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The original sorafenib drug monograph, with the Renal Cell Carcinoma (RCC) indication, which was updated in January 2007, can be found at the following link:

http://vaww.national.cmop.va.gov/PBM/Clinical%20Guidance/Drug%20Monographs/Sorafenib,%20Monograph.doc
Executive Summary:  
Sorafenib was originally FDA-approved for the treatment of advanced renal cell carcinoma in 2005.  In November, 2007 the indication was expanded to include the treatment of unresectable hepatocellular carcinoma (HCC).  It received priority review for the HCC indication because of the observed improvement in overall survival.  
Sorafenib is an oral kinase inhibitor that inhibits multiple intracellular (CRAF, BRAF and mutant BRAF) and cell surface kinases (KIT, FLT-3, RET, VEGFR-1, VEGFR-2, VEGFR-3 and PDGFR-β).  These kinases are involved in tumor cell signaling, apoptosis and angiogenesis.
Efficacy:
A phase III, multicenter, randomized, double-blind, placebo-controlled trial of mostly European patients with unresectable HCC (the SHARP trial) provided the basis for FDA-approval in HCC.  At a prespecified point, an interim analysis revealed an overall survival benefit in patients receiving sorafenib compared to those receiving placebo (10.7 vs. 7.9 months, p<0.001).
· There were no complete responders.  The time to radiologic progression was significantly greater in the sorafenib arm (5.5 vs. 2.8 months, p<0.001), although the time to symptomatic progression was not statistically different between the groups.  Disease control rate was greater in the sorafenib arm (43 vs. 32%, p=0.002).  These results suggest that sorafenib delays disease progression.
· The OS benefit of sorafenib was consistent among groups stratified by prognostic indicators for survival: ECOG performance status, absence/presence of macroscopic vascular invasion and/or extrahepatic spread or both, Child-Pugh status and median baseline levels of alpha-fetoprotein, albumin, alkaline phosphatase and total bilirubin.
· A phase III trial, modeled after the SHARP trial, was conducted in an Asian-Pacific population.  The results indicate that OS was better in the sorafenib vs. placebo arm (6.5 vs. 4.2 months, p=0.014), although the benefit was not as great as indicated by the SHARP trial.  

Safety
· The most common adverse events (> 20%) related to sorafenib therapy include: diarrhea, fatigue, weight loss, rash/desquamation, hand-foot skin reaction, alopecia, nausea and abdominal pain.
· Adverse events that led to interruptions in sorafenib therapy in the Phase III trials2,4 included: diarrhea, hand-foot skin reaction and rash/desquamation.
· Patients treated with sorafenib experienced significantly more hypophosphatemia and thrombocytopenia than their placebo-treated counterparts.
· Hypertension is common in the early weeks of therapy and may necessitate use of antihypertensive therapy.  Monitoring of blood pressure is important during 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 sorafenib in the treatment of hepatocellular carcinoma 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.

Pharmacokinetics

Hepatic Impairment
The AUC of sorafenib is similar in those with mild to moderate hepatic impairment, which includes those categorized as Child-Pugh Classes A and B.  The pharmacokinetics of those with Child-Pugh Class C hepatic impairment have not been studied.  

A Phase I, pharmacokinetic study of sorafenib in patients with hepatic or renal dysfunction evaluated varying degrees of organ function in an attempt to determine tolerable starting doses of sorafenib.  Empiric dose-reductions were recommended in those with moderate to severe hepatic or renal dysfunction.  These patients did not tolerate the usual 400mg twice-daily dosing.14
FDA Approved Indication(s) and Potential Off-label Uses

Please note that this section is not meant to promote off-label use. It is only a summary of the current literature. For discussion of the PBM Guidance on off- label prescribing, please refer to: http://vaww.national.cmop.va.gov/PBM/Directives%20Policies%20and%20Information%20Letters/Guidance%20on%20Off%20Label%20Prescribing.pdf
Sorafenib is FDA-approved for the treatment of patients with unresectable hepatocellular carcinoma and advanced renal cell carcinoma1.  
Potential off-label uses of sorafenib include:  adjuvant therapy to prevent recurrence of HCC8, combination with transarterial chemoembolization (TACE) prior to liver transplantation9.
Current Alternatives

Systemic chemotherapy has never been compared to sorafenib in the advanced HCC setting.  Response rates to chemotherapy are considered modest at best.  No survival advantage has been shown with cytotoxic chemotherapy agents.  The ORR ranges from 18 – 28% with these drugs.  Recent guidelines published by the American Association for Study of Liver Disease (AASLD) state that systemic or selective intra-arterial chemotherapy is not recommended and should not be used as a standard of care.16   Regardless, some may consider providing chemotherapy to those who are unable to tolerate or progress on sorafenib therapy and have a good performance status.  The following drugs have activity, but no overall survival benefit, in HCC:  cisplatin, gemcitabine, doxorubicin, fluorouracil, capecitabine, oxaliplatin.  VA National Formulary items include cisplatin, gemcitabine, doxorubicin, oxaliplatin and fluorouracil.  Capecitabine is available via non-formulary processes.
Dosage and Administration

Sorafenib 400mg (2 X 200mg tablets) twice a day without food (at least 1 hour before or 2 hours after eating).  Continue therapy until patient is no longer benefiting or unacceptable toxicity.

