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Important Note 
 

 

The following report is required for the completion of the HIV Specialty Pharmacy 

Residency Program. However, the reader is advised that the study has not yet been 

completed and that it contains preliminary data. The project summarizes the work 

completed to December 2012, but as of February 2013, preliminary analysis from five 

patients was available and this information was inserted for completeness (Abstract, 

Table 2, Figure 2).  The results and discussion section were made in the expectation that 

boceprevir would influence the pharmacokinetics of maraviroc. This was done for 

academic purposes. Therefore, conclusions need to be interpreted with caution. 
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Abstract 

 

Background: Boceprevir is a direct acting antiviral agent used in the treatment of 

hepatitis C (HCV). Its clinical efficacy is being investigated in patients co-infected with 

HIV and HCV. Boceprevir displays many drug-drug interactions with various 

medications including antiretrovirals, where it has been shown to increase or decrease 

CYP3A4/5 substrates. It is also a weak inhibitor of P-glycoprotein. No data are yet 

available on the use of this agent in combination with maraviroc, a CCR5 antagonist 

which is a substrate of CYP3A4 and of P-glycoprotein. 

 

Materials and Methods: This pharmacokinetic (PK) phase 1, single center, open-label, 

crossover single-sequence drug-drug interaction study was conducted in healthy 

Caucasian males. Subjects were selected according to a strict protocol based on physical 

examination and laboratory tests. Subjects received maraviroc 150 mg every 12 hours for 

5 days followed by co-administration of maraviroc 150 mg every 12 hours with 

boceprevir 800 mg every 8 hours with food for 14 days. On days 5 and 19, maraviroc 

plasma concentrations were determined by high performance liquid chromatography 

coupled to a tandem mass spectrometer before and at 0.5, 1, 1.5, 2, 4, 6, 8 and 12 hours 

after the morning maraviroc dose. Geometric mean ratios (GMR) of AUC0-12 (area under 

the concentration-time curve for the 12 hours dosing interval), Cmax (maximum 

concentration) and Ctau (concentration at the end of the dosing interval) were calculated. 

From these data, lack of interaction was concluded if the 90% confidence interval of the 

GMR (test/reference) fell completely within 80-125%. Individual maraviroc 

pharmacokinetic parameters were calculated using non-compartmental analysis 

(WinNonlin 6.3, Pharsight). Information regarding adverse events (AEs) was collected 

throughout the study and up to 7 days after the end of the study. 

 

Results: As of January 2013, a total of 15 male participants consented to the study and 5 

subjects were enrolled and completed the study (median age: 25 years; median weight: 

79.6 kg; median body mass index: 24.6 kg/m2). Boceprevir significantly increased the 

exposure of maraviroc with AUC0-12 GMR [90% confidence interval] of 2.28 [1.24-3.32] 
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and Ctau GMR of 3.62 [2.64-4.60]. Boceprevir did not significantly change maraviroc 

Cmax (GMR of 1.25 [0.16-2.34]). Maraviroc exposures with boceprevir were lower than 

historical data of maraviroc 300 mg BID without CYP3A4 inhibitors and interindividual 

variability was high in both treatment arms (mean [%CV]; maraviroc: AUC0-12 0.367 

mg*h/L [58%], Cmax 0.170 mg/L [70%] and Ctau 0.007 mg/L [52%]; 

maraviroc+boceprevir: AUC0-12 0.923 mg*h/L [69%], Cmax 0.212 mg/L [62%] and Ctau 

0.030 mg/L [69%]). Overall, the study drugs were very well tolerated and AEs reported 

were mild to moderate (overall incidence 80%; n=4/5). The most common AE was 

dysgeusia (80%), a known side effect of boceprevir. No grade 3 or 4 AEs or laboratory 

abnormalities were observed. 

 

Conclusions: Co-administration of boceprevir and maraviroc resulted in significantly 

enhanced exposure of maraviroc. Our results suggest that boceprevir is inhibiting 

maraviroc’s CYP3A4-mediated metabolism and/or P-glycoprotein. Given the magnitude 

of the interaction, maraviroc 150 mg every 12 hours is recommended when used with 

boceprevir.  
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Introduction 

 

Co-infection with human immunodeficiency virus (HIV) and hepatitis C virus (HCV) is 

frequent because of shared modes of viral transmission. Between 20 and 30% of HIV-

infected patients are also infected with HCV (1-3). More than 33 million people live with 

HIV worldwide (4). In contrast, HCV infection is more prevalent as it affects more than 

170 million people around the globe, being a leading cause of chronic hepatitis, cirrhosis, 

liver cancer and the most important indication for liver transplantation (5). 

 

Despite the decrease in mortality and morbidity in HIV-infected individuals since the 

introduction of potent combination antiretroviral therapy (cART), HCV-related end-stage 

liver disease (ESLD) now represents a leading cause of death in these patients (6, 7). 

Progression to cirrhosis is two to threefold higher in co-infected patients than HCV 

mono-infected patients (8 , 9). 

