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Abstract

Background: We sought to determine the pharmacokinetic disposition of
raltegravir in the blood and seminal plasma of HIV-infected men.

Methods: We conducted a pharmacokinetic study using a staggered sampling
approach. 16 HIV-infected men receiving raltegravir-based therapy were recruited
into the study. Each participant provided six blood plasma and six seminal
plasma samples for quantification of drug concentrations in both compartments.
Blood and semen samples were obtained within 1 hour of each other, and were
collected prior to the morning dose, and at 1, 2, 4, 8 and 12 hours post-ingestion.
Drug concentrations were determined by liquid chromatography tandem mass
spectrometry.

Results: A total of 96 semen samples and 96 blood samples were obtained from
all participants during the study period. The median age and baseline CD4+ cell
count of the study participants were 48 years (interquartile range 42 to 53 years)
and 450 cells/mm? (interquartile range 289 cells/mm® to 585 cells/mm?). Virologic
suppression to < 50 copies/mL had been maintained for a median of 21 months
(interquartile range 7 to 35 months) at the time of study enrolment. The median
seminal plasma to blood plasma ratios and AUCy.12, seminal plasma to blood
plasma ratios of raltegravir were 3.25 (interquartile range 1.46 to 5.37) and 2.26
(interquartile range 1.05 to 4.45), respectively.

Conclusions: Concentrations of raltegravir in seminal plasma are several fold-
higher than those attained in blood plasma and those required to inhibit viral
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replication in this compartment. Further research examining the therapeutic and
prophylactic implications of these findings is warranted.
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Running head: Raltegravir levels in semen

Introduction

Although combination antiretroviral therapy (CART) is generally associated with virologic suppression in
both the blood and seminal plasma of HIV-infected men, several studies have described discordant
virologic responses and genotypic drug sensitivities between these compartments [1-6]. These divergent
patterns are observed in 7-15% of patients receiving cART, and are most likely attributable to different
degrees of antiretroviral distribution into the male genital tract [1-6]. In this scenario, suboptimal seminal
plasma concentrations of one or more drugs may predispose individuals to ongoing viral replication and
the emergence of drug-resistant variants within this compartment despite full virologic suppression in the
blood [1-6]. In addition, challenges associated with the development of an effective vaccine against HIV
have heightened interest in examining the efficacy of antiretroviral drugs for the prevention of HIV
acquisition [7]. Although the physicochemical and pharmacokinetic drug properties associated with
effective pre-exposure prophyalxis against HIV require further delineation, accumulation in gential tissues
is likely a mandatory prerequisite for antiretrovirals that will be used for this purpose [7]. However,
because of logistical and practical challenges associated with collecting multiple specimens from
participants, many studies quantifying the concentration of antiretrovirals in semen use a single matched
time point to derive seminal plasma to blood plasma ratios (SP:BP) of these drugs [8]. Consequently,
data regarding additional salient markers of antretroviral disposition within this compartment are

frequently unavailable.

Raltegravir is a potent integrase strand transfer inhibitor that is used to treat both antiretroviral
naive and treatment experienced patients [9]. With the exception of our previously reported study
examining the pharmacokinetics of maraviroc, raltegravir, darunavir and etravirine in a sample of 10 HIV-
positive men, there are no data characterizing the disposition of raltegravir in the seminal compartment of
men with HIV over the entire dosing interval [10]. Other published studies assessing the distribution of
raltegravir into the male genital tract have utilized single semen samples from HIV-infected men or
healthy volunteers [11-14]. In light of the gaps in the literature, we undertook a separate study to
characterize the pharmacokinetic disposition of raltegravir over a 12-hour dosing interval in the semen of

HIV-infected men.
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Methods

Study Design

We prospectively recruited 16 HIV-infected men aged 18 years and older who had been receiving
raltegravir-based cART for a minimum of ninety days. Additional eligibility criteria included having an
undetectable viral load (< 50 copies/mL) for a minimum of one month, ability to provide written informed
consent, and no active illness or comorbidity, including acute renal or hepatic disease. We excluded
patients who were suspected of non-adherence to their prescribed regimen and who were expected to
have difficulty adhering to the study protocol for any reason. We obtained written informed consent from

all participants of the study.

