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SUMMARY

Highly active antiretroviral therapy (HAART) has converted HIV-AIDS

from one of history’s worst pandemics to a chronic disease. HAART is

the combination of different families of drugs that inhibit various

stages of the HIV life cycle. Among these drug families, the protease

inhibitors have a low systemic exposure and short half-life after oral

administration due to their rapid metabolism by cytochrome P450 3A

(CYP3A) enzymes, which can be circumvented by the concomitant

administration of ritonavir, a mechanism-based inhibitor of CYP3A

enzymes. Cobicistat (GS-9350) is a novel pharmacoenhancer with no

anti-HIV activity, which produces mechanism-based CYP3A inhibition

similar to that of ritonavir, with better physicochemical properties that

allow coformulation with antiretrovirals, reduced off-target drug inter-

actions and improved tolerability. Phase II and III trials are currently

assessing the safety and efficacy of cobicistat-boosted protease

inhibitors or integrase inhibitors as fixed-dose combinations in a single

tablet.

Key words: Cobicistat – GS-9350 – CYP3A – Pharmacoenhancer –

HIV-AIDS – HAART

SYNTHESIS*

Cobicistat can be prepared by several different ways:

Hydrolysis of methyl 2(S)-ureido-4-aminobutyrate (I) by means of

LiOH in THF/H
2
O provides carboxylic acid (II), which is then con-

densed with (R,R)-N-[(4-amino-1,4-dibenzyl)butyl]carbamate (III) in

the presence of EDC, HOBt and DIEA in THF, followed by N-Boc

deprotection by means of HCl to yield the 2,4-diaminobutyric acid

derivative (IV). Finally, construction of a morpholine ring onto the

primary amine of compound (IV) is then performed by either double

reductive alkylation with 2,2’-oxybis(acetaldehyde) (V) in the pres-

ence of NaBH
3
CN in CH

3
CN/CHCl

3
/H

2
O or by alkylation with bis(2-

bromoethyl) ether (VI) in the presence of NaHCO
3

in DMF (1, 2). 

In an alternative route, deprotection of compound (I) via cleavage of

the Boc group by means of TFA in CH
2
Cl

2
gives the free amine (VII),

which by double reductive alkylation with 2,2’-oxybis(acetaldehyde)

(V) [prepared by oxidative ring cleavage of cis-tetrahydrofuran-3,4-

diol (VIII) with NaIO
4

in H
2
O] in the presence of NaBH

3
CN in

CH
3
CN/H

2
O/CHCl

3
produces the morpholine derivative (IX). Hydrol-

ysis of the methyl ester (IX) with LiOH in THF yields the correspond-

ing free acid (Xa), which is finally [or alternatively its potassium (Xb)]

condensed with the amine (III) in the presence EDC, HOBt and DIEA

in (1-3). Scheme 1.

Synthesis of amine intermediate (III):

Condensation of L-phenylalaninol (XI) with dimethylsulfamoyl chlo-

ride (XII) using DIEA in CH
2
Cl

2
gives the sulfamide-sulfamate (XIII).

Cyclization of compound (XIII) with NaH in 2-MeTHF yields 2(S)-

benzyl-N,N-dimethylaziridine-1-sulfonamide (XIV), which can also
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MONOGRAPH

COBICISTAT Cytochrome P450 CYP3A Inhibitor

Rec INN; USAN Anti-HIV Agent

GS-9350

N-[1(R)-Benzyl-4(R)-[2(S)-[3-(2-isopropylthiazol-4-ylmethyl)-3-methyl]ureido]-4-(4-morpholinyl)butyramido]-5-phenylpentyl]carbamic

acid thiazol-5-ylmethyl ester

InChI: 1S/C40H53N7O5S2/c1-29(2)38-43-34(27-53-38)25-46(3)39(49)45-36(16-17-47-18-20-51-21-19-47)37(48)42-32(22-30-10-6-4-7-11-

30)14-15-33(23-31-12-8-5-9-13-31)44-40(50)52-26-35-24-41-28-54-35/h4-13,24,27-29,32-33,36H,14-23,25-26H2,1-3H3,(H,42,48)(H,44,50)

(H,45,49)/t32-,33-,36+/m1/s1
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be obtained by condensation of 2(S)-benzylaziridine (XV) with

dimethylsulfamoyl chloride (XII) in the presence of DIEA in CH
2
Cl

2
.

