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Executive Summary:  

Sipuleucel-T is the first autologous cellular immunotherapy designed to stimulate a T cell response to prostatic acid phosphatase, highly expressed in most prostate cancer cells.
It was approved for use in patients with asymptomatic or minimally symptomatic metastatic castrate-resistant prostate cancer.

Therapy consists of 3 sessions, 2 weeks apart, of collection of peripheral blood mononuclear cells via leukapheresis followed by ex vivo activation with a fusion antigen product and re-infusion in a specific patient.  The entire therapy should take about 1 month to complete.
Efficacy
Efficacy was tested in a series of three clinical trials, comparing sipuleucel-T to placebo.  In the first two trials, sipuleucel-T therapy did not show a difference in time to progression, the primary outcome, compared to placebo.  In the third trial, powered to assess overall survival, sipuleucel-T increased the median overall survival by 4.2 months, with a hazard ratio for death of 0.78.  There was no difference between the groups in terms of tumor response or time to progression of disease.  Sixty-three percent of patients in the placebo arm received APC8015F, a product similar to sipuleucel-T, following discontinuation of study treatment.  Docetaxel therapy was administered as subsequent therapy in 50.3% of placebo patients and in 57.2% of sipuleucel-T patients.  An antibody response to the fusion antigen, but not a T-cell response, improved survival in the sipuleucel-T patients.
Safety
Sipuleucel-T therapy was well tolerated.  The most common reactions were infusion reactions that might be expected due to cytokine release.  The numbers of deaths was similar between the two groups.  There were a small number of adverse events due to citrate toxicity during the leukapheresis procedures.

Introduction

Although prostate cancer can be controlled in many men with primary therapy consisting of surgery or radiation, up to 40% will experience disease recurrence with an elevated prostate-specific antigen (PSA).  In these men, androgen deprivation to castrate levels of testosterone is the standard treatment for temporary tumor control.  Despite this hormone therapy, almost all men will become refractory to treatment with disease progression, a state known as castrate-resistant prostate cancer.  Current options include further hormone therapy, chemotherapy, or use of an investigational agent.  An alternative is an immune-based therapy.
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 sipuleucel-T 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

Sipuleucel-T is an autologous cellular immunotherapy designed to stimulate T-cell immunity to prostatic acid phosphatase (PAP), an antigen highly expressed in the majority of prostate cancers.  It is composed of autologous peripheral blood mononuclear cells including antigen presenting cells (APC’s) activated in vitro with a fusion protein called PA2024, consisting of PAP linked to granulocyte-macrophage colony-stimulating factor (GM-CSF).  This process occurs ex vivo.  Activation of APC’s is defined by the upregulation of cell surface molecules like CD54, CD86, CD40 and others.  The up-regulation of CD54 is one means for determining potency for each sipuleucel-T lot.
FDA Approved Indication(s) 

An autologous cellular immunotherapy for the treatment of asymptomatic or minimally symptomatic metastatic castrate resistant (hormone refractory) prostate cancer.
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).
There is an active trial of sipuleucel-T as neo-adjuvant therapy for localized prostate cancer (www.clinicaltrials.gov)

Current VA National Formulary Alternatives

Alternatives in this specific population (asymptomatic or minimally symptomatic castrate-resistant prostate cancer) include further hormone manipulation (e.g. addition of an antiandrogen or withdrawal of an antiandrogen) or docetaxel.
Dosage and Administration

Sipuleucel-T is processed ex vivo to maximize APC activation by removing the cells from the possible immunosuppressive environment of the patient.  
Sipuleucel-T is administered as 3 doses at approximately 2-week intervals.

Each dose contains a minimum of 50 million autologous CD54( cells activated with PAP-GM-CSF suspended in 250ml Lactated Ringer’s in a patient specific infusion bag.
Preparation of dose
1. Patient undergoes leukapheresis procedure approximately 3 days prior to the infusion date to collect peripheral blood mononuclear cells.

2. These cells are sent to a central manufacturing processing center, then cultured in vitro with PAP-GM-CSF where the antigen is processed by APC’s and suspended in 250ml of Lactated Ringer’s.
3. Sipuleucel-T is shipped directly to the infusing provider in an insulated container.  The container should not be opened until the patient is ready for the infusion.