We used a staggered sampling approach in which semen samples were produced by participants
over several days at different sampling times relative to the morning dose of raltegravir. The study
protocol did not specify any food requirements, restrictions or calorie content with respect to the morning
dose of raltegravir. Semen samples were collected 30 minutes to one hour prior to the morning dose of
raltegravir (day 1), and then at hours 1, 2, 4, 8 and 10 to 12 post-drug ingestion on days two through six.

We collected corresponding blood samples within one hour of the semen sample.

Specimen processing and analysis
Semen and blood samples were centrifuged without delay, and isolated seminal and blood plasma were

aliquoted and stored at — 80°C until analyzed.

Plasma concentrations (both in blood and semen) of raltegravir were determined by using a
validated liquid chromatography mass spectrometry/mass spectrometry (LC/MS/MS) method. 200 uL
blood plasma (100 pL seminal plasma) was spiked with 6,7-dimethyl-2,3-di(2-pyridyl)-quinoxaline
(Aldrich, Milwaukee, WI, USA) as internal standard (IS) and subjected to protein precipitation with
acetonitrile (1:3) followed by centrifugation at 5,000 X g for 5 minutes. For the preparation of the seminal
calibration curve drug free seminal plasma was used, in the same way drug free blood plasma was used
for the preparation of the blood plasma calibration curve. The LC-MS/MS system consisted of a HP1100
LC system (Agilent Technologies, Wilmington, DE, USA) with a SupelcosilTM ABZ+ [15 cm x 4.6mm, 3
pm] C18 column (Supelco, Bellefonte, PA, USA) coupled to an API-2000 mass spectrometer
(AB/MDS/Sciex, Concord, ON, Canada) with a turbo ion spray source. LC was performed at 40 °C with a
gradient elution of acetonitrile-0.1% (v/v) formic acid in water at a flow rate of 1ml/min. MS was quantified
using electrospray multiple reaction monitoring(MRM) in positive mode and the MRM transitions were m/z
445 t0109 and m/z 313 to 246.4 for raltegravir and the IS, respectively. The absolute recoveries were 93-
100% in blood and 95-110% in semen. Validation results displayed that raltegravir was stable for 24
hours at 4 °C after sample preparation and during 3 freeze-thaw cycles.The effective linear range was
22.5-4500ng/mL in both blood and semen. Interbatch precision (CV%) varied between 6.1 and 12.7% in
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104.4 and 109.7% in semen.

Data analyses

We used non-compartmental analyses to determine the pharmacokinetic parameters of raltegravir in
seminal and blood plasma. Specifically, we used the exact sample collection and data observation times
to determine the maximum (C.,ax), minimum concentrations (C,) and time to maximum concentration
(Tmax) and area under the curve by using the trapezoidal rule from zero to twelve hours (AUCq.15p) in both
compartments, and also determined the coefficient of variation of SP:BP ratios. Pharmacokinetic
parameters are presented using medians and interquartile ranges (IQR). We used published estimates of

raltegravir ICys for HIV-1 to facilitate interpretation of our results [15].

Ethics approval
We obtained ethics approval for this study from Institutional Review Board Services and the Ottawa
Hospital Research Ethics Board.

Results

Study population

The median age and baseline CD4+ cell count of the 16 study participants were 48 years (interquartile
range 42 to 53 years) and 450 cells/mm? (interquartile range 289 cells/mm?® to 585 ceIIs/mm3). Virologic
suppression to < 50 copies/mL had been maintained for a median of 21 months (interquartile range 7 to
35 months) at the time of study enrolment. Concomitant therapy with darunavir/ritonavir, etravirine and

tenofovir was received by nine, seven and thirteen patients, respectively.

Pharmacokinetic analyses
A total of 96 semen samples and 96 blood samples were obtained from all participants during the study

period. Paired seminal and blood plasma concentrations of raltegravir were determined in all participants.

Pharmacokinetic parameters of raltegravir in blood plasma and seminal plasma are shown in
Figure 1 and Table 1. The median raltegravir Cpn, Cmax @and AUCq.1o, in seminal plasma were 0.18 mg/L
(interquartile range 0.13 to 0.24 mg/L), 1.91 mg/L (interquartile range 1.46 to 4.33 mg/L) and 6.83 h*mg/L
(interquartile range 5.24 to 13.47 h*mg/L), respectively. The median raltegravir SP:BP and AUCq 1on
SP:BP ratios were 3.25 (interquartile range 1.46 to 5.37) and 2.26 (interquartile range 1.05 to 4.45),

respectively, with coefficients of variation for each parameter of 86%.



