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ABSTRACT

BACKGROUND
Visceral adipose tissue accumulates during antiretroviral therapy in many patients
who are infected with the human immunodeficiency virus (HIV); this process is
associated with an increased cardiovascular risk. We assessed the use of a growth
hormone-releasing factor analogue, tesamorelin, to decrease visceral adiposity.

METHODS
We randomly assigned 412 patients with HIV (86% of whom were men) who had an
accumulation of abdominal fat to receive a daily subcutaneous injection of either 2 mg
of tesamorelin or placebo for 26 weeks. The primary end point was the percent change
from baseline in visceral adipose tissue as shown on computed tomography. Second-
ary end points included triglyceride levels, the ratio of total cholesterol to high-den-
sity lipoprotein (HDL) cholesterol, the level of insulin-like growth factor I (IGF-I), and
self-assessed body image. Glycemic measures included glucose and insulin levels.

RESULTS
The measure of visceral adipose tissue decreased by 15.2% in the tesamorelin group
and increased by 5.0% in the placebo group; the levels of triglycerides decreased by
50 mg per deciliter and increased by 9 mg per deciliter, respectively, and the ratio of
total cholesterol to HDL cholesterol decreased by 0.31 and increased by 0.21, respec-
tively (P<0.001 for all comparisons). Levels of total cholesterol and HDL cholesterol
also improved significantly in the tesamorelin group. Levels of IGF-I increased by
81.0% in the tesamorelin group and decreased by 5.0% in the placebo group (P<0.001).
Adverse events did not differ significantly between the two study groups, but more
patients in the tesamorelin group withdrew from the study because of an adverse event.
No significant differences were observed in glycemic measures.

CONCLUSIONS
Daily tesamorelin for 26 weeks decreased visceral fat and improved lipid profiles, ef-
fects that might be useful in HIV-infected patients who have treatment-associated cen-
tral fat accumulation. (ClinicalTrials.gov number, NCT00123253.)

N ENGL) MED 357;23 WWW.NEJM.ORG DECEMBER 6, 2007

From Montreal General Hospital, McGill
University Health Centre (J. Falutz), and
Theratechnologies (S.A., K.B., D.P.) —
both in Montreal; St. Luke’s—Roosevelt
Hospital Center, Columbia University Col-
lege of Physicians and Surgeons, New
York (D.K.); Palm Springs, CA (M.S.);
Northstar Health Care, Chicago (D.B.);
AIDS Research Alliance, West Hollywood,
CA (S.B.); Fort Lauderdale, FL (G.R.); Kai-
ser Foundation Research Institute, San
Francisco (J. Fessel); Phase V Technolo-
gies, Wellesley Hills, MA (R.T.); and Mas-
sachusetts General Hospital and Harvard
Medical School — both in Boston (S.G.).
Address reprint requests to Dr. Grinspoon
atthe Program in Nutritional Metabolism,
Massachusetts General Hospital, LON 207,
Boston, MA 02114, or at sgrinspoon@
partners.org.

N Engl ) Med 2007;357:2359-70.
Copyright © 2007 Massachusetts Medical Society.

2359

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



2360

The NEW ENGLAND JOURNAL of MEDICINE

BNORMALITIES IN METABOLISM AND

body composition — including increased

visceral adiposity, loss of subcutaneous fat,
dyslipidemia, and insulin resistance — are frequent
during antiretroviral therapy in patients who are
infected with the human immunodeficiency virus
(HIV).* Therapeutic strategies to decrease visceral
adiposity might decrease cardiovascular risk in this
population. The use of growth hormone—releasing
hormone (GHRH), a hypothalamic peptide that in-
creases the secretion of pituitary growth hormone,
has shown a benefit with respect to fat distribu-
tion in HIV-infected patients.?3 We carried out a
multicenter, randomized, placebo-controlled study
to assess the efficacy and safety of tesamorelin
(Theratechnologies), a synthetic human growth
hormone-releasing factor GHRH(1-44) analogue
with a trans-3-hexenoyl group added to the N-ter-
minal to increase the half-life over that of native
GHRH(1-44).