4. Do no infuse until confirmation of product release has been received from Dendreon via the Cell Product Disposition Form.

Pre-medications

Acetaminophen 650mg plus an antihistamine such as diphenhydramine 30 minutes prior to infusion to minimize acute infusion reactions like fever and chills.

Infusion

1. Confirm the proper product has been received according to the label on the outside of the insulated container.
2. Match the patient’s identity with the patient identifiers on the Cell Product Disposition Form and the infusion bag.

3. Remove the infusion bag from the insulated container and inspect for signs of leakage.  Do not administer if leaking.

4. Gently mix and re-suspend bag contents, looking for clumps or clots.  Small clumps should disperse with gentle mixing.  The contents will be slightly cloudy and cream to pink in color.

5. Infusion must begin prior to the expiration date and time listed on the Cell Product Disposition Form and product label.  Do not initiate infusion of expired sipuleucel-T.

6. Administer via intravenous infusion over approximately 60 minutes.  Do not use a cell filter.  The entire volume should be infused.

7. Observe the patient for at least 30 minutes following each infusion.

Infusion Reactions

1. Acute infusion reactions include chills, fatigue, fever, nausea, respiratory events (dyspnea, hypoxia, and bronchospasm), vomiting, hypertension, tachycardia, and joint ache.  The events were mild to moderate in 95% of patients.

2. The most common events were chills, fever, and fatigue.

3. Severe acute infusion reactions (Grade 3) included chills, fever, fatigue, asthenia, dyspnea, hypoxia, asthenia, bronchospasm, dizziness, headache, hypertension, muscle ache, nausea, and vomiting.  The incidence of severe reactions was greater after the second infusion but decreased following the third infusion.
4. The infusion may be interrupted or slowed depending on the severity of the acute infusion reaction.
5. Appropriate medical therapy (acetaminophen, IV H1 and/or H2 blockers, low dose meperidine) should be administered as needed.

6. If the infusion is interrupted, do not resume if the sipuleucel-T infusion bag is held at room temperature for more than 3 hours.

Efficacy 

Efficacy Measures

Studies 9901 and 9902A
,

Primary Endpoint:

· Time to Progression (TTP)- defined as progressive disease on serial radiographic imaging tests; new cancer-related pain with a radiographic correlation; or other clinical events considered consistent with progressive disease, e.g. spinal cord compression, nerve root compression, or pathologic fracture

Secondary Endpoint:
· Overall Survival (OS)
Study 9902B (IMmunotherapyfor Prostate AdenoCarcinoma Trial= IMPACT)

Primary Endpoint:  
· Overall Survival- defined as the time from randomization to death from any cause.  Originally Time to Objective Disease Progression and Time to Disease-Related Pain were coprimary endpoints, but changed, prior to unblinding, to OS after reviewing the results from the previous studies 9901 and 9902A.
Secondary Endpoints

· Time to Objective Disease Progression

Summary of efficacy findings 

Sipuleucel –T for castrate resistant prostate cancer has been studied in a series of phase III trials.  The first two trials, 9901 and 9902A were identical and assessed time to progression of disease as the primary endpoint.  Study 9902A was stopped early based on the disease progression results from 9901 but before overall survival results were available.  Study 9902B, the IMPACT study, was the largest trial and assessed overall survival as its primary endpoint.
Table #1
Clinical Trial Criteria
	Criteria
	9901 and 9902A
	9902B

	Inclusion
	· Histologically confirmed adenocarcinoma of prostate with radiologic evidence of metastases

· Serum testosterone <50 ng/dL

· Disease progression via serial radiographic studies or PSA progression

· ECOG PS 0 or 1

· +immunohistochemistry staining for PAP in at least 25% of tumor cells

· Adequate hematologic, renal, hepatic function

· Discontinuation of prior investigational agents, hormonal therapy (other than LHRH agonists), herbal preparations, and radiation therapy at least 4 weeks prior to registration

