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| mportant Note

The following report is required for the completiof the HIV Specialty Pharmacy
Residency Program. However, the reader is advibatl the study has not yet been
completed and that it contains preliminary datae Tgroject summarizes the work
completed to December 2012, but as of February ,2pd3iminary analysis from five
patients was available and this information wasritesl for completeness (Abstract,
Table 2, Figure 2). The results and discussiotigeavere made in the expectation that
boceprevir would influence the pharmacokinetics naéraviroc. This was done for

academic purposes. Therefore, conclusions neee itatérpreted with caution.



Abstract

Background: Boceprevir is a direct acting antiviral agent usadthe treatment of
hepatitis C (HCV). lIts clinical efficacy is beingvestigated in patients co-infected with
HIV and HCV. Boceprevir displays many drug-drug enaictions with various
medications including antiretrovirals, where it Hzsen shown to increase or decrease
CYP3A4/5 substrates. It is also a weak inhibitorRefjlycoprotein. No data are yet
available on the use of this agent in combinatiath wnaraviroc, a CCR5 antagonist
which is a substrate of CYP3A4 and of P-glycopratei

Materials and MethodsThis pharmacokinetic (PK) phase 1, single cermeen-label,

crossover single-sequence drug-drug interactiordystwas conducted in healthy
Caucasian males. Subjects were selected accoaliagtrict protocol based on physical
examination and laboratory tests. Subjects receivacviroc 150 mg every 12 hours for
5 days followed by co-administration of maraviroB01mg every 12 hours with
boceprevir 800 mg every 8 hours with food for 14sdeOn days 5 and 19, maraviroc
plasma concentrations were determined by high pedoce liquid chromatography
coupled to a tandem mass spectrometer before aié,at, 1.5, 2, 4, 6, 8 and 12 hours
after the morning maraviroc dose. Geometric metiagdGMR) of AUG.1» (area under
the concentration-time curve for the 12 hours dpsinterval), Giax (maximum
concentration) and & (concentration at the end of the dosing interwadje calculated.
From these data, lack of interaction was conclutiite 90% confidence interval of the
GMR (test/reference) fell completely within 80-125%ndividual maraviroc
pharmacokinetic parameters were calculated usingn-compartmental analysis
(WinNonlin 6.3, Pharsight). Information regardindvarse events (AEs) was collected
throughout the study and up to 7 days after theaditide study.

Results:As of January 2013, a total of 15 male participarinsented to the study and 5
subjects were enrolled and completed the study i@mealge: 25 years; median weight:
79.6 kg; median body mass index: 24.6 Kg/nBoceprevir significantly increased the
exposure of maraviroc with AUG2 GMR [90% confidence interval] of 2.28 [1.24-3.32]



and Gau GMR of 3.62 [2.64-4.60]. Boceprevir did not sigoéntly change maraviroc
Cmax (GMR of 1.25 [0.16-2.34]). Maraviroc exposureshwittoceprevir were lower than
historical data of maraviroc 300 mg BID without C¥A% inhibitors and interindividual
variability was high in both treatment arms (me&bC|V]; maraviroc: AUG.1» 0.367
mg*h/L  [58%)], Gnax 0.170 mg/L [70%] and f 0.007 mg/L [52%];
maraviroc+boceprevir: AUE 2 0.923 mg*h/L [69%], Gax 0.212 mg/L [62%] and &
0.030 mg/L [69%]). Overall, the study drugs wereyweell tolerated and AEs reported
were mild to moderate (overall incidence 80%; n¥4/Bhe most common AE was
dysgeusia (80%), a known side effect of bocepréNir.grade 3 or 4 AEs or laboratory
abnormalities were observed.

Conclusions:Co-administration of boceprevir and maraviroc hesliin significantly
enhanced exposure of maraviroc. Our results sugtedt boceprevir is inhibiting
maraviroc’s CYP3A4-mediated metabolism and/or Regpyotein. Given the magnitude
of the interaction, maraviroc 150 mg every 12 hasrsecommended when used with

boceprevir.



I ntroduction

Co-infection with human immunodeficiency virus (Hlend hepatitis C virus (HCV) is
frequent because of shared modes of viral trangmis8etween 20 and 30% of HIV-
infected patients are also infected with HCV (1#pre than 33 million people live with
HIV worldwide (4). In contrast, HCV infection is m®prevalent as it affects more than
170 million people around the globe, being a legdiause of chronic hepatitis, cirrhosis,

liver cancer and the most important indicationlieer transplantation (5).

Despite the decrease in mortality and morbidityHitv-infected individuals since the
introduction of potent combination antiretrovirbktapy (cCART), HCV-related end-stage
liver disease (ESLD) now represents a leading cafisieath in these patients (6, 7).
Progression to cirrhosis is two to threefold higlerco-infected patients than HCV

mono-infected patients (8 , 9).