Then, dimerization of the sulfamoyl aziridine (XIV) by means of

LiTMP in THF/heptanes provides the hexene-bis(sulfamide) deriva-

tive (XVI). Deprotection of compound (XVI) by heating in 1,3-diami-

nopropane at 110 °C leads to 1,6-diphenyl-3-hexene-2(S),5(S)-diamine

(XVII), which is then hydrogenated over Pd/C in MeOH, producing

the saturated alkanediamine (XVIII). Finally, amine (XVIII) is

condensed with 4-nitrophenyl 5-thiazolylmethyl carbonate (XIX)

[prepared by treatment of bis(4-nitrophenyl) carbonate (XX) with 

5-thiazolylmethanol (XXI) and Et
3
N in CH

2
Cl

2
(1, 2)] by means of

Et
3
N in CH

2
Cl

2
(3). Scheme 2.

Synthesis of alkanediamine intermediate (XVIII):

Deprotonation of N-Boc-aminosulfone (XXII) with BuLi in THF at 

–78 °C, followed by condensation of the resulting dianion with 

N-protected-phenylalaninal (XXIII) in the presence of DIBAL-OMe

(generated in situ from DIBAL-H and MeOH) in THF at –78 °C, yields

the hydroxy sulfone (XXIV) as a diastereomeric mixture. After acety-

lation of hydroxy sulfone (XXIV) with Ac
2
O and pyridine in CH

2
Cl

2
,

reductive elimination by means of Na(Hg) and NaH
2
PO

4
in MeOH

provides alkene (XXV). N-Debenzylation of compound (XXV) using

Na in liquid NH
3
/THF produces alkene (XXVI), which by double bond

hydrogenation by means of Pd/C in MeOH, followed by Boc group

cleavage with TFA in CH
2
Cl

2
, yields 1,6-diphenylhexane-2(R),5(R)-

diamine (XVIII) (1, 2). Scheme 3.

In an alternative way, alkenediamine (XVIII) is prepared by ring clo-

sure of diol (XXVII) with CSDI in THF at 65 °C to produce the 

2-thioxo-1,3-dioxolane derivative (XXVIII), which by reductive elimi-

nation in P(OEt)
3

at 160 °C provides the protected diaminoalkene

(XXIX). Finally, alkene (XXIX) is submitted to double bond saturation

and simultaneous N-deprotection with H
2

in the presence of Pd/C in

i-PrOH/EtOAc (1, 2). Scheme 3.

Synthesis of intermediate (Xa):

Hydrolysis of 2(S)-ureido lactone (XXX) with NaOH in EtOH results

in the hydroxy acid (XXXI). Subsequent esterification of acid (XXXI)

with benzyl bromide in DMF provides the benzyl ester (XXXII), which

by Swern oxidation of its alcohol group by means of DMSO and

Pyr·SO
3

in the presence of Et
3
N gives the aldehyde (XXXIII). Reduc-

tive amination of aldehyde (XXXIII) with morpholine (XXXIV) using

NaBH(OAc)
3

in AcOH/CH
3
CN provides 4-(4-morpholinyl)butyrate

derivative (XXXV), which is finally saponified with NaOH in EtOH 

(1, 2). Scheme 4.

