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Abstract: This article is to provide an update overview of cobicistat (COBI)-boosted darunavir
in response to its recent approval by the US Food and Drug Administration, and inclusion as an
alternative first-line regime in the 2015 treatment guidelines in the US. COBI is a relatively new
non-antiretroviral cytochrome P450 3A inhibitor or pharmacoenhancer. The rationale behind
COBI development was to provide an alternative to ritonavir (RTV) as a protease inhibitor
pharmacoenhancer, due to associated adverse events with short- and long-term RTV use, such
as gastrointestinal intolerability, drug—drug interactions, insulin resistance, lipodystrophy, and
hyperlipidemia. Although in vitro studies suggest that COBI may result in a lower incidence
of undesired drug—drug interactions and lipid-associated disorders than RTV, not all Phase I1I
studies have well addressed these issues, and the data are limited. However, Phase I1I studies
have demonstrated tolerability, noninferiority, and bioequivalence of COBI compared to RTV.
Two main advantages of COBI over RTV-containing regimes have been noted as follows:
1) COBI has no anti-HIV activity; therefore, resistance to COBI as a booster in addition to
protease inhibitor resistance is of little concern, allowing for COBI-containing regimes in future.
2) COBI’s solubility and dissolution rate allow for co-formulated/fixed-dose combination
products. Nonetheless, prior to initiating COBI-containing treatment regimens, the following
should be considered: 1) COBI may increase serum creatinine levels and reduce estimated
glomerular filtration rate (GFR) without affecting actual GFR; 2) potential drug—drug interaction
data are insufficient, warranting caution when initiating COBI in conjunction with concomitant
medication or in individuals with multiple comorbidities; 3) food plays a pivotal role in boost-
ing darunavir exposure, warranting caution and patient education on the importance of taking
COBI-containing regimens with appropriate amounts of food; and 4) data on the success of
COBI-containing regimens in treatment-experienced patients are limited.

Keywords: first-line regime, pharmacoenhancer, adverse events, ritonavir, drug—drug
interactions, tolerability

Introduction

HIV therapy has evolved to better serve HIV patients. With effective treatment utilizing
a combination of drug classes, the disease has changed from being considered deadly
to one that simply necessitates chronic care management.! Currently, there are six
classes of antiretroviral agents approved for therapy in treatment-naive and treatment-
experienced patients. These six classes are the nucleoside/nucleotide reverse tran-
scriptase inhibitors (NRTIs) that are the backbone of therapy, non-nucleoside reverse
transcriptase inhibitors (NNRTIs), protease inhibitors (PIs), fusion inhibitor, a CCRS
antagonist and integrase strand transfer inhibitors (INSTIs).>* The recommended
antiretroviral regimens comprise two NRTIs plus the third agent being an NNRTI, PI,
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or INSTI. These antiretroviral drug classes target the virus at
different phases of the replication cycle, thereby achieving
viral suppression in the majority of patients during the last
20 years'*= and supporting the need for global scale-up of
antiretroviral therapy.® Factors that guide clinician in anti-
retroviral initiation and maintenance practices are favorable
efficacy, low adverse events, ease of administration, and
minimal food or drug interactions. In conjunction, individual-
ized patient preferences and past medical history render spe-
cific regimens to be more favorable than others.>* However,
treatment is currently lifelong, short- and long-term adverse
events and resistance are not uncommon, and the develop-
ment of new HIV medications promising superiority over
what is currently available is lesser in comparison to years
past, underscoring the need to appropriately address aware-
ness and knowledge of treatment options and consequences
thereof among clinicians and patients alike.!*7 Cobicistat
(COBI) is a relatively new non-antiretroviral cytochrome
P450 3A inhibitor (booster/pharmacoenhancer) that can be
used as an alternative to ritonavir (RTV) with potentially
fewer drug—drug interactions, metabolic adverse effects,
and fixed-dose combinations (FDCs), reducing pill burden
and thus improving the likelihood of adherence.®'> The aim
of this article is to provide an overview of the history and
rationale behind darunavir (DRV)-boosted COBI (DRV/c)
and to outline efficacy and tolerability findings, in order to
inform clinician’s prescriptive practices in response to its
recent approval by the US Food and Drug Administration
(FDA) and inclusion as an alternative pharmacoenhancer
PI within first-line regime 2015 treatment guidelines of the
Department of Health and Human Services.