Dose Adjustments:  Temporary dose interruption and/or dose reduction may be necessary due to adverse events.  For skin adverse events, see table below.  If dose reduction is necessary, the sorafenib dose may be reduced to 400mg once a day.  If further dose reduction is necessary, sorafenib may be give as a 400mg dose every other day.  The manufacturer does not provide dose modification guidance for toxicities other than skin.  The dose-modification guidance used in the SHARP protocol is as follows2:  
Grade 0 – 2 non-hematologic toxicity: 
No dose delay; no dose change

Grade 3 non-hematologic toxicity: 
Delay until < grade 2; decrease one dose level,






If > 2 dose reductions are needed, discontinue therapy

Grade 4 non-hematologic toxicity:
Discontinue therapy
No dose adjustments are needed for: age, gender, body weight, or Child-Pugh A or B hepatic impairment.  Sorafenib has not been studied in patients with Child-Pugh C hepatic impairment or severe renal impairment including patients on dialysis.
A Phase I, pharmacokinetic study of sorafenib in patients with hepatic or renal dysfunction evaluated varying degrees of organ function in an attempt to determine tolerable starting doses of sorafenib.  Empiric dose-reductions were recommended in those with moderate to severe hepatic or renal dysfunction.  These patients did not tolerate the usual 400mg twice-daily dosing.14
Table 1. Suggested Dose Modifications for Skin Toxicity1
	Skin Toxicity Grade
	Occurrence
	Dose Modification

	Grade 1: Numbness, dysesthesia, paresthesia, tingling, painless swelling, erythema or discomfort of the hands or feet which do NOT disrupt ADL’s
	Any occurrence
	Continue sorafenib therapy and consider local therapy for symptom relief

	Grade 2:  Painful erythema and swelling of the hand or feet and/or discomfort affecting the patient’s normal activities
	First occurrence


	Continue sorafenib therapy and consider topical therapy for symptom relief

	
	No improvement within 7 days or 2nd or 3rd occurrence


	Interrupt sorafenib therapy until toxicity resolves to Grade 0 or 1; When resuming therapy, decrease sorafenib by one dose level (400mg once a day or 400mg once every other day)



	
	4th occurrence
	Discontinue sorafenib permanently



	Grade 3:  Moist desquamation, ulceration, blistering or severe pain of the hands or feet, severe discomfort preventing work or ability to perform ADL’s
	1st or 2nd occurrence


	Interrupt sorafenib therapy until toxicity resolves to Grade 0 or 1; When resuming therapy, decrease sorafenib by one dose level (400mg once a day or 400mg once every other day)



	
	3rd occurrence
	Discontinue sorafenib permanently


Use of concomitant strong CYP3A4 inducers may reduce plasma concentrations of sorafenib and should be avoided (e.g. St. John’s Wort, dexamethasone, phenytoin, carbamazepine, rifampin).  If a strong inducer must be given concurrently with sorafenib, consideration should be given to increasing the dose of sorafenib with close monitoring for toxicity.

Efficacy 

Efficacy Measures

1. Treatment response of HCC to systemic therapy is assessed using Response Evaluation Criteria in Solid Tumors (RESIST)11  or WHO criteria12 with radiologic imaging.  Responses are defined as: 

· Complete response (CR) – disappearance of all assessable disease
· Partial response (PR) – defined as > 50% reduction in the sum of the products of the 2 largest measurable tumor diameters for at least 4 weeks

· Stable disease (SD) – defined as a decrease of < 50% or an increase of < 25% of tumor size lasting for a specified duration of time

· Progressive disease (PD) – defined as > 25% increase in the sum of the products of 2 perpendicular diameters of at least 1 tumor or appearance of a new lesion
· Serum alpha fetoprotein (AFP) has been a surrogate endpoint and correlates with radiographic response.

2. Overall survival (OS)

3. Time to radiologic progression (TTP)

4. Time to symptomatic progression (TTSP) is based on the Functional Assessment of Cancer Therapy Hepatobiliary Symptom Index 8 (FHSI8)10.  This index consists of a questionnaire with eight questions that evaluate symptomatology.

5. Disease Control Rate (DCR) is defined as a percentage of patients obtaining a best-response that was maintained for at least 28 days after radiologic review.
Summary of efficacy findings 

A randomized, placebo-controlled, phase III trial (SHARP) was conducted in a population of patients with advanced hepatocellular carcinoma.2
· Geography included patients from Europe, North America, South America and Australasia (Australia, New Zealand, the island of New Guinea, and neighboring islands in the Pacific Ocean).  This is reflective of the study population as 88% of participants were from Europe and Australsia.
· Prior systemic therapy for advanced HCC was not permitted.
· Patients were randomized 1:1 ratio to receive sorafenib 400mg PO twice daily or placebo; up to 2 dose-reductions were permitted.
· Disease progression was defined via radiologic review using RECIST; symptomatic progression was categorized via FHSI8.
· 602 patients were randomized (299 sorafenib; 303 placebo) and served as the ITT population
· After a prespecifed interim analysis revealed a statistically significant survival advantage in the sorafenib arm, the trial was stopped.

· Overall survival in the sorafenib vs. placebo arms was 10.7 vs. 7.9 months (P<0.001), respectively.

· Median time to symptomatic progression in the sorafenib vs. placebo arms was 4.1 vs. 4.9 months (P=0.77).

· Median time to radiologic progression in the sorafenib vs. placebo arms was 5.5 vs 2.8 months (P<0.001).

· There were no CRs, only PRs and SD.

· DCR was 43 vs. 32% (p=0.002) in the sorafenib vs. placebo arms, respectively.
A randomized, placebo-controlled phase III trial was conducted in the Asia-Pacific region to assess the safety and efficacy of sorafenib in advanced HCC patients of a different geographic region and various underlying etiological factors.4
· Geography included patients from China, Taiwan and South Korea.