The goal of anti-HCV therapy is to increase longrtesurvival of infected patients with
the hope of achieving sustained virologic respdi$3£R), that is a level of serum HCV
RNA that is undetectable 24 weeks after the ertierfipy. Treatment of chronic HCV in
HIV co-infected patients is crucial because ofrisk to more rapid progression to ESLD

and a greater risk of hepatotoxicity to antiretravtherapy (ART) (10, 11).

The recent introduction of boceprevir and telaprewwo direct acting antiviral agents
(DAAs) against HCV, changed the standard of carettie treatment of chronic HCV
infection with genotype 1 to triple therapy contagh a DAA in combination with
pegylated (PEG) interferon (IFN)-alpha/ribavirinHICV mono-infected treatment naive
and experienced patients (12). More specificalljthwregards to boceprevir in
combination with PEG IFN-alpha/ribavirin in treatmianaive and experienced patients,
sustained virologic response (SVR) rates reachazdes high as 70% in clinical studies
(13, 14).



The use of boceprevir in HIV/HCV co-infection isalof growing interest and supported
by recent data. An interim analysis of a randomigedble-blind placebo-controlled
study of boceprevir/PEG IFN-alpha/ribavirin in HCiveatment naive HCV/HIV co-
infected patients showed that 63.9% of patientbaceprevir/PEG IFN-alpha/ribavirin
had an undetectable HCV RNA at 48 weeks as compar@8.4% of patients on PEG
IFN-alpha/ribavirin. In addition, preliminary sajetiata in co-infected patients showed a
profile consistent with the use of boceprevir in VH@ono-infected patients with no
change in CD4 counts and HIV viral load. Of interest, all pat@nvere on ART with

most patients being on protease inhibitors (15).

Boceprevir is a novel HCV NS3/4A serine proteasehior (Pl). Boceprevir metabolism
is complex with great potential for drug-drug iretions. Boceprevir is metabolized by
aldo-keto reductases (AKR1C2 and AKR1C3), but #fsough CYP3A4 and CYP3A5
microsomal enzymes (16-18). Boceprevir is also lzssate and a weak inhibitor of P-
glycoprotein (P-gp) and is an vitro inhibitor of OATP1B1 hepatocyte transporters and
BCRP gut transporters (18-21). In addition, bocepres a strong inhibitor of
CYP3A4/3A5 and drugs metabolized by this pathway tmave increased exposure when
administered with this product (18). Indeed, boegjris known to significantly increase
midazolam, atorvastatin, cyclosporine and tacrosirayposures (all CYP3A4 substrates)
in vivo and this may have profound clinical consequent8sZ2, 23)In vitro data have
shown that boceprevir does not induce CYP3A4/5.(18)

Many studies have investigated the drug-drug ioteya potential of boceprevir with
antiretrovirals. Boceprevir increases thgaand the area under the curve (AUC) of
efavirenz (efavirenz Gex t 11 % and AUCt 20 %), while boceprevir Gx and AUC are
decreased when administered with ritonavir (boogp@max | 27% and AUCL 19 %)
and efavirenz (boceprevirsex | 8 % and AUCL 19 %), respectivelyn vivo (18, 24).
Surprisingly, a study has revealed that bocepr®areases the minimum concentration
(Cmin) of atazanavir, lopinavir and darunavir (all CYRBsgubstrates) by 49, 43 and 59%,
respectively. The AUCs of these HIV protease irtbilsi were decreased by 34 to 44%
(25). These data suggest that boceprevir displaexpectedin vivo interactions.



Contradictoryin vitro andin vivo drug interaction study results are not uncommon.
Furthermore, lopinavir/ritonavir and darunavir/rievir decreased boceprevir AUC by 45
and 32%, respectively (25). These results are umprising as ritonavir and lopinavir are
known CYP3A4 inducers (26). An unexpected drugraxtBon was also observed with
etravirine (etravirine AUC decreased by 23% angl @ecreased by 29%) (27). On the

other hand, raltegravir does not appear to intenagtvo with boceprevir (28).

Because of these complex drug-drug interactionsiyemoviral alternatives such as
maraviroc may need to be considered for the tre@tiofeHI\V/HCV co-infected patients.

Maraviroc inhibits the binding of HIV-1 gp120 to ®G, therefore preventing the entry
of HIV across the human cell membrane (29). Theatly of maraviroc is dependent on
the patient being infected with a CCR5-tropic virMgaraviroc was shown to be effective

in both treatment-naive and treatment-experiendddpdtients (30-32).

Maraviroc is usually given as 300 mg twice dailyfhwor without food but the dose may
change depending on the patient’'s concomitant ragdic Maraviroc does not inhibit
any of the major CYP450 enzymes (CYP1A2, CYP2B6P2E8, CYP2C9, CYP2C19,
CYP2D6 and CYP3A4). Maraviroc's major metabolic tess are oxidation and N-
dealkylation andn vitro studies demonstrated that maraviroc is primarigtanolized by
CYP3A4 (33-35). Maraviroc is also a substrate ajpP(34, 35). Concomitant use of
maraviroc with known CYP3A4 inhibitors (ketoconazolitraconazole, delavirdine,
clarithromycin, HIV Pls except tipranavir/ritonayirequires maraviroc dosage to be
reduced to 150 mg twice a day while its use withPG%4 inducers (efavirenz, etravirine,
rifampin, carbamazepine, phenobarbital, phenytoagessitates maraviroc to be used at
600 mg twice daily (34, 35).