HIV-1 protease enzyme, mechanisms
of HIV-1 PI, and limitations in

un-boosted Pl use
The protease enzyme crystal structure was first discovered
in 1988,'* and the first PI was available for HIV treatment in
1995."* An HIV-1 protease is an aspartyl protease, and one
of the essential components in the HIV virion. This enzyme
is a homodimer composed of two identical subunits within a
99-amino acid chain, connected by antiparallel beta-sheets.
The site of enzyme activity is located at the center of the
dimer. Protease enzymes have two Asp residues at the site
to catalyze peptide bonding of the polyprotein chain to viral
core proteins and functional proteins. The catalyzing event
takes place in the virion right after budding.'>'¢

The PI drug class is a potent antiviral agent, achieving viral
suppression in treatment-naive and treatment-experienced

patients. Pls are peptidic-like compounds that bind to the
cleavage site of the enzyme, preventing viral polyprotein
binding. This mechanism thereby interferes with processing
of the viral structural and nonstructural proteins, inhibiting
viral maturation and preventing infection into new cells.'”
However, due to the evolution and high genetic heterogeneity
of HIV, development of resistance to Pls is inevitable after
HIV exposure. The resistant mutations modify amino acids
at the binding sites of the PI and lower binding affinity. Cross
resistance from one PI to another can occur because some Pls
share binding sites or are located in close proximity.’

PIs are extensively metabolized by cytochrome P450
3A4 (CYP3A) at the liver and intestines. Most PIs have a
short plasma half-life when administered as an un-boosted,
mono-PI. In the infancy of Pl-containing regimens, they
had a high pill burden, short dosing intervals, and restricted
administration in conjunction with other medications or food.
These factors created barriers to initiation and maintenance.
In addition, metabolic complications such as insulin resis-
tance and gastrointestinal disturbances were noted in these
regimes.'® This changed, however, with the introduction of
RTYV as a PI booster approximately 15 years ago."”

The PI DRV is a nonpeptidic compound developed for
HIV treatment. This compound uses the Asp-29 and Asp-30
position of the protease enzyme.”” DRV has a high affinity
for binding to wild-type (WT) and mutant protease. This
property is the key to its high genetic barrier to resistance.
DRYV demonstrates a fast association (K ) but a very slow
dissociation (K ) from WT HIV-1 protease compared with
other PIs.?! The slower rate of dissociation explains its effi-
cacy in long-term use.””>* However, as an un-boosted PI,
DRV is quickly metabolized and has a short plasma half-life
similar to other PIs. Therefore, low-dose RTV was introduced
in combination with DRV as a means to prolong DRV’s half-
life. This combination has demonstrated long-term efficacy
and tolerability in treatment-naive and treatment-experienced
patients. >

RTV mechanisms of action

RTV is a PI developed by Abbott Laboratories, initially
approved for HIV treatment at high dose levels as a compo-
nent of an antiretroviral regimen. Similar to other PIs, high-
dose RTV has a very short plasma half-life and significant
metabolic side effects. However, in lower doses (100-200 mg
per day), this agent was found to be an excellent booster for
other Pls through two mechanisms. RTV inhibits metabolism
of other PIs via the CYP3 A enzyme, thereby increasing their
half-life. The CYP3A enzyme is a major contributor to the
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elimination of a number of therapeutic agents.”>?¢ In addi-
tion, RTV inhibits the p-glycoprotein that pumps drugs out
of intestinal cells. Together, this results in higher and more
prolonged concentrations of drugs that are metabolized via
the P450 pathway. At higher plasma concentrations, the now
boosted PI can overcome replication of WT and potentially
Pl-resistant strains. This strategy contributed to the reduction
in pill burden and dosing frequency encouraging treatment
adherence.”’

When co-administered with DRV, RTV prolongs the
terminal half-life of DRV to 15 hours.? The currently recom-
mended dose of DRV/RTV (DRV/r) is 800/100 mg once daily
in treatment-naive patients and 600/100 mg twice daily in
treatment-experienced patients.? The pharmacokinetic (PK)
enhancement properties of low-dose RTV have expended
its utility to other anti-HIV agents such as elvitegravir and
maraviroc.” However, although RTV is administered as a
booster, it still induces some side effects such as dyslipidemia
and gastrointestinal intolerance. Furthermore, low-dose RTV
has the potential for drug resistance, as it retains activity
against HIV replication during co-administration. Due to the
challenges associated with low-dose RTV, the search began
for new booster alternatives with fewer adverse effects and
a decreased susceptibility to resistance.