METHODS

PATIENTS

Patients with HIV were recruited at 43 sites be-
tween June 2005 and April 2006. Eligibility crite-
ria included the receipt of antiretroviral therapy
for at least 8 weeks and an excessive accumula-
tion of abdominal fat, which was defined as a
waist circumference of at least 95 cm and a waist-
to-hip ratio of at least 0.94 for men and a waist
circumference of at least 94 cm and a waist-to-
hip ratio of at least 0.88 for women. Other eligi-
bility criteria were similar to those used in our
previous phase 2 study of tesamorelin.? The use of
a stable lipid-lowering regimen within 3 months
before randomization and of a stable physiologic
testosterone regimen within 6 months before ran-
domization was permitted. Patients who were re-
ceiving estrogen or growth hormone or related
products within 6 months before randomization
or who had a clinical history of pituitary disease
were excluded. The study was approved by the in-
stitutional review board at each site, and all pa-
tients provided written informed consent before
screening.

STUDY DESIGN AND INTERVENTION

Patients were randomly assigned in a ratio of 2:1
to receive either 2 mg of tesamorelin or matching
placebo, administered by subcutaneous injection
daily between 6 a.m. and noon for 26 weeks. Ran-

domization was stratified on the basis of the use
of testosterone at baseline and the presence of diet-
controlled impaired glucose tolerance or type 2
diabetes mellitus with the use of permuted blocks
of 6. Patients and investigators were unaware of
assignments to study groups. Assessments of body
composition and metabolism were performed at
baseline and at weeks 13 and 26. Tesamorelin and
matching placebo were distributed as lyophilized
powder for reconstitution in sterile water.

The initial 26-week study period was designed
to assess the primary efficacy end point, the num-
ber of square centimeters of visceral adipose tis-
sue as assessed by computerized tomographic (CT)
scanning, and was followed by a 26-week exten-
sion phase to evaluate long-term safety. Patients
who received tesamorelin in the main phase of
the study underwent a second randomization to
receive either tesamorelin or placebo in a ratio
of 3:1 in the extension phase. Patients receiving
placebo in the main phase were assigned to re-
ceive tesamorelin in the extension phase. A data
and safety monitoring board met every 6 months
to review safety data.

Theratechnologies funded and designed the
study in consultation with Drs. Grinspoon and
Falutz. The statistical analyses were performed by
Quintiles Canada, and body-image outcomes were
assessed by Phase V. The manuscript was drafted
by Dr. Grinspoon. The decision to publish was
made by Dr. Grinspoon and Theratechnologies.
Dr. Grinspoon vouches for the accuracy and com-
pleteness of the data and the analyses.

ASSESSMENTS
Visceral adipose tissue was determined on CT from
a single 5-mm slice obtained between L4 and LS5,
which has been shown to correlate well with vis-
ceral fat volume.# Scans were read at a central im-
age reading center (Perceptive Informatics) in a
blinded fashion. Lean body mass and the volume
of fat in the trunk and limbs were determined from
total-body dual-energy x-ray absorptiometry, with
results also read centrally. Insulin-like growth fac-
tor I (IGF-I) was measured at Esoterix.
Self-perceived body image was determined by a
validated questionnaire (Phase V Technologies).>
Patients rated their “belly size” by comparing their
current appearance to their perceived healthy look,
with scores ranging from much thinner (-100) to
much bigger (+100); they also rated their “belly
image distress” about their size, from extremely
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570 Patients were assessed for eligibility

158 Were excluded for not

meeting inclusion criteria

412 Underwent randomization

275 Were assigned to receive
tesamorelin
273 Received tesamorelin
as assigned

62 Discontinued

19 Withdrew consent

25 Had an adverse event
8 Had a lack of compliance
8 Were lost to follow-up
1 Had administrative

problem

1 Had unknown reason

211 Completed the study

137 Were assigned to receive
placebo
137 Received placebo as
assigned

22 Discontinued
13 Withdrew consent

3 Had an adverse event

2 Were lost to follow-up

2 Had abnormal laboratory
value

2 Had administrative
problem

115 Completed the study

Figure 1. Enrollment and Outcomes.

upsetting and distressing (0) to extremely encour-
aging (100) and their “belly profile” by choosing
from among six silhouettes scored from normal
(0) to very dysmorphic (5).

