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Executive Summary:  
· Tesamorelin is a human growth hormone-releasing factor analog approved by the FDA for the reduction of excess abdominal fat in HIV-infected patients with lipodystrophy (also referred as abdominal lipohypertrophy).  Tesamorelin is administered by subcutaneous injection once daily.
· In the two pivotal, Phase III clinical trials, tesamorelin compared to placebo significantly lowered visceral adipose tissue at both 26 and 52 weeks; however, these results were not maintained in patients who were switched to placebo in the extension arm.  Both the tesamorelin and placebo arms experienced relatively high drop-out rates.  Adverse events occurred more frequently in the tesamorelin group than placebo and the most commonly reported were injection site reactions, peripheral edema, discomfort, and pain in extremities.  Higher levels of insulin-like growth factor I (IGF-1) occurred in tesamorelin compared to placebo.  
· The long-term safety of tesamorelin is unknown particularly the risk of cancer associated with elevated IGF-1 levels.  Tesamorelin may increase glycosylated hemoglobin; there is also concern for risk of retinopathy with long-term use.  In the prescribing information, contraindications to tesamorelin include disruption of hypothalamic-pituitary axis, active malignancy, hypersensitivity to tesamorelin and/or mannitol and pregnancy.  The warning and precaution section includes risk for neoplasm, elevated IGF-1, fluid retention, glucose intolerance, hypersensitivity reactions, injection site reactions and acute illness.
· Tesamorelin represents the first agent approved for reduction of excess abdominal fat in HIV-infected persons with lipodystrophy.  However, tesamorelin showed limited reduction on the clinically measurable waist circumstance, requires daily subcutaneous administration and effect not maintained following discontinuation.  The long-term cardiovascular benefit and safety of tesamorelin have not been studied; therefore, the risk versus benefit of using this agent long-term is unknown at this time.  
Introduction1,2
HIV-infected patients, particularly those receiving anti-retroviral regimens, are at risk for development of abnormalities of lipid metabolism.  HIV-associated metabolic disorders include low density lipoprotein hypercholesterolemia and hypertriglyceridemia, which increase the risk of coronary artery and cerebrovascular disease.  HIV-infected patients may also develop morphologic alterations in fat distribution, such as abdominal visceral, dorsocervical, breast, and subcutaneous accumulation of fat, or regional fat loss (lipoatrophy) in the extremities, buttocks, and face.  For more discussion on lipoatrophy, please refer to VHA’s Directive on Treatment of Antiretroviral-Induced Facial Lipoatrophy in HIV-Infected Patients available on VA Public Health’s intranet site http://vaww.hiv.va.gov/   
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 tesamorelin 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/Pharmacokinetics3
Tesamorelin is a human growth hormone-releasing factor analog. In vitro, tesamorelin binds to the growth hormone releasing factor receptors in the pituitary gland and stimulates growth hormone secretion followed by increases in insulin-like growth factor I and insulin like growth factor binding protein 3. 
The bioavailability of tesamorelin was less than 4% in healthy adult subjects. Pharmacokinetic parameters of tesamorelin administered subcutaneously in HIV-infected patients without excess abdominal fat are summarized in table 1.
Table 1: Pharmacokinetic profile of tesamorelin 
	Pharmacokinetic Parameter
	Tesamorelin

	AUC (mean + CV)a
	852.8 + 91.9 pg • hr/mL

	C-max (mean + CV)a
	2822.3 + 48.9 pg

	T-maxa
	0.15 hr

	Vd (mean + SD)a
	10.5±6.1 L/kg

	Half-lifeb
	38 min

	aFollowing a single 2mg dose of tesamorelin

bFollowing 2mg daily dose of tesamorelin for 14 days


FDA Approved Indication(s) and Off-label Uses3,4,5,6
Tesamorelin is indicated for the reduction of excess abdominal fat in HIV-infected individuals with lipodystrophy.
The prescribing information lists the following limitations of use: 

1) Since the long-term safety and potential long-term cardiovascular benefit of tesamorelin have not been studied and are not known, careful consideration should be given whether to continue tesamorelin in patients who do not show a clear effective response as judged by the degree of reduction in visceral adipose tissue measured by waist circumference or CT scan. 