Alternatively, ring opening of lactone (XXX) with TMSI and EtOH in

CH
2
Cl

2
produces the 4-iodobutyrate derivative (XXXVI), which, with-

out isolation, is condensed with morpholine (XXXIV), and then treat-

ed with oxalic acid in acetone to yield the N-substituted morpholine

derivative (XXXVII). After liberation of the free base of (XXXVII) with

KHCO
3

in H
2
O/CH

2
Cl

2
, hydrolysis of the ethyl ester group with KOH

in H
2
O yields the corresponding potassium carboxylate (Xb) (3).

Scheme 4.

Synthesis of intermediate (I):

Condensation of (2-isopropyl-4-thiazolyl)methylamine dihydrochlo-

ride (XXXVIII) with CDI by means of Et
3
N in THF gives N-(2-iso-

propyl-4-thiazolylmethyl)imidazole-1-carboxamide (XXXIX), which,

without isolation, is alkylated with MeI and t-BuOK in THF to yield

the N-methylcarboxamide (XL) (3). Alternatively, reaction of N-(2-

isopropyl-4-thiazolylmethyl)-N-methylamine (XLI) with CDI in the

presence of DIEA in CH
2
Cl

2
produces imidazolide (XL). Finally, com-

pound (XL) is condensed with the N6-Boc-2(S),4-diaminobutyric

acid methyl ester (XLII) in CH
2
Cl

2
(1, 2). Scheme 5.

Synthesis of intermediate (XXX):

Quaternization of acyl imidazolide (XL) with MeI provides the 3-meth-

ylimidazolium derivative (XLIII), which, without isolation, is con-

densed with L-homoserine lactone (XLIV) in the presence of DIEA in

THF (3). Scheme 5.

Alternative route to (XXX):

In an alternative way, cyclization of L-methionine (XLV) by means of

BrCH
2
CO

2
H in refluxing H

2
O/i-PrOH/AcOH, and subsequent treat-

ment with HCl in dioxane at 60 °C leads to (S)-α-aminobutyrolac-

tone hydrobromide (XLVI), which is finally condensed with CDI by

means of DIEA in dioxane at 60 °C, followed by reaction with N-(2-

isopropyl-4-thiazolylmethyl)-N-methylamine (XLI) in CH
2
Cl

2
(3).

Scheme 5.

BACKGROUND 

HIV-AIDS has been defined as one of history’s worst pandemics (4).

The facts are gruesome enough: it has resulted in 60 million infec-

tions, 25 million deaths and more than 33 million persons are cur-

rently living with HIV infection or AIDS (5). In the early years of the

HIV-AIDS epidemic, the median survival after AIDS diagnosis was

measured in weeks to months (6). Nowadays, however, antiretroviral

therapy can warrant a life expectancy close to normal; hence, HIV-

AIDS has acquired the characteristics of a chronic rather than a

lethal disease (7). Furthermore, antiretroviral therapy decreases the

replication of HIV-1, and according to some ecological studies, it

reduces the incidence of new cases of HIV-1 infection (8).

However, antiretroviral therapy requires adherence, because poor

compliance increases the risk of incomplete viral suppression and

the emergence of drug resistance. Adherence can be improved by

low pill burden, convenient dosing schedule and a good safety pro-

file (9).

Highly active antiretroviral therapy (HAART) is the combination of

drugs that inhibit different stages of the HIV life cycle, generally

including a backbone of two nucleoside or nucleotide analogue

reverse transcriptase inhibitors and a potent third agent from one of

the following classes: non-nucleoside reverse transcriptase

inhibitors, protease inhibitors, integrase strand transfer inhibitors or

chemokine CCR5 receptor antagonists (10). 

Protease inhibitors have a low systemic exposure and short half-life

after oral administration due to their rapid metabolism by

cytochrome P450 3A (CYP3A) enzymes in the intestine and liver (11).