Given the similar metabolic routes taken by mai@yveind boceprevir, that is CYP3A4, it

is predicted that these molecules will interacterBtiore, a phase | pharmacokinetic drug-
drug interaction study in healthy volunteers wasdtted. Furthermore, evaluation of
this potential interaction is warranted to propasequate dosing recommendations for

maraviroc when given with boceprevir.



M ethodology

Study design

This phase 1, single center, open-label, crossswvgle-sequence drug-drug interaction
study in healthy Caucasian males was begun in 20B2, and includes data from
participants recruited to Decembré? 3012 at the Centre hospitalier de I'Université de
Montréal (CHUM), Montréal, Québec, Canada. The priyrobjective of the study was to
evaluate the effects of boceprevir on the pharmaetiks of maraviroc in healthy
volunteers. The secondary objective was to detexrthie appropriate maraviroc dose to

be taken when given concomitantly with boceprevir.

Healthy volunteers received maraviroc (Celsentiiy\Healthcare) 150 mg every 12
hours from day 1 to 5 followed by maraviroc 150 mgery 12 hours with boceprevir
(Victrelis, Merck) 800 mg every 8 hours with foorbrih days 5 to 19. Twelve hour
intensive pharmacokinetic (PK) days were schedueddays 5 and 19 (Figure 1).
Maraviroc’s steady-state terminal elimination HéH-is between 14 to 18 hours (35) and
thus maraviroc is expected to be at steady-stater & days of administration.
Boceprevir's mean elimination half-life is 3 hoyfs3). As such, steady-state conditions
are expected after the first day of administratidavertheless, a treatment duration of 14
days was chosen as optimal steady-state conditmraecount for potential induction
effects of boceprevir on metabolic enzymes andiwg dransporters. On PK days,
morning maraviroc and boceprevir doses were adienmgd with a standardized breakfast
(490 kcal, 16,6 g of lipids) and the afternoon lmegir dose was administered with a
standardized snack (284 kcal, 10 g of lipids).

Adherence assessment was done by the investigatordays 5 and 19 by counting
remaining medication and participants were askefillta diary to indicate the date and
time of each dose intake. The diary was reviewdtl Wie participant on study visits on
days 5 and 19.
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Study participants

Healthy Caucasian males, aged 18-50 years oldsmmikers, drinking less than 14 units
of alcohol per week, with a body mass index (BMB)30.0 kg/m were included in the
study. The study population was limited to Caucgasizales to minimize interpatient
pharmacokinetic variability. Participants underwehtstory/physical examination,
laboratory evaluations (biochemical, hematologicainalysis) and electrocardiogram
prior to study entry. Participants needed to hamtosic blood pressure between 105 and
130 mmHg, diastolic blood pressure between 60 abidm®nHg, supine heart rate
between 60 and 100 beats per minute, LDL-choldstef» mmol/L, triglycerides 1.7
mmol/L and a 10 year estimate of cardiovascular)(@¥sease risk af 10% (“low risk”)

as per the Framingham risk score modified for fgrhistory (doubling of CV risk if any
CV disease in a first-degree relative before 60 y@h age); the modified Framingham
risk score takes into account age, HDL-cholestetmtial cholesterol, systolic blood
pressure, smoker status, presence of diabetesaamil fhistory of CV disease (36).
Exclusion criteria included positive HIV (ELISA teand Western Blot), hepatitis B
(HBsAg positive or HBsAg negative with positive BHBCAg and negative anti-
HBsAQ) or hepatitis C (anti-HCV serology) test reésu screening, a positive illicit drug
test or the use of intravenous drugs in the lashdhths and a history of postural
hypotension, cardiac disease, kidney or liver impant. Subjects with unprotected
sexual activities during the last 6 months witreavror recent partner were also excluded.
Participants who received any experimental medioatvithin the last 2 months and/or
donated blood during the previous 2 months or wtiended to donate blood within 2
months following completion of the study were alsot allowed in the study.
Prescription drugs, over the counter drugs, renealt drugs, herbal or dietary
supplements including vitamins and grapefruit junsere not allowed within 15 days of
study initiation (day 1) except for acetaminophed/ar ibuprofen on an as needed basis.
These products were also prohibited during the ystyexcept for as needed
acetaminophen and/or ibuprofen). Volunteers welalale to understand and comply
with the protocol requirements and all signed th®rmed consent form prior to any

study procedure. Subjects with a social conditpmychological or addictive disorder that

11



would impair protocol adherence were excluded fribra study. Finally, participants

were asked to use an effective barrier method ofraception during the study.