Publication: Antiviral Therapy; Type: Short communication
DOI: 10.3851/IMP2750

Discussion

The results of our study demonstrate a high and variable degree of raltegravir penetration into the male
genital tract over a twelve-hour dosing interval. Furthermore, seminal plasma trough concentrations of
raltegravir exceeded the published ICg5 for wild-type HIV-1 (0.0146 mg/L) by 12.3-fold, suggesting that
that these levels would be adequate for viral suppression within the male genital tract. These results were
qualitatively similar to those we observed in our smaller study examining the pharmacokinetics of
raltegravir in the semen of 10 HIV-infected men receiving maraviroc-based antiretroviral therapy [10]. We
speculate that, by virtue of being slightly lipophilic and 83% bound to blood plasma proteins, raltegravir
distributes into and accumulates within seminal plasma by passive diffusion [11,16]. In addition, although
the effects of genital tract drug transporters on antiretroviral levels within this compartment are poorly
characterized, it is possible that protease-inhibitor mediated blockade of p-glycoprotein prevents active
transport of raltegravir out of this compartment, as many patients were concomitantly on
darunavir/ritonavir [17,18]. However, our sample size prevented us from making formal comparisons
between patients receiving darunavir/ritonavir with those not receiving these drugs, and therefore further
research is required to examine this hypothesis.

Our study builds upon earlier research in which SP:BP ratios for raltegravir were derived from
single matched time points. Specifically, median SP:BP ratios for raltegravir ranged from 1.42 to 4.9 in
previous studies of HIV-positive men [11-13]. In a study of eight healthy volunteers the SP:BP ratio for
raltegravir was four-times greater at the end of the dosing interval relative to the 2 to 4 hour period
following drug intake (6.45 versus 1.62, respectively) supporting a gradual accumulation of drug within the
male genital tract over time [14]. However, unlike these studies, we used a staggered sampling approach
and were therefore able to generate seminal plasma area under the concentration time curves for
raltegravir and provide an evaluation of the seminal plasma pharmacokinetics of raltegravir over the entire

dosing interval in HIV-infected men receiving this drug.

Several limitations of our work merit emphasis, including the small sample size and the inability to
directly measure unbound antiretroviral drug concentrations in seminal plasma. In addition, we could not
estimate the unbound trough concentration of raltegravir because the degree of protein binding of this
drug in seminal plasma is unknown. However, these limitations are common to pharmacokinetic studies
evaluating drug concentrations in semen [19]. Finally, we did not specify any food requirements with the
morning dose of raltegravir, thereby introducing a potential source of intra-subject variability in raltegravir
pharmacokinetics [20]. However, this is consistent with dosing guidelines for raltegravir, and existing data

suggest that there are no clinically important effects of food on the disposition of raltegravir [20,21].

In conclusion, our study demonstrates that raltegravir attains semen concentrations that are
several fold higher than those observed in the blood plasma of HIV-infected men. Further research

examining the role of raltegravir in the primary and secondary prevention of HIV is warranted.
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Figure Legend

Figure 1: Concentrations (median, IQR) of raltegravir in blood and seminal plasma (n=16)

Table 1: Antiretroviral pharmacokinetic parameters of raltegravir in blood and seminal plasma (n=16)

Pharmacokinetic
parameters (median,

IQR) Blood Plasma Seminal Plasma
Crin (Mg/L) 0.04 (0.03 — 0.05) 0.18 (0.13 - 0.05)
Cmax (Mg/L) 2.04 (0.84 — 2.83) 1.91 (1.46 — 4.33)
Tmax (hours) 2.00 (2.00 — 4.00) 2.00 (2.00 — 4.00)
AUC.1o (hours * 5.36 (2.58 — 7.40) 6.83 (5.24 — 13.47)

mg/L)

*Cmin, Minimum drug concentration; Cmax, maximum drug concentration; Tmax time of maximum drug concentration;
AUCo.12n, area under the concentration versus time curve within the 12-hour dosing interval
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