· Prior systemic therapy for advanced HCC was not permitted.
· Patients were randomized 2:1 ratio to receive sorafenib 400mg PO twice daily or placebo; up to 2 dose-reductions were permitted.
· Disease progression was defined via radiologic review using RECIST; symptomatic progression was categorized via FHSI8 or a change to ECOG PS 4.
· 226 patients were randomized (150 sorafenib; 76 placebo) and served as the ITT population
· Overall survival in the sorafenib vs. placebo arms was 6.5 vs. 4.2 months (P=0.014), respectively.

· Median time to symptomatic progression in the sorafenib vs. placebo arms was 3.5 vs. 3.4 months (P=0.50).

· Median time to radiologic progression in the sorafenib vs. placebo arms was 2.8 vs 1.4 months (P=0.0005).

· There were no CRs, only PRs, SD and PD.

· DCR was 53 vs. 12% in the sorafenib vs. placebo arms, respectively.
The trial by Cheng et al. concluded with an improvement in OS, but the degree of improvement is less than that reported in the SHARP trial.  Population characteristics differed between the two phase III trials.  The SHARP trial consisted of an older European-based population with the primary etiology of liver disease being chronic HCV.  The trial by Cheng et al. consisted of a younger Asian-Pacific population with more advanced disease and the primary etiology of liver disease being chronic HBV.  A previous retrospective study concluded that sorafenib may be less efficacious in HBV-positive patients with HCC.13
Table 2. Phase II Trials of Sorafenib in Advanced HCC
	Study design
	Population
	Characteristics
	Endpoints
	Results

	Phase II, 

multicenter, international, uncontrolled6
	Inoperable HCC, 

no prior tx,

ECOG PS 0 or 1,

Child-Pugh A (n=98, 72%)
Child-Pugh B (n=38, 28%)
	Median age 69 yrs; 

male 71%; 

ECOG PS 0 (50%); 

C-P A 72%

C-P B 28%; 

Hep B 15%; Hep C 48%
	Efficacy, safety, PK C-P A vs. B patients,
PR=partial response

MR=minor response

SD= stable disease for > 16 wks
	PR 2.2%;
MR 5.8%;

SD 33.6%

Med TTP: 5.5 mos;

Med OS: 9.2 mos

PK C-P A vs. B:

 AUC0-8 25 vs. 30 

(not stat significant)

	Phase II,
Single-arm, 

open-label7
	Advanced HCC with measurable lesions who were not candidates for surgery, liver transplant, or locoregional tx

	Median age 56 yrs;
Male 88%,

ECOG PS 0/1 (95%);

ECOG PS 2 (5%);

Hep B 90%; Hep C 6%;

C-P A 71%; 

C-P B 26%; 

C-P C 3%
	OS, PFS, ORR, tolerability
	ORR 8%;
PR 8%:

SD 18% > 3 months;

PFS 3 mos;

OS 5 mos;
Presence of lung mets associated with lack of clinical benefit;

Common AE: diarrhea, malaise, hand-foot rxn


For further details on the efficacy results of the clinical trials, refer to 
Appendix:  Clinical Trials
 (page 15).

Adverse Events (Safety Data)1,2,3
Table 3. Treatment-related Adverse Events reported in at least 10% of patients – HCC Study
	AE
	Sorafenib N=297


	Placebo N=302

	
	All grades %
	Grade 3%
	Grade 4%
	All grades %
	Grade 3%
	Grade 4%

	Any AE
	98
	39
	6
	96
	24
	8

	Weight loss
	30
	2
	0
	10
	1
	0

	Alopecia
	14
	0
	0
	2
	0
	0

	Hand-foot reaction
	21
	8
	0
	3
	<1
	0

	Rash/des-quamation
	19
	1
	0
	14
	0
	0

	Pruritis
	14
	<1
	0
	11
	<1
	0

	Anorexia
	29
	3
	0
	18
	3
	<1

	Diarrhea
	55
	10
	<1
	25
	2
	0

	Fatigue
	46
	9
	1
	45
	12
	2

	HTN
	9
	4
	0
	4
	1
	0

	Bleeding
	18
	3
	2
	20
	5
	4

	Nausea
	24
	1
	0
	20
	3
	0

	Vomiting
	15
	2
	0
	11
	2
	0

	Constipation
	14
	0
	0
	10
	0
	0

	Liver

Dysfunction
	11
	2
	1
	8
	2
	1

	Affect on Laboratory Parameters

	Hypophos-phatemia
	35
	11
	<0.001
	11
	2
	<0.001

	Thrombo-cytopenia
	46
	4
	NR
	41
	<1
	0.006

	INR

Elevations
	42
	4
	NR
	34
	2
	NR

	Lipase

Elevations
	40
	9
	NR
	37
	9
	NR


NR = not reported

Table 4.  Exploratory cross-study evaluation of selected severe AE reported for sorafenib in phase III RCC and HCC trials3
	AE, grade > 3
	RCC study
	HCC study

	Skin rash
	1%
	1%

	Hand-foot skin reaction
	5%
	8%

	Diarrhea
	2%
	11%

	Hypertension
	3%
	4%

	Hypophosphatemia
	11%
	11%

	Lipase elevation
	10%
	9%


Deaths and Other Serious Adverse Events2 

Serious adverse events from any cause were similar in the sorafenib vs. placebo groups (52% vs. 54%, respectively).  
	Serious AE
	Sorafenib (N=297)
	Placebo (N=302)