 

The goal of anti-HCV therapy is to increase long-term survival of infected patients with 

the hope of achieving sustained virologic response (SVR), that is a level of serum HCV 

RNA that is undetectable 24 weeks after the end of therapy. Treatment of chronic HCV in 

HIV co-infected patients is crucial because of the risk to more rapid progression to ESLD 

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

 

The recent introduction of boceprevir and telaprevir, two direct acting antiviral agents 

(DAAs) against HCV, changed the standard of care for the treatment of chronic HCV 

infection with genotype 1 to triple therapy containing a DAA in combination with 

pegylated (PEG) interferon (IFN)-alpha/ribavirin in HCV mono-infected treatment naïve 

and experienced patients (12). More specifically with regards to boceprevir in 

combination with PEG IFN-alpha/ribavirin in treatment-naïve and experienced patients, 

sustained virologic response (SVR) rates reached levels as high as 70% in clinical studies 

(13, 14). 
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The use of boceprevir in HIV/HCV co-infection is also of growing interest and supported 

by recent data. An interim analysis of a randomized double-blind placebo-controlled 

study of boceprevir/PEG IFN-alpha/ribavirin in HCV treatment naïve HCV/HIV co-

infected patients showed that 63.9% of patients on boceprevir/PEG IFN-alpha/ribavirin 

had an undetectable HCV RNA at 48 weeks as compared to 29.4% of patients on PEG 

IFN-alpha/ribavirin. In addition, preliminary safety data in co-infected patients showed a 

profile consistent with the use of boceprevir in HCV mono-infected patients with no 

change in CD4+ counts and HIV viral load. Of interest, all patients were on ART with 

most patients being on protease inhibitors (15). 

 

Boceprevir is a novel HCV NS3/4A serine protease inhibitor (PI). Boceprevir metabolism 

is complex with great potential for drug-drug interactions. Boceprevir is metabolized by 

aldo-keto reductases (AKR1C2 and AKR1C3), but also through CYP3A4 and CYP3A5 

microsomal enzymes (16-18). Boceprevir is also a substrate and a weak inhibitor of P-

glycoprotein (P-gp) and is an in vitro inhibitor of OATP1B1 hepatocyte transporters and 

BCRP gut transporters (18-21). In addition, boceprevir is a strong inhibitor of 

CYP3A4/3A5 and drugs metabolized by this pathway may have increased exposure when 

administered with this product (18). Indeed, boceprevir is known to significantly increase 

midazolam, atorvastatin, cyclosporine and tacrolimus exposures (all CYP3A4 substrates) 

in vivo and this may have profound clinical consequences (18, 22, 23). In vitro data have 

shown that boceprevir does not induce CYP3A4/5 (18). 

 

Many studies have investigated the drug-drug interaction potential of boceprevir with 

antiretrovirals. Boceprevir increases the Cmax and the area under the curve (AUC) of 

efavirenz (efavirenz Cmax ↑ 11 % and AUC ↑ 20 %), while boceprevir Cmax and AUC are 

decreased when administered with ritonavir (boceprevir Cmax ↓ 27% and AUC ↓ 19 %) 

and efavirenz (boceprevir Cmax ↓ 8 % and AUC ↓ 19 %), respectively in vivo (18, 24). 

Surprisingly, a study has revealed that boceprevir decreases the minimum concentration 

(Cmin) of atazanavir, lopinavir and darunavir (all CYP3A4 substrates) by 49, 43 and 59%, 

respectively. The AUCs of these HIV protease inhibitors were decreased by 34 to 44% 

(25).  These data suggest that boceprevir displays unexpected in vivo interactions.  
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Contradictory in vitro and in vivo drug interaction study results are not uncommon.  

Furthermore, lopinavir/ritonavir and darunavir/ritonavir decreased boceprevir AUC by 45 

and 32%, respectively (25). These results are not surprising as ritonavir and lopinavir are 

known CYP3A4 inducers (26). An unexpected drug interaction was also observed with 

etravirine (etravirine AUC decreased by 23% and Cmin decreased by 29%) (27). On the 

other hand, raltegravir does not appear to interact in vivo with boceprevir (28). 

 

Because of these complex drug-drug interactions, antiretroviral alternatives such as 

maraviroc may need to be considered for the treatment of HIV/HCV co-infected patients. 

Maraviroc inhibits the binding of HIV-1 gp120 to CCR5, therefore preventing the entry 

of HIV across the human cell membrane (29). The efficacy of maraviroc is dependent on 

the patient being infected with a CCR5-tropic virus. Maraviroc was shown to be effective 

in both treatment-naïve and treatment-experienced HIV patients (30-32).  

 

Maraviroc is usually given as 300 mg twice daily with or without food but the dose may 

change depending on the patient’s concomitant medication. Maraviroc does not inhibit 

any of the major CYP450 enzymes (CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19,  

CYP2D6 and CYP3A4). Maraviroc’s major metabolic routes are oxidation and N-

dealkylation and in vitro studies demonstrated that maraviroc is primarily metabolized by 

CYP3A4 (33-35). Maraviroc is also a substrate of P-gp (34, 35). Concomitant use of 

maraviroc with known CYP3A4 inhibitors (ketoconazole, itraconazole, delavirdine, 

clarithromycin, HIV PIs except tipranavir/ritonavir) requires maraviroc dosage to be 

reduced to 150 mg twice a day while its use with CYP3A4 inducers (efavirenz, etravirine, 

rifampin, carbamazepine, phenobarbital, phenytoin) necessitates maraviroc to be used at 

600 mg twice daily (34, 35).  