STATISTICAL ANALYSIS

The primary efficacy end point was the percent
change in visceral adipose tissue from baseline to
week 26. Secondary efficacy end points included
the ratio of total cholesterol to high-density lipo-
protein (HDL) cholesterol, levels of triglycerides
and IGF-I, and the patient’s perception of body im-
age. The safety end points included adverse events
and effects on glucose, insulin, and hematologic
and blood chemical analyses.

The efficacy end points were analyzed on the
basis of data for patients who had received at least
one dose of study drug with the last observation
carried forward for those not completing the
study. A secondary analysis was performed in pa-

tients who completed the study according to the
protocol and received a study drug as instructed
without a significant protocol violation (per-pro-
tocol population). Safety and baseline values are
presented for patients who received at least one
dose of a study drug. The treatment effect of tesa-
morelin was estimated according to the difference
between placebo and tesamorelin in least-square
means from the analysis of covariance.
Supportive analyses were also performed with
the inclusion of covariates that were used in the
stratification (i.e., testosterone use at baseline and
the presence or absence of impaired glucose tol-
erance or type 2 diabetes mellitus) and the ran-
domization center. The use of nonnucleoside re-
verse-transcriptase inhibitors was included in
supportive models for visceral adipose tissue and
lipid end points. The current use of lipid-lowering
therapy was included in the model for lipid end
points. Fisher’s exact test was performed for ad-
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Table 1. Demographic and Clinical Characteristics of the Patients.*
Variable Tesamorelin (N=273) Placebo (N=137) P Value
Age (yr) 47.3+7.3 48.3+7.5 0.22
Male:female ratio (%) 86.8:13.2 83.9:16.1 0.43
Race (%) 0.73
White 76.6 72.3
Black 13.6 16.1
Other 9.9 11.7
Weight (kg) 89.6+14.1 90.0£13.7 0.78
Body-mass index 29.2+4.2 29.2+4.2 0.99
Waist circumference (cm) 104+10 105+9 0.68
Waist-to-hip ratio 1.05+0.06 1.05+0.07 0.72
Viral load (%) 0.90
Undetectable 68.4 70.8
50-400 copies/ml 224 20.4
>400 copies/ml 9.2 8.8
CD4 count (cells/mm?) 616+299 585+284 0.31
Current drug therapy (%)
Protease inhibitor 55.1 64.2 0.09
Nucleoside reverse-transcriptase inhibitor 97.8 97.8 >0.999
Nonnucleoside reverse-transcriptase inhibitor 53.7 41.6 0.03
Lipodystrophy rating (%)
Abdominal lipohypertrophy 100 100 NA
Lipoatrophy of face or limbs 72.5 72.3 NA
Fasting glucose (%) 0.86
<110 mg/dl 80.8 81.3
110-125 mg/dl 16.9 15.7
>125 mg/dl 2.3 3.0
Use of testosterone (%) 18 18 1.00
Use of lipid-lowering agents (%) 50 41 0.09

3

Plus—minus values are means +SD. The body-mass index is the weight in kilograms divided by the square of the height

in meters. To convert the values for glucose to millimoles per liter, multiply by 0.05551. NA denotes not applicable.

i Race was reported by the investigators.
1 Use of testosterone refers to use at baseline.

§ Use of lipid-lowering agents refers to use either at baseline or during the study.

verse events observed in at least 10% of the pa-
tients. All serious adverse events, regardless of
frequency, were reported. Baseline comparisons
between groups were made by Student’s t-test for
continuous variables and Fisher’s exact test for
noncontinuous variables.

The study had a statistical power to detect a
difference of 8% between the tesamorelin group
and the placebo group in percent change in vis-
ceral adipose tissue on the basis of discussions

with representatives of the Food and Drug Admin-
istration (FDA) to determine the clinical signifi-
cance of a change in visceral fat, assuming a
standard deviation of 18.5%, a power of 90%,
a two-sided significance level of 0.05, and a 2:1
distribution ratio of tesamorelin to placebo. The
randomization was weighted toward active ther-
apy in order to permit the collection of safety data
on the larger number of patients exposed to tesa-
morelin. An initial dropout rate of 33% was an-
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Figure 2. Changes in Visceral Adipose Tissue from Baseline to 26 Weeks.
Panel A shows the mean difference in visceral adipose tissue according to study group; T bars denote the standard error. The P value for
the between-group comparison was calculated by analysis of covariance. Panel B shows the relationship of the changes from baseline to
26 weeks in visceral adipose tissue. In the regression equations, the changes from baseline equal 1.24 minus 0.163 times the baseline
value in the tesamorelin group and 13.2 minus 0.048 times the baseline value in the placebo group.

ticipated in the study plan. All reported P values
are two-sided and were not adjusted for multiple
testing.