	Overall incidence
	52
	54

	Hemoglobin
	3
	2

	Cardiac ischemia/infarction
	3
	1

	Death, disease progression NOS
	19
	20

	Fatigue
	2
	3

	Constitutional symptoms
	1
	2

	Ascites
	5
	4

	Diarrhea
	5
	2

	Dehydration
	3
	<1

	GI bleed, esophageal varices
	2
	4

	GI bleed, peritoneal cavity
	0
	2

	Upper GI bleed NOS
	1
	2

	Liver dysfunction
	7
	5

	Hepatobiliary – other
	4
	5

	Hyperbilirubinemia
	2
	1

	Abdominal pain, NOS
	2
	3

	Renal failure
	<1
	3


Common Adverse Events

The most common adverse events (> 20%) thought to be sorafenib-related in HCC and RCC patients are fatigue, weight loss, rash/desquamation, hand-foot skin reaction, alopecia, diarrhea, anorexia, nausea and abdominal pain.
Other Adverse Events
The following were reported in patients taking sorafenib as monotherapy during multiple clinical trials (very common≥10%, common 1 to less than 10%, uncommon 0.1% to less than 1%.

Cardiovascular: Uncommon: hypertensive crisis*; myocardial ischemia and/or infarction*, congestive heart failure*
Dermatologic:  Very common: erythema; Common: exfoliative dermatitis, acne, flushing; Uncommon: folliculitis, eczema, erythema multiforme, keratoacanthomas/squamous cell cancer of the skin
Digestive: Very common: increased lipase, increased amylase Common: mucositis, stomatitis (includes dry mouth and glossodynia), dyspepsia, dysphagia Uncommon: pancreatitis, gastrointestinal reflux, gastritis, gastrointestinal perforations*
General: Very common: hemorrhage (including gastrointestinal*, respiratory tract* and uncommon cases of cerebral hemorrhage*), asthenia, pain (includes mouth pain, bone pain, tumor pain) Common: decreased appetite, flu-like illness, pyrexia Uncommon: infection

Hematologic: Very common: leukopenia, lymphopenia Common: anemia, neutropenia, thrombocytopenia Uncommon: abnormal INR

Hypersensitivity: Uncommon: hypersensitivity reactions (skin reactions and urticaria included)

Metabolic: Very common: hypophosphatemia Common: transient increased in transaminases Uncommon: dehydration, hyponatremia, transient increases in alkaline phosphatase, increased bilirubin (includes jaundice), hypothyroidism, cholecystitis, cholangitis
Musculoskeletal: Common: arthralgia, myalgia

Nervous system: Common: depression Uncommon: tinnitus, reversible posterior leukoencephalopathy*

Renal and Genitourinary: Common: renal failure
Reproductive: Common: erectile dysfunction Uncommon: gynecomastia

Respiratory: Common: hoarseness Uncommon: rhinorrhea
*adverse events that may have a life-threatening or fatal outcome
Tolerability2,4
Discontinuation rate from Phase III trial (N=599)2
Most common reason for d/c: adverse events (n=176), progressive disease (n=123)

Median duration of tx: sorafenib 5.3 mo (range, 0.2-16.1), placebo 4.3 mo (range, 0.1-16.1)

Discontinuation rate due to adverse events: sorafenib 38% vs. placebo 37%

     Reasons (sorafenib): GI events (6%), fatigue (5%), liver dysfunction (5%)

Dose reductions overall: sorafenib 32% vs. placebo 13%

     Dose reductions due to AE: sorafenib 26% vs. placebo 7%

Dose interruptions due to AE: sorafenib 44% vs. placebo 30%

     Reasons (sorafenib): diarrhea (8%), hand-foot rxn (5%), rash/desquamation (3%)

Compliance:  > 80% of daily dose received in sorafenib arm (76%) vs. placebo arm (94%)

Discontinuation rate from Phase III trial (N=224)4
Discontinuation rate due to AE: sorafenib 19.5% vs. placebo 13.3%

     Reasons (sorafenib): hand-foot rxns (11.4%), diarrhea (7.4%)

Dose reductions due to AE: sorafenib 30.9% vs. placebo 2.7%

For further details on the safety results of the clinical trials, refer to 
Appendix:  Clinical Trials
 (page 15).

The most common AE’s reported through the VADER’s system in the past 4 quarters include rash, pain and diarrhea. A total of 16 reports were received by VADER’s for that time period.
Warnings/Precautions/Contraindications
Warnings/Precautions

1.  Pregnancy Category D: Sorafenib may cause fetal harm when administered to a pregnant woman.  There are no adequate and well-controlled studies in pregnant women.  Women should be advised to avoid becoming pregnant during treatment with sorafenib and for at least 2 weeks after stopping treatment.  Men and women should use effective birth control methods during treatment and for at least 2 weeks after stopping treatment.  Female patients should be advised against breast-feeding while being treated with sorafenib.
2.  Dermatologic Toxicity: Hand-foot reactions are the most common adverse event, are usually Grade 1 or 2 and generally start within the first six weeks of treatment.  Management includes topical symptomatic treatment, temporary interruption of therapy, or dose reduction (see Dosing).  Permanent discontinuation of sorafenib due to hand-foot reactions occurred in 4 of 297 HCC patients and 3 of 451 RCC patients.