 

Given the similar metabolic routes taken by maraviroc and boceprevir, that is CYP3A4, it 

is predicted that these molecules will interact. Therefore, a phase I pharmacokinetic drug-

drug interaction study in healthy volunteers was conducted. Furthermore, evaluation of 

this potential interaction is warranted to propose adequate dosing recommendations for 

maraviroc when given with boceprevir. 



  10 

Methodology 
 

Study design 
 

This phase 1, single center, open-label, crossover single-sequence drug-drug interaction 

study in healthy Caucasian males was begun in July 2012, and includes data from 

participants recruited to Decembrer 3rd 2012 at the Centre hospitalier de l’Université de 

Montréal (CHUM), Montréal, Québec, Canada. The primary objective of the study was to 

evaluate the effects of boceprevir on the pharmacokinetics of maraviroc in healthy 

volunteers. The secondary objective was to determine the appropriate maraviroc dose to 

be taken when given concomitantly with boceprevir. 

 

Healthy volunteers received maraviroc (Celsentri, ViiV Healthcare) 150 mg every 12 

hours from day 1 to 5 followed by maraviroc 150 mg every 12 hours with boceprevir 

(Victrelis, Merck) 800 mg every 8 hours with food from days 5 to 19. Twelve hour 

intensive pharmacokinetic (PK) days were scheduled on days 5 and 19 (Figure 1). 

Maraviroc’s steady-state terminal elimination half-life is between 14 to 18 hours (35) and 

thus maraviroc is expected to be at steady-state after 4 days of administration. 

Boceprevir’s mean elimination half-life is 3 hours (18). As such, steady-state conditions 

are expected after the first day of administration. Nevertheless, a treatment duration of 14 

days was chosen as optimal steady-state conditions to account for potential induction 

effects of boceprevir on metabolic enzymes and/or drug transporters. On PK days, 

morning maraviroc and boceprevir doses were administered with a standardized breakfast 

(490 kcal, 16,6 g of lipids) and the afternoon boceprevir dose was administered with a 

standardized snack (284 kcal, 10 g of lipids). 

 

Adherence assessment was done by the investigators on days 5 and 19 by counting 

remaining medication and participants were asked to fill a diary to indicate the date and 

time of each dose intake. The diary was reviewed with the participant on study visits on 

days 5 and 19. 
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Study participants 
 

Healthy Caucasian males, aged 18-50 years old, non-smokers, drinking less than 14 units 

of alcohol per week, with a body mass index (BMI) 18.0-30.0 kg/m2 were included in the 

study. The study population was limited to Caucasian males to minimize interpatient 

pharmacokinetic variability. Participants underwent history/physical examination, 

laboratory evaluations (biochemical, hematological, urinalysis) and electrocardiogram 

prior to study entry. Participants needed to have systolic blood pressure between 105 and 

130 mmHg, diastolic blood pressure between 60 and 90 mmHg, supine heart rate 

between 60 and 100 beats per minute, LDL-cholesterol ≤ 5 mmol/L, triglycerides ≤ 1.7 

mmol/L and a 10 year estimate of cardiovascular (CV) disease risk of ≤ 10% (“low risk”) 

as per the Framingham risk score modified for family history (doubling of CV risk if any 

CV disease in a first-degree relative before 60 years of age); the modified Framingham 

risk score takes into account age, HDL-cholesterol, total cholesterol, systolic blood 

pressure, smoker status, presence of diabetes and family history of CV disease (36). 

Exclusion criteria included positive HIV (ELISA test and Western Blot), hepatitis B 

(HBsAg positive or HBsAg negative with positive anti-HBcAg and negative anti-

HBsAg) or hepatitis C (anti-HCV serology) test result at screening, a positive illicit drug 

test or the use of intravenous drugs in the last 6 months and a history of postural 

hypotension, cardiac disease, kidney or liver impairment. Subjects with unprotected 

sexual activities during the last 6 months with a new or recent partner were also excluded. 

Participants who received any experimental medication within the last 2 months and/or 

donated blood during the previous 2 months or who intended to donate blood within 2 

months following completion of the study were also not allowed in the study. 

Prescription drugs, over the counter drugs, recreational drugs, herbal or dietary 

supplements including vitamins and grapefruit juice were not allowed within 15 days of 

study initiation (day 1) except for acetaminophen and/or ibuprofen on an as needed basis. 

