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Investigational antiretroviral drugs in-
clude new nucleoside analogue reverse 
transcriptase inhibitors (nRTIs); nonnu-
cleoside analogue reverse transcriptase  
inhibitors (NNRTIs); entry inhibitors; fu-
sion inhibitors; integrase strand trans-
fer inhibitors (InSTIs); and 2-(quinolin-
3-yl)acetic acid derivatives (LEDGINs), 
agents that inhibit the interaction of 
HIV integrase with its cofactor lens 
epithelium-derived growth factor p75 
(LEDGF/p75) through a putative alloste-
ric binding mechanism in the LEDGF/
p75 binding pocket of the integrase.

nRTIs

Festinavir (BMS986001) is a thymidine 
analogue similar to stavudine with less 
potential for toxicity. The compound 
has a 50% effective concentration 
(EC50) for inhibition of mitochondrial 
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Numerous investigational antiretroviral agents are in clinical development. 
Among them are festinavir (BMS986001), a thymidine analogue similar to 
stavudine with reduced potential for toxicity; GS-7340, a prodrug of tenofovir 
that achieves greater intracellular concentrations; MK-1439, a nonnucleoside 
analogue reverse transcriptase inhibitor (NNRTI) that retains activity against 
common NNRTI-associated resistance mutations; and albuvirtide, a long-
acting parenteral fusion inhibitor. Investigational integrase strand 
transfer inhibitors (InSTIs) include elvitegravir, recently approved by the 
US Food and Drug Administration (FDA) as part of a once-daily, single-
tablet formulation with cobicistat/tenofovir/emtricitabine; dolutegravir, 
which maintains some activity against raltegravir- and elvitegravir-resistant 
mutants; and S/GSK1265744, which also maintains some activity against 
resistance mutations in the integrase gene and is being developed as a 
long-lasting parenteral agent. Novel 2-(quinolin-3-yl)acetic acid derivatives 
(LEDGINs), agents that were originally thought to inhibit the interaction of 
integrase with its cofactor lens epithelium-derived growth factor p75 (LEDGF/
p75), are active against InSTI-resistant mutants and to have additive activity 
when combined with InSTIs. This article summarizes a presentation by Michael 
S. Saag, MD, at the IAS–USA live Improving the Management of HCV Disease 
continuing medical education program held in New York in October 2012.

Perspective

New and Investigational Antiretroviral Drugs for HIV 
Infection: Mechanisms of Action and Early Research Findings

DNA (mtDNA) polymerase-γ that is
100-fold less than that of stavudine. 
Festinavir has no apparent effect on 
mtDNA in renal proximal tubular cells, 
muscle cells, or adipocytes, or on cellu-
lar adenosine triphosphate (ATP) levels 
or lactate production, suggesting that it 
may avoid stavudine-associated meta-
bolic and renal toxicities.

GS-7340 is a prodrug of tenofovir 
that achieves substantially greater in-
tracellular concentrations than tenofo-
vir alone in the context of much lower 
plasma concentrations of drug, poten-
tially leading to less renal and bone 
toxicities. The US-120-0104 study, a 
10-day monotherapy trial in treatment-
naive patients, compared the antiretro-
viral effects of tenofovir 300 mg with 
different doses of GS-7340. The study 
showed that median time-weighted av-
erage reductions in HIV RNA were larg-
er with 8 mg (-0.76 log10 copies/mL;  
P = .216), 25 mg (-0.94 log10 copies/mL;  
P = .017), and 40 mg (-1.08 log10 cop-
ies/mL; P = .01) of GS-7340 than with 
a standard 300 mg dose of tenofo-
vir (-0.48 log10 copies/mL).1 Whereas  
tenofovir plasma concentrations were 

markedly lower with GS-7340 (area 
under the concentration time curve 
[AUC] reduced by 79% to 96%; maxi-
mum concentration reduced by 89% 
to 98%), intracellular concentrations 
of tenofovir diphosphate with the 25 
mg and 40 mg doses of GS-7340 were 
approximately 7- and 20-fold higher, 
respectively, than with tenofovir DF 
300 mg. The research suggests that 
the higher plasma levels of tenofovir 
found with the standard 300 mg for-
mulation may be responsible for most 
of the adverse renal and bone toxici-
ties associated with the currently ap-
proved formulation of the drug.