RESULTS

PATIENTS

Of 412 patients who underwent randomization,
275 were assigned to receive tesamorelin and 137
to receive placebo. The discontinuation rate was
20.5% (22.7% in the tesamorelin group and 16.1%
in the placebo group, P=0.12) (Fig. 1). No signifi-
cant differences in body composition or metabolic
or chemical values were seen between the study
groups at baseline, although significantly more
patients in the tesamorelin group had received
nonnucleoside reverse-transcriptase inhibitors (Ta-
ble 1).

BODY COMPOSITION

The percent change from baseline to week 26 in
visceral adipose tissue was significantly greater
in the tesamorelin group, which had a decrease
of 27.8 cm?, as compared with an increase of 5.1
cm? in the placebo group (Fig. 2A). Similar results
were observed in the per-protocol population, as
defined in the Methods section (data not shown).
Results remained highly significant (P<0.001), with
adjustment for the use or nonuse of testosterone
at baseline, the presence or absence of impaired
glucose tolerance or diabetes, sex, center location,

and the use or nonuse of nonnucleoside reverse-
transcriptase inhibitors. No significant covariate
effects or covariate-by-treatment interactions were
observed. The change in visceral adipose tissue in
the tesamorelin group, as compared with the pla-
cebo group, was similar for men and women (data
not shown). The change in visceral adipose tissue
was larger for patients who had more visceral adi-
pose tissue at baseline (Fig. 2B).

In contrast to changes in visceral adipose tis-
sue, subcutaneous adipose tissue increased by
0.4% in the tesamorelin group and 1.7% in the
placebo group. The changes in fat in the limbs
of patients were 0.6% and 3.8%, respectively (Ta-
ble 2).

IGF-1

The changes in IGF-I levels were significant be-
tween groups: an increase of 109 ng per milliliter
(81.0%) in the tesamorelin group and a decrease
of 16 ng per milliliter (5.0%) in the placebo group.
When the results were adjusted for age and sex,
the mean changes in IGF-I levels represented a
standard-deviation score of 2.69+2.51 in the tes-
amorelin group and —0.39+1.43 in the placebo

group.

LIPIDS

The differences in the ratio of total cholesterol to
HDL cholesterol and levels of triglycerides, total
cholesterol, and HDL cholesterol were significant
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not differ between the two groups (Table 3). Four
serious adverse events were reported as possibly
related to tesamorelin: peripheral neuropathy, fe-
brile diarrhea with dehydration, loss of mobility,
and congestive heart failure. A larger percentage
of subjects in the tesamorelin group discontin-
ued the study due to an adverse event (Table 3,
and Table 1 of the Supplementary Appendix,
available with the full text of this article at www.
nejm.org). Adverse events resulting in discontinu-
ation were most often related to arthralgias, swell-
ing, and injection-site reactions.

There were no deaths during the randomized
phase of the study. Differences in the rate of ad-
verse events that were reported in more than 10%
of patients (headache and arthralgias) were not
significant between the groups (Table 3).

Among the injection-site reactions, urticaria
reactions extending beyond the injection site were
observed after 4 to 5 months of treatment in six
patients in the tesamorelin group (2.2%) and in
no patients in the placebo group; the drug was
discontinued in all six patients. In one of these
patients, systemic reactions (including nausea,
tachycardia, shortness of breath, and sweating)
with erythema at previous injection sites devel-
oped; these symptoms resolved spontaneously
within 3 minutes. All six patients with urticaria
tested positive for IgG antibodies against tesa-
morelin. In addition, IgG antibodies against tesa-
morelin were detected in 48.6% of patients in the
tesamorelin group and 2.7% in the placebo group.
The effects of tesamorelin on IGF-I and visceral
adipose tissue did not differ significantly in pa-
tients with and without antibodies (Table 2 of the
Supplementary Appendix).

