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Effects of once-daily darunavir/ritonavir
versus atazanavir/ritonavir on insulin
sensitivity in HIV-infected persons over
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Background: The phase 4, METABOLIK trial demonstrated that changes in metabolic parameters with
darunavir with low-dose ritonavir (DRV/r) were comparable to those observed with atazanavir with low-dose
ritonavir (ATV/r). A comprehensive assessment of the effects of these agents on insulin sensitivity will provide
additional, relevant clinical information.

Methods: In this substudy of METABOLIK, HIV-1-infected, antiretroviral agent—-naive male subjects aged >18 years
with a viral load of >1,000 copies/mL were randomized to receive DRV/r 800/100 mg once daily (qd) or ATV/r
300/100 mg qd, both with a fixed dose of tenofovir disoproxil fumarate/emtricitabine 300/200 mg qd. The effects
of DRV/r versus ATV/r on insulin sensitivity over 48 weeks were compared using the euglycemic hyperinsulinemic
clamp, the preferred method to assess insulin sensitivity; primary end point was the effect on insulin sensitivity
during the first 12 weeks.

Results: Twenty-seven subjects completed the study. In the DRV/r arm (n = 14), median glucose disposal from
baseline through weeks 12 and 48 was 9.3, 11.4, and 9.9 mg/kg*“min, respectively; in the ATV/r arm (n = 13),
these values were 8.9, 8.6, and 9.1 mg/kg*min, respectively. Median insulin sensitivity in the DRV/r arm at
baseline, week 12, and week 48 was 24.0, 25.0, and 21.5 mg/kg*min per pylU/mLx 100, respectively; these
values in the ATV/r arm were 20.7, 22.0, and 22.0 mg/kg min per plU/mL x 100, respectively. Most subjects
had >1 adverse event, including three serious adverse events (n = 2 [DRV/r], n = 1 [ATV/r]).

Conclusions: DRV/r and ATV/r displayed similar modest effects on insulin sensitivity using a euglycemic
hyperinsulinemic clamp.
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profile in HIV-1-infected subjects, and is generally con-
sidered to be a “metabolically friendly” PL.'5

Darunavir with low-dose ritonavir (DRV/r) 800/100 mg
once daily (qd) in combination with other ARV is approved
for the treatment of HIV-l-infected, ARV-naive, and

Background

Some antiretroviral (ARV) agents, notably protease inhib-
itors (PIs), have been associated with metabolic compli-
cations and an increased risk of cardiovascular disease in
human immunodeficiency virus (HIV)-1-infected indi-

viduals." The use of “older” Pls (particularly indinavir
and lopinavir/ritonavir [LPV/r]) has been associated with
worsening of lipid parameters,®'* increased inflamma-
tion,'! insulin resistance,*'>"'* hyperglycemia, and diabetes
mellitus.'? Atazanavir (ATV) has a favorable metabolic
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ARV-experienced, adult subjects who do not harbor DRV
resistance-associated mutations,'®!'” and is one of the pre-
ferred agents in the United States Department of Health
and Human Services guidelines for the treatment of ARV-
naive individuals.'® The phase 4, randomized Metabolic
Evaluation in Treatment-naives Assessing the impact of two
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Screening phase (4 weeks)

© 202 ARV-naive subjects

® >18 years of age

e Viral load >1,000 copies/mL

* No CD4 criteria

o Sensitive to ATV, DRV, TDF, and
FTC on baseline resistance test

Figure 1 Study design.

\ ATV/r 300/100 mg qd + TDF/FTC
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Treatment phase (48 weeks)

*

12-week primary analysis

DRV/r 800/100 mg qd + TDF/FTC
n=10°

n=10°

ARV, antiretroviral; ATV, atazanavir; DRV, darunavir; TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; r, low-dose ritonavir; qd,
once daily. 229 subjects due to over-enrollment. P14 subjects due to over-enroliment. 15 subjects due to over-enrollment. Two subjects

withdrew before treatment initiation.