2) Tesamorelin is not indicated for weight loss management (weight neutral effect). 
3) There are no data to support improved compliance with anti-retroviral therapies in HIV-positive patients taking tesamorelin.
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM intranet site only). According to clinicaltrials.gov, tesamorelin is being evaluated in phase II clinical trials for (1) improved insulin sensitivity and/or control of type 2 diabetes mellitus, (2) decreased abdominal fat and improved cardiovascular function in obese patients, and (3) improved cognition among patients with mild cognitive impairment. 
Current VA National Formulary Alternatives7
There are no FDA approved alternatives for the reduction of excess abdominal fat in HIV-infected individuals with lipodystrophy. 
Dosage and Administration3
The recommended dose of tesamorelin is 2 mg administered as a subcutaneous injection in the abdomen once daily; rotate abdominal injection sites and do not inject tesamorelin into scar tissue, bruises or the navel. Refer to the ‘Patient Instructions for Use’ leaflet in the prescribing information for counseling patients regarding the reconstitution and administration of tesamorelin.
The safety, efficacy, and pharmacokinetics of tesamorelin have not been evaluated in patients with renal or hepatic impairment.
Refer to the Special Handling Drugs section of the PBM intranet site for details in ordering this medication (http://vaww.national.cmop.va.gov/PBM/Special%20Handling%20Drugs/Forms/AllItems.aspx).
Efficacy8-13
The efficacy of tesamorelin for the management of excess abdominal fat in HIV-infected patients with lipodystrophy has been summarized from two, pivotal phase III clinical trials. The eligibility and study design of these two trials was similar.  The primary efficacy endpoint utilized in the initial phase for both trials was the percent change in visceral adipose tissue between the L4 and L5 vertebrae at 26 weeks determined via CT scan.  In the extension trial, the primary efficacy endpoint was the assessment of adverse events.  Both trials evaluated self-perceived body image changes as secondary efficacy outcomes for the initial and extension phases. The endpoints used to assess the self-perceived body image changes were the same for both trials and included the following: belly size, belly image distress, and belly profile. Participants’ rated their ‘belly size’ by comparing their perceived healthy look to their current appearance using a scale from -100 for ‘much thinner’ to +100 for ‘much bigger.’ Participants rated their ‘belly image distress’ using a scale from 0 for ‘extremely upsetting and distressing’ to +100 for ‘extremely encouraging.’ Participants rated their ‘belly profile’ by choosing one of six silhouettes that were scored from 0 for ‘normal’ to 5 for ‘very dysmorphic.’ Additional secondary efficacy endpoints evaluated in both studies included total cholesterol (TC), high-density lipoprotein cholesterol (HDL), triglycerides, and IGF-I levels.
Summary of efficacy findings 
· The use of tesamorelin compared to placebo led to significantly decreased central adiposity in HIV-infected patients at 26 and 52 weeks (-10.9% to -15.2% vs -0.6 to 5.0%, p<0.001), as well as waist circumference (Table 2); however, these effects were not maintained once tesamorelin was discontinued. 
· It is important to note that the primary efficacy endpoint in the initial phase utilized a surrogate marker of change in visceral adipose tissue. 
· Self-perceived body image changes appear to be more pronounced in the first phase III trial (Appendix A) compared to the second phase III trial (Appendix B).
· In the first phase III trial, use of tesamorelin compared to placebo significantly improved patients’ belly image distress (+11.6 vs. +6.2, p=0.03) and significantly reduced belly profile (-0.67 vs. -0.34, p=0.03); however, use of tesamorelin compared to placebo resulted in similar improvements in patients’ belly size (+35.1 vs. +35.4, p=NS).

· In the second phase III trial, use of tesamorelin compared to placebo significantly improved patients’ belly image distress (+8.4 vs. +5.2, p=0.02) but resulted in similar reductions in belly size (-0.5 vs. -0.3, p=NS) and similar improvements in patients’ belly size (+14.8 vs. +11.7, p=NS). 
· In the first phase III trial (Appendix A), use of tesamorelin compared to placebo resulted in statistically significant improvements in total cholesterol (-10 vs. -3 mg/dL, p=0.02), HDL (+1 vs. -2 mg/dL, p=0.01), and triglycerides (-50 vs. +9, mg/dL, p<0.001); however, changes in total cholesterol, HDL, and triglycerides were similar between groups in the second phase III trial (Appendix B).
The prescribing information recommends utilizing CT scan or waist circumstance to assess effectiveness of tesamorelin therapy; the measurement of waist circumference is a more cost-effective option that avoids the risk of unnecessary radiation.  The below table summarizes the waist circumstance changes from baseline to week 26 in the phase III clinical trials. 