NNRTIs

The in vitro and preclinical profiles 
of MK-1439 indicate that it possesses 
desirable characteristics for any new 
NNRTI, including once-daily dosing, 
good absorption, reduced potential for 
toxicity, the ability to be coformulated 
with other antiretroviral agents, and 
activity against resistant virus. With 
regard to antiretroviral activity, MK-
1439 has a 95% inhibitory concentra-
tion (IC95) of 20 nM against wild-type 
virus in vitro, with the IC95 increasing 
to only 43 nM against virus with the 
K103N mutation (conferring resis-
tance to nevirapine and efavirenz) and 
27 nM against virus with the Y181C 
mutation (conferring reduced suscep-
tibility to nevirapine, etravirine and 
rilpivirine, which have IC95 values of 
1980 nM, 225 nM and 117 nM against 
Y181C, respectively, compared with 
wild-type values of 90 nM, 33 nM and 
36 nM, respectively). IC95 against virus 
containing K103N and Y181C muta-
tions is 55 nM for MK-1439, compared 
with greater than 21,000 nM for nevi-
rapine, 3220 nM for efavirenz, 624 nM 
for etravirine, and 374 nM for rilpiv-
irine. The K103N, Y181C, and G190A 
mutations account for more than 90% 
of transmitted resistance mutations in 
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the United States. When measured as 
average fold-change in IC50, the poten-
cy shift of MK-1439 against these resis-
tant mutants is less than 3-fold (1.5-, 
2.5-, and 2.7-fold, respectively). 

Entry Inhibitors

BMS 663068 is an investigational at-
tachment inhibitor. It is a methyl phos-
phate prodrug of another investiga-
tional agent (BMS 626529) that binds 
directly to the viral gp120 and blocks 
binding to the CD4 receptor. In a mono-
therapy study, it produced a 1- to 2-log10 
copy/mL decrease in HIV RNA at 8 
days overall, but a 2- to 3-log10 copy/
mL decrease among susceptible HIV 
viruses.2,3 This is due to a natural poly-
morphism conferring resistance to the 
agent at known envelope sites in a mi-
nority proportion of HIV strains, one of 
which is the M426L substitution. Clini-
cal development of BMS 663068 will 
require pretreatment screening for the 
known resistance-associated substitu-
tions, with its use being reserved for pa-
tients not harboring such substitutions. 

Fusion Inhibitors

Albuvirtide is a 3-maleimimidopropi-
onic acid (MPA)-modified peptide fu-
sion inhibitor, related to enfuvirtide, 
that binds to the HIV gp41 envelope 
protein. The drug can irreversibly con-
jugate with serum albumin, thus pro-
longing half-life. Although the drug 
must be given intravenously, its half-
life has been reported to be 11 days, 
indicating that it may be suitable for 
once-weekly or less frequent dosing 
intervals. Initial studies indicate that 
a 320-mg dose produces an approxi-
mately 1-log10 copy/mL reduction in 
HIV RNA level. Injection site reactions 
have been observed at higher doses in 
phase I evaluation. 

InSTIs

Cobicistat-Boosted Elvitegravir

Cobicistat-boosted elvitegravir was re-
cently approved by the US Food and 
Drug Administration (FDA) as part of 

a once-daily, single-tablet formulation 
with tenofovir/emtricitabine. The ef-
fects of elvitegravir/cobicistat/emtric-
itabine/tenofovir (elvitegravir-based 
group; n = 749) were compared with 
those of once-daily efavirenz/emtric-
itabine/tenofovir (efavirenz-based 
group; n = 375) and once-daily ritona-
vir-boosted (/r) atazanavir plus tenofo-
vir/emtricitabine (atazanavir-based 
group; n = 355) in an analysis combin-
ing a phase II study (elvitegravir-based 
group vs efavirenz-based group) and 
2 phase III studies (elvitegravir-based 
group vs efavirenz-based group and 
elvitegravir-based group vs atazanavir-
based group). Overall, 82% to 85% of 
patients had asymptomatic HIV infec-
tion, 1% to 2% were hepatitis B virus 
(HBV) HBsAg positive and 3% to 5% 
were hepatitis C virus (HCV) seroposi-
tive, 32% to 40% had HIV RNA levels 
greater than 100,000 copies/mL, and 
mean CD4+ cell counts were 375/µL 
to 386/µL, with 41% to 47% of patients 
having CD4+ cell counts of 350/µL or 
below. Median estimated glomerular 
filtration rate (GFR) was 114 mL/min to 
115 mL/min. 