· Concurrent bisphosphonate use if initiated at least 30 days before registration and not discontinued or initiated during study

· Prior chemotherapy allowed if at least 6 months had elapsed or at least 3 months elapsed and the CD+4 T-cell count was >400/(liter
· If no prior orchiectomy, a LHRH agonist throughout trial
	· Metastatic castration-resistant prostate cancer
· Gleason score ≤7

· Asymptomatic disease

· PSA ≥5 ng/mL

· Serum testosterone <50 ng/dL (17 nmol/L)

· Progressive disease based on serial radiographic imaging tests or PSA
· Continuation of medical castration or bisphosphonate therapy

Amended to include:

· Any Gleason score

· Minimally symptomatic disease



	Exclusion
	· Prior immunotherapy
· Cancer-related bone pain

· Requirement for systemic corticosteroids

· Requirement for opioid analgesics for cancer pain

· Visceral metastases


	· ECOG ≥2
· Visceral metastases

· Pathologic long-bone fracture

· Spinal cord compression
· Requirement for opioid analgesics for any reason within 21 days prior to starting therapy

· Average weekly pain score of 4 or more on a 10 point visual analog scale
· Systemic glucocorticoids within previous 28 days

· External beam radiation within previous 28 days

· Systemic therapy for prostate cancer (except medical or surgical castration) within previous 28 days

· Initiated or discontinued bisphosphonate therapy within previous 28 days
· PC-SPES, saw palmetto, megestrol, DES, cyproterone, ketoconazole, 5-(-reductase inhibitors, or high-dose calcitriol within the previous 28 days
· Previous treatment with >2 chemotherapy regimens

· Chemotherapy within the previous 3 months


Table #2
Patient Characteristics in Sipuleucel Groups
	9901
	9901 + 9902A
	9902B

	· Median Age: 73 (47-85)

· Race: 89% white
· Bisphosphonate use at entry: No 96.3%

· Disease location:

· Bone only: 42.7%

· Soft tissue only: 6.1%

· Bone and soft tissue: 51.2%

· No. of bone mets >10: 40.2%

· ECOG Performance Status
· 0= 75.6%

· 1=24.4%

· Median PSA: 7 (3.5-3,621)
· Gleason Score Median: 7

· Prior chemotherapy: 3.7%

· Subsequent docetaxel therapy: 35.9%

· Median alkaline phosphatase: 102

· Median LDH: 173.5
	· Median Age: 72 (47-85)
· Race: 89.9% white

· Disease location:
· Bone only: 44.5%

· Soft tissue only: 8.2%

· Bone and soft tissue: 47.3%

· No. bone mets >10: 45.5%

· ECOG Performance Status 0: 76.9%

· Median PSA: 50.7 (3.5-3,621)

· Gleason Score ≤7: 64.4%

· Prior chemotherapy: 6.9%

· Median alkaline phosphatase: 114

· Median LDH: 183


	· Median Age: 72 (49-91)
· Race: 89.4% white, 6.7% Black

· Bisphosphonate Use: 48.1%

· Disease location:

· Bone only: 50.7%

· Soft tissue only: 7%

· Bone and soft tissue: 41.9%

· No. of bone mets >10: 42.8%

· ECOG Performance Status 0: 82.1%
· Median PSA: 51.7

· Gleason score ≤7: 75.4%

· Prior therapy

· Androgen deprivation: 100%

· Combined androgen blockade: 81.8%

· Medical/surg castration alone: 18.2%

· Orchiectomy: 9.4%

· Chemotherapy: 19.6%

· Docetaxel: 15.5%

· Radical prostatectomy: 35.5%

· Radiation to prostate: 54.3%

· Baseline pain score of 0: 51.5%

· Median alkaline phosphatase: 99

· Median LDH: 194


Table #3
Results (bolded results=Primary Outcome)
	Endpoint
	9901
N=127
(Sip=82, Plac=45)
	9902A
N=98
(Sip=65, Plac=33)
	9901 + 9902A
N=225
(Sip=147, Plac=78)
	9902B
N=512
(Sip=341, Plac=171)

	Time to Progression
Hazard (95%CI)
	11.7 vs 9.1 weeks
1.45 (0.99, 2.11)