Table 2. Changes in Waist Circumference
	
	Phase III Clinical Trial 
(Appendix A)
	Phase III Clinical Trial 
(Appendix B)

	
	Tesamorelin

(n=273)
	Placebo

(n=137)
	P-value
	Tesamorelin

(n=270)
	Placebo

(n=126)
	P-value

	Change in waist circumference
	-2.6 cm 
	-0.8 cm
	<0.001
	-2.2 cm
	-0.8 cm
	0.02

	
	(-1 inches)
	(-0.3 inches)
	
	(-0.9 inches)
	(-0.3 inches)
	

	Mean treatment 
difference in cm 
(95% CI)
	-2 (-2.8, -0.9)
	-1 (-2.5, -0.3)


FDA Review Summary Document

The FDA review summary stated that tesamorelin “clearly met its primary efficacy endpoint in two pivotal studies. However, the significant reductions in VAT were not accompanied by robust or consistent changes in secondary supportive efficacy measures of improved patient’s self-perception of body image or lipid abnormalities.  Instead, tesamorelin displayed similar side-effects (albeit attenuated) to that of rhGH with a higher incidence of fluid-retaining adverse events, glucose impairment/risk of diabetes, and increases in IGF-1 levels compared to placebo. Despite the unanswered question on what the clinical benefit of VAT reduction is to the HIV population, an advisory committee panel voted unequivocally in favor of approval of tesamorelin. In reviewing the explanations for their vote, several members cited the powerful testimonials given by some patients during the open public hearing and the absence of an approved therapy for this condition which weighed into their recommendation." 
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 9).
Adverse Events (Safety Data)8,9,10,11,12
The adverse effect and tolerability data summarized in this section is derived from the patients participating in the two, phase III clinical trials.  These studies only evaluated patients who were 18-64 years of age for duration of 52 weeks and excluded patients with type 1 diabetes mellitus or type 2 diabetes mellitus treated with anti-diabetic medication. The long-term safety of tesamorelin is unknown particularly the risk of cancer and retinopathy associated with elevated IGF-1 levels. 
Common Adverse Events
Table 3: Adverse events that occurred >1% in both the initial and extension phases of the clinical trials summarized in the prescribing informationc
	Adverse Event
	Week 0-26 (%)
	Week 26-52d (%)

	
	Tesamorelin

(n=543)
	Placebo

(n=263)
	Tesamorelin

(n=246)
	Placebo

(n=135)

	Depression
	2
	1.5
	1.6
	0.7

	Hypertension
	1.3
	0.8
	1.6
	1.5

	Hypoesthesia
	4.2
	1.5
	1.6
	0.7

	Injection site erythema
	8.5
	2.7
	1.2
	0

	Injection site pruritus
	7.6
	0.8
	2
	0

	Myalgia
	5.5
	1.9
	1.2
	0

	Night sweats
	1.1
	0.4
	1.2
	0

	Pain in extremity
	6.1
	4.6
	3.3
	0.7

	Paresthesia
	4.8
	2.3
	1.6
	1.5

	Peripheral edema 
	6.1
	2.3
	2
	0

	Pruritus
	2.4
	1.1
	1.2
	0.7

	Vomiting
	2.6
	0
	2
	0.7


cAdapted from prescribing information

dFollowing treatment with tesamorelin from week 0-26
Other Adverse Events
Refer to Table 1 and Table 2 in the tesamorelin package insert for other adverse events.
Deaths and Other Serious Adverse Events 
In the two phase III trials, four deaths occurred (3 in tesamorelin group and 1 in the placebo group).  The deaths in patients receiving tesamorelin appeared to be related to the following conditions 1) coronary artery disease in a patient with pre-existing condition 2) tonsillectomy/adenoidectomy that resulted in asphyxiation and 3) metastatic lung cancer.
The incidence of serious adverse events was similar between the tesamorelin and placebo groups (3.7% and 4.2%, respectively; p=NS).  In one of the Phase III clinical trials, four serious adverse events (peripheral neuropathy, febrile diarrhea, loss of mobility, and congestive heart failure) were considered possibly related to tesamorelin during the initial phase.
Tolerability
Discontinuation due to adverse events was higher during the initial phase compared to the extension phases for both the tesamorelin group (9.6% and 2.4%, respectively; p=N/A) and placebo group (6.8% and 5.2%, respectively; p=N/A). The most commonly reported reasons for study discontinuation were growth hormone induced adverse reactions (4.2%) and local injection site reactions (4.6%); notably, 2.2% of patients were discontinued from the study due to a hypersensitivity reaction.4,5 

