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Introduction
When characterizing the pharmacokinetics of a therapeutic agent, a key goal is to maximize
efficacy while minimizing risk. Because pharmacokinetics studies are difficult to do in
populations with severe end organ damage, such as end-stage renal disease, dosing
recommendations in these populations may be extrapolated from other data or may be
missing. In patients receiving dialysis, the added complexity of clearance by the dialysis
process, which depends on the degree to which medications are protein bound, must be
taken into account. Nevirapine (NVP) is a commonly used non-nucleoside antiretroviral
agent that has only minimal renal elimination. However, hemodialysis may represent a
significant route of NVP elimination in patients with end stage renal disease due to its
relatively low volume of distribution (1.2 L/kg), low molecular weight, and being only 60%
bound to plasma proteins.1 In the one previously published case report of NVP use in a
patient receiving hemodialysis,2 the area under the concentration time curve was
substantially reduced during dialysis with a 46.5% extraction ratio. However, NVP was
dosed at only 200 mg once daily in this patient. Therefore, we examined the potential effects
of hemodialysis on the steady-state pharmacokinetics of NVP, in HIV-1-infected subjects
with end-stage renal disease requiring hemodialysis, when given at the usual dosing strategy
of 200 mg twice daily.

ACTG A5177 was a prospective observational study to estimate the steady-state
pharmacokinetic (PK) parameters of efavirenz, lopinavir/ritonavir and NVP in HIV-infected
subjects requiring hemodialysis. The efavirenz and lopinavir/ritonavir results have been
reported elsewhere.3 This letter summarizes the pharmacokinetic results observed in the 3
subjects accrued to the NVP arm.
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Methods
HIV-1-infected subjects requiring hemodialysis between the ages of 18 and 65 were enrolled
into the NVP arm if they had received as part of their antiretroviral regimen one tablet of
NVP 200 mg twice daily for at least 30 days immediately prior to study entry. Use of any
other NNRTI or PI was not allowed. The accrual target for the NVP arm was 12 subjects;
however due to slow enrollment the study was closed to accrual after 3 NVP subjects
enrolled. PK sampling took place on two separate days, a non-hemodialysis day and a
hemodialysis day. Observed doses of NVP were administered at exactly 8am on each study
day; blood samples were taken at −0.25, 0.5, 1, 2, 3, 4, 6, 8, 10, and 12h. Dialysis was
administered from about 12pm to 4pm.

Samples were assayed for NVP at the University of California at San Francisco
Pharmacology laboratory, using an LC/MS/MS method approved by the ACTG
Pharmacology QA/QC subcommittee. Statistical methods for calculating pharmacokinetic
parameters have been previously described3.

To estimate the NVP hemodialysis clearance rate, additional blood samples were obtained
on the dialysis day at the inflow and outflow ports at dialysis initiation, and at approximately
2 and 4 hours thereafter. The filtration fraction, represented by FF, was calculated as

 where Cp,IN and Cp,OUT were the plasma concentrations of NVP flowing into
and out of the dialyzer, respectively. The NVP hemodialysis clearance rate (based on blood)
was calculated as ClHD = Qdial * FF, where Qdial was the blood flow into and out of the
dialyzer, ml/min. The amount of NVP cleared by dialysis was calculated as
Qdial*( AUCHD,in – AUCHD,out), where AUCHD,in and AUCHD,out represent the NVP area
under the concentration time curve during dialysis of blood entering and leaving the
dialyzer, respectively.

Results
All three subjects were black non-Hispanic males, ages 39, 40 and 51. For Subject 1, the
dialyzer model and manufacturer was the AM-BIO 100D, Asahi Biomembrane. For Subjects
2 and 3, the dialyzer model and manufacturer were the PSN 210, Gambro Renal Products
(by Baxter). Dialysis flow rates ranged from 300 to 450 mL/min, and dialyzed volumes
ranged from 72.00 to 128.25 L.

Figure 1 shows the NVP plasma concentration time plots on the nondialysis and dialysis
days for each of the three subjects. For all 3 subjects NVP concentrations on nondialysis and
dialysis days tracked closely. For Subject 1, NVP concentrations over the dosing interval
were higher on both study days than for Subjects 2 and 3. These results do not suggest
differences in NVP PK between nondialysis and dialysis days. Across subjects, the
geometric means of NVP AUCs were 73.40 and 70.51 μg.h/mL on nondialysis and dialysis
days, respectively. The geometric means of minimum observed plasma NVP concentrations
were 4.77 and 4.01 μg/mL; and of systemic NVP clearance were 2.72 and 2.84 on
nondialysis and dialysis days, respectively.

Calculated filtration fractions obtained on the dialysis days were negative in several
instances indicating a more rapid loss of fluid than drug across the dialyzer. Hemodialysis
clearance rates were not calculated in these. Positive filtration fractions ranged from 17% to
37%, and CLHD ranged from 68.40 mL/min (at end of dialysis) for Subject 1 (this subject’s
CLHD at start of dialysis was 103.23 mL/min) to 159.31 mL/min (at start of dialysis) for
Subject 2 (CLHD could be calculated at a single time only for Subject 2; for Subject 3 CLHD
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was 77.90 and 111.67 mL/min 2h after start of and at end of dialysis, respectively).
Calculated amounts of NVP cleared by hemodialysis were −145, 10 and 107 mg (negative
value likely due to assay variability) for Subjects 1, 2 and 3, respectively. Thus, on average
less than 5% of the dose was lost, indicating that, an insignificant quantity of NVP was
removed from the systemic circulation by hemodialysis. NVP concentrations in both blood
and plasma (sampled simultaneously prior to the PK dose) were available for Subjects 2 and
3, yielding similar blood-to-plasma ratios of 1.03 and 1.05, respectively.

All 3 NVP subjects were negative for hepatitis B surface antigen and hepatitis B core
antibody. NVP plasma AUCs were higher for Subjects 1 and 3 who were hepatitis C
antibody positive compared to Subject 2 who was hepatitis C negative.

In summary, we measured plasma NVP concentrations at steady-state in dialysis patients
following their oral doses on both dialysis and nondialysis days. We found that the steady-
state pharmacokinetics of NVP given 200 mg twice daily were similar to those in patients
without renal failure,4 and we saw only minimal differences in PK parameters between
dialysis and non-dialysis days. While some proportion of the NVP is removed by the
hemodialysis process, our data suggest that this loss is clinically insignificant. To the extent
that plasma levels reflect stability of efficacy in the intracellular compartment, our results do
not suggest that the dosing of NVP needs to be coordinated around the timing of dialysis.
While limited by small sample size, we conclude that the dose of NVP 200 mg twice daily
provides consistent plasma levels that are not clinically changed by the dialysis process.
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Figure 1.
Plots of plasma NVP concentration (μg/mL) by time (hr) on nondialysis (solid line, circles)
and dialysis (dashed line, x-marks) days. Dashed vertical lines show start and stop times of
hemodialysis. AUC, area under the NVP concentration-time curve, plasma, 0-12 hr; ND,
nondialysis day; D, dialysis day; CL, systemic NVP clearance; CL-HD, hemodialysis
clearance.
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