P=0.052
	10.9 vs 9.9 weeks
1.09 (0.69, 1.7)

P=0.719
	11.1 vs 9.7 weeks
1.26 (0.95, 1.68)

P=0.111
	14.6 vs 14.4 weeks
0.95 (0.77, 1.17)

P=0.63

	Overall Survival
Hazard (95%CI)
Updated Overall Survival

Hazard
	25.9 vs 21.1 mos
1.71 (1.13, 2.58)

P=0.010
-
	19 vs 15.7 mos
1.27 (0.78, 2.07)

P=0.331

-
	23.2 vs 18.9 mos
1.50 (1.10, 2.05)

P=0.011

-
	25.9 vs 21.7 mos
0.78 (0.61, 0.98)
P=0.03
25.8 vs 21.7  mos

0.759

P=0.017


Sip=sipuleucel-T; Plac=placebo
Table #4
Therapy after study treatment
	Subsequent Therapy
	Following Placebo
	Following Sipuleucel-T

	APC8015F

   Total

   As first intervention

   Median overall survival

      Received APC8015F

      No APC8015F
	63.7%

49.1%

23.8 months

11.6 months
	-

	Anticancer Treatments

   Docetaxel
	73.1%

50.3%
	81.8%

57.2%


Table #5
Immune Response
	Response
	Placebo
	Sipuleucel-T

	Antibody titer against PA2024 >400 after baseline
	2.9%
	66.2%

	Antibody titer against PAP >400 after baseline
	1.4%
	28.5%

	T cell stimulation response to PAP2024 at 6 weeks
	12.1%
	73%

	T cell stimulation response to PAP at 6 weeks
	8%
	27.3%

	Lived longer with antibody response >400 to PA2024

Lived longer with antibody response >400 to PAP
	-
	P<0.001

P=0.08

	Lived longer with T cell response to PA2024

Lived longer with T cell response to PAP
	-
	No

No


Summary 9901 and 9902A:  Sipuleucel-T was studied in a clinical program that included 2 identical, randomized, double-blind, placebo controlled trials (9901 and 9902A) to evaluate efficacy and safety with a primary endpoint of time to progression of disease.  Study 9902A was stopped early based on the time to progression results from 9901 and prior to the survival analysis.  It was amended to become study 9902B with overall survival as the primary endpoint.  The placebo used in all three trials was autologous peripheral blood mononuclear cells that were not activated.  In all three trials, at the time of progression randomization was unblinded and those assigned to placebo were eligible for treatment with APC8015F, an open label activated product produced from remaining frozen autologous antigen presenting cells.
Study 9901 the hazard ratio for time to progression favored the sipuleucel-T arm but was not statistically significant.  In an integrated assessment of 9901 and 9902A, the hazard ratio for time to progression was again not statistically significant.  Neither trial was powered to detect a difference in overall survival but there was a protocol specified requirement to follow each patient for survival up to 36 months after randomization.  In both trial 9901 and the integrated review of 9901 and 9902A, the overall survival analysis favored the sipuleucel-T arm with 95% confidence intervals that did not include 1.
Summary 9902B:  Study 9902B, the largest of the three trials, the hazard ratio for the primary endpoint of overall survival was statistically significant favoring the sipuleucel-T arm with an absolute increase of 4.2 months in overall survival compared to the placebo arm.  As in the other phase III trials, the hazard ratio for time to progression was not statistically significant.  There was one objective response in the sipuleucel-T arm.
The majority of placebo patients eventually received APC8015F, a product similar to sipuleucel-T following discontinuation of study treatment.  Overall survival in placebo patients who received subsequent APC8015F was longer than those who didn’t receive subsequent APC8015F (see Table #4).
In an attempt to determine if subsequent docetaxel therapy had an effect on overall survival in the sipuleucel-T group, investigators plotted overall survival on a Kaplan-Meier curve censoring at the initiation of docetaxel therapy and found a consistent treatment effect of sipuleucel-T.  There is no agreed upon standard method to address the confounding of subsequent therapy on overall survival.