These products were also prohibited during the study (except for as needed 

acetaminophen and/or ibuprofen). Volunteers were all able to understand and comply 

with the protocol requirements and all signed the informed consent form prior to any 

study procedure. Subjects with a social condition, psychological or addictive disorder that 
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would impair protocol adherence were excluded from the study. Finally, participants 

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

 

Pharmacokinetic sampling 

 

On PK days (days 5 and 19), the morning maraviroc was taken at the study site and blood 

samples were collected pre morning maraviroc dose (0), and at 0.5, 1, 1.5, 2, 3, 4, 6, 8 

and 12 hours after the maraviroc dose. Blood samples (5-6 mL each) were collected in 

tubes containing sodium heparin, centrifuged for 5 minutes (3000 g), and the collected 

plasma was stored in labeled polypropylene tubes at ≤ -40oC within 4 hours of blood 

collection. 

 

Maraviroc analytical methods 

 

Plasma concentrations of maraviroc were measured using a high performance liquid 

chromatography system (Shimadzu Prominence system from Mandel, Guelph, Ontario, 

Canada) coupled to a tandem mass spectrometer (API 4000Q trap from AB Sciex, 

Concord, Ontario, Canada) at the Royal Victoria Hospital of the McGill University 

Health Centre.  Measures were done with the isotopic dilution technique with an ESI 

source in positive mode.  The maraviroc analytical methods were already developed at 

this laboratory. The laboratory participates in two international external quality control 

programs (KKGT in the Netherlands and Asqualab in France). The intra-assay and inter-

assay coefficients of variation for maraviroc are respectively 0.8-5% and 3.4-5%. The 

lower limit of quantification (LLOQ) for maraviroc is 0.01 mg/L.  

 

Sample size 

 

A sample size of 9 healthy volunteers was determined to be sufficient to detect a 40% 

difference in mean AUC of maraviroc with boceprevir versus maraviroc alone with a 

power of 80% and a type 1 error of 5% (two-sided) based on the assumptions that the 
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mean AUC of maraviroc is 2908 ng*h/mL and the standard deviation is 727 ng*h/mL 

(intra-patient coefficient of variation %CV of 25%) (Pfizer data on file).  Considering 

historical interaction data between boceprevir and other CYP3A4 substrates (in the 

absence of ritonavir), the 40% difference in mean AUC chosen to calculate the sample 

size was conservative to ensure sufficient sample size (18, 22, 23). Assuming a maximum 

dropout rate of 20%, 11 patients were enrolled in the study in order to obtain a final 

sample size of at least 9 individuals. 

 

Pharmacokinetics and statistical analyses 

 

Pharmacokinetics parameters of maraviroc were estimated by the application of a 

nonlinear curve-fitting software (WinNonlin) using noncompartmental methods and 

including maximum plasma concentration (Cmax), time to reach the maximum 

concentration (Tmax), the area under the plasma concentration-time curve for the 12 hours 

dosing interval (AUC0-12), elimination half-life (t1/2), oral clearance (CL/F), volume of 

distribution (VD) and concentration at the end of the dosing interval (Ctau). The 

elimination rate constant (kel) was calculated by an analysis using least squares linear 

regression of at least 3 data points in the elimination phase. The t1/2 was calculated as t1/2 

= ln2/kel. The AUC0-12 was estimated using the linear trapezoidal rule. The CL/F was 

calculated as CL/F = Dose/AUC0-12. The VD was calculated as VD = Dose/(AUC0-12*k el). 

 

Natural log transformed geometric means of AUC0-12, Cmax, and Ctau were analyzed. From 

these data, lack of interaction of the test to reference treatment for maraviroc 

pharmacokinetics parameters was concluded if 90% confidence interval of the geometric 

mean ratio (test/reference) fell completely within 80-125% (37). Statistical analyses were 

conducted using the SPSS software.  
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Population pharmacokinetic and statistical analyses 

 

The population pharmacokinetic analysis was performed with NONMEM (Nonlinear 

Mixed Effect Model) computer program. The analysis used mixed-effects regression 

(fixed and random) to estimate means and variances of the pharmacokinetic parameters 

of maraviroc and to identify factors that influence them, including co-administration of 

boceprevir. First, one- and two-compartment models with first-order absorption for the 

gastrointestinal tract were fitted to the maraviroc data. The estimated pharmacokinetic 

parameters were the constant of absorption (Ka), the apparent clearance (CL/F), and the 

volume of distribution (V/F), where F is oral bioavailability. Other pharmacokinetic 

parameters of maraviroc were derived from the final model, namely, area under the curve 

(AUC), elimination half life (t1/2), maximum plasma drug concentration (Cmax), and time 

to reach the Cmax according to classical steady-state formulae for repeated oral dosing. 

Exponential errors following a log-normal distribution were assumed for the description 

of interpatient variability of the pharmacokinetic parameters. Additive, proportional, and 

combined additive and proportional models were tested for the intrapatient (random) 

variability. Potential influencing covariates (especially, co-administration with 

boceprevir) were incorporated into the structural model. The merit of a more complex 

model (larger – more parameters) over a less complex sub-model was tested using a “log 

likelihood-ratio” test: ∆obj, the difference of NONMEM objective functions 

(approximately minus twice the maximized log-likelihood of the data) at convergence for 

the two models, is referenced to its asymptotic chi-square distribution (df = difference in 

number of free parameters). The difference was declared significant when p < 0.05.   