Pharmacokinetic sampling

On PK days (days 5 and 19), the morning maraviras taken at the study site and blood
samples were collected pre morning maraviroc doyeafd at 0.5, 1, 1.5, 2, 3, 4, 6, 8
and 12 hours after the maraviroc dose. Blood san@eés mL each) were collected in
tubes containing sodium heparin, centrifuged fanifutes (3000 g), and the collected
plasma was stored in labeled polypropylene tubes #0°C within 4 hours of blood

collection.

Maraviroc analytical methods

Plasma concentrations of maraviroc were measuradj s high performance liquid
chromatography system (Shimadzu Prominence system Mandel, Guelph, Ontario,
Canada) coupled to a tandem mass spectrometer 4860Q trap from AB Sciex,
Concord, Ontario, Canada) at the Royal Victoria piag of the McGill University
Health Centre. Measures were done with the isotdpution technique with an ESI
source in positive mode. The maraviroc analytioethods were already developed at
this laboratory. The laboratory participates in timternational external quality control
programs (KKGT in the Netherlands and AsqualabramEe). The intra-assay and inter-
assay coefficients of variation for maraviroc aespectively 0.8-5% and 3.4-5%. The

lower limit of quantification (LLOQ) for maravirois 0.01 mg/L.
Sample size
A sample size of 9 healthy volunteers was deterchimebe sufficient to detect a 40%

difference in mean AUC of maraviroc with boceprevarsus maraviroc alone with a

power of 80% and a type 1 error of 5% (two-sided$dal on the assumptions that the

12



mean AUC of maraviroc is 2908 ng*h/mL and the stadddeviation is 727 ng*h/mL
(intra-patient coefficient of variation %CV of 25%dpfizer data on file). Considering
historical interaction data between boceprevir atider CYP3A4 substrates (in the
absence of ritonavir), the 40% difference in mea®CAchosen to calculate the sample
size was conservative to ensure sufficient sampée(48, 22, 23). Assuming a maximum
dropout rate of 20%, 11 patients were enrolledh@ $tudy in order to obtain a final

sample size of at least 9 individuals.

Pharmacokinetics and statistical analyses

Pharmacokinetics parameters of maraviroc were agtion by the application of a
nonlinear curve-fitting software (WinNonlin) usingoncompartmental methods and
including maximum plasma concentration (g, time to reach the maximum
concentration (fay, the area under the plasma concentration-timeeciar the 12 hours
dosing interval (AUG.12), elimination half-life (,;), oral clearance (CL/F), volume of
distribution (\p) and concentration at the end of the dosing iaferC,). The
elimination rate constankd) was calculated by an analysis using least squarear
regression of at least 3 data points in the elitingphase. Thet was calculated agt

= In2ke. The AUG.1» was estimated using the linear trapezoidal rutee TL/F was
calculated as CL/F = Dose/AYG,. The \p was calculated asp= Dose/(AUG.15*Ke).

Natural log transformed geometric means of AUWL Crax and Gy, were analyzed. From
these data, lack of interaction of the test to reefee treatment for maraviroc
pharmacokinetics parameters was concluded if 908tidence interval of the geometric
mean ratio (test/reference) fell completely witBh125% (37). Statistical analyses were

conducted using the SPSS software.
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Population pharmacokinetic and statistical analyses

The population pharmacokinetic analysis was peréornwvith NONMEM (Nonlinear
Mixed Effect Model) computer program. The analysged mixed-effects regression
(fixed and random) to estimate means and variaatéise pharmacokinetic parameters
of maraviroc and to identify factors that influenttem, including co-administration of
boceprevir. First, one- and two-compartment moaath first-order absorption for the
gastrointestinal tract were fitted to the maravidata. The estimated pharmacokinetic
parameters were the constant of absorption (Ka)agiparent clearance (CL/F), and the
volume of distribution (V/F), where F is oral bi@hability. Other pharmacokinetic
parameters of maraviroc were derived from the fmatlel, namely, area under the curve
(AUC), elimination half life (t2), maximum plasma drug concentration (Cmax), ame ti
to reach the Cmax according to classical steadg-$tamulae for repeated oral dosing.
Exponential errors following a log-normal distritmrt were assumed for the description
of interpatient variability of the pharmacokinefiarameters. Additive, proportional, and
combined additive and proportional models wereetedor the intrapatient (random)
variability. Potential influencing covariates (esjdly, co-administration with
boceprevir) were incorporated into the structuradei. The merit of a more complex
model (larger — more parameters) over a less cotrgulb-model was tested using a “log
likelihood-ratio” test: Aobj, the difference of NONMEM objective functions
(approximately minus twice the maximized log-likelod of the data) at convergence for
the two models, is referenced to its asymptotiescjuare distribution (df = difference in

number of free parameters). The difference wasagedIsignificant when g 0.05.
If boceprevir has a significant effect on maravigiarmacokinetic, simulations will be

performed to determine which dosing regimen of wiana should be used during co-

administration with boceprevir.
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Safety

Patients were seen at the screening visit and g& Hab and 19 and were submitted to a
physical exam and a series of test (biochemicahatelogical, electrocardiogram) to
assess safety of the study drugs. Information deéggradverse events (AE) was collected
and recorded throughout the study and up to 7 dégs the end of the study. Adverse
events were graded accordingthe Division of AIDS (DAIDS) Table for Grading the
Severity of Adult and Pediatric Adverse Events @0J38).