The premise behind sipuleucel-T is T cell response to PAP.  In the trial, T cell responsiveness to either PA2024 or PAP at 6 weeks did not confer a survival advantage.  Antibody titers >400 over baseline to PA2024 did provide a survival advantage.
Adverse Events (Safety Data)

Table #4
Adverse Events in ≥5% of patients
	
	Sipuleucel-T

(N=601)
	Placebo

N=303

	
	All Grades

%
	Grades 3-5

%
	All Grades

%

	Any Adverse Event
	98.3
	30.9
	96

	Chills
	53.1
	2.2
	10.9

	Fatigue
	41.1
	1.0
	34.7

	Fever
	31.3
	1.0
	9.6

	Back pain
	29.6
	3.0
	28.7

	Nausea
	21.5
	0.5
	14.9

	Joint ache
	19.6
	1.8
	20.5

	Headache
	18.1
	0.7
	6.6

	Citrate toxicity
	14.8
	0.0
	14.2

	Paresthesia
	14.1
	0.2
	14.2

	Vomiting
	13.3
	0.3
	7.6

	Anemia
	12.5
	1.8
	11.2

	Constipation
	12.3
	0.2
	13.2

	Pain
	12.3
	1.2
	6.6

	Paresthesia, oral
	12.3
	0.0
	14.2

	Pain in extremity
	12.1
	0.8
	13.2

	Dizziness
	11.8
	0.3
	11.2

	Muscle ache
	11.8
	0.5
	5.6

	Asthenia
	10.8
	1.0
	6.6

	Diarrhea
	10.0
	0.2
	11.2

	Influenza-like illness
	9.7
	0.0
	3.6

	Musculoskeletal pain
	9.0
	0.5
	10.2

	Dyspnea
	8.7
	1.8
	4.6

	Edema peripheral
	8.3
	0.2
	10.2

	Hot flush
	8.2
	0.3
	9.6

	Hematuria
	7.7
	1.0
	5.9

	Muscle spasms
	7.7
	0.3
	5.6

	Hypertension
	7.5
	0.5
	4.6

	Anorexia
	6.5
	0.2
	10.9

	Bone pain
	6.3
	0.7
	7.3

	Upper respiratory tract infection
	6.3
	0.0
	5.9

	Insomnia
	6.2
	0.0
	7.3

	Musculoskeletal chest pain
	6.0
	0.3
	7.6

	Cough
	5.8
	0.0
	5.6

	Neck pain
	5.7
	0.5
	4.6

	Weight decrease
	5.7
	0.3
	7.9

	Urinary tract infection
	5.5
	0.2
	5.9

	Rash
	5.2
	0.0
	3.3

	Sweating
	5.0
	0.2
	1.0

	Tremor
	5.0
	0.0
	3.0


Deaths and Other Serious Adverse Events 

· Fatal (Grade 5) events occurred in 3.3% of sipuleucel-T patients and 3.6% of placebo patients
· Serious Adverse Events: Acute infusion reactions, cerebrovascular events, single case reports of eosinophelia, rhabdomyolysis myasthenia gravis, myositis, tumor flare
Common Adverse Events (≥15%)
· Chills, fatigue, fever, back pain, nausea, joint ache, headache
· Adverse events reported more often in sipuleucel-T arm than in placebo arm include: chills, fever, headache, influenza-like illness, myalgia, hypertension, hyperhidrosis, groin pain

Other Adverse Events

· Adverse events ≤1 day following leukapheresis included citrate toxicity, oral paresthesia, paresthesia, and fatigue.
Tolerability

Discontinuation occurred in 1.5% of patient due to adverse events.  A small number of patients required discontinuation due to central venous catheter infections.
Contraindications