3.  Hypertension:  Blood pressure should be monitored and treated if necessary according to standard practice.  If hypertension is severe or persists despite antihypertensive therapy, temporary or permanent discontinuation of sorafenib should be considered.  Hypertension was reported in 9.4% vs. 4.3% of HCC patients receiving sorafenib vs. placebo, respectively.  Treatment-related hypertension was reported in 16.9% of RCC patients receiving sorafenib, was generally mild to moderated, started early in the course of treatment, and was managed with standard antihypertensives.  Permanent discontinuation due to hypertension occurred in 1 of 297 HCC patients and 1 of 451 RCC patients.  
4. Hemorrhage:  Bleeding risk may increase while on sorafenib therapy.  The rate of bleeding from esophageal varices in the HCC study was 2.4% vs. 4% in the sorafenib vs. placebo arms, respectively.  Bleeding, regardless of cause, was seen in 15.3% of RCC patients receiving sorafenib versus 8.2% of placebo-treated patients.  Grade 3 hemorrhage was seen in 2% of RCC patients; there were no reports of Grade 4 hemorrhage.  If bleeding required intervention, permanent discontinuation of sorafenib should be considered.
5.  Cardiac ischemia/infarction:  The incidence of cardiac events was 2.7% vs. 1.3% in the sorafenib vs. placebo arms of the HCC trial.  Treatment-emergent cardiac ischemia or infarction was observed in 2.9% of RCC patients receiving sorafenib versus 0.4% of placebo patients.  Patients with coronary artery disease or recent infarction were excluded from the study.  Consider temporary or permanent discontinuation of sorafenib in patients developing cardiac ischemia or infarction.
6.  Race: Pharmacokinetic data from a very limited number of Japanese patients (n=6) showed a 45% lower systemic exposure rate compared to pooled data from Caucasian patients.  The clinical significance is unknown.
7.  Warfarin co-administration:  Infrequent bleeding events or elevations in the INR during concomitant warfarin and sorafenib therapy have been reported.  Changes in INR, prothrombin time or episodes of bleeding should be monitored carefully during concomitant therapy.
8.  Wound-healing complications:  No formal studies have been done.  In patients undergoing major surgical procedures, temporary interruption of sorafenib is recommended.  There is limited clinical information on when to best restart therapy after the surgical procedure.  Restarting should be based in clinical judgment based on adequate wound healing.
9. Gastrointestinal perforation:  GI perforation has been reported in < 1% of patients taking sorafenib.  If a GI perforation is suspected, sorafenib therapy should be discontinued.
10. Hepatic impairment: Sorafenib plasma concentrations may be reduced in hepatic impairment.  Data suggests that concentrations are lower in HCC patients than in patients without HCC (and without hepatic impairment).  The AUC of sorafenib is similar in HCC patients with mild (Child-Pugh A) and moderate (Child-Pugh B) levels of hepatic insufficiency.

Contraindications

Sorafenib is contraindicated in patients with known hypersensitivity reaction to sorafenib or any of its components.
Sentinel Events

There have been no sentinel events reported for sorafenib.
Drug Interactions

Drug-Drug Interactions

In addition to those drug-drug interactions listed in the updated monograph (dated January 2007), the following should be noted:
Interaction with docetaxel
Use caution when co-administering sorafenib with docetaxel as increases in plasma docetaxel concentration have been noted.

Interaction with doxorubicin
Use caution when co-administering sorafenib with doxorubicin as increases in plasma doxorubicin concentration have been noted.

Interaction with UGT1A1 substrates
Use caution when administering sorafenib with drugs that are substrates of the UGT1A1 metabolic pathway (e.g. irinotecan), as the plasma concentration of these substrates can be increased.
Acquisition Costs

Table #
5. Drug Cost*
	Drug
	Dose
	Cost/Month/patient ($)
	Cost/6 mos/patient ($)

	Sorafenib 200mg tablet


	400mg (2 x 200mg) daily
	1620.00
	9720.00

	Doxorubicin
	60 – 75 mg/m2 (110 – 140 mg) IV d 1; 
repeat every 21 days
	85.00 – 114.00
	510.00  – 684.00

	Fluorouracil
	370 mg/m2/day (685 mg) IV d 1-5; 
repeat every 28 days
	411.00
	2466.00

	Capecitabine
	1000 mg/m2 (1800 mg) PO BID x 14 days; 
7 days rest; repeat every 21 days
	1560.00
	9360.00

	Gemcitabine Oxaliplatin
	1000 mg/m2  (1850 mg) IV d1; 
100 mg/m2 (185 mg)IV d 2; 
repeat every 21 days
	1380.00
1370.00
	16,500.00

	Cisplatin Gemcitabine
	70 mg/m2 (130 mg)IV d 1; 
1250 mg/m2 ( 2300 mg) IV d1, 8; 
repeat every 21 days
	     31.00
3300.00
	19,990.00


* Based on FSS, June 2010; cost estimates based on average individual 70 kg/1.85 m2
Pharmacoeconomic Analysis

A few cost-effective analyses with focus on the use of sorafenib in hepatocellular carcinoma have been performed, but with varying results.  