Immunogenicity:  Anti-tesamorelin IgG antibodies were detected in 49.5% and 47.4% of patients treated with tesamorelin for 26 weeks and 52 weeks, respectively. In the subset of 27 patients with hypersensitivity reactions, anti-tesamorelin IgG antibodies were detected in 85.2%.
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 8).
Contraindications3
· Disruption of the hypothalamic-pituitary axis due to hypophysectomy, hypopituitarism, pituitary tumor/surgery, head irradiation or head trauma
· Newly diagnosed or recurrent active malignancy
· Known hypersensitivity to tesamorelin, mannitol, or any of its components

· Pregnancy (Category X)
· Nursing Mothers (CDC Recommendations)
Warnings and Precautions3
Neoplasms: Patients with non-malignant neoplasms or treated and stable malignancies should undergo a careful evaluation of the potential risks and benefits of tesamorelin therapy prior to initiating treatment. The increased background risk of malignancies in HIV-positive patients should also be considered cautiously prior to initiating treatment with tesamorelin.
Elevated insulin-like growth factor I levels:  Tesamorelin increases serum insulin-like growth factor 1 levels. Because the effect of prolonged elevations on the development of malignancies and retinopathy is unknown, the product information recommends close monitoring of insulin-like growth factor 1 levels throughout tesamorelin therapy. Discontinuation of tesamorelin should be strongly considered in patients with persistent elevations in insulin-like growth factor 1 levels (e.g., >3 standard deviation score, SDS) particularly in patients without robust declines in visceral adipose tissue.  During the phase III clinical trials, there were 47.4% of patients with IGF-1 levels >2 SDS and 35.6% with IGF-1 levels >3 SDS who received therapy for 26 weeks.
In clinical trials, IGF-1 levels were obtained every 3 months and then measured by a centralized laboratory that provided the age and gender-specific normal range, mean and standard deviation. The IGF-1 SD score were based on the age and gender-specific mean and standard-deviation (SD) provided by the centralized laboratory.
IGF1-SDS = (IGF-1 level - Mean) / SD
In clinical practice, facilities will have different normal ranges, mean and SD for IGF-1 due to the different analytical methods being utilized by individual laboratories.  Therefore, in clinical practice, providers should obtain the IGF-1 mean and SD from the laboratory that is measuring IGF-1 for the patient.  
Fluid retention: Tesamorelin may induce fluid retention that may result in increased tissue turgor and musculoskeletal adverse events including edema, arthralgia, and carpal tunnel syndrome.  These effects may be transient or resolve with discontinuation. 

Glucose intolerance:   Tesamorelin may cause glucose intolerance.  4.5% of tesmorelin-treated and 1.4% of placebo-treated patients experienced an elevated HbA1C >6.5% at baseline compared to week 26 (p=N/A).  An increased risk of developing diabetes (HbA1c > 6.5%) was observed among patients who received tesamorelin compared to placebo (hazard ratio 3.3, 95% CI 1.4 to 9.6).  The manufacturer recommends a baseline evaluation of patients for glucose intolerance prior to initiating tesamorelin and periodic monitoring for changes in glucose intolerance during tesamorelin treatment.  Tesamorelin should be used cautiously among patients who develop glucose intolerance or diabetes during treatment, and discontinuation of tesamorelin should be strongly considered if there is not a clear reduction in visceral adipose tissue by waist circumference or CT scan measurements. If tesamorelin is used in patients with diabetes, monitoring for the development or worsening of retinopathy should be conducted at regular intervals. 
Hypersensitivity reactions:  Hypersensitivity reactions (that included pruitus, erythema, flushing, urticaria, and other rash) occurred in 3.6% of tesamorelin-treated patients.  
Injection site reactions:  Injection site reactions were reported more frequently among patients in the tesamorelin group than in the placebo group (24.5% vs. 14.4%, respectively; p=N/A) during initial phase.   
Acute critical illness:  Increased mortality has been reported in acute critical ill patients who have received growth hormones.  Because tesamorelin has not been evaluated in patients with acute critical illness, the product information indicates that discontinuation of tesamorelin should be strongly considered in critically ill patients.
Postmarketing Safety Experience12,13
According to FDA documents, the following post-marketing clinical studies will be conducted:

1) Observational study with a minimum duration of 10 years will conducted to determine the occurrence of glucose intolerance/diabetes mellitus, hypersensitivity reactions, malignancies, liver abnormalities, kidney abnormalities, diabetic retinopathy, and major adverse cardiovascular events. 
2) Randomized, placebo-controlled, double-blind clinical trial in patients with HIV-lipodystrophy and type 2 diabetes must be conducted to assess the risk of retinopathy. 
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 tesamorelin:  Temsirolimu
LA/SA for trade name Egrifta: None identified
Drug Interactions3
Drug-Drug Interactions
· The concomitant administration tesamorelin with simvastatin (CYP450A substrate) did not impact the pharmacokinetic profiles of simvastatin in healthy subjects.  No other CYP450 isoenzymes have been fully evaluated in drug-drug interaction study.  However, the prescribing information does state that human growth hormone may alter the clearance of compounds metabolized by CYP450 liver enzymes (e.g., corticosteroids, sex steroids, anticonvulsants, cyclosporine).  Because tesamorelin stimulates growth hormone production, careful monitoring should be considered when tesamorelin is used with other drugs metabolized by CYP450 liver enzymes.  
· Growth hormone inhibits the enzyme utilized for the conversion of cortisone to cortisol in the hepatic and adipose tissue. Patients with hypoadrenalism receiving glucocorticoid replacement may need an increase in maintenance or stress doses following initiation of tesamorelin, particularly in patients treated with cortisone acetate and prednisone. 
Acquisition Costs
Table 4: FSS cost of tesamorelind
	Drug
	Dose
	Cost/Day
	Cost/Year 

	Tesamorelin 1mg/vial
	2mg subcutaneous once daily
	$49
	$17,890


dPricing obtained in March 2011
Pharmacoeconomic Analysis
A pharmacoeconomic analysis of tesamorelin was not found in a review of the published literature. 
Conclusions
Tesamorelin represents the first agent approved for reduction of excess abdominal fat in HIV-infected persons with

lipodystrophy.  However, tesamorelin showed limited reduction on the clinically measurable waist circumstance,

requires daily subcutaneous administration and effect not maintained following discontinuation.  The long-term

cardiovascular benefit and safety of tesamorelin have not been studied; therefore, the risk versus benefit of using this

agent long-term is unknown at this time.  
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Appendix:  Clinical Trials

Appendix A.  Phase III Clinical Trial 
	Citation
	Falutz, et al. Metabolic effects of a growth hormone-releasing factor in patients with HIV.  N Engl J Med. 2007;357(23):2359-2370.

Falutz, et al. Long-term safety and effects of tesamorelin, a growth hormone-releasing factor analogue, in HIV patients with abdominal fat accumulation. AIDS. 2008;22(14):1719-1728. 
Please note that the initial and extension phases were published as two separate manuscripts.

	Study Goals
	To assess the efficacy and safety of tesamorelin for visceral adiposity 

	Methods
	Study Design 

Prospective, randomized, double-blind, placebo-controlled, multicenter trial
Two 26 week study periods with semi-crossover design
Treatment

Initial Phase (26 weeks): 

· Tesamorelin 2mg injected subcutaneously once daily or matching placebo
Extension Phase (26 weeks): 

· If treated with placebo during initial phase, then switched to tesamorelin

· If treated with tesamorelin during initial phase, patient randomized to placebo or tesamorelin  

Randomization

Initial Phase, 2:1 ratio for tesamorelin or placebo, respectively

Extension Phase: 3:1 ratio during extension phase for tesamorelin or placebo, respectively
Stratified by testosterone use and diet controlled impaired fasting glucose/ type 2 diabetes mellitus (not on medications)
Initial Phase 

Primary Endpoints

· Percent change in visceral adipose tissue between L4 and L5 vertebrae as determined on CT scan from baseline to week 26 for tesamorelin vs. placebo

Secondary Endpoints
· Change in the following from baseline to week 26 for tesamorelin vs. placebo: Insulin-like growth factor I, fasting and 2 hour glucose after oral glucose tolerance test, total cholesterol, HDL, triglycerides, belly size, belly image distress, belly profile

Extension Phase 

Primary Endpoint

· Incidence of adverse effects between the three groups from week 26 to week 52 

Secondary Endpoints

· Changes in visceral adipose tissue, insulin-like growth factor I, fasting glucose, 2 hour glucose after oral glucose tolerance test, total cholesterol, HDL, triglycerides for 1) tesamorelin for 52 weeks vs. baseline and 2) tesamorelin for 26 weeks then placebo for 26 weeks vs. baseline