Development of COBI

The new booster COBI (GS-9350) was approved in 2012
for use in HIV therapy in the form of a FDC: elvitegravir/
COBI/tenofovir disoproxil fumarate (TDF)/emtricitabine
(FTC) with the trade name Stribild. COBI was originally
developed by Gilead Laboratory. The chemical structure of
COBIl is related to RTV in that it maintains potent inhibition
of CYP3A but without activity against HIV replication. COBI
inhibits human CYP3A via direct interaction and mechanism-
based inhibition at the heme group of CYP3A. The kinetics of
COBTI’s inactivation of human hepatic microsomal CYP3A,
measured by kinact and K, is comparable to RTV. The inac-
tivation of CYP3A is possibly sustained until new CYP3A
is synthesized by hepatocytes. The spectrum of COBI in the
inhibition of human microsomal hepatic CYP3A is as broad
as in RTV.? In addition, lipid accumulation assays in vitro and
ex vivo demonstrated a lower effect on lipid accumulation
and insulin-mediated glucose metabolism in adipocytes.’
The PKs and pharmacodynamics of single- and multi-dose
COBI were studied in healthy volunteers for clinical valida-
tion, and it was found that COBI increased systemic exposure
of CYP3A substrates equivalent to that of RTV with no
dose-limiting toxicities between 50 mg per day and 300 mg

per day dosing.’® Drug—drug interactions of COBI were not
shown to be as extensive as RTV, although it is speculated
that drug—drug interactions with COBI are most likely
similar to RTV. Therefore, caution must be exercised when
administering COBI with drugs known to interact with RTV;
contraindications or a need for dose adjustment should be
considered and anticipated.

The recommended first-line PI in treatment-naive patients,
in accordance with the Department of Health and Human Ser-
vices 2015 treatment guidelines, is boosted DVR, in combina-
tion with two NRTIs. DRV can be boosted with either RTV
or COBI. Elion et al and Gallant et al compared the efficacy
of ATV/RTV (ATV/r) vs ATV/COBI (ATV/c) in treatment-
naive patients with a TDF/FTC backbone and found similar
results.?*2 The Phase III trial conducted by Gallant et al was
arandomized, partially placebo-controlled, and double-blind
multicenter study. At week 48, no significant difference in
treatment response between COBI (85%) and RTV (87%)
was detected. Rates of CD4 recovery were also comparable
between the two arms. Furthermore, the difference in the
number of adverse events such as hyperbilirubinemia and
jaundice was not significant. Reduction in the mean estimated
glomerular filtration rate (¢GFR, Cockcroft—-Gault, mL/min)
occurred in both treatment arms but was slightly more promi-
nent in the COBI arm (nine vs four participants). This study
concluded that COBI was a noninferior pharmacoenhancer
with a comparable efficacy and safety profile to RTV, when
combined with a PI.

Thus, on January 29, 2015, the FDA approved DRV/c
(Prezcobix®) based on the bioequivalence data
(TMC114IFD1003 study, Table 1) and a clinical study
evaluating the safety and efficacy of DRV/c for the treatment
of HIV-1 in adults with no DRV resistance-associated muta-
tions (GS-US-216-0130 study, Table 2), making it the first
COBI FDC approved by the FDA .3

PKs of DRV/c and DRV/r

One of the first PK studies of DRV/c and DRV/r co-
formulations studied 33 healthy subjects.** The geometric
mean ratio (GMR) of DRV/c vs DRV/r was equivalent for
area under the curve GMR with COBI at 102% and RTV at
90% (confidence interval [CI], 97.4-106), C_GMR COBI
at 103% and RTV at 90% (CI, 100-106), and trough GMR
COBI at 69.4% and RTV at 90% (CI, 59.0-81.7). When
analyzing pre-dose DRV concentrations after participants
received multiple doses, equivalent-level GMRs of COBI
at 90% and RTV at 89.4% were detected (CI, 80.4-99.4).
DRV/c trough concentrations remained more than 18 times
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Table | Comparison of the pharmacokinetics of darunavir/ritonavir vs darunavir/cobicistat in HIV-infected subjects

Parameters Darunavir/ritonavir (800/100 mg) Darunavir/cobicistat (800/150 mg)
once daily** once daily*

G (ng/mL) 1,067+361 13114969

C... (ng/mL) 5,259+1,576 7,663+1,920

AUC,,, (ng-h/mL) 61,106+22,455 81,6461+26,322

T .. (hours) (median, Q, Q,) N/A 3.5 (248, 4.29)

T, (hours) (median, Q, Q,)

14.4£5.17 (mean £ SD)

7.24 (5.35, 11.54)

Abbreviations: AUC, area under the curve; N/A, not available; SD, standard deviation; C_ , minimum serum concentration; C__, maximum serum concentration; T,

time at which Cmax is observed; T, ., half life.