One analysis, performed in Canada, concluded that the use of sorafenib in hepatocellular carcinoma was cost-effective compared to best supportive care (BSC). 5 A Markov model was developed and followed survival and time to progression in monthly cycles based on extrapolated data from the SHARP trial.  The following resources were included in the model: drugs, physician visits, laboratory tests, scans and hospitalizations.  Costs and effects were analyzed over a period of a lifetime.  Life-years gained (LYG) was longer for sorafenib vs. BSC (1.52 ± 0.16 vs. 1.03 ± 0.09, respectively).  Total lifetime costs were $47,511 ± 3,656 vs. $10,376 ± 1,649, which resulted in an incremental cost-effectiveness ratio (ICER) of $75,821/LYG and deterministic ICER of $75,759/LYG.  The sensitivity analyses indicated that the model was robust.  Limitations of this study included: multiple data sources, utilization of expert opinion and lack of utility data.  
Evidence for a single technology appraisal was obtained by the manufacturer of sorafenib. The manufacturer submitted an economic analysis that resulted in a deterministic ICER of £64,754 per QALY.  This data was re-evaluated by the evidence review group (ERG) with resultant ICERs between £76,000/QALY and £86,000/QALY.  As a result, National Institute for Health and Clinical Excellence (NICE) issued guidance stating that sorafenib is not recommended for the treatment of advanced HCC patients for whom surgical or locoregional therapies have failed or are not suitable.  Subsequent to this the manufacturer submitted a patient access scheme with a base-case ICER of £51,899/QALY.  Again, the ERG re-evaluated the data with ICER estimates of £53,000 to £58,000/QALY, depending on the sensitivity analyses.  The guidance issued by NICE remained unchanged.
Conclusions

Sorafenib for the treatment of advanced HCC has proven clinical benefit over BSC.  The benefits include improvement in overall survival, time to radiologic progression and disease-control rate.  Interestingly, neither phase III trial reported any complete responders.  The effect of sorafenib appears to be one of disease stabilization.  
Time to symptomatic progression was not significantly different between sorafenib vs. placebo-arms.  Therefore, it is unlikely that patients will derive additional benefit from sorafenib beyond radiologic disease progression.  

The phase III trials that studied the use of sorafenib in advanced HCC included very different patient populations.  Llovet et al. studied a European population with chronic HCV as the primary etiology of liver disease.2  Cheng et al. studied a younger Asian population with the majority diagnosed with chronic HBV.4  Researchers have questioned if sorafenib provides benefit in patients with chronic HBV.  Some conclude that it does not.13 The results by Cheng et al. conflict with this conclusion as their primarily chronic HBV-population did obtain marginal clinical benefit from sorafenib.

The majority of patients who have received sorafenib in the clinical trial setting have been categorized with liver dysfunction as Child-Pugh A.  Pharmacokinetic data indicates that the AUC of sorafenib is similar in those with mild to moderate hepatic impairment, which includes those categorized as Child-Pugh Classes A and B.   Regardless, among both phase III clinical trials2,4, a total of 20 patients were categorized as Child-Pugh B and among the phase II clinical trials6,7, a total of 51 patients were categorized as Child-Pugh B.  Although statistical differences in response and safety were not noted between the Child-Pugh A and B patients, those with Child-Pugh B liver disease made up a small portion of the study populations.  These results should be interpreted with caution.
Initial dosing of sorafenib in those with moderate to severe hepatic or renal dysfunction is unclear.  A phase I pharmacokinetic study recommends lower initial doses for these populations.14 The authors conclude that lower initial doses of sorafenib are recommended for those with moderate to severe hepatic impairment with hyperbilirubinemia.  Those with moderate to severe renal dysfunction were unable to tolerate the usual 400mg twice daily dosing, therefore they recommend that lower initial doses of sorafenib should be used.
Our veterans make up a heterogeneous population with various ethnic backgrounds, levels of organ function, comorbidities and etiologies of liver dysfunction.  The population studied by Llovet et al. most closely resembles our veterans with respect to age, ethnicity and etiology of liver disease.  Yet the population studied by Cheng et al. had more advanced disease and an overall poorer prognosis.  Although the overall survival obtained by the Cheng et al. population was not as great as that achieved by the Llovet et al. population, a marginal clinical benefit was achieved.  
Sorafenib has demonstrated that a clinical benefit can be obtained in the advanced HCC population.  Remaining questions include: Should sorafenib be used in patients with Child-Pugh B liver dysfunction? How should sorafenib be dosed in those with hepatic and/or renal impairment?
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Appendix:  Clinical Trials
A literature search was performed on PubMed/Medline (2005 to June 2010) using the search terms <sorafenib > and <Nexavar > and <hepatocellular carcinoma>. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

Table 1. Phase III, Randomized, Controlled Trials of Sorafenib in Advanced Hepatocellular Carcinoma
	Citation
	Llovet JM, Ricci S, Mazzaferro V, et al.  Sorafenib in Advanced Hepatocellular Carcinoma.  N Engl J Med; 2008;359: 378 -  90. 

	Study Goals
	To assess safety and efficacy of sorafenib in patients with advanced hepatocellular carcinoma

	Methods
	Study Design 

· Multicenter, randomized, double-blind, placebo-controlled phase 3 trial;
· Conducted in 121 centers across 21 countries in Europe, North America, South America and Australasia;

· Patients randomized 1:1 ratio to receive sorafenib 400mg (2 x 200mg) PO twice daily or placebo; interruptions were permitted; up to 2 dose reductions permitted 
(1st – 400mg PO daily; 2nd – 400mg PO every other day)
· Assessment:  Clinic visits every 3 weeks; radiographic assessments every 6 weeks.