 

If boceprevir has a significant effect on maraviroc pharmacokinetic, simulations will be 

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

administration with boceprevir. 
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Safety 

 

Patients were seen at the screening visit and on days 1, 5 and 19 and were submitted to a 

physical exam and a series of test (biochemical, hematological, electrocardiogram) to 

assess safety of the study drugs. Information regarding adverse events (AE) was collected 

and recorded throughout the study and up to 7 days after the end of the study. Adverse 

events were graded according to the Division of AIDS (DAIDS) Table for Grading the 

Severity of Adult and Pediatric Adverse Events (2004) (38). 

 

Study procedures 

 

This trial was approved by the research ethics board of the Centre de recherche du 

Centre Hospitalier de l’Université de Montréal (CHUM) and by the University of 

Toronto Faculty of Pharmacy Undergraduate Research Ethics Review Committee 

(FERC), in accordance with the HIV Residency Program Guidelines. 

 

The study was conducted according to the principles of the Declaration of Helsinki, Good 

Clinical Practice guidelines and local rules and regulations. 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 participants signed the consent form, 5 subjects were 

enrolled while 3 took the study drugs and completed PK evaluation.  A total of 9 

participants were excluded from the study based on inclusion/exclusion criteria: 

bradycardia (n=3), low blood pressure (n=1), liver disease (n=1), excessive alcohol 

consumption (n=1), unprotected sexual activities in the last 6 months (n=1), positive 

urine drug screen (n=1) and protocol deviation (n=1). No subject discontinued the study 

due to an adverse event related to the study drug. Two participants are currently 

completing the PK study phase and the investigators require 6 more subjects to be 

enrolled for study completion. One subject is currently in the screening process. A 

summary of study participants’ characteristics is depicted in Table 1.  

 

Maraviroc Pharmacokinetics 

 

Table 2 and Figure 2 summarize the pharmacokinetics of maraviroc given alone 

compared to the pharmacokinetics of maraviroc when given in combination with 

boceprevir. Geometric mean ratios for boceprevir AUC, Cmax and Ctau in the presence 

versus in the absence of boceprevir will be calculated. Changes in maraviroc 

pharmacokinetic parameters of Tmax, t1/2, CL/F and VD in the presence compared to 

absence of boceprevir will also be calculated. Importantly, the lower/higher bound of the 

90% confidence interval of the geometric mean ratio (maraviroc+boceprevir/maraviroc) 

of AUC0-12, Cmax, and Ctau will be compared to the 80-125% no effect boundary in order 

to determine if the pharmacokinetic of maraviroc is significantly affected by boceprevir 

and therefore if maraviroc concentration is bioequivalent when administered alone versus 

in concomitance with boceprevir. Participant adherence to study drugs was excellent, all 

3 participants who completed the study showed 100% adherence as observed by pill 

count and medication diary review. 

 



  17 

Maraviroc Population Pharmacokinetics 

 

This section will be completed with the help of Dr Line Labbé once results are available 

and will allow determination of the proper maraviroc dose to be used when given with 

boceprevir based on model simulations. 

 

Safety 

 

Clinical and laboratory adverse events noted in the study (n=11) were mild in nature 

(grade 1). The most common adverse event seen in the study was dysgeusia, a known 

side-effect of boceprevir which happened in 1/3 (33.3%) individuals during the first 

maraviroc-only sequence while 3/3 (100%) participants experienced altered taste during 

the second maraviroc and boceprevir combination sequence. Adverse effects observed at 

a frequency of more than 10% were headache seen in 1/3 (33.3%) subjects receiving 

maraviroc alone, and increased appetite, thrombocytopenia and QTc interval 

prolongation observed each in 1/3 (33.3%) participants on maraviroc and boceprevir 

combination therapy. The observed QTc prolongation on co-administration of boceprevir 

and maraviroc was mild (grade 1) and ECG findings showed an increase of the QTc from 

430 ms to 457 ms. The thrombocytopenia observed in one participant on co-

administration of boceprevir and maraviroc was also mild (grade 1) with platelets 

decreasing from 145 x 109 cells/L to 109 x 109 cells/L. Most importantly, no participant 

stopped study drugs because of adverse reactions. Of note, 1/3 (33.3%) participant 

experienced a general malaise including fatigue and headache (flu-like syndrome without 

fever) within a week after discontinuation of study drugs.  
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Discussion 
 

 

This study aims to quantify the impact of boceprevir on the pharmacokinetics of 

maraviroc in HIV negative, HCV negative healthy volunteers. In addition, our study 

suggests that boceprevir administration with maraviroc is safe as no serious adverse 

events were observed in study volunteers. 