1’

above the protein-binding-adjusted 50% effective concentra-
tion (EC, ) for WT (nonresistant) virus (55 ng/mL). Pre-dose
DRYV levels were more than 37 times above the EC, for WT
virus. DRV/c concentrations were equivalent to the data
observed in ARTEMIS study.?*

Renal safety of DRV/c

COBI inhibits creatinine excretion in detectable amounts
at the proximal tubules via the human multidrug and toxin
extrusion protein 1, the transporter system responsible for
excreting creatinine. After administration of COBI, rising of
serum creatinine in some patients resulted in a reduction of
eGFR but without actual changes to kidney function.** Studies
have noted that in HIV-positive participants receiving COBI,
an elevation of serum creatinine of approximately 15% from
baseline could be observed, reaching maximal levels at week 2.
Therefore, renal monitoring is essential in patients receiving
COBL. It is recommended that COBI-containing regimens
should not be initiated in patients with a creatinine clearance

max’

of less than 70 cc/mL2. However, recent data from a clinical
study demonstrated that switching from ATV/rto ATV/c and
DRV/r to DRV/c was safe up to 96 weeks in patients with
creatinine clearances between 50 and 89 cc/min. %%

Drug-drug interactions with COBI

administration

COBI potentially may have fewer drug—drug interactions due
to its more selective inhibition of CYP3A than RTV. In a
study assessing the median half-life and mean apparent clear-
ance of midazolam, COBI increased the median half-life 2.1-
and 3.7-fold with a reduced mean clearance of 93% and 95%,
respectively, whereas RTV increased the half-life 4.9-fold
and reduced the mean clearance by 96%.3° At present, the
recommendations regarding potential drug—drug interactions
are based on predicted interactions in addition to clinical trial
findings.* Thus, caution should be exercised when initiat-
ing COBI in conjunction with concomitant medication or in
individuals with multiple comorbidities.

Table 2 Summary of studies that evaluated efficacy and tolerability of DRV/c

Treatment

Results

Study N
COBI-boosted DRV in HIV-infected Total =313
adults: week 48 results of a Phase lllb, patients
open-label, single-arm study*’ Treatment-

naive =295 (94%)

DRV/c/FTC/TAF in STR formulation
vs DRV boosted by COBI and
FTC/TDF (fixed-dose combination)

in HIV-infected treatment-naive adults

N=153 patients

Double-blind, placebo-controlled trial*!

DRV/c 800/150 (single tablet)
once daily in combination with
NRTIs; TDF/FTC (96%)

DRV/c/FTC/TAF, N=103
DRV boosted by COBI and
FTC/TDF, N=50

Rate of grade 3 or 4 adverse events was 8%

Virologic response by snapshot analysis (HIV
RNA <50 copies/mL) was 83% in treatment-
naive patients

One subject had virologic failure with DRV
RAM

Pharmacokinetics of DRV/c was comparable to
DRV/ritonavir

At week 48, 76.7% randomized to TAF and
84.0% randomized to TDF had HIV RNA <50
copies/mL (FDA snapshot analysis), a
nonsignificant difference (weighted difference:
—6.2%; 95% confidence interval, —19.9% to 7.4%,;
P=0.35)

Less unfavorable effects on bone density and
proximal tubulopathy

Abbreviations: DRV/c, DRV-boosted COBI; COBI, cobicistat; DRV, darunavir; NRTIs, nucleoside/nucleotide reverse transcriptase inhibitors; TDF, tenofovir disoproxil
fumarate; FTC, emtricitabine; TAF, tenofovir alfenamide; FDA, Food and Drug Administration; RAM, resistance-associated mutation; STR, single tablet regimen.
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Food effect on DRV/c

In a study where participants were administered DRV/c under
fasting or fed conditions (standardized intake and high fat/
high calorie intake), bioequivalence of DRV/c 800/150 mg
as an FDC found that food increased DRV exposure, and
recommended that DRV/c be administered with food.*
Furthermore, participants given higher fat/higher calorie
food demonstrated a significant increase in DRVs maximum
plasma concentrations of 2.27-fold and the area under the
curve of 1.63- to 1.70-fold in comparison to fasting condi-
tions, but no increase in adverse events was noted, and no
recommendations on the optimal amount of food intake when
taking DRC/c were provided.