In the early use of protease inhibitors, the mechanism-based inhibi-

tion of CYP3A enzymes by subtherapeutic doses of ritonavir was dis-

covered by serendipity (12, 13). In fact, the concomitant administra-

tion of ritonavir enhances plasma levels of other protease inhibitors

that are metabolized by CYP3A enzymes, allowing reduced pill bur-

den and dosing frequency (14). Apart from protease inhibitors, other

important antiviral drugs that are CYP3A substrates can be com-
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bined with ritonavir, such as the integrase inhibitor elvitegravir (15),

the chemokine CCR5 receptor antagonist maraviroc (16) and the

hepatitis C virus protease inhibitor narlaprevir (17).

Scientists at Gilead Sciences succeeded in improving ritonavir and

discovered cobicistat (GS-9350), a pharmacoenhancer with no anti-

HIV activity, which produces mechanism-based CYP3A inhibition

similar to that of ritonavir, with better physicochemical properties

that allow coformulation with antiretrovirals, reduced off-target

drug interactions and improved tolerability (18-20).

PRECLINICAL PHARMACOLOGY

In enzymatic studies, cobicistat inactivated human hepatic microso-

mal CYP3A activity by mechanism-based inhibition with kinetic

parameters comparable to those of ritonavir, suggesting that it

inhibits CYP3A via the same mechanism of action as ritonavir (18,

20, 21). However, in contrast to ritonavir, cobicistat is a specific

CYP3A inhibitor. Indeed, it does not inhibit CYP1A2, CYP2C8,

CYP2C9 or CYP2C19 (IC
50

> 25 μM) and only weakly inhibits CYP2B6

(IC
50

= 2.8 μM) and CYP2D6 (IC
50

= 9.2 μM) (20, 22).
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Cobicistat was inactive against HIV-1 protease when tested in an

enzymatic assay (IC
50

> 30 μM) and did not inhibit HIV replication

(IC
50

> 30 μM), thereby avoiding the potential risk of viral resistance

(18-22). 

PHARMACOKINETICS AND METABOLISM

Cobicistat is soluble in water (6.5 mg/mL at pH 2.2) and can be for-

mulated as a single-agent tablet or coformulated with antiretroviral

agents (18-21). 

In preclinical in vitro studies, cobicistat showed poor concentration-

dependent metabolic stability. At high concentrations, it can inhibit

its own metabolism. Therefore, in preclinical pharmacokinetic stud-

ies, cobicistat showed a high clearance at low doses. In dogs, the oral

absorption of cobicistat is above 50% (20). 

The pharmacokinetics of cobicistat were studied in healthy volun-

teers (aged 18-45 years) who received single oral doses of 50, 100,

200, 300 or 400 mg, and daily repeated doses of 50, 100, 200 and

300 mg for up to 14 days. Cobicistat showed a plasma half-life of 1.4-
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5.2 hours with single doses and 2.2-8.1 hours with repeated doses.

Its rapid elimination reduces the potential for drug accumulation

and for unwanted side effects. Plasma concentration–time profiles

showed substantial increases in exposure after single-dose escala-

tion (164-fold increase in AUC
inf

with 50-400 mg cobicistat) and

multiple-dose escalation (47-fold increase in AUC with 50-300 mg),

as is expected for an inhibitor that inhibits its own clearance. Of note,

cobicistat is potent enough to inhibit CYP3A after a single dose,

based on a dose-apparent clearance curve (22).

The relative bioavailability and pharmacokinetics of a fixed-dose

combination tablet containing cobicistat, the integrase inhibitor

elvitegravir and the reverse transcriptase inhibitors emtricitabine

and tenofovir disoproxil fumarate were assessed in 44 healthy sub-

jects. They received fixed-dose combination tablets containing

elvitegravir 150 mg, emtricitabine 200 mg, tenofovir 300 mg and

cobicistat 150 mg; elvitegravir 150 mg boosted with ritonavir 100

mg; or capsules of emtricitabine 200 mg plus tablets of tenofovir

disoproxil fumarate 300 mg. The main pharmacokinetic parameters

obtained were AUC
tau

, C
max

and C
tau

. Cobicistat 150 mg improved

elvitegravir systemic exposure in a similar way as ritonavir 100 mg.