BOosted protease inhibitors on LIpids and other marKers
(METABOLIK) trial evaluated the metabolic outcomes,
efficacy, and safety of DRV/r-based therapy compared with
ATV/r-based therapy in treatment-naive, HI'V-1-infected
subjects.'” Results from the METABOLIK trial revealed
that changes in metabolic parameters with DRV/r were
comparable to changes observed with ATV/r, with no dif-
ferences in lipid parameters, fasting glucose, or insulin sen-
sitivity (as measured by the homeostasis model assessment
of insulin resistance [HOMA-IR] method).

The euglycemic hyperinsulinemic clamp (EHC) tech-
nique is considered the gold standard for the evaluation of
insulin resistance.”® As opposed to HOMA-IR, which is a
surrogate of basal insulin sensitivity only, EHC facilitates
a dynamic quantitative assessment of overall insulin sen-
sitivity for the entire body by directly assessing glucose
utilization as mediated by insulin under steady state con-
ditions.?!?? A number of small studies (n <30) have used
this technique to evaluate insulin resistance with the use
of PIs (including LPV/r, ATV, and indinavir), primarily in
HIV-uninfected subjects.?>2¢ A few small studies (n <27)
have also evaluated insulin resistance with PIs using the
EHC in HIV-1-infected subjects;?”* however, DRV/r has
not been evaluated with this technique.

The present substudy of the METABOLIK trial was
designed to evaluate the effects of DRV/r and ATV/r with
fixed-dose tenofovir disoproxil fumarate/emtricitabine
(TDF/FTC) on insulin sensitivity using the EHC in treat-
ment-naive, HIV-1-infected adults over 48 weeks.

Methods

The METABOLIK substudy was a phase 4, multicenter,
open-label, randomized study; details of the study design
have been presented in detail previously." In brief, eligible
subjects were at least 18 years of age, naive to ARV ther-
apy (defined as no previous ARV therapy for >10 days),
and had plasma HIV-1 RNA >1,000 copies/mL. Subjects
were required to be infected with HIV sensitive to DRV,
ATV, TDF, and FTC. Key exclusion criteria included
body mass index >30 kg/m?, fasting glucose >100 mg/dL,
low-density lipoprotein cholesterol >130 mg/dL, triglyc-
erides >200 mg/dL, and presence of active AIDS defining

illness (defined as category C conditions based on the
Centers for Disease Control and Prevention Classification
System for HIV infection),"® except stable cutaneous
Kaposi’s sarcoma or wasting syndrome.

The study was approved by institutional review boards
at all clinical sites, and was conducted in accordance with
the ethical standards of the responsible committee on
human experimentation (institutional and national) and
with the Helsinki Declaration of 1975, as revised in 2000.
All subjects provided written informed consent.

Initially, up to 20 subjects from the main study (with com-
plete week 48 evaluations) were to be enrolled in this sub-
study; however, as only 8 subjects participating in the main
study were enrolled, the enrollment period and size of the
METABOLIK substudy were extended to reach a target of 10
subjects per arm. Subjects were randomized in a 1:1 ratio to
receive DRV/r 800/100 mg qd or ATV/r 300/100 mg qd, both
with the fixed-dose combination of TDF/FTC 300/200 mg
qd (Fig. 1). Use of lipid-lowering agents, including over-
the-counter medications, was prohibited from 28 days prior
to baseline through week 12 of the trial. Atorvastatin and
rosuvastatin were allowed after week 12.

The primary end point was the effect of DRV/r qd and
ATV/r qd on insulin sensitivity during the first 12 weeks
of therapy using the EHC technique.?'* A secondary end
point was the effect of DRV/r qd and AT V/r qd on insulin
sensitivity at week 48 using the EHC technique. Safety
analyses, including laboratory safety assessments (chem-
istry, liver function tests, hematology), vital signs and
physical examination, and incidence of overall adverse
events (AEs) and HIV-related events, were recorded
throughout the substudy. Viral suppression at week 48
was calculated using the confirmed virologic response
rate algorithm (HIV-1 RNA <50 copies/mL)," which is an
adaptation of the time to loss of virologic response algo-
rithm that classifies subjects with confirmed resuppression
after virologic failure as virologic successes.’!