Clinical studies of DRV/c in a FDC
use

In treatment-experienced participants
Limited data are available on the use of DRV/c in treatment-
experienced participants. And, in the three studies including
treatment-experienced participants, the participant numbers
were small. McDonald et al and Fisher et al studied the
effects of switching 73 participants to either DRV/c- or
ATV/c-containing regimes with a creatinine clearance of
50-89 mL/min.*"* Findings demonstrated efficacy and toler-
ability with a similar renal profile as seen in other studies. The
study by Tashima et al included 18 treatment-experienced
and 295 treatment-naive participants but did not address
any specific findings in the treatment-experienced group
nor made any recommendations regarding DRV/c use in
treatment-experienced participants.*

In treatment-naive patients

DRV/c at 800/150 mg as a single FDC tablet, in combination
with two active nucleoside analogs (one being tenofovir,
99%), was evaluated in a 48-week Phase I1Ib, open-label,
single-arm, and multicenter study.* This study included 313
subjects, mostly treatment-naive patients (94%) with 86%
of the patients completing evaluation at week 48. Eighty-
three percent of treatment-naive patients had plasma HIV
RNA lower than 50 copies/mL by FDA snapshot analysis.
There were no differences in response rates between patients
with baseline HIV RNA >100,000 copies/mL vs patients
with <100,000 copies/mL. The median increase in CD4
count at 48 weeks was 169 cells/mm?, and the discontinuation
rate due to adverse effects was 5%. Measured parameters for
PKs from 59 patients demonstrated that mean (standard devi-
ation) C_ ,C_,and C;, of DRV were 7,663 (1,920) ng/mL,

max’

1,311 (969) ng/mL, and 1,560 (1,328) ng/mL, respectively.
The population-based DRV/c PKs was consistent with the
PKs of DRV/r, and the mean DRV C,, was optimal for
suppression of WT HIV-1. This study demonstrated that a
fixed-dose of DRV/c is effective and safe.*

A quadruple single-tablet regimen

of DRV/c/tenofovir alfenamide/FTC

One study has evaluated the efficacy of DRV/c in combina-
tion with tenofovir alfenamide (TAF) and FTC in a single-
tablet regimen, in comparison to DRV/c plus TDF and FTC.*!
This study enrolled 153 treatment-naive participants with
an eGFR at or greater than 70 cc/min. The investigators
randomized 103 participants to receive DRV/c/TAF/FTC
and 50 to receive DRV/c/TDF/FTC once daily. At week 48,
76.7% of the participants administered DRV/c/TAF/FTC
and 84.0% of the participants administered DRV/c/TDF/
FTC had plasma HIV RNA less than 50 copies/mL, weighted
difference: —6.2% (CI, —19.9% to 7.4%; P=0.35). Those who
experienced adverse events were graded as mild/moderate
in severity. However, two patients had adverse events that
led to discontinuation of the treatment regime in each arm.
With respect to eGFR, participants in the DRV/c/TDF/FTC
exhibited a greater reduction in eGFR and a greater change
in proximal tubular proteinuria with a mean reduction in
eGFR of —10.6 (TDF arm) vs —2.9 (TAF arm) (P=0.017).
This study demonstrated the superiority of TAF to TDF in
combination with DVR/c/FTC, possibly mitigating renal
impairment concerns in COBI-containing regimens.

Summary

DRV/c as FDC has recently been approved by the FDA in
treatment-naive and treatment-experienced HIV-infected
patients. This is based on comparable PK, efficacy, and
safety profiles. The studied DRV/c/TAF/FTC single pill
has shown to be well-tolerated and efficacious in a Phase II
48-week clinic trial, and is likely to be approved for clinical
use in the near future. Familiarity with COBI-containing
regimes is of importance to clinicians globally, as Gilead
has signed a license agreement with Medicine Patent Pool
reducing the cost and improving access in low- to middle-
income countries.*? The studies completed to date address the
concerns surrounding increased serum creatinine levels and
reduced eGFR in COBI-containing regimes and should be
considered prior to initiation. Furthermore, patient education
should underline the importance of taking COBI-containing
regimes with food. With increased use and study data,
potential drug—drug interactions will become more evident,
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and until that time, caution when initiating COBI in con-
junction with concomitant medication or in individuals
with multiple comorbidities should be exercised. Likewise,
data regarding the effects of COBI-containing regimens in
treatment-experienced patients will expand to better inform
clinician practices.
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