· Change in belly size, belly image distress, and belly profile for 1) tesamorelin for 52 weeks vs. baseline and 2) tesamorelin for 26 weeks then placebo for 26 weeks vs. baseline

Data Analysis

· Included all randomized subjects who received at least one dose of study medication

· Last observation was carried forward for subjects that did not complete the study

· Powered to detect an 8% difference between the tesamorelin group and placebo group assuming a standard deviation of 18.5%, a power of 90%, and a significance level of 0.05

	Criteria
	Inclusion criteria

· HIV-positive patients with a CD4 count >100 cells/mm3, viral load <10,000 copies/mL, and on a stable regimen of antiretroviral medications for > 8 weeks
· Men:  1) Age 18-65 years  2) Waist circumference > 95 cm and a waist-to-hip ratio > 0.94 
· Women:  1) Non-menopausal and older than 18 years 2) Waist circumference > 94 cm and a waist-to-hip ratio > 0.88

	Criteria
	Exclusion criteria

· Opportunistic infection(s) or HIV-related disease within 3 months of study

· Use of estrogen, growth hormone, growth hormone secretagogues, growth hormone releasing factor or related products within 6 months of enrollment

· Clinical history of pituitary disease, tumor, or surgery

· Untreated hypothyroidism, untreated hypertension

· History of malignancy, active neoplasm, head irradiation, or trauma that affected the somatotropic axis

· Type 1 or type 2 diabetes treated with medication within 6 months of study

· Body mass index < 20 kg/m2, prostate specific antigen > 5 ng/mL

· Alanine aminotransferase or aspartate aminotransferase > 3 times normal

· Serum creatinine > 1.5 mg/dL, fasting blood glucose > 150 mg/dL, or fasting triglycerides > 99 g/dL

· Change in anti-hyperlipemic regimen within 3 months prior to study

· Change in testosterone regimen and/or supraphysiological dose of testosterone

· Anoretics/anorexigenics or anti-obesity agents within 3 months of study
· Drug or alcohol dependence or use of methadone within 6 months of study entry

	
	Enrollment

410 subjects included in the intention-to-treat analysis (tesamorelin, n=273; placebo, n=137)
In the initial phase, drop-out rate was 22.7% for tesamorelin and 16.1% for placebo (p=non-significant) and adherence was 98.9% for tesamorelin and 99.5% for placebo.
All baseline demographics were similar between groups with the exception of percent of non-nucleoside reverse transcriptase inhibitor (p=0.03). 

 Baseline Demographic 
Tesamorelin

Placebo

Age (years)
47.3

48.3

Ratio of male to female participants

86.8:13.2

83.9:16.1

Waist circumference (cm)

104

105

Body mass index (kg/m2)

29.2

29.2

Use of lipid-lowering agents (%)

50

41

Protease inhibitor use (%)

55.1

64.2

Nucleoside reverse transcriptase inhibitor use (%)

97.8

97.8

Non-nucleoside reverse transcriptase inhibitor (%)
53.7
41.6
Initial Phase

 Primary Endpoint 
Tesamorelin

Placebo

P-value

Visceral adipose tissue (% change)
-15.2%

+5%

<0.001

Secondary Endpoints
Insulin-like growth factor I (ng/mL)

+109

-16

<0.001

Fasting glucose (mg/dL)

+3

+1

NS

2 hour glucose (mg/dL)

+1

+8

NS

Total cholesterol (mg/dL) 

-10

-3

0.02

HDL (mg/dL)

+1

-2

0.01

Triglycerides (mg/dL)

-50

+9

<0.001

Belly image distress
+11.6

+6.2

0.03

Belly profile
-0.67

-0.34

0.03

Belly size
+35.1

+35.4

NS

The investigators reported that the results of primary efficacy endpoint remained significant (p<0.001) when adjusted for use of testosterone, presence of impaired glucose tolerance, or diabetes.  Similarly, no differences in results were noted between men and women.  