· Treatment continued until disease progression, untolerable adverse events or death;

· Disease progression:  radiologic by RECIST; symptomatic by FHSI8

· Crossover from placebo to sorafenib group was not permitted before OS analysis

Data Analysis

Primary endpoint: overall survival and time to symptomatic progression
Assessed according to ITT; assuming a one-sided type I error of 0.02 and randomization ratio 1:1 and median OS 7 months in placebo group; power of 90% to detect 40% increase in OS in the sorafenib group

Secondary endpoints: time to radiologic progression, disease-control rate, safety



	Criteria
	Inclusion criteria

Advanced hepatocellular carcinoma, confirmed via pathology and had not received prior systemic therapy; advanced disease defined as not being eligible for or had disease progression after surgical or locoregional therapies; ECOG performance status < 2; Child-Pugh class A, life expectancy > 12 weeks, adequate hematologic function (platelet count > 60 x 109 per liter; hemoglobin > 8.5 g/dL; INR < 2.3 or PTT < 6 sec above control), adequate hepatic function (albumin, > 2.8 g/dL, Tbili < 3 mg/dL, ALT/AST < 5 x ULN), adequate renal function (serum creatinine, < 1.5 x ULN); required to have at least one untreated, measurable target lesion; concomitant antiviral therapy permitted
Exclusion criteria

Prior systemic treatment for advanced hepatocellular carcinoma 

	Results
	Patients
602 randomized: 299 sorafenib, 303 placebo (ITT population)

599 safety analysis: 297 sorafenib, 302 placebo

Median age 67 years (61% aged > 65 years)

     Race: 89% Caucasian

     Gender: 87% Male

No relevant demographic differences at baseline; most recruited in Europe

Etiology of liver disease: 
     Chronic HCV (28%), then alcohol consumption (26%) , then chronic HBV (18%)
Child-Pugh class A: 581 patients (97%); class B (3%)
Prior local therapies: 305 patients with no treatment; 297 failed locoregional therapy

Note
The trial was stopped after a prespecified interim analysis indicated that a statistically significant survival advantage was noted for those receiving sorafenib.  

Efficacy Measures
Table 1. Results of Efficacy Measures

Outcome

Sorafenib

Placebo

HR (95% CI)

P Value

Overall survival (mo)

Median

95% CI

10.7

9.4-13.3

7.9

6.8-9.1

0.69 (0.55-0.87)

<0.001

1-yr survival rate

44

33

0.009

Time to symptomatic progression (mo)

Median

95% CI

4.1

3.5-4.8

4.9

4.2-6.3

1.08 (0.88-1.31)

0.77

Time to radiologic progression (mo)

Median

95% CI

5.5

4.1-6.9

2.8

2.7-3.9

0.58 (0.45-0.74)

<0.001

Level of response (%)

Complete

Partial 

Stable disease

0

2

71

0

1

67

NA

0.05

0.17

0.002

Disease control rate (%)

43

32

0.002

Drug discontinuation/compliance
Most common reason for d/c: adverse events (n=176), progressive disease (n=123)

Median duration of tx: sorafenib 5.3 mo (range, 0.2-16.1), placebo 4.3 mo (range, 0.1-16.1)

Discontinuation rate due to adverse events: sorafenib 38% vs. placebo 37%

     Reasons (sorafenib): GI events (6%), fatigue (5%), liver dysfunction (5%)

Dose reductions overall: sorafenib 32% vs. placebo 13%

     Dose reductions due to AE: sorafenib 26% vs. placebo 7%

Dose interruptions due to AE: sorafenib 44% vs. placebo 30%

     Reasons (sorafenib): diarrhea (8%), hand-foot rxn (5%), rash/desquamation (3%)

Compliance:  > 80% of daily dose received in sorafenib arm (76%) vs. placebo arm (94%)

Safety
Table 2. Treatment-related Adverse Events
AE

Sorafenib

Any grade

Placebo 

Any grade

P value

Sorafenib

Grade 3

Placebo

Grade 3

P value

Overall (%)

80

52

Wgt loss

9

1

<0.001

2
0
0.03
Alopecia

14

2

<0.001

Hand-foot reaction

21

3

<0.001

8

<1

<0.001

Anorexia

14

3

<0.001

Diarrhea

39

11
<0.001
8
2
<0.001
Voice changes

6

1

<0.001

HTN

5

2

0.05

2

1
0.28
Bleeding

18

20

NR

2.4

4

NR

CV event

3

1

NR

Liver 

Dysfunction

11

8

NR

2

2

NR

Affect on Laboratory Parameters

Hypophos-phatemia

35

11

<0.001

11

2

<0.001

Thrombo-cytopenia

46

41

NR

4

<1

0.006

INR

Elevations

42

34

NR
4
2
NR
Lipase

Elevations

40

37

NR

9

9

NR

NR = not reported
Most common serious AE from any cause: sorafenib 52% vs. placebo 54%

     Included ascites, diarrhea and liver dysfunction



	Conclusions
	Those who received sorafenib had nearly a 3-month median survival benefit; effect of sorafenib on OS remained significant after adjusting for baseline prognostic factors found to influence survival; benefit was consistent among all prespecified stratification groups; further data is needed to confirm safety and survival in those with poorer liver function; sorafenib likely delays disease progression as a survival benefit was seen despite the low incidence of ORR.

	Critique
	Strengths

The study design was conducted as a multicenter, double-blind, randomized, placebo-controlled trial; ITT statistical analysis, which did not include those who crossed over from placebo to sorafenib; stratification by region, ECOG score, presence of macroscopic vascular invasion or extrahepatic spread
Limitations

Only 9% of the population was from North America and 97% were caucasian –other baseline demographic appeared to be similar; although symptomatic progression was evaluated, QOL was not assessed; sponsored by Bayer Pharmaceuticals


	Citation
	Cheng AL, Kang YK, Chen Z, et al.  Efficacy and Safety of Sorafenib in Patients in the Asia-Pacific Region with Advanced Hepatocellular Carcinoma: A Phase III Randomized, Double-Blind, Placebo-Controlled Trial

	Study Goals
	To assess safety and efficacy of sorafenib in patients with advanced hepatocellular carcinoma in a different geographical region and with varying underlying etiological factors.