The EHC technique was performed by clamping or
maintaining a predetermined blood glucose level, and
the measurement was accomplished by clamping insulin
at a constant rate of 40 mU/m?*/min for the duration of
the procedure and infusing glucose 20% at a rate titrated
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Table 1 Subject disposition

Effects of once-daily darunavir/ritonavir versus atazanavir/ritonavir

DRV/r (n = 14)

ATV/r (n = 15)

Overall (n = 29)

Randomized and not treated, n 0 2 2
Intent-to-treat set, n 14 13 27
EHC-evaluable set, n (%) 12 (86) 12 (92) 24 (89)
Completed week 12 study visit, n (%) 13 (93) 12 (92) 25 (99)
Completed study, n (%) 12 (86) 10 (77) 22 (82)
Discontinued study, n (%) 2 (14) 3(293) 5(19)
Reason for discontinuing study
Adverse event, n (%) 0 1(8) 14
Ineligible to continue the study, n (%) 0 1(8) 14
Other,2 n (%) 2 (14) 1(8) 3(11)

Note: DRV, darunavir; r, low-dose ritonavir; ATV, atazanavir; EHC, euglycemic hyperinsulinemic clamp.
@Two subjects on DRV were incarcerated, and there was a dispensing error for the subject on ATV.

Table 2 Demographics and baseline characteristics of subjects who initiated therapy

DRV/r (n = 14) ATV/r (n =13)

Median age, years (range) 29 (20-47) 26 (20-48)
Male, n (%) 14 (100) 13 (100)
Race, n (%)

Black or African American 8 (57) 8 (62)

White 6 (43) 4(31)

American Indian or Alaska Native 0 1(8)
Median BMI, kg/m? (range) 24.1 (21.5-25.6) 23.4 (18.6-30.8)
Median total cholesterol, mg/dL (range)? 138.5 (94-173) 140 (105-218)
Median LDL cholesterol, mg/dL (range)? 81.5 (36-114) 82 (55-145)
Median HDL cholesterol, mg/dL (range)? 44 (27-59) 42 (29-57)
Median triglycerides, mg/dL (range)? 88.5 (50-235H) 91 (63-330)
Median glucose, mg/dL (range)? 85 (70-103) 91 (85-95)
Median insulin, mIU/L (range)? 1.9 (1.9-9.6) 1.9(1.9-19.1)
Median CD4 count (range) 234 (23-619) 271 (77-524)
Mean log,, HIV-1 RNA, copies/mL (SD) 5.11 (0.69) 4.77 (0.45)

Note: DRV, darunavir; r, low-dose ritonavir; ATV, atazanavir; BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipo-

protein; HIV, human immunodeficiency virus; SD, standard deviation.

aMeasured from fasting samples.

according to blood glucose. Prior to receiving the insulin
clamp, subjects were required to abstain from vigorous
exercise and to consume at least 150 g of carbohydrates
for 3 days prior to the clamp procedure. They then fasted
for 20 h prior to the clamp procedure. An intravenous
catheter with normal saline was applied in one arm, and
aretrograde draw line was inserted in the other arm. Both
glucose and insulin were infused simultaneously. Blood
samples to measure insulin were collected at the begin-
ning of the procedure (¢ = 0) and at seven subsequent
time points (¢ = 10 min, £ = 20 min, ¢ = 30 min, ¢t = 3 h,
t=3hand 10 min, 7= 3 h and 20 min, =3 h and 30 min).
Glucose was measured 10 min prior to the beginning of
the procedure (¢ =—10 min), at the beginning of the pro-
cedure (¢ =0), every 5 min from ¢ =30 min to # = 90 min,
and every 10 min from ¢ = 90 until completion of the
procedure (¢ = 3 h and 30 min). Insulin infusion (100
units of insulin added to 200 cc of normal saline) was
started at £ = 30 min, along with dextrose 20% solution
at 50 mL/h, until completion of the procedure. Blood glu-
cose was maintained at 100 mg/dL during the procedure.