EXTENSION PHASE
A total of 315 patients entered the extension phase
(76.8%) and received at least one dose of a study
drug: 204 in the tesamorelin group (74.7%) and
111 in the placebo group (81.0%). The overall drop-
out rate in the extension phase was 18.7%. Nine
serious adverse events were recorded during the
extension phase (Table 3), including two deaths
in the tesamorelin group, one from complications
of tonsillectomy and one from coronary artery dis-
ease in a patient with a known history of the con-
dition. None of the serious adverse events were re-
ported by investigators to be related to a study drug
in the extension phase. Among patients receiving

tesamorelin, 4% in the initial randomized phase
had a serious adverse event, and less than 1% had
events that were reported to be related to the drug.
In the extension phase, 2.6% of patients in the
tesamorelin group had a serious adverse event;
none of these events were reported to be related
to the drug.

DISCUSSION

In this study, tesamorelin, a GHRH(1-44) analogue,
significantly decreased visceral adiposity and con-
comitant dyslipidemia, without worsening over-
all glucose tolerance, in HIV-infected patients.
Such patients who are treated with antiretroviral
therapy often have changes in body composition,
characterized by an excessive accumulation of vis-
ceral fat,® a loss of fat in the limbs and in the ab-
dominal subcutaneous tissues,” dyslipidemia, glu-
cose intolerance, and insulin resistance,® which
may increase cardiovascular risk.® Such risk is in-
creased with an extended duration of protease-
inhibitor therapy, in association with an increased
risk of diabetes and dyslipidemia.1®** However, in-
terventions to reduce the time that patients receive
antiretroviral therapy (such as interruptions in
treatment on the basis of CD4 cell counts) may ac-
tually worsen cardiovascular disease, as compared
with continuous viral suppression.*? Thus, strate-
gies to improve cardiovascular disease in patients
with HIV infection should ideally target risk fac-
tors without the compromising of antiretroviral
suppression or an interruption in antiretroviral
treatment.

Visceral adiposity is associated with cardiovas-
cular disease®**> and selective expression of in-
flammatory adipocytokines.'®” Small pilot stud-
ies involving patients who are not infected with
HIV have suggested that selective reduction of vis-
ceral, but not subcutaneous, fat by surgical inter-
vention may be associated with a reduction in
cardiovascular risk factors.’®1° In addition, excess
abdominal fat is associated with discomfort and
poor selfimage?® and may result in decreased ad-
herence to antiretroviral therapy. Strategies to
reduce visceral adiposity have been limited in HIV-
infected patients. Insulin-sensitizing agents, life-
style modification, and resistance training have
not shown consistent effects in reducing visceral
adiposity or in improving dyslipidemia in HIV-
infected patients.?13¢
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Table 3. Adverse Events and Serious Adverse Events.

Event

Adverse events
Any event
Related to treatment
Resulting in study discontinuation
Events reported in >10% of the patients
Headache
Arthralgias
Events reported in >5% of the patients
Injection-site bruising
Diarrhea
Peripheral edema
Myalgia
Limb pain
Upper respiratory tract infection
Nasopharyngitis
Hypoesthesia
Rash
Paresthesia
Fatigue
Sinusitis
Back pain
Dizziness
Injection-site pruritus
Injection-site pain
Serious adverse events*
Any event
During the randomized phase
Congestive heart failure
Diarrhea with dehydration and pyrexia
Upper respiratory tract infection
Appendicitis, dehydration, sepsis, and abdominal abscess
Viral bronchitis
Arthralgia
Rectal cancery
Decreased mobility
Basal-cell carcinomay
Drug dependence or bipolar disorder
Peripheral neuropathy
Chest pain
Major depression
Acute cholecystitis

Tesamorelin
(N=273)

82.8
53.8
12.1

16.1
13.6

9.2
8.1
8.4
7.7
6.2
5.5
5.9
S5)
5.9
5.5
3.7
4.4
4.8
15
5.1
2.2

4.0

0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0

0

0

percent

Placebo
(N=137)

75.2
36.5
29

18.2
10.9

9.5
9.5
5.1
2.2
6.6
6.6
5.1
0.7

2.2
6.6
5.8
7.3
6.6
15
5.1

O O O O O O o o o o

0.7
0.7
0.7

P Value

0.09
0.001
0.002

0.58
0.53

0.40

* Single episodes of nine serious adverse events were reported during the extension phase of the study. In the tesamorel-
in group, there was one case of spontaneous abortion, one case of fatal coronary artery disease, one case of pneumo-
nia, one case of intestinal perforation, one case of fatal hemorrhage after tonsillectomy, and two cases of cellulitis. In
the placebo group, there was one case of anal cancer (with a previously undisclosed history) and one case of Ludwig’s

angina.