 

The drug-drug interaction occurring between maraviroc and boceprevir is most probably 

explained at the level of drug metabolism. Maraviroc is a substrate of CYP3A4 while 

boceprevir is a known inhibitor of this cytochrome (18, 33-35). Therefore, a change in 

the exposure of maraviroc is most probably explained by inhibition of CYP3A4 by 

boceprevir. Drug absorption can also partly explain the change in maraviroc exposure 

with co-administration of boceprevir as maraviroc is a substrate of P-gp (34, 35) while 

boceprevir is also known as a substrate of the P-gp drug efflux transporter. The impact of 

P-gp on the observed interaction may be minor as recent data with digoxin suggests that 

boceprevir has weak in vivo P-gp inhibitory potential (39). Therefore, it is unlikely that 

the change in maraviroc pharmacokinetics by boceprevir is solely a result of P-gp 

inhibition by boceprevir. In addition, maraviroc has not been identified as an inhibitor of 

P-gp in vivo (40). Other drug transporters could also be involved in the drug transport 

process in vivo. Boceprevir has been shown to act as an in vitro inhibitor of OATP1B1 

hepatocyte transporters and BCRP gut transporters (18, 20, 21) while maraviroc has also 

been implicated as a potential activator of MRP-2 transport (41) or as a substrate for 

OATP1B1 (42). Nevertheless maraviroc is not thought to clinically depend on the use of 

these specific transporters and in vitro data suggest that drug transporters (except P-gp) 

are less likely to impact maraviroc interactions with other drugs (41). Thus, it is difficult 

to predict the real impact of these transporters and other unknown routes of metabolism 

in explaining the drug interaction between boceprevir and maraviroc. 

 

Because the influence of maraviroc on the pharmacokinetics of boceprevir was 

considered unlikely, we chose to limit drug exposure in our healthy volunteers and hence 
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did not measure the drug concentration of boceprevir. However, this is a major limitation 

of our study as some studies have shown unpredictable two way drug interactions not 

only with boceprevir (23), but also with maraviroc. Studies in healthy volunteers have 

shown that maraviroc can decrease overall exposure of amprenavir (43, 44) (effect varies 

depending on the study, dosing scheme and presence of ritonavir), but the clinical 

significance of the interaction remains undetermined.  Maraviroc was also found to 

decrease raltegravir AUC and Cmax by 37% and 33%, respectively (45). This interaction 

was nevertheless found to be clinically not significant and has not been observed in the 

clinical setting (45, 46). Despite these results, the impact of maraviroc on the 

pharmacokinetics of other molecules is thought to be negligible and thus the likelihood 

that maraviroc will affect boceprevir is low. Finally, our study was conducted in HIV and 

HCV negative individuals and the applicability of our findings to HIV and HCV infected 

patients is unclear.  

 

Most reassuring, exposure to maraviroc when given as 150 mg every 12 hours with 

boceprevir was similar to historical controls when maraviroc was given as 300 mg twice 

daily or when given 150 mg twice daily with CYP3A4 inhibitors (35). In addition, all 

patients had maraviroc minimum concentrations above 0.05 mg/L, the proposed target in 

HIV-1 infected treatment-experienced patients (35, 47, 48). 

 

Many studies have documented potential drug-drug interactions between boceprevir and 

antiretrovirals. Boceprevir should not be used with efavirenz due to a decrease in AUC 

and Cmin of boceprevir of 19% and 44% respectively (24) and the use of boceprevir with 

HIV PIs (ritonavir-boosted atazanavir, darunavir and lopinavir) is not recommended by 

the drug company due to two-way negative drug-drug interactions. Indeed, boceprevir 

decreases Cmin of atazanavir, lopinavir and darunavir by 49%, 43% and 59%, 

respectively, while the AUCs of these HIV protease inhibitors were decreased by 34% to 

44% (25).  Furthermore, lopinavir/ritonavir and darunavir/ritonavir decreased boceprevir 

AUC by 45% and 32%, respectively (25). An unexpected drug interaction was also 

observed with etravirine (etravirine AUC decreased by 23% and Cmin decreased by 29%) 

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

clinically significant drug-drug interaction (28).  

 

We anticipate that our results will suggest that maraviroc could be used safely in 

combination with the DAA boceprevir with proper dosing adjustment. In addition, 

maraviroc may have additional benefits for HIV/HCV co-infected patients on treatment. 

Recent data suggest that adding maraviroc to an atazanavir-ritonavir plus tenofovir-

emtricitabine regimen in HIV/HCV-co-infected patients naïve to anti-HCV therapy 

decreases liver fibrosis (49). Although these results are still preliminary, they may point 

out a beneficial role of maraviroc in this population by reducing liver stiffness. These 

results are supported by some data indicating that stellate cells in the liver express CCR5 

and that this receptor is strongly upregulated in mouse models of liver fibrosis (50, 51). 

The administration of anti-CCR5 antibodies decreased liver inflammation in mouse 

models of liver failure (52). CCR5 has been thought to participate in the recruitment of T 

lymphocytes to the liver in response to HCV chronic infection (53). One study pointed 

out less severe inflammation and more chances of clearing the HCV infection in women 

heterozygous for CCR5∆32 mutation, which prevents the functional expression of the 

CCR5 receptor (54). Despite these results, a meta-analysis failed to demonstrate a link 

between susceptibility to HCV infection and the CCR5∆32 mutation (55). Although the 

precise role of maraviroc in HCV chronic infection is yet to be proven, it is already 

indicated for the treatment of HIV infection, and therefore the use of maraviroc in HIV-

HCV co-infected patients is of current interest.  