Any demonstrations of superior-
ity in efficacy in this analysis must be 
interpreted with caution, due to the 
pooling of data. The analysis generally  
showed that elvitegravir/cobicistat/ 
emtricitabine/tenofovir produces re-
sults very similar to efavirenz/emtric-
itabine/tenofovir and atazanavir/r plus 
tenofovir/emtricitabine. The snapshot 
analysis of the primary endpoint of vi-
ral load less than 50 copies/mL at week 
48 showed virologic success in 89% 
of elvitegravir-based group patients, 
84% of efavirenz-based group patients 
(difference of 5.1%; 95% confidence 
interval [CI], 0.7%-9.4%; P = .016), 
and 87% of atazanavir-based group 
patients (difference of 1.9%; 95% CI, 
-2.3%-6.1%; P = .37). Virologic non-
suppression was observed in 6%, 7%, 
and 5% of patients, respectively, and 
fewer patients in the elvitegravir-based 
group had no week 48 data available 
(5%, 9%, and 8%, respectively). Re-
sponses by viral load and CD4+ cell 
count subgroups are shown in Figure 1.  
Mean increases in CD4+ cell count 
at week 48 were 224/µL with the  

elvitegravir-based group, 203/µL with 
the efavirenz-based group (P = not sta-
tistically significant), and 211/µL with 
the atazanavir-based group (P = not  
statistically significant).

Given the general equivalence of 
these regimens in terms of antiretro-
viral activity, differences in tolerability, 
drug interaction profiles and toxicity 
profiles are likely to govern selection 
of the regimens for particular patients. 
Adverse events in this analysis are 
shown in Table 1. Rash, depression, 
fatigue, abnormal dreams, and dizzi-
ness were somewhat more common 
in the efavirenz-based group than in 
the elvitegravir-based group, whereas 
diarrhea and headache were some-
what more common in the elvitegra-
vir-based group. 

It is important to note that cobici-
stat produces an increase in serum 
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Figure 1. Virologic success at 48 weeks 
(defined as HIV RNA below 50 copies/mL) 
according to baseline viral load (top) and 
CD4+ cell count (bottom) in studies com-
paring elvitegravir/cobicistat/emtricitabine/
tenofovir (elvitegravir group) with efavirenz/
emtricitabine/tenofovir (efavirenz group) or 
atazanavir/ritonavir plus tenofovir/emtric-
itabine (atazanavir group). Adapted with 
permission from Ward et al.9
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creatinine via inhibition of secretion of 
creatinine through the renal proximal 
tubules. Because this increase is not 
associated with an actual reduction in 
glomerular filtration rates (true creati-
nine clearance), this effect of cobicistat 
results in reduction in estimated GFR 
without change in actual GFR by direct 
measurement. This effect is to be dis-
tinguished from the proximal tubular 
dysfunction associated with tenofovir. 
Median serum creatinine increased 
over the first 2 to 4 weeks of treatment 
in patients taking elvitegravir/cobici-
stat/emtricitabine/tenofovir, likely pre-
dominantly reflecting the effect of co-
bicistat, and remained fairly constant 
thereafter (Figure 2). Thus a 0.1 mg/
dL to 0.15 mg/dL increase in serum 
creatinine over the first 2 weeks to 4 
weeks in patients receiving cobicistat 
is expected. Greater increases should 
prompt suspicion of other renal toxici-
ty that is likely having an actual impact 
on GFR. If estimated GFR drops below 
70 mL/min and approaches 60 mL/
min, substituting another regimen for 
elvitegravir/cobicistat/emtricitabine/te-
nofovir should be considered.