Indeed, elvitegravir showed AUC
tau

values of 27 and 22.5 μg·h/mL,

respectively, C
max

values of 2.66 and 2.50 μg/mL, respectively, and

C
tau

values of 490 and 410 ng/mL, respectively, when boosted with

cobicistat or ritonavir. It deserves to be mentioned that the efficacy

of elvitegravir is related to its high C
tau

. In addition, the concomitant

administration of cobicistat 150 mg slightly improved emtricitabine

and tenofovir disoproxil fumarate exposures. For tenofovir, that can

be explained by potential P-glycoprotein transporter inhibition by

cobicistat in the intestine during absorption. In summary, the study

demonstrated the ability of cobicistat to boost elvitegravir exposures

to levels similar to those achieved by ritonavir (23).

SAFETY

Cobicistat showed low liability for enzymatic induction through the

activation of the xenobiotic receptors, including the aryl hydrocarbon

receptor, the pregnane X receptor and the constitutive androstane

receptor (18-22). On the contrary, ritonavir, a potent pregnane X

receptor agonist (EC
50

= 1.9 μM) (19-22), induces the expression of

CYP3A4, CYP2B6, CYP2C9, CYP2C19, UDP-glucuronosyltransferase

1-4 and P-glycoprotein, leading to clinically significant drug–drug

interactions (24-27).

In vitro, cobicistat had minimal effects on lipid accumulation and

insulin-stimulated glucose uptake in human and mouse adipocytes,

respectively, whereas ritonavir inhibited lipid accumulation and glu-

cose uptake (18-22), an effect consistent with the induction of meta-

bolic syndrome caused by chronic treatment of HIV-infected patients

(27). In addition, cobicistat showed minimal cytotoxicity (20).

The safety of cobicistat was assessed in 84 healthy subjects (aged

18-45 years) who received single oral doses of 50, 100, 200, 300 or

400 mg, and daily repeated doses of 50, 100, 200 or 300 mg for up

to 14 days. The assessment of adverse events continued during dos-

ing, with a follow-up visit 14 days after the last administration of the

multiple-dosing period. Cobicistat was generally well tolerated, with

mild-grade headache, somnolence and abnormal dreams the most

frequently reported drug-related adverse events. No treatment-

related laboratory abnormalities or corrected QT interval (QTcF)

alterations were detected (22).

The safety of a tablet containing cobicistat at 100 or 150 mg cofor-

mulated with elvitegravir 150 mg, emtricitabine 200 mg and teno-

fovir 300 mg was studied in 44 healthy subjects who received the

treatment for 10 days. Safety assessments were performed at differ-

ent times during the study, and up to 14 days after the last adminis-

tration. The treatments were well tolerated. All treatment-related

adverse events were mild, except for two cases of asymptomatic

acute hepatitis defined by alanine aminotransferase (ALT) elevations

that occurred when receiving the tablet containing cobicistat 100

mg. Total bilirubin values remained unaffected, and the events

resolved 14 and 22 days later. No subjects experienced moderate or

severe elevations of liver function upon administration of the tablets

containing cobicistat 150 mg (23).

A 48-week phase II trial compared the safety of a single Quad tablet

(efavirenz/cobicistat/emtricitabine/tenofovir disoproxil fumarate)

with that of Atripla® (single tablet containing efavirenz/emtri-

citabine/tenofovir disoproxil fumarate) in antiretroviral-naive HIV-1-

infected adults. Quad tablets contain elvitegravir 150 mg/emtri-

citabine 200 mg/tenofovir disoproxil fumarate 300 mg/cobicistat

150 mg, and Atripla® tablets contain efavirenz 600 mg/emtri-

citabine 200 mg/tenofovir disoproxil fumarate 300 mg. At weeks 24

and 48, Quad was associated with lower rates of study drug-related

adverse events (35% and 46%, respectively) than Atripla® (57% in

both time periods). At week 48, Quad led to a decrease in the esti-

mated glomerular filtration rate (eGFR) of 20 mL/min, on the order

of what was observed at week 24 (28, 29). 