Study procedures

This trial was approved by the research ethics dhadrthe Centre de recherche du
Centre Hospitalier de I'Université de MontrédCHUM) and by the University of
Toronto Faculty of Pharmacy Undergraduate Resedititics Review Committee

(FERC), in accordance with the HIV Residency Progfauidelines.
The study was conducted according to the principlebe Declaration of Helsinki, Good

Clinical Practice guidelines and local rules andutations. All subjects signed an

informed consent form before any study procedure.
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Results

Study subjects

As of December 2012, a total of 15 participantsistjthe consent form, 5 subjects were
enrolled while 3 took the study drugs and comple®¥l evaluation. A total of 9
participants were excluded from the study based imolusion/exclusion criteria:
bradycardia (n=3), low blood pressure (n=1), livhsease (n=1), excessive alcohol
consumption (n=1), unprotected sexual activitiegha last 6 months (n=1), positive
urine drug screen (n=1) and protocol deviation jn#lb subject discontinued the study
due to an adverse event related to the study dfwg participants are currently
completing the PK study phase and the investigategsiire 6 more subjects to be
enrolled for study completion. One subject is aulse in the screening process. A
summary of study participants’ characteristicsapidted in Table 1.

Maraviroc Pharmacokinetics

Table 2 and Figure 2 summarize the pharmacokinaticsnaraviroc given alone
compared to the pharmacokinetics of maraviroc wigéren in combination with
boceprevir. Geometric mean ratios for boceprevirCAlCax and Gy in the presence
versus in the absence of boceprevir will be catedla Changes in maraviroc
pharmacokinetic parameters of.af ti2, CL/F and \4 in the presence compared to
absence of boceprevir will also be calculated. Irtgyuly, the lower/higher bound of the
90% confidence interval of the geometric mean rétiaraviroc+boceprevir/maraviroc)
of AUCy.12, Chax and Gqu Will be compared to the 80-125% no effect boundargrder
to determine if the pharmacokinetic of maravirosignificantly affected by boceprevir
and therefore if maraviroc concentration is bioggléant when administered alone versus
in concomitance with boceprevir. Participant adheeeto study drugs was excellent, all
3 participants who completed the study showed 1@@#terence as observed by pill

count and medication diary review.
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Maraviroc Population Pharmacokinetics

This section will be completed with the help of Dne Labbé once results are available
and will allow determination of the proper maracirdose to be used when given with

boceprevir based on model simulations.

Safety

Clinical and laboratory adverse events noted inghely (n=11) were mild in nature
(grade 1). The most common adverse event seereisgttldly was dysgeusia, a known
side-effect of boceprevir which happened in 1/3.33® individuals during the first
maraviroc-only sequence while 3/3 (100%) partictpagxperienced altered taste during
the second maraviroc and boceprevir combinationesatg. Adverse effects observed at
a frequency of more than 10% were headache seé@f3iri33.3%) subjects receiving
maraviroc alone, and increased appetite, thrombpeytia and QTc interval
prolongation observed each in 1/3 (33.3%) partitipeon maraviroc and boceprevir
combination therapy. The observed QTc prolongabiorco-administration of boceprevir
and maraviroc was mild (grade 1) and ECG findirtgsaged an increase of the QTc from
430 ms to 457 ms. The thrombocytopenia observedone participant on co-
administration of boceprevir and maraviroc was atsidd (grade 1) with platelets
decreasing from 145 x i@ells/L to 109 x 1Bcells/L. Most importantly, no participant
stopped study drugs because of adverse reactionsiote, 1/3 (33.3%) participant
experienced a general malaise including fatiguetaadiache (flu-like syndrome without
fever) within a week after discontinuation of studiygs.
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Discussion

This study aims to quantify the impact of bocepresn the pharmacokinetics of
maraviroc in HIV negative, HCV negative healthy wateers. In addition, our study
suggests that boceprevir administration with maecaviis safe as no serious adverse

events were observed in study volunteers.

The drug-drug interaction occurring between macsvaind boceprevir is most probably
explained at the level of drug metabolism. Maravii® a substrate of CYP3A4 while
boceprevir is a known inhibitor of this cytochror{ie3, 33-35). Therefore, a change in
the exposure of maraviroc is most probably expthibg inhibition of CYP3A4 by
boceprevir. Drug absorption can also partly expléi@ change in maraviroc exposure
with co-administration of boceprevir as maravirscai substrate of P-gp (34, 35) while
boceprevir is also known as a substrate of the Brgg efflux transporter. The impact of
P-gp on the observed interaction may be minor esntedata with digoxin suggests that
boceprevir has weaik vivo P-gp inhibitory potential (39). Therefore, it islikely that
the change in maraviroc pharmacokinetics by boe@pie solely a result of P-gp
inhibition by boceprevir. In addition, maravirocshaot been identified as an inhibitor of
P-gpin vivo (40). Other drug transporters could also be in@dhn the drug transport
processn vivo. Boceprevir has been shown to act asnawitro inhibitor of OATP1B1
hepatocyte transporters and BCRP gut transpori&s20, 21) while maraviroc has also
been implicated as a potential activator of MRR&hgport (41) or as a substrate for
OATP1B1 (42). Nevertheless maraviroc is not thoughtlinically depend on the use of
these specific transporters aimdvitro data suggest that drug transporters (except P-gp)
are less likely to impact maraviroc interactionsrvother drugs (41). Thus, it is difficult
to predict the real impact of these transportes @her unknown routes of metabolism

in explaining the drug interaction between boceprawd maraviroc.