 

Although co-administration of maraviroc and boceprevir was found to be safe as only 

grade 1 adverse events were observed, one individual displayed a prolongation of the 

QTc interval when the 2 drugs were administered together. Boceprevir does not increase 

the QTc interval (18). No QTc prolongation is usually seen when maraviroc is 

administered at recommended doses, however QTc prolongation was seen in animal 

models receiving 12 times human doses (35, 56). It is unclear why the participant showed 

QTc prolongation, but this observation may suggest enhanced maraviroc exposure (to be 
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confirmed when maraviroc levels become available). The clinical significance of this 

observation remains unknown at present time. 
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Suggestions for future research 
 

The therapeutic arsenal against HCV will grow in the next few years, offering 

tremendous opportunities for investigating potential DDIs between DAAs and other 

drugs including antiretrovirals. An ongoing study by Pfizer will provide new insights on 

the influence of the other commercially available HCV PI telaprevir on the 

pharmacokinetics of maraviroc and on the influence of maraviroc on boceprevir and 

telaprevir PK. It will be interesting to see if the impact of telaprevir on the 

pharmacokinetics of maraviroc is of the same amplitude as is the impact of boceprevir on 

the pharmacokinetics of maraviroc. Indeed, boceprevir is less susceptible than telaprevir 

to metabolic drug interactions due to multiple metabolic pathways. In addition, telaprevir 

appears to be a more potent inhibitor/inducer of CYP3A metabolism than boceprevir. For 

instance, boceprevir increased the AUC and Cmax of single-dose tacrolimus 0.5 mg (a 

CYP3A4 substrate) by 17-fold and 9.9-fold whereas telaprevir increased the AUC of 

single-dose tacrolimus 0.5 mg by 170-fold (23, 57). In vitro data have also shown that 

boceprevir does not induce CYP3A4/5 (18) whereas telaprevir has low in vitro potential 

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

 

In addition, cohort studies are needed to evaluate the effects of managing drug-drug 

interactions in the treatment of HCV/HIV co-infected patients. Indeed, most drug-drug 

interaction studies are done in healthy volunteers, but no clinical data are yet available to 

determine if the choice of any cART is beneficial in patients on boceprevir or telaprevir. 

Indeed, retrospective or prospective cohort studies analyzing HCV sustained virologic 

responses as well as HIV treatment outcomes and antiretroviral exposure may help 

determine if observed drug-drug interactions between antiretrovirals and DAAs have a 

real clinical impact on treatment responses. It is also unclear if the decrease in plasma 

concentrations of boceprevir observed in DDIs studies is even relevant clinically due to 

the absence of an exposure-response relationship between boceprevir trough or AUC 

with antiviral activity within the hepatocytes (19). Comparison of non-nucleoside reverse 

transcriptase (NNRTI), PI, raltegravir and maraviroc based cART may help answering 

these important questions. In addition, pharmacokinetics studies in HCV/HIV co-infected 
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patients receiving HCV and HIV antivirals is needed to confirm the drug-drug 

interactions observed in healthy volunteers. Finally, since adding maraviroc to cART in 

HIV/HCV-co-infected patients naïve to anti-HCV therapy decreases liver fibrosis (49), it 

will be interesting to see what is the impact of maraviroc-based regimens on liver disease 

and markers of cirrhosis including liver stiffness in co-infected patients given potent anti-

HCV therapy. 
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Barriers to project completion 
 
 

Despite intensive work efforts, it was impossible to complete the project during the HIV 

specialty pharmacy residency one-year time frame. Many obstacles were faced during the 

research project and this explains why one year was insufficient to complete this 

pharmacokinetic phase I drug-drug interaction study. 

 

Research proposal and submission to the research ethics board 
 

Initially, the research proposal was planned to be approved by the ethics research board 

in March 2012. However, the process took much longer, since the project required a No 

Objection Letter (NOL) from Health Canada before being submitted to the ethics 

research board of the CHUM. This document is issued by Health Canada within the 

review period if the Clinical Trial Application (CTA) is acceptable. Therefore, a CTA 

had to be prepared and submitted to Health Canada. The process was lengthy and the 

resident wishes to thank Nancy Sheehan for preparing and submitting the documents to 

Health Canada. Due to this regulatory delay, the research ethics board only approved the 

project in July 2012. 

 

Study recruitment and research coordination 
 

A pharmacy summer student, Karina Chahinian, was hired by Dr. Line Labbé to help in 

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

recruitment could only begin once the research ethics board had approved the project, the 

student was only available for 2 months. The resident was given office space, telephone 

and access to OACIS (electronic patient file). Nevertheless, the resident had to lead and 

organize all the research procedures as no structures or contacts were already set up to 

conduct a trial of this magnitude. This is something that the resident had not planned 

ahead. The resident had to initiate contact with the 

biochemistry/hematology/cardiology/pharmacy/nutrition departments for contract 
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agreements with the various departments for the cost of tests, analysis and services 

required by the research protocol. In addition, no research nurse was initially available 

and the resident had, with the help of the human resources department and Dr. Labbé, 

find and hire a research nurse. When the study started, the resident discovered that the 

hired nurse was not a registered nurse, but rather an assistant nurse, which complicated 

things as available catheters in the CHUM required a registered nurse for patient safety. 