T This patient was determined to have had a previously undisclosed history of cancer before randomization.
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Although growth hormone therapy is most of-
ten used to improve bone and muscle mass in pa-
tients with growth hormone deficiency caused by
a pituitary tumor or exposure to radiation,?! it is
approved by the FDA but not by the European
Agency for the Evaluation of Medicinal Products
to improve muscle mass in patients with AIDS-
related wasting.3? Recent studies of pharmacologic
doses of growth hormone have shown a consis-
tent reduction in visceral adiposity in HIV-infect-
ed patients, but highly supraphysiologic levels of
IGF-I and symptoms of growth hormone excess
have occurred.3334

The effects of tesamorelin appear to be highly
specific for the visceral-fat compartment, with
relatively little effect on subcutaneous fat or fat
in limbs. Our study showed an estimated 1.0-kg
selective loss in visceral fat after 6 months of treat-
ment. As a comparison, a pilot study of surgical
omentectomy of visceral fat in obese patients with-
out HIV infection resulted in a net loss of 0.6 kg
in visceral fat during a 24-month period and se-
lective reduction in measures of cardiovascular
risk.** Among men without HIV infection, weight
loss and exercise can reduce visceral fat by 1.1 kg
but also reduce subcutaneous fat.3> However, pa-
tients in our study were not simply obese but also
had a mixed pattern of lipodystrophy, with the
majority having peripheral lipoatrophy in addition
to abdominal obesity at baseline. The preferential
reduction in visceral adipose tissue is important
in this population, given their peripheral lipo-
atrophy. The reduction in visceral adiposity was
associated with the degree of baseline visceral adi-
posity, suggesting that larger effects might be seen
among patients with more accumulation of vis-
ceral fat. Patients receiving tesamorelin reported
having a reduction in distress related to abdomi-
nal size, which might improve the quality of life
and adherence to antiretroviral treatment.

The numbers of overall and serious adverse
events were not significantly higher among pa-
tients receiving tesamorelin than among those re-
ceiving placebo, but were generally high in the two
study groups, which is consistent with underly-
ing medical illness. However, more tesamorelin-
treated patients had adverse events that led to
study discontinuation. The percentage of patients
reporting symptoms of growth hormone excess
— including arthralgias, peripheral edema, and
myalgias — was lower than in previous large trials

of growth hormone in HIV-infected patients.33:34
However, antibodies developed in almost 50% of
patients receiving tesamorelin. Our study was
of short duration, and the long-term side effects
(including the presence of antibodies) and bene-
fits (particularly in terms of cardiovascular out-
come) remain unknown. Tesamorelin is not FDA-
approved and is undergoing testing in phase 3
studies.

The use of nonnucleoside reverse-transcriptase
inhibitors was more frequent among the tesamo-
relin-treated patients and may have influenced
body composition and lipid end points.3® However,
differences in end points for visceral fat and lip-
ids remained significant after controlling for the
use of nonnucleoside reverse-transcriptase inhibi-
tors. The numbers of female patients were lim-
ited, but similar effects of tesamorelin were seen
within each sex. Dropout rates did not differ sig-
nificantly between the two groups and probably
did not affect the results. Further studies to de-
termine the long-term safety of tesamorelin are
needed.

In summary, treatment with tesamorelin dur-
ing a 6-month period resulted in a highly signifi-
cant and selective reduction in visceral fat, with
simultaneous improvements in dyslipidemia, with-
out significant adverse effects on glycemic mea-
sures. Tesamorelin might be useful for the treat-
ment of HIV-infected patients who have an increase
in abdominal girth and dyslipidemia in the con-
text of receiving antiretroviral therapy.

Presented at the 14th Conference on Retroviruses and Oppor-
tunistic Infections, Los Angeles, February 25-28, 2007.
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