	
	Extension Phase 
 Primary Endpoint 
Tesamorelin

   Tesamorelin-Placebo

Placebo-Tesamorelin
Any adverse effect
57.8%

66%

74.8%

P-values not reported
Secondary Endpoints 
Tesamorelin (P-value)

Tesamorelin-Placebo (P-value)

Visceral adipose tissue

-18.1% (<0.001)

-1.6% (NS)

Insulin-like growth factor I (ng/mL)

+69 (<0.001)

-14 (NS)

Fasting glucose (mg/dL)

+3 (NS)

-3 (NS

2 hour glucose (mg/dL)

+2 (NS)

0 (NS)

Total cholesterol (mg/dL)

-7 (<0.05)

-11 (<0.05)

HDL (mg/dL)

-2 (<0.05)

-4 (<0.001)

Triglycerides (mg/dL)

-51 (0.001)

-31 (<0.05)
Belly image distress

+12.2 (<0.001)

+5 (NS)

Belly profile

-1 (<0.001)

-0.4 (NS)

Belly appearance distress
+5.7 (<0.001)

+2.4(NS)



	Conclusions


	
Tesamorelin compared to placebo significantly lowered visceral adipose tissue at both 26 and 52 weeks; however, these results were not maintained in patients switched to placebo in the extension arm.  Higher levels of insulin-like growth factor I occurred in tesamorelin compared to placebo.  Both groups experienced relatively high drop-out rates.   

	Critique


	Strengths  

· Prospective, randomized, double-blind, placebo-controlled, multicenter trial
Limitations   

· Use of unvalidated surrogate marker as primary efficacy endpoint in initial phase; long-term cardiovascular benefits unknown.
· Small study sample and limited study duration; not powered to detect more rare adverse events; unknown efficacy and safety beyond 52 weeks;
· Limited ability to generalize to VA patient population due to strict inclusion and exclusion criteria

· Specific antiretroviral regimens were not provided; unknown if differences between groups existed


Appendix B.  Phase III Clinical Trial 
	Citation
	Falutz, et al. Effects of tesamorelin, a growth hormone-releasing factor, in HIV-infected patients with abdominal fat accumulation: a randomized placebo-controlled trial with a safety extension. J Acquir Immune Defic Syndr. 2010;53:311-322. 

	Study Goals
	To assess the efficacy, safety, tolerability, and effects after discontinuation of tesamorelin

	Methods
	Study Design 

Prospective, randomized, double-blind, placebo-controlled, multicenter trial
Two 26 week study periods with semi-crossover design
Treatment

Initial Phase (26 weeks): 
· Tesamorelin 2mg injected subcutaneously once daily or matching placebo

Extension Phase (26 weeks): 

· If treated with placebo during initial phase, then switched to tesamorelin
· If treated with tesamorelin during initial phase, randomized to placebo or tesamorelin 
Randomization

Initial phase, 2:1 ratio and 1:1 ratio for extension phase for tesamorelin or placebo, respectively
Stratified by study site and fasting glucose >126mg/dL at enrollment
Initial Phase 

Primary Endpoint:  

· Percent change in visceral adipose tissue between L4 and L5 vertebrae as determined on CT scan from baseline to week 26
Secondary Endpoints;  

· Change from baseline to week 26 in the following for tesamorelin vs. placebo: Insulin-like growth factor I, fasting and 2 hour glucose after oral glucose tolerance test; total cholesterol, HDL, triglycerides, belly size, belly image distress, belly profile
Extension Phase 

Primary Endpoints: 
Incidence of adverse effects between the three groups from week 26-52
Secondary Endpoints:  

· Changes in visceral adipose tissue, insulin-like growth factor I, fasting glucose, 2 hour glucose after oral glucose tolerance test, total cholesterol, HDL, triglycerides for 1) tesamorelin for 52 weeks vs. baseline and 2) tesamorelin for 26 weeks then placebo for 26 weeks vs. baseline
· Change in belly size, belly image distress, and belly profile for 1) tesamorelin for 52 weeks vs. baseline and 2) tesamorelin for 26 weeks then placebo for 26 weeks vs. baseline
Data Analysis
Included all randomized subjects who received at least one dose of study medication

Last observation was carried forward for subjects that did not complete the entire study

Detect a difference of 8% between groups, a total of 255 subjects were required to provide a 90% power with a significance level of 5%

	Criteria
	Inclusion criteria

· HIV-positive patients 18-65 years of age

· CD4 count > 100 cells/mL3 and viral load < 10,000 copies/mL

· Stable antiretroviral medication regimen for > 8 weeks
· Gender specific evidence of abdominal fat accumulation

Men: Waist circumference > 95 cm and waist-to-hip ratio > 0.94 
Women: Waist circumference > 94 cm and waist-to-hip ratio > 0.88


	
	Exclusion criteria

· Opportunistic infection(s) or HIV-related disease within 3 months of study

· Use of estrogen, growth hormone (GH), GH secretagogues, GH–releasing factor products, insulin-like growth factor type I, or insulin-like growth factor binding protein 3 within 6 months of enrollment