Potential advantages of elvitegravir/ 
cobicistat/emtricitabine/tenofovir 
include lesser effects in altering cy-
tochrome P450 3A4 (CYP3A4) and 
cytochrome P450 2D6 (CYP2D6) me-
tabolism and reduced adverse effects on 
lipids. In the pooled analysis, elvitegra-
vir/cobicistat/emtricitabine/tenofovir 
was associated with statistically signifi-
cantly smaller increases in total cho-
lesterol levels (10 mg/dL vs 19 mg/dL;  
P < .001) and low-density lipoprotein 
(LDL) cholesterol levels (10 mg/dL vs 
17 mg/dL; P < .001) than efavirenz/
emtricitabine/tenofovir (no difference 
vs atazanavir/r plus tenofovir/emtric-
itabine) and a statistically significantly 
smaller increase in triglyceride levels 
(8 mg/dL vs 23 mg/dL; P = .006) than 
atazanavir/r plus tenofovir/emtric-
itabine (no difference vs efavirenz/em-
tricitabine/tenofovir). Elvitegravir/cobi-
cistat/emtricitabine/tenofovir was also 
associated with a statistically signifi-
cantly smaller increase in high-density 
lipoprotein (HDL) cholesterol levels  
(5 mg/dL vs 8 mg/dL; P = .002) than 
efavirenz/emtricitabine/tenofovir (no 

difference vs atazanavir/r plus tenofo-
vir/emtricitabine). 

Resistance to elvitegravir is similar 
to that seen with raltegravir, with the 
exception of a T66I mutation that is 
not typically observed with raltegravir. 
Patients in whom raltegravir fails are 
unlikely to respond to elvitegravir. Re-
sistance mutations can be anticipated 
in patients who experience virologic 
failure on elvitegravir-containing regi-
mens. In 1 of the studies included in 
the pooled analysis, major InSTI resis-
tance mutations were found in 6 pa-
tients in the elvitegravir-based group, 
including E92Q and T66I in 1 patient 
each and Q148R and N155H in 2 pa-
tients each. Important nRTI-associated 
resistance mutations were found in 4 
patients in the elvitegravir-based group 
in whom treatment failed, including 
M184V/I in 4 patients and K65R in 1 

patient. No major protease inhibitor 
(PI)-associated or nRTI-associated re-
sistance mutations were found in pa-
tients in the atazanavir-based group. 

Cobicistat versus Ritonavir as a 
Booster

In a study comparing cobicistat-boost-
ed atazanavir (cobicistat group, n = 
350) with atazanavir/r (ritonavir group, 
n = 350), each was administered with 
emtricitabine/tenofovir in treatment-
naive patients with 5000 HIV RNA cop-
ies/mL or higher, any CD4+ cell count, 
and estimated GFR of at least 70 mL/
min. Virologic success rates at the 48-
week snapshot analysis were 85% in 
the cobicistat group versus 87% in the 
ritonavir group, with virologic nonsup-
pression occurring in 6% versus 4% 
of patients, respectively, and absence 

Table 1. Common Adverse Events and Adverse Events Resulting in Treatment 
Discontinuation in Studies Comparing Elvitegravir-Based, Efavirenz-Based, and 
Atazanavir-Based Regimens

Adverse Event Rate of Occurrence by Treatment Regimen

Elvitegravir-Based 
(n = 749)

Efavirenz-Based 

(n = 375)
Atazanavir-Based 

(n = 355)

Grade 2 to 4 Adverse Eventsa

Diarrhea 6% 4% 8%

Rash events 4% 9% 4%

Headache 4% 2% 3%

Bronchitis 4% 2% 3%
Upper respiratory infection 4% 4% 3%

Depression 3% 7% 3%

Nausea 3% 3% 3%

Insomnia 2% 3% 2%

Fatigue 2% 4% 4%

Herpes zoster 2% 1% 3%

Abnormal dreams 0.4% 4% 0.3%

Dizziness 0.4% 3% 1%

Adverse Events Leading to Treatment Discontinuation

Renal events 0.8% 0% 0.3%

Rash events 0.1% 1.1% 1.1%

Nausea 0.3% 0% 1.1%

Diarrhea 0.3% 0% 0.3%

Pyrexia 0.3% 0.3% 0%

Fatigue 0.3% 0.3% 0.6%

Elvitegravir-based group received elvitegravir/cobicistat/emtricitabine/tenofovir; efavirenz-
based group received efavirenz/emtricitabine/tenofovir; atazanavir-based group received 
atazanavir/ritonavir plus tenofovir/emtricitabine.
a Affecting at least 2.5% of patients in any group.
Adapted with permission from Benson et al.8
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of week 48 data for 9% of patients 
in both groups (cobicistat group non-
inferior; difference of -2.2%; 95% CI, 
-7.4%-3.0%).4 Overall adverse events 
and adverse events leading to discon-
tinuation were similar in the 2 groups 
(see Table 2): 5 of 6 cobicistat group 
patients and 2 of 5 ritonavir group pa-
tients who discontinued treatment due 
to renal abnormalities did so due to 