The assistant nurse required specific catheters that were not available. The resident 

contacted PharmaNet, a phase I conducting company in Quebec City, in order to borrow 

special catheters (Vasofix®) that could be used by the assistant nurse while the catheters 

could be ordered from Germany. In the meanwhile, recruitment of participants was 

pursued by the pharmacy student and unfortunately was quite unsuccessful. Participants 

were first recruited via postings at the CHUM, but since the investigators were looking 

for healthy volunteers, the strategy did not provide a single call since most visitors in the 

hospital are sick. The resident thought of innovative strategies for publicity such as the 

Internet, which worked well. Nevertheless, recruitment was difficult and frustrating, 

about 9/10 interested participants did not show up at given appointments for discussion 

and signature of the informed consent form. Many participants were also lost to follow-

up before initiation of any study procedure. In addition, summer may not be the best time 

for recruiting participants as many interested participants may be away and/or on 

vacation. Finally, among participants screened, many were excluded since they did not 

meet the inclusion criteria and this required more participants to be screened overall. 

Some of the inclusion/exclusion criteria may have been too strict and should have been 

modified as some patients were excluded despite being healthy. For instance, healthy 

participants with a supine heart rate between 50-60 beats per minute, or with a systolic 

blood pressure between 100 and 135 mmHg should have been considered as adequate 

candidates, but due to the inclusion/exclusion criteria these participants were excluded. 

 

Availability of physicians and nurses 
 

Prior to study initiation, three physicians agreed to see study patients for physical 

examinations at screening and on PK days 5 and 19. However, one of the physicians was 
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only available one day every two weeks while the two other physicians had very little 

time for research activities. During the study, one physician even stopped seeing patients 

due to his overwhelming schedule and for misunderstanding of time needed to see study 

patients. Therefore, in the best scenario, a physician could see one or two patients every 

week and moments where the patient, the physician, the assistant nurse and the resident 

were all available together were quite rare. In addition, the study took place in the 

summer and many workers including physicians at the CHUM were on vacation, 

therefore complicating the organization of the study. The resident also did not have an 

available nurse at all time for blood work and was quite fortunate to have help from 

Stéphanie Matte and Pascale Arlotto, Dr. Tremblay’s research nurses, for screening of the 

patients.  Given the complexity of schedules, it was extremely difficult to find days that 

would fit the schedule of all health professionals, especially for the PK days that needed 

to be on specific dates. This all slowed down the whole research process. Finally, since 

the resident had academic rotations to fulfill, he could not be available at all time for 

recruitment of study participants.  

 

Conclusion and future plans 
 

In summary, the study could not be completed on time due to delays in the submission of 

the proposal to ethics, difficulty in the recruitment of study participants and the challenge 

in having physicians available to see patients for physical examination. 

 

The resident will pursue completion of the research project at the CHUM. To overcome 

the limited availability of the physicians, the resident will find other physicians interested 

to participate in the screening of the patients and will amend the protocol accordingly. 

Since half of the participants have been recruited, the study is expected to be completed 

in the spring of 2013. 
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Figures and tables 
 
 
Figure 1. Treatment plan of the study 

 

 

Days 1 to 5: maraviroc 150 mg (1 tablet) every 12 hours. Day 5: 12 hour intensive 
pharmacokinetic (PK) day. Days 6 to 19: maraviroc 150 mg (1 tablet) every 12 hours + 
boceprevir 800 mg (4 capsules of 200 mg) every 8 hours with food. Day 19: 12 hour 
intensive PK day 
 

Table 1. Summary of study subjects baseline 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) 79.6 (67.7-82.5) 

BMI (kg/m2/), 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%) 
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Figure 2. Mean maraviroc (MRV) concentrations (mg/L) alone versus in 

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

        

 Cmax 

(mg/L) 

AUC0-12 

(mg*h/L) 

Ctau 

(mg/L) 

CL/F 

(L/h) 

VD/F 

(L) 

t1/2* 

(h) 

Tmax* 

(h) 

MRV 0.170 

(70%) 

0.367 

(58%) 

0.007 

(52%) 

550 

(101%) 

6162 

(91%) 

7.80 

(4.98-

8.68) 

1.5 (1-

3) 

MRV + BOC 0.212 

(62%) 

0.923 

(69%) 

0.030 

(69%) 

262 

(90%) 

3521 

(65%) 

4.40 

(3.30-

8.46) 

1.5 (1-

2) 

GMR (90% 

CI) MRV + 

BOC vs. 

MRV 

1.25 

(0.16-

2.34) 

2.28  

(1.24-3.32) 

3.62 

(2.64-

4.60) 

    

MRV: maraviroc; BOC: boceprevir; GMR: geometric mean ratio; CI: confidence interval 

*All the data except for Tmax and t1/2 are presented as mean with coefficient of variation 

(CV). Tmax and t1/2 data are presented as median (range). 

 

 

 

 

 

 

 

 

 

 


