=randomized, DB=double-blind, PC=placebo controlled, PCWG=Prostate Cancer Working Group, PSA=prostate specific antigen, ECOG PS=Eastern Cooperative Oncology Group Performance Status, BPI-SF=Brief Pain Inventory-Short Form; 
�  Molina A, Belldegrun A. Novel therapeutic strategies for castration resistant prostate cancer: inhibition of persistent androgen production and androgen receptor mediated signaling. J Urology 2011;185:787-794.


�  Attard G, Belldegrun A, De Bono JS. Selective blockade of androgenic steroid synthesis by novel lyase inhibitors as a therapeutic strategy for treating metastatic prostate cancer. BJU International 205;96: 1241-1246.


� Package Insert. Zytiga™ (abiraterone acetate) 2011; Centocor Ortho Biotech Inc. Horsham, PA.


�  De Bono JS, Logothetis CJ, Molina A, Fizazi K, North S, Chi KN, et al. Abiraterone and increased survival in metastatic prostate cancer. N Engl J Med 2011;364:1995-2005.


�  Danila DC, Morris MJ, de Bono JS, Ryan CJ, Denmeade SR, smith MR, et al. Phase II multicenter study of abiraterone acetate plus prednisone therapy in patients with docetaxel-treated castration-resistant prostate cancer. J Clin Onc 2010;28:1496-1501.


�  Reid AHM, Attard G, Danila DC, Oommen NB, Olmos D, Fong PC, et al. Significant and sustained antitumor activity in post-docetaxel , castration-resistant prostate cancer with CYP17 inhibitor abiraterone acetate.  J Clin Oncol 2010; 28:1489-1495.


�  Attard G, Reid AHM, Yap TA, Raynaud F, Dowsett M, Settatree S, et al. Phase I clinical trial of a selective inhibitor of CYP17, abiraterone acetate, confirms that castration-resistant prostate cancer commonly remains hormone driven. J Clin Oncol 2008; 26:4563-4571.


�  Attard G, Reid AHM, A’Hern RA, Parker C, Oommen NB, Folkerd E, et al. Selective inhibition of CYP17 with abiraterone acetate is highly active in the treatment of castration-resistant prostate cancer. J Clin Oncol 2009;27:3242-3748.


�  Ryan CJ, Smith MR, Fong L, Rosenberg JE, Kantoff P, Raynaud F, et al. Phase I clinical trial of the CYP17 inhibitor abiraterone acetate demonstrating clinical activity in patients with castration-resistant porstate cancer who received prior ketoconazole. J Clin Oncol 2010;28:1481-1488.
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