	Methods
	Study Design 

· Multicenter, randomized, double-blind, placebo-controlled phase 3 trial;

· Conducted in 23 centers in China, Taiwan and South Korea;
· Patients randomized 2:1 ratio to receive sorafenib 400mg (2 x 200mg) PO twice daily or placebo; interruptions were permitted; up to 2 dose reductions permitted 

(1st – 200mg PO twice daily; 2nd – 200mg PO daily)

· Assessment:  Clinic visits every 3 weeks; radiographic assessments every 6 weeks.

· Treatment continued until disease progression, untolerable adverse events or death;

· Disease progression:  radiologic by RECIST; symptomatic by FHSI8 or change to ECOG PS to 4
· Crossover from placebo to sorafenib group was not permitted before OS analysis

Data Analysis

Primary endpoint: overall survival

Secondary endpoints: time to radiologic progression, time to symptomatic progression, disease-control rate, safety

Preplanned subgroup analysis: median OS and HR by age < 65 yrs vs. > 65 yrs, presence/absence of macroscopic vascular invasion and/or extrahepatic spread, ECOG PS, HBV infection

	Criteria
	Inclusion criteria

Age > 18 yrs; Advanced hepatocellular carcinoma, confirmed via pathology and had not received prior systemic therapy; advanced disease defined as not being eligible for or had disease progression after surgical or locoregional therapies; ECOG performance status < 2; Child-Pugh class A, life expectancy > 12 weeks, adequate hematologic function (platelet count > 60 x 109 per liter; hemoglobin > 8.5 g/dL; INR < 2.3 or PTT < 6 sec above control), adequate hepatic function (albumin, > 2.8 g/dL, Tbili < 3 mg/dL, ALT/AST < 5 x ULN), adequate renal function (serum creatinine, < 1.5 x ULN); required to have at least one untreated, measurable target lesion; concomitant antiviral therapy permitted
Exclusion criteria

Prior systemic treatment for advanced hepatocellular carcinoma; known history of HIV infection, clinically serious infection; known substance abuse; history of organ allograft; history of cardiac disease; known CNS tumor; known GI bleeding up to 30 days before study entry; pregnancy; breast-feeding

	Results
	Patients
226 randomized: 150 sorafenib, 76 placebo (ITT population)

224 safety analysis: 149 sorafenib, 75 placebo

Median age 51 years (14% aged > 65 years)

     Gender: 85% Male

No relevant demographic differences at baseline
Etiology of liver disease: 

     Chronic HBV (73%), then chronic HCV (7%)

Child-Pugh class A: 220 patients (97%); class B 6 patients (2.5%)
Efficacy Measures

Table 1. Results of Efficacy Measures

Outcome

Sorafenib

Placebo

HR (95% CI)

P Value

Overall survival (mo)

Median

95% CI

6.5

5.56-7.56

4.2

3.75-5.46

0.68 (0.50-0.93)

0.014

1-yr survival rate

Time to symptomatic progression (mo)

Median

95% CI

3.5

2.8-4.24

3.4

2.4-4.08

0.90 (0.67-1.22)

0.50

Time to radiologic progression (mo)

Median

95% CI

2.8

2.63-3.58

1.4

1.35-1.55

0.57 ( 0.42-0.79)

0.0005

Level of response (%)

Complete

Partial 

Stable disease

Progressive disease

0

3.3

54

30.7

0

1.3

27.6

54

Disease control rate (%)

53
12
Clinical benefit favoring sorafenib was noted in the subgroup analyses evaluating age, macroscopic vascular invasion and/or extrahepatic spread, ECOG PS, Hep B infection

Drug discontinuation/compliance

Discontinuation rate due to AE: sorafenib 19.5% vs. placebo 13.3%

     Reasons (sorafenib): hand-foot rxns (11.4%), diarrhea (7.4%)

Dose reductions due to AE: sorafenib 30.9% vs. placebo 2.7%

Safety
Table 2. Treatment-related Adverse Events

AE

Sorafenib

Any grade

Placebo 

Any grade

P value

Sorafenib

Grade ¾
Placebo

Grade 3/4
P value

Overall (%)

81.9
38.7
NR
Fatigue
20.1
8.0
NR
3.4
1.3
NR
Alopecia

24.8
1.3
NR
Hand-foot reaction

45

2.7

NR

10.7

0

NR

Anorexia

12.8
2.7
NR
2.0
0
NR
Diarrhea

25.5
5.3
NR
6.0
0
NR
HTN

18.8
1.3
NR
2.0
0
NR
Bleeding

2.7
4.0
NR
Liver 

Dysfunction

0.7

2.7

NR

NR = not reported

Most common serious AE with sorafenib:
     Included hand-foot rxn, diarrhea, fatigue, rash/desquamation, HTN, anorexia


	Conclusions
	Patients randomized to treatment with sorafenib had significantly longer OS, than those receiving placebo;  sorafenib also improved TTP and DCR; sorafenib was generally well-tolerated and had manageable side effects; overall efficacy was comparable to that reported in the SHARP trial

	Critique
	Strengths

The study design was conducted as a multicenter, double-blind, randomized, placebo-controlled trial; ITT statistical analysis, which did not include those who crossed over from placebo to sorafenib; stratification by age, ECOG score, presence of macroscopic vascular invasion and/or extrahepatic spread, hepatitis B infection
Limitations

Population limited to Asia-Pacific population where the majority of hepatocellular carcinoma cases are associated with HBV infection; younger population of patients; possible cultural differences exist in adverse event reporting; population with more advanced disease that SHARP; sponsored by Bayer Pharmaceuticals
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