proximal tubulopathy. Consistent with 
the activity of cobicistat in inhibiting 
renal secretion of creatinine, there was 
an early increase in serum creatinine 
and reduction in estimated GFR in the 
cobicistat group, with the differences 
remaining statistically significant at 
48 weeks compared with the ritonavir 
group (median increase in creatinine 
clearance 0.13 mg/dL vs 0.09 mg/dL;  

P < .001; median 
decrease in esti-
mated GFR -13 mL/
min vs -9 mL/min;  
P < .001). Increases 
in total cholesterol, 
LDL cholesterol, 
and triglyceride 
levels were nonsig-
nificantly greater 
and the increase 
in HDL cholesterol 
level was nonsignif-
icantly smaller in 
the ritonavir group 
than in the cobici-
stat group. 

Dolutegravir

Dolutegravir, which 
currently is in phase  
III development and  
available through 
an expanded access 
program, retains 

activity in patients in whom raltegravir 
has failed with virus harboring ralte-
gravir and elvitegravir resistance mu-
tations. The recent SPRING-1 phase II 
study compared 3 doses (10 mg, 25 
mg, or 50 mg once daily) of dolute-
gravir (n = 155) with efavirenz plus  
a dual nRTI backbone (either abaca-
vir plus lamivudine or tenofovir plus 
emtricitabine as selected by the pro-
vider) in patients without InSTI-relat-
ed resistance mutations at baseline.5 
Through 96 weeks of treatment, viro-
logic response rates were higher in all 
dolutegravir groups than in the efa-
virenz group. It has been repeatedly 
observed that reduction in viral load is 
quite rapid with InSTI-containing regi-
mens; the causes and potential clini-
cal implications of the faster decline 
remain unclear. No InSTI-associated 
resistance mutations were observed 
in the dolutegravir groups through 
week 96. Adverse events leading to 
treatment discontinuation occurred in 
3% of patients taking a dolutegravir 
regimen and in 10% of patients tak-
ing the efavirenz regimen. Dolutegra-
vir, without cobicistat boosting, also 
inhibits creatinine secretion, resulting 
in 0.1 mg/dL to 1.5 mg/dL increases 
in serum creatinine without affecting 
actual GFR. 

The likely dose of dolutegravir for 
treatment-naive patients will be 50 mg 
once daily, with 50 mg twice daily be-
ing used for patients in whom other 
InSTI therapy has failed. In the VIKING 
Cohort II functional monotherapy 
study in patients with raltegravir-resis-
tant virus, the primary endpoint of HIV 
RNA levels below 400 copies/mL or a 
minimum 0.7-log10 copy/mL decline 
in viral load was achieved in 78% of 
27 patients receiving 50 mg dolutegra-
vir once daily and 96% of 24 patients 
receiving 50 mg dolutegravir twice 
daily. Analysis by mutational pathway 
showed virologic response in 33% of 9 
patients in the once-daily group with 
virus having the Q148 mutation plus at 
least 1 other mutation, compared with 
response in 100% of 11 patients in the 
twice-daily group with virus having 
Q148 and another mutation. Virologic 
response was achieved in 100% of 18 
patients in the once-daily group and in 
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Figure 2. Changes in serum creatinine level (mg/dL) from baseline (left) and from week 4  
(right) in studies comparing treatment with elvitegravir/cobicistat/emtricitabine/tenofovir  
(elvitegravir-based group) with efavirenz/emtricitabine/tenofovir (efavirenz-based group) 
or atazanavir/ritonavir plus tenofovir/emtricitabine (atazanavir-based group). Adapted with 
permisssion from Benson et al.8
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Table 2. Common Adverse Events and Those Resulting in 
Treatment Discontinuation in a Study Comparing Atazanavir 
Boosted by Cobicistat with Atazanavir Boosted by Ritonavir 

Cobicistat-Boosted 
(n = 344)

Ritonavir-Boosted
(n = 348)