The safety of cobicistat versus ritonavir as a pharmacoenhancer for

atazanavir coadministered with fixed-dose emtricitabine/tenofovir

disoproxil fumarate was studied in a 48-week phase II trial in anti-

retroviral-naive HIV-1-infected adults. Adverse events and laboratory

abnormalities were graded for severity, and were assessed through-

out the study. A total of 50 patients received the treatment contain-

ing cobicistat 150 mg, atazanavir 300 mg and emtricitabine 200

mg/tenofovir disoproxil fumarate 300 mg, whereas 29 patients

received ritonavir 100 mg as a pharmacoenhancer. Adverse events

caused the discontinuation of 4% and 3% of cobicistat- and riton-

avir-treated patients, respectively. Through 48 weeks, 36% of cobici-

stat- and 48% of ritonavir-treated patients showed treatment-relat-

ed adverse events, mostly assessed as mild or moderate in severity.

Hyperbilirubinemia (at least grade 3) was observed in 63% and 45%,

respectively, of the patients in the cobicistat and ritonavir groups.

Hyperbilirubinemia is a side effect of atazanavir due to its inhibition

of UDP-glucuronosyltransferase 1-1. Although cobicistat-treated

participants showed slightly higher bilirubin levels than those

receiving ritonavir, clinical sequelae in the two groups were similar.

Indeed, ocular icterus was detected in 12% and 14%, respectively, of

the patients receiving cobicistat and ritonavir. Estimated glomerular

filtration ratio decreased at week 2 (108 mL/min with cobicistat vs.

117 mL/min with ritonavir; P = 0.02), reaching a nadir by week 24,

and not progressing further through week 48, in both groups. In

summary, the combination of cobicistat as a pharmacoenhancer for

atazanavir with emtricitabine/tenofovir disoproxil fumarate showed

a satisfactory safety profile in HIV-1-infected adults (12, 28, 29). 

In phase I and II studies, cobicistat has decreased the eGFR, based

on serum creatinine (12, 29). Therefore, its effects on renal function

were studied in non-HIV-infected subjects by comparing the eGFR to
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the actual glomerular filtration rate using iohexol, a probe almost

exclusively excreted by glomerular filtration. Two cohorts, one with

normal renal function (eGFR > 80 mL/min) and another with mild to

moderate renal impairment (eGFR = 50-79 mL/min), were treated

with cobicistat (150 mg/day for 7 days). Cobicistat did not modify the

actual GFR in either cohort. However, when the eGFR was measured

after 7 days of treatment, statistically significant decreases were

observed in both experimental groups, which disappeared 7 days

later. These effects on the eGFR are consistent with altered proximal

tubular secretion of creatinine by a putative inhibition of transporters

in the kidney tubules (30). In fact, an in vitro study has demonstrat-

ed that cobicistat inhibited some proximal renal tubular cell trans-

porters, namely the organic cation 2 transporter (OCT2; IC
50

= 14

μM) and the multidrug and toxin extrusion protein 1 (MATE-1; IC
50

=

1.87 μM), which may explain the effects of cobicistat on the eGFR

measured by the excretion of creatinine (31).

CLINICAL STUDIES 

The anti-CYP3A activities of cobicistat and ritonavir were compared

in a randomized, double-blind, double-dummy phase I study in 84

healthy subjects (aged 18-45 years). Midazolam maleate, which was

used to assess the extent of CYP3A inhibition elicited by cobicistat

and ritonavir, was administered at steady state of each inhibitor, i.e.,

after daily administration for 14 days. The doses of cobicistat tested

were 50, 100 and 200 mg, while ritonavir was administered at 100

mg. The pharmacokinetic parameters of midazolam were assessed

at baseline and when administered concomitantly with cobicistat or

ritonavir. The midazolam C
max

, C
last

, AUC
inf

and half-life dose-

dependently increased extensively from baseline with cobicistat or

when administered with ritonavir. Conversely, apparent clearance

(CL/F) decreased, reaching a 95% reduction with both compounds.