Because the influence of maraviroc on the pharmaetiks of boceprevir was
considered unlikely, we chose to limit drug expesiar our healthy volunteers and hence
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did not measure the drug concentration of boceprelMwever, this is a major limitation
of our study as some studies have shown unpretictalm way drug interactions not
only with boceprevir (23), but also with maravirgtudies in healthy volunteers have
shown that maraviroc can decrease overall expaduamprenavir (43, 44) (effect varies
depending on the study, dosing scheme and presancigonavir), but the clinical
significance of the interaction remains undetermiineMaraviroc was also found to
decrease raltegravir AUC andh& by 37% and 33%, respectively (45). This interactio
was nevertheless found to be clinically not sigwaifit and has not been observed in the
clinical setting (45, 46). Despite these resulise timpact of maraviroc on the
pharmacokinetics of other molecules is thoughtdmbgligible and thus the likelihood
that maraviroc will affect boceprevir is low. Fihalour study was conducted in HIV and
HCV negative individuals and the applicability afrdindings to HIV and HCV infected

patients is unclear.

Most reassuring, exposure to maraviroc when giverl®0 mg every 12 hours with
boceprevir was similar to historical controls whaaraviroc was given as 300 mg twice
daily or when given 150 mg twice daily with CYP3Aahibitors (35). In addition, all

patients had maraviroc minimum concentrations atlo0 mg/L, the proposed target in

HIV-1 infected treatment-experienced patients 85,48).

Many studies have documented potential drug-drteyaetions between boceprevir and
antiretrovirals. Boceprevir should not be used vatavirenz due to a decrease in AUC
and G,in of boceprevir of 19% and 44% respectively (24) greluse of boceprevir with
HIV Pls (ritonavir-boosted atazanavir, darunavid dopinavir) is not recommended by
the drug company due to two-way negative drug-drigractions. Indeed, boceprevir
decreases &n of atazanavir, lopinavir and darunavir by 49%, 438d 59%,
respectively, while the AUCs of these HIV proteadebitors were decreased by 34% to
44% (25). Furthermore, lopinavir/ritonavir and waavir/ritonavir decreased boceprevir
AUC by 45% and 32%, respectively (25). An unexpaatieug interaction was also
observed with etravirine (etravirine AUC decreabgd®3% and i, decreased by 29%)

(27). A previous study in healthy volunteers hhsven that raltegravir can also be
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recommended for combined HIV/HCV treatment thatude boceprevir due to lack of a

clinically significant drug-drug interaction (28).

We anticipate that our results will suggest thatram@oc could be used safely in
combination with the DAA boceprevir with proper dag adjustment. In addition,
maraviroc may have additional benefits for HIV/HCW®-infected patients on treatment.
Recent data suggest that adding maraviroc to aramdair-ritonavir plus tenofovir-
emtricitabine regimen in HIV/HCV-co-infected patisnnaive to anti-HCV therapy
decreases liver fibrosis (49). Although these tesaite still preliminary, they may point
out a beneficial role of maraviroc in this popuatiby reducing liver stiffness. These
results are supported by some data indicatingstiediaite cells in the liver express CCR5
and that this receptor is strongly upregulated ouse models of liver fibrosis (50, 51).
The administration of anti-CCR5 antibodies decrdabeer inflammation in mouse
models of liver failure (52). CCR5 has been thoughparticipate in the recruitment of T
lymphocytes to the liver in response to HCV chronifection (53). One study pointed
out less severe inflammation and more chanceseafiolg the HCV infection in women
heterozygous for CCR&2 mutation, which prevents the functional exp@ssof the
CCRS5 receptor (54). Despite these results, a nredbsis failed to demonstrate a link
between susceptibility to HCV infection and the B3R2 mutation (55). Although the
precise role of maraviroc in HCV chronic infectits yet to be proven, it is already
indicated for the treatment of HIV infection, arigetefore the use of maraviroc in HIV-

HCV co-infected patients is of current interest.