Adverse Events Affecting ≥ 10% of Subjects 

Bilirubin-relateda 41% 36%

Nausea 18% 16%

Diarrhea 15% 20%

Headache 11% 16%

Nasopharyngitis 11% 15%

Upper respiratory 
infection

10% 8%

Adverse Events Leading to Treatment Discontinuation (n)

Study drug  
discontinuation due 
to any adverse event

7.3% (25) 7.2% (25)

Bilirubin-relateda 3.5% (12) 3.2% (11)

Renal abnormalities 1.7% (6) 1.4% (5)

Rash 0.3% (1) 0.6% (2)

Dermatitis allergic 0.6% (2) 0
a Bilirubin-related adverse events include jaundice, ocular icterus, 
hyperbilirubinemia, and increased blood bilirubin level. Adapted 
with permission from Gallant et al.4
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92% of 13 patients in the twice-daily 
group with virus having resistance 
pathways other than Q148. Viral load 
was reduced below 400 copies/mL in 
41% of the once-daily group and in 
54% of the twice-daily group. 

In a noninferiority trial comparing  
dolutegravir 50 mg once daily plus 
abacavir/lamivudine (n = 414) with 
efavirenz/emtricitabine/tenofovir  
(n = 419) in treatment-naive patients, 
the dolutegravir regimen produced 
a statistically significantly higher re-
sponse rate than the efavirenz regimen 
at 48 weeks (viral load less than 50 
copies/mL in 88% vs 81% of patients,  
P = .003).6 Median time to response 
was statistically significantly shorter 
in the dolutegravir group than in the 
efavirenz group (28 days vs 84 days,  
P < .0001). The mean increase in CD4+ 
cell count was statistically significantly 
greater in the dolutegravir group than in 
the efavirenz group (267/µL vs 208/µL;  
P < .001). Virologic failure with  
dolutegravir treatment was not ac-
companied by emergence of resis-
tance mutations in these treatment-
naive patients, in contrast to the 
resistance emergence that has been 
observed with raltegravir and elvite-
gravir. Dolutegravir treatment was 
associated with a small increase in 
serum creatinine, due to inhibition 
of proximal tubule enzyme systems 
similar to what is seen with cobicistat, 

that continued for 48 
weeks. The efavirenz/
emtricitabine/tenofo-
vir combination was 
associated with high-
er rates of discontinu-
ation due to adverse 
events (10% vs 2% 
with dolutegravir) and 
a higher incidence of 
liver function abnor-
malities (9% vs 2%, 
respectively) than do-
lutegravir. 

S/GSK1265744

S/GSK1265744 is be-
ing investigated as 
an oral agent and as 

a long-lasting parenteral agent (using 
nanosuspension technology) given via 
intramuscular (IM) or subcutaneous 
(SC) injection. In 10-day monotherapy 
studies, the agent produced a greater 
than 2.5-log10 reduction in viral load. 
Like dolutegravir, S/GSK1265744 
retains substantial activity against 
raltegravir- and elvitegravir-resistant 
mutants. When given by IM or SC 
injection, S/GSK1265744 produces 
plasma concentrations that remain 
over protein-adjusted IC90 values for 
wild-type virus for up to 24 weeks fol-
lowing administration of 800 mg IM 
(Figure 3). 

LEDGINs 

As noted, LEDGF/p75 is a cofactor of 
HIV integrase, acting to tether the pro-
virus to the cellular genome.7 By bind-
ing to the LEDGF/p75 binding site on 
the integrase, LEDGINs (eg, CX05168, 
CX05045, and CX14442) putatively 
inhibit LEDGF/p75 binding and strand 
transfer activity of the integrase, thus 
inhibiting provirus formation. Fur-
ther, it has been shown that the viral 
particles produced in the presence of 
these agents have impaired infectiv-
ity. LEDGINs are active against a wide 
range of InSTI-resistant mutants and 
exhibit additive to synergistic activity 
when combined with InSTIs.

Presented by Dr Saag in October 2012. First 
draft prepared from transcripts by Matthew 
Stenger. Reviewed and edited by Dr Saag in 
December 2012.
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Figure 3. Plasma S/GSK1265744 concentrations over time  
after intramuscular (IM) or subcutaneous (SC) administration.  
PA-IC90 indicates protein-adjusted 90% inhibitory concentra-
tion. Adapted with permission from Spreen et al.10
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