This is consistent with the agents’ pharmacoenhancer role via

CYP3A inhibition (22).

In a phase I pharmacokinetic study in healthy subjects, atazanavir

was bioequivalent when administered concomitantly with cobicistat

150 mg or ritonavir 100 mg, demonstrating the pharmacoenhancing

effects of cobicistat (32).

A prospective, double-blind, double-dummy, active-controlled, 48-

week phase II study compared the Quad regimen to Atripla® in treat-

ment-naive HIV-1-infected individuals. The viral suppression

(expressed as the percentage of patients with HIV RNA levels below

50 copies/mL) was the same at 24 and 48 weeks: 90% with Quad

and 83% with Atripla®. CD4+ cell counts increased by 161 and 113

mean cells/mm3, respectively, at week 24, and by 240 and 162 mean

cells/mm3, respectively, at week 48 with Quad and Atripla®. In con-

clusion, Quad showed a sustained high rate of virological suppres-

sion (90%), statistically noninferior to that of Atripla® (83%) (28, 29). 

The efficacy of cobicistat versus ritonavir as a pharmacoenhancer for

atazanavir, coadministered with fixed-dose emtricitabine/tenofovir

disoproxil fumarate, was studied in a randomized, partially placebo-

controlled, double-blind, multicenter, 48-week phase II trial in anti-

retroviral-naive HIV-1-infected adults. In the atazanavir/cobicistat

arm, 50 patients received atazanavir 300 mg, cobicistat 150 mg and

emtricitabine 200 mg/tenofovir disoproxil fumarate 300 mg. In the

atazanavir/ritonavir arm, 29 patients received atazanavir 300 mg,

ritonavir 100 mg and emtricitabine 200 mg/tenofovir disoproxil

fumarate 300 mg. At week 24, viral suppression was 84% and 86%,

respectively, for the cobicistat- and ritonavir-boosted arms. At week

48, these respective values were 82% and 86%. The increases in

CD4+ cell count were 203 and 199 mean cells/mm3, respectively, at

week 24, and 230 and 206 mean cells/mm3, respectively, at week

48, for the cobicistat- and ritonavir-boosted arms. No virological fail-

ure was observed (12, 28, 29). Other protease inhibitors boosted with

ritonavir and coadministered with emtricitabine/tenofovir disoproxil

fumarate gave similar rates of virological suppression (83% with fos-

amprenavir once daily [33] and 78% with lopinavir twice daily [34]). 

Several cobicistat clinical trials are ongoing. These phase II or III trials

are assessing the safety and efficacy of regimens containing a cobici-

stat-boosted protease inhibitor or a cobicistat-boosted integrase

inhibitor as fixed-dose combinations in single-tablet regimens (35).

CONCLUSIONS

Current antiretroviral therapy has converted HIV-AIDS into a chronic

disease. HAART is the combination of various families of drugs that

inhibit different stages of the HIV life cycle. Among these families,

the protease inhibitors have a low systemic exposure and short half-

life after oral administration due to their rapid metabolism by CYP3A

enzymes. This can be circumvented by concomitant administration

of ritonavir, a mechanism-based inhibitor of CYP3A enzymes. 

Cobicistat is a novel, potent, selective, mechanism-based inhibitor of

human CYP3A, which can be useful as a pharmacoenhancer admin-

istered concomitantly with protease inhibitors or other CYP3A sub-

strates in antiretroviral regimens. Ongoing phase II and III trials are

assessing the safety and efficacy of treatments containing a cobicis-

tat-boosted protease inhibitor or integrase inhibitor as fixed-dose

combinations in single tablets.
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