Although co-administration of maraviroc and boceprevas found to be safe as only
grade 1 adverse events were observed, one indiviisiplayed a prolongation of the
QTc interval when the 2 drugs were administere@ttogy. Boceprevir does not increase
the QTc interval (18). No QTc prolongation is uswaseen when maraviroc is
administered at recommended doses, however QTorgalion was seen in animal
models receiving 12 times human doses (35, 5&.uhclear why the participant showed

QTc prolongation, but this observation may suggesianced maraviroc exposure (to be
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confirmed when maraviroc levels become availabldle clinical significance of this

observation remains unknown at present time.
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Suggestions for futureresearch

The therapeutic arsenal against HCV will grow ire thext few years, offering
tremendous opportunities for investigating poténDd®Is between DAAs and other
drugs including antiretrovirals. An ongoing study PBfizer will provide new insights on
the influence of the other commercially availableC\H PI telaprevir on the
pharmacokinetics of maraviroc and on the influen€anaraviroc on boceprevir and
telaprevir PK. It will be interesting to see if thienpact of telaprevir on the
pharmacokinetics of maraviroc is of the same amgiitas is the impact of boceprevir on
the pharmacokinetics of maraviroc. Indeed, bocapisJess susceptible than telaprevir
to metabolic drug interactions due to multiple rbeta pathways. In addition, telaprevir
appears to be a more potent inhibitor/inducer oPGX metabolism than boceprevir. For
instance, boceprevir increased the AUC andx©f single-dose tacrolimus 0.5 mg (a
CYP3A4 substrate) by 17-fold and 9.9-fold wherealsgrevir increased the AUC of
single-dose tacrolimus 0.5 mg by 170-fold (23, 9i)vitro data have also shown that
boceprevir does not induce CYP3A4/5 (18) wherekaptevir has lowin vitro potential

to induce CYP2C, 3A or 1A (58).

In addition, cohort studies are needed to evaltiseeffects of managing drug-drug
interactions in the treatment of HCV/HIV co-infedtpatients. Indeed, most drug-drug
interaction studies are done in healthy voluntdaus no clinical data are yet available to
determine if the choice of any cCART is beneficralpatients on boceprevir or telaprevir.
Indeed, retrospective or prospective cohort studieslyzing HCV sustained virologic
responses as well as HIV treatment outcomes andetaoviral exposure may help
determine if observed drug-drug interactions betwastiretrovirals and DAAs have a
real clinical impact on treatment responses. klg unclear if the decrease in plasma
concentrations of boceprevir observed in DDIs &sids even relevant clinically due to
the absence of an exposure-response relationstiged® boceprevir trough or AUC
with antiviral activity within the hepatocytes (1@omparison of non-nucleoside reverse
transcriptase (NNRTI), PI, raltegravir and maravittased cART may help answering
these important questions. In addition, pharmaecgida studies in HCV/HIV co-infected
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patients receiving HCV and HIV antivirals is needé&nl confirm the drug-drug
interactions observed in healthy volunteers. Fnalince adding maraviroc to cART in
HIV/HCV-co-infected patients naive to anti-HCV thpy decreases liver fibrosis (49), it
will be interesting to see what is the impact ofavaoc-based regimens on liver disease
and markers of cirrhosis including liver stiffnessco-infected patients given potent anti-
HCYV therapy.
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Barriersto project completion

Despite intensive work efforts, it was impossildecomplete the project during the HIV
specialty pharmacy residency one-year time framenbbstacles were faced during the
research project and this explains why one year imagfficient to complete this

pharmacokinetic phase | drug-drug interaction study

Research proposal and submission to the resealsbseboard

Initially, the research proposal was planned t@approved by the ethics research board
in March 2012. However, the process took much longjace the project required a No
Objection Letter (NOL) from Health Canada beforangesubmitted to the ethics
research board of the CHUM. This document is issoedHealth Canada within the
review period if the Clinical Trial Application () is acceptable. Therefore, a CTA
had to be prepared and submitted to Health CanBua.process was lengthy and the
resident wishes to thank Nancy Sheehan for prepaid submitting the documents to
Health Canada. Due to this regulatory delay, tiseaech ethics board only approved the
project in July 2012.

Study recruitment and research coordination

A pharmacy summer student, Karina Chahinian, wesdhby Dr. Line Labbé to help in

the recruitment of study participants from May taughist 2012. However, since

recruitment could only begin once the researckcsthoard had approved the project, the
student was only available for 2 months. The regideas given office space, telephone
and access to OACIS (electronic patient file). Nthadess, the resident had to lead and
organize all the research procedures as no stesctur contacts were already set up to
conduct a trial of this magnitude. This is somaghthat the resident had not planned
ahead. The resident had to initiate contact with e th