No sample size calculations were performed; however,
a sample size of 20 subjects was deemed sufficient to
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clinically assess the substudy end points. Post hoc, it was
estimated that the study was powered to detect a differ-
ence in the change in glucose disposal rate >3.0 mg/kg
min between the two groups at the week 12 time point,
based on the standard deviation of the baseline glucose
disposal rate of 2.49 mg/kg*min, a = 0.05, and f = 0.20.
Data were analyzed by treatment group using summary
statistics. Continuous variables were summarized using
descriptive statistics (n, mean, standard deviation, median,
minimum, and maximum). Categorical variables are pre-
sented using frequency distributions.

Results

Study population and baseline characteristics
Twenty-nine subjects participated in the study; two sub-
jects were not included in the analysis because they with-
drew before the initiation of treatment. Of the remaining
27 subjects, 14 subjects received DRV/r-based regimens
and 13 received ATV/r-based regimens. Twenty-two
subjects (81.5%) completed the week 48 evaluations: 12
were in the DRV/r arm and 10 were in the ATV/r arm.
Additional details on subject disposition are provided in
Table 1.
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Figure 2 Clamp analyses at baseline, week 12, and week 48: (A) glucose disposal rate and (B) insulin sensitivity.?

DRV, darunavir; r, low-dose ritonavir; ATV, atazanavir; W12, week 12; W48, week 48; IQR, interquartile range. ®The boxes and horizontal
lines reflect the IQR and median values, respectively. The vertical lines reflect the 5th and 95th percentiles. There is one outlier in the
DRV/r group at the week 48 time point. The week 12 insulin sensitivity value of 174.8 mg/kg*min per plU/mL x 100 in the ATV/r group

is not displayed (outlier).

All subjects were male, with a median age of 29 years
(range: 20—47 years) in the DRV/r arm and 26 years
(range: 2048 years) in the ATV/r arm. The majority of
subjects were Black or African American: 57% in the
DRV/r arm and 62% in the ATV/r arm. Additional base-
line characteristics are provided in Table 2.

Measures of insulin sensitivity

In the DRV/r arm, the median (min—max) glucose dis-
posal rate (GDR) increased from baseline (9.3 [5-14]
mg/kg*min) to week 12 (11.4 [7-14] mg/kg*min) and
modestly at week 48 (9.9 [8-19] mg/kg*min); in the
ATV/r arm, median GDR stayed relatively stable from
baseline (8.9 [4-14] mg/kg*min) through week 12

(8.6 [5-14] mg/kg*min) and week 48 (9.1 [6—-16] mg/
kg*min; Fig. 2A). From baseline to week 12, median
(range) insulin sensitivity increased modestly in both
arms: from 24.0 (10-32) to 25.0 (12-175) mg/kg*min
per ulU/mLx 100 in the DRV/r arm, and from 20.7
(10-35) t0 22.2 (10-29) mg/kg*min per plU/mL x 100
in the ATV/r arm (Fig. 2B). Median (range) insulin sen-
sitivity declined by 48 weeks in the DRV/r arm (21.5
[14-48] mg/kg*min per pIU/mL % 100), whereas it was
stable in the ATV/r arm (22.0 [11-36] mg/kg*min per
plU/mL % 100; Fig. 2B). The differences in the changes
in glucose disposal rate and insulin sensitivity were not
significantly different between the DRV/r and ATV/r
arms.