None
Warnings and Precautions

· Sipuleucel-T is only for autologous use
· Acute Infusion Reactions- If a patient experiences an acute infusion reaction within 1 day of infusion which includes fever, chills, respiratory events (dyspnea, hypoxia, and bronchospasm), nausea, vomiting, fatigue, hypertension, tachycardia the rate of the infusion may be decreased or the infusion may be stopped, depending on the severity of the reaction. Administer appropriate medical therapy as needed.  Patients with cardiac or pulmonary conditions should be closely monitored.  Such events were mild to moderate in 95% of clinical trial patients experiencing a reaction.  The most common events were chills, fever, and fatigue.  The incidence of severe (Grade 3) events (chills, fever, fatigue, asthenia, dyspnea, hypoxia, bronchospasm, dizziness, headache, hypertension, muscle ache, nausea, and vomiting) was greater after the second infusion and decrease following the third infusion.   No Grade 4 or 5 acute infusion reactions were reported.
· Universal Precautions should always be followed by health care professionals as sipuleucel-T is not routinely tested for transmissible infectious diseases.  Handling of leukapheresis material and sipuleucel-T may carry a risk of transmitting infectious diseases to professionals handling the products.
· Concomitant use of chemotherapy and immunosuppressive therapy with sipuleucel-T has not been studied.  Since sipuleucel-T is designed to stimulate the immune system, concurrent use of immunosuppressive therapy may alter the efficacy or safety.  Evaluate patients carefully to determine if it is medically necessary to reduce or discontinue immunosuppressive therapy prior to treatment with sipuleucel-T.
· Product Safety Testing-  Sipuleucel-T is released for infusion based on results from microbial and sterility testing.  The final (7-day) sterility test results are not available at the time of infusion.  If these results become positive for contamination after sipuleucel-T has been approved for infusion, Dendreon will contact the physician, attempt to identify the organism, perform antibiotic sensitivity testing, and communicate the results with the physician.

Postmarketing Safety Experience (Optional)

No data
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 Sipuleucel-T:  None found
LA/SA for trade name Provenge:  Provigil, Proventil, Provisc
Drug Interactions

Drug-Drug Interactions

No studies have been performed.
Drug-Lab Interactions

None reported.
Acquisition Costs

Table #5
Acquisition Costs for Sipuleucel-T as of March 2011
	Drug
	Dose
	Cost/3 doses/year($)



	Sipuleucel-T
	3 doses 2 weeks apart
	93,000.00


Pharmacoeconomic Analysis

There are no published pharmacoeconomic studies.
Conclusions

Sipuleucel-T is the first autologous cellular immunotherapy designed to elicit a T cell response to prostatic acid phosphatase.  It was approved for use in asymptomatic or minimally symptomatic patients with metastatic castrate-resistant prostate cancer.  Preparation of the therapy involves leukapheresis to collect peripheral blood mononuclear cells which are activated ex vivo with an antigen-GM-CSF fusion product prior to administration to a specific patient.

Efficacy
In a series of 3 phase III trials with almost identical design, sipuleucel-T was compared to placebo (consisting of peripheral blood mononuclear cells that were not activated ex vivo) in patients with asymptomatic or minimally symptomatic metastatic castrate-resistant prostate cancer.

The first 2 trials utilized time to progression of disease as the primary outcome; neither showed a statistical difference between the treatment group and placebo.  The third trial utilized overall survival as the primary outcome.  In that trial, the median overall survival was statistically higher in the sipuleucel-T group with a hazard ratio for death of 0.78, a 22% relative risk reduction with an absolute increase of 4.2 months in overall survival.  Similar to the first two trials, the third trial did not show a difference in time to progression of disease and did not show any disease response or stabilization.  These results are controversial.  While it is common to have a tumor response without an effect on survival, it is uncommon to have no effect on objective response or progression free survival but to show an overall survival benefit.  There may be other unknown prognostic variables affecting the results.  Secondly, it has been proposed that a better placebo would have been peripheral mononuclear cells cultured with GM-CSF so that the only variable would be the tumor antigen.
  The influence of subsequent therapy has not been well defined.  Survival was improved in patients who had an antibody response but not in patients who had a T cell response.
Safety
Sipuleucel-T therapy was well tolerated.  The majority of common adverse events was due to infusion reactions and is typical of cytokine release reactions.  Interestingly, these infusions reactions increase during the second infusion then decreased during the third infusion.  There were also a small number of adverse events related to citrate toxicity during leukapheresis.  The percentage of fatal adverse events was the same between the groups.
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