biochemistry/hematology/cardiology/pharmacy/nuinti departments for contract
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agreements with the various departments for thé obgests, analysis and services
required by the research protocol. In addition,research nurse was initially available
and the resident had, with the help of the humaouees department and Dr. Labbé,
find and hire a research nurse. When the studyestathe resident discovered that the
hired nurse was not a registered nurse, but raheassistant nurse, which complicated
things as available catheters in the CHUM requaeédgistered nurse for patient safety.
The assistant nurse required specific catheters wleae not available. The resident
contacted PharmaNet, a phase | conducting compa@uebec City, in order to borrow
special catheters (Vasofix®) that could be usedhieyassistant nurse while the catheters
could be ordered from Germany. In the meanwhileruiement of participants was
pursued by the pharmacy student and unfortunataly quite unsuccessful. Participants
were first recruited via postings at the CHUM, Birice the investigators were looking
for healthy volunteers, the strategy did not previdsingle call since most visitors in the
hospital are sick. The resident thought of innoxeastrategies for publicity such as the
Internet, which worked well. Nevertheless, recr@itih was difficult and frustrating,
about 9/10 interested participants did not showaugiven appointments for discussion
and signature of the informed consent form. Mangigpants were also lost to follow-
up before initiation of any study procedure. Iniddd, summer may not be the best time
for recruiting participants as many interested ipgudnts may be away and/or on
vacation. Finally, among participants screened,ynaere excluded since they did not
meet the inclusion criteria and this required mpagticipants to be screened overall.
Some of the inclusion/exclusion criteria may haeerbtoo strict and should have been
modified as some patients were excluded despitegbleealthy. For instance, healthy
participants with a supine heart rate between 5@fis per minute, or with a systolic
blood pressure between 100 and 135 mmHg should bheee considered as adequate

candidates, but due to the inclusion/exclusioreddtthese participants were excluded.

Avalilability of physicians and nurses

Prior to study initiation, three physicians agreedsee study patients for physical

examinations at screening and on PK days 5 anéid®ever, one of the physicians was
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only available one day every two weeks while the ther physicians had very little
time for research activities. During the study, @hgsician even stopped seeing patients
due to his overwhelming schedule and for misundadshg of time needed to see study
patients. Therefore, in the best scenario, a playsicould see one or two patients every
week and moments where the patient, the physithenassistant nurse and the resident
were all available together were quite rare. Initmi the study took place in the
summer and many workers including physicians at @4¢UM were on vacation,
therefore complicating the organization of the gtuthe resident also did not have an
available nurse at all time for blood work and wepste fortunate to have help from
Stéphanie Matte and Pascale Arlotto, Dr. Tremblaggearch nurses, for screening of the
patients. Given the complexity of schedules, iswatremely difficult to find days that
would fit the schedule of all health professionalspecially for the PK days that needed
to be on specific dates. This all slowed down thmle research process. Finally, since
the resident had academic rotations to fulfill,doeild not be available at all time for

recruitment of study participants.

Conclusion and future plans

In summary, the study could not be completed o tilme to delays in the submission of
the proposal to ethics, difficulty in the recruitmef study participants and the challenge

in having physicians available to see patientpforsical examination.

The resident will pursue completion of the resegnaject at the CHUM. To overcome
the limited availability of the physicians, the icent will find other physicians interested
to participate in the screening of the patients afldamend the protocol accordingly.
Since half of the participants have been recruitied,study is expected to be completed

in the spring of 2013.
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Figuresand tables

Figure 1. Treatment plan of the study

Maraviroc 150 mg everv 12 hours

B

T ———

Boceprevir 800 mg everv 8 hours with food

Day1l Day 5 Day 19
PK PK

Days 1 to 5: maraviroc 150 mg (1 tablet) every baire. Day 5: 12 hour intensive
pharmacokinetic (PK) day. Days 6 to 19: maravir60 ing (1 tablet) every 12 hours +
boceprevir 800 mg (4 capsules of 200 mg) every &$avith food. Day 19: 12 hour
intensive PK day

Tablel. Summary of study subjects basaline demographics

Excluded patients (n=9) Included patients (n=5)
Age (y), median (range) 28 (26-38) 25 (18-41)
Weight (kg), median (range) 73.3 (65.8-93.3) 78871-82.5)
BMI (kg/m”), median (range)| 24.3 (18.4-28.5) 24.6 (18.0-27.6)
Males, N (%) 9 (100%) 5 (100%)
Caucasians. N (%) 9 (100%) 5 (100%)

33



Figure 2. Mean maraviroc (MRV) concentrations (mog/L) alone versus in

combination with boceprevir (MRV+BOC) over time (h)
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Table 2. Maraviroc phar macokinetics alone or in combination with boceprevir

Crax AUCo.12 Crau CL/F Vo/F t12* Tmax*
(mg/L) | (mg*h/L) | (mg/L) | (L/h) L) (h) (h)
MRV 0.170 0.367 0.007 550 6162 7.80 1.5(1-
(70%) (58%) | (52%) | (101%) | (91%) | (4.98- | 3)
8.68)
MRV + BOC | 0.212 0.923 0.030 262 3521 4.40 1.5(1-
(62%) ©9%) | (69%) | (90%) | (65%) | (3.30- | 2)
8.46)
GMR (90% 1.25 2.28 3.62
CHMRV+ | (0.16- |(1.24-3.32) (2.64-
BOCvs. | 2.34) 4.60)
MRV

MRV: maraviroc; BOC: boceprevir; GMR: geometric meatio; Cl: confidence interval
*All the data except for Jaxand t,, are presented as mean with coefficient of vamatio
(CV). Tmaxand {,» data are presented as median (range).
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