HIV Clinical Trials 2016 voL. 17 NO. 2

75



Overton etal. Effects of once-daily darunavir/ritonavir versus atazanavir/ritonavir

76

Safety evaluations

Nearly all the subjects in the DRV/r (86%) and ATV/r
(92%) arms had at least one treatment-emergent AE. Two
subjects in the DRV/r (14.3%) arm reported serious treat-
ment-emergent AEs, compared with one subject in the
ATV/r (7.7%) arm. These three serious AEs were a case
of bronchitis/pneumonia, an incident diagnosis of diabe-
tes, and a case of purpura; all three were determined by
the site investigator to be unrelated to study treatment.
The incidence of AEs, at least possibly related to study
medication, was 50% in the DRV/r arm compared with
77% in the AT V/r arm, the difference related primarily to
elevated bilirubin. Over the 48 weeks, there were no clini-
cally relevant differences in safety parameters between the
DRV/r and ATV/r arms other than the expected differences
in bilirubin levels in the ATV/r arm.!®

Viral load outcomes

Viral load improved over the course of the study. Mean
log,, HIV-1 RNA decreased from baseline to week 48 in
both the DRV/r (change of —3.4 copies/mL) and ATV/r
(change of —3.1 copies/mL) arms. At week 48, 91.7%
(11/12) of DRV/r-treated subjects and 77.8% (7/9) of
ATV/r-treated subjects had HIV-1 RNA <50 copies/mL
(100.0% and 100.0% had <400 copies/mL in the DRV/r
and ATV/r arms, respectively).

Discussion

These results demonstrate that both DRV/r and ATV/r
produce similar modest changes in GDR and insulin sen-
sitivity over 48 weeks, as measured by the EHC technique.
GDR values were normal at baseline, defined previously as
a value >4.7 mg/kg*min, and were stable over 48 weeks in
both arms.?> When accounting for insulin concentrations,
insulin sensitivity improved modestly over 12 weeks and
was stable over 48 weeks in both treatment arms. There
were no clinically relevant differences in safety or viral
suppression for either DRV/r-treated subjects or ATV/r-
treated subjects.

Using EHC, certain Pls, specifically LPV/r and indi-
navir, have been associated with insulin resistance in
healthy subjects,?>?* although the effect of LPV/r was
not confirmed in subsequent studies.”*?¢ ATV has been
shown to have minimal impact on insulin sensitivity in
HIV-negative subjects,”** and changing PI therapy to
ATV/r improved Pl-induced insulin resistance in HIV-1—
infected men.?” These latter results have led to the general
assumption that ATV has the best metabolic profile of the
available PIs. This study, the first to evaluate the use of
DRV/r with the EHC technique, suggests that the effects
of DRV/r on insulin/glucose metabolism are compara-
ble to those of ATV/r. The results of this substudy are
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consistent with the main METABOLIK trial , which used
HOMA-IR as a surrogate measure of insulin resistance.'’

Changes in metabolic parameters from baseline to
week 48 in the DRV/r arm were comparable with those
previously observed with ATV/r in ARV-naive, HIV-1—
infected subjects in the CASTLE study.'® These results
are also consistent with those seen in a phase 1 trial of
DRYV, which showed similar changes in fasting glucose
parameters between DRV/r and AT V/r treatment groups,
following 7 days of ritonavir and 21 days of DRV/r or
ATV/r treatment.®

To date, this is one of the largest EHC studies con-
ducted in HIV-1-infected subjects initiating treatment
with ARVs. Despite being one of the largest studies to
use the EHC technique for the evaluation of insulin sen-
sitivity in HIV-1-infected subjects, this study is limited
by its relatively small sample size and its limited ability
to detect differences between the study arms. The small
sample size also prohibited analyses that were adjusted
based on baseline characteristics.

Conclusions

This substudy of the METABOLIK trial demonstrated sim-
ilar modest changes in glucose disposal rates and insulin
sensitivity over 48 weeks using DRV/r and AT V/r, as meas-
ured by the EHC technique. These data suggest a favorable
insulin sensitivity profile for both DRV/r and ATV/r.
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