· Clinical history of pituitary disease, tumor, or surgery

· Untreated hypothyroidism, untreated hypertension

· History of malignancy, active neoplasm, head irradiation, or trauma that affected the somatotropic axis

· Type 1 or type 2 diabetes treated with medication within 6 months of study

· Body mass index < 20 kg/m2, prostate specific antigen > 5 ng/mL

· Alanine aminotransferase or aspartate aminotransferase > 3 times normal

· Serum creatinine > 1.5 mg/dL, fasting blood glucose > 150 mg/dL, hemoglobin more than 20 g/dL below normal, fasting triglycerides > 99 g/dL

· Change in anti-hyperlipemic regimen within 3 months prior to study

· Change in testosterone regimen and/or supraphysiological dose of testosterone

· Anoretics/anorexigenics or anti-obesity agents within 3 months of study

· Drug or alcohol dependence or use of methadone within 6 months of study entry

	Results
	Enrollment

396 subjects in the intention-to-treat analysis (tesamorelin, n=270; placebo, n=126).
Drop-out rate was 25% for tesamorelin and 27% for placebo (p=NS).
Adherence was 96.9% for tesamorelin and 97.6% for placebo.
All baseline demographics were similar between groups:

	
	 Baseline Demographic 
Tesamorelin

Placebo

Age (years)
47.7
47.7
Ratio of male to female participants

84.4:15.6
83.3:16.7
Waist circumference (cm)
105
104
Body mass index (kg/m2)

28.8
28.7
Use of lipid-lowering agents (%)

40.4
47.6
Protease inhibitor use (%)

58.9
55.6
Nucleoside reverse transcriptase inhibitor use (%)

90.4

88.1

Non-nucleoside reverse transcriptase inhibitor use (%)
39.6
35.7
Initial Phase

 Primary Endpoint 
Tesamorelin

Placebo

P-value

Visceral adipose tissue (% change)
-10.9%
-0.6%
<0.001

 Secondary Endpoints 
Insulin-like growth factor I (ng/mL)
+106
+3
<0.001
Fasting glucose (mg/dL)
+2
+1
NS
2 hour glucose (mg/dL)
+6
-3
NS
Total cholesterol (mg/dL)

+1

+5

NS

HDL (mg/dL)

0

0

NS

Triglycerides (mg/dL)

-22

+3

NS

Belly image distress 

+8.4

+5.2

0.02

Belly profile 

-0.5

-0.3

NS

Belly size 

+14.8

+11.7

NS
Extension Phase 
Primary Endpoint 
Tesamorelin

   Tesamorelin-Placebo

Placebo-Tesamorelin
Any adverse effect
    p-values not reported
73.9%

57.6%

76.7%

Extension Phase (continued)
Secondary Endpoints 
Tesamorelin (P-value)

Tesamorelin-Placebo (P-value)

Visceral adipose tissue (% change)
-17.5% (<0.001)
+1.3% (NS)
Insulin-like growth factor I (ng/mL)
+92 (<0.001)
-6 (NS)
Fasting glucose (mg/dL)

0
-2 (NS)
2 hour glucose (mg/dL)

-2 (NS)
+2 (NS)
Total cholesterol (mg/dL)
-10 (<0.05)
+2 (NS)
HDL (mg/dL)
0 (NS)
(+1)
Triglycerides (mg/dL)
-37 (NS)
+4 (NS)
Belly image distress
+13.2 (<0.01)
+9.9 (<0.01)
Belly profile
-0.9 (<0.01)
-0.5 (<0.01)
Belly size

+20.9 (<0.01)
+13.5 (<0.01)


	Conclusions
	
Tesamorelin compared to placebo significantly lowered visceral adipose tissue at both 26 and 52 weeks; however, these results were not maintained in patients switched to placebo in the extension arm.  Higher levels of insulin-like growth factor I occurred in tesamorelin compared to placebo.  Both groups experienced relatively high drop-out rates.   

	Critique
	Strengths  

· Prospective, randomized, double-blind, placebo-controlled, multicenter trial
Limitations   

· Use of unvalidated surrogate marker as primary efficacy endpoint in initial phase; long-term cardiovascular benefits unknown.
· Small study sample and limited study duration; not powered to detect more rare adverse events; unknown efficacy and safety beyond 52 weeks

· Limited ability to generalize to VA patient population due to strict inclusion and exclusion criteria

· Specific antiretroviral regimens were not provided; unknown if differences between groups existed
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