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Abstract

Solid organ transplantation in Human Immunodeficiency Virus 1 (HIV)-infected individuals

requiring concomitant use of immunosuppressants (IS) [e.g., cyclosporine (CsA) or tacrolimus

(TAC)] and antiretrovirals (ARVs) [e.g., protease inhibitors (PIs) and/or non-nucleoside reverse

transcriptase inhibitors (NNRTIs)] is complicated by significant drug interactions. We describe the

pharmacokinetics of CsA and TAC in 52 patients on both IS and NNRTIs, PIs, or combined

NNRTIs+PIs, in studies conducted at 2 weeks, 3, 6, 12 and 24 months after transplantation. CsA

and TAC blood concentrations were measured by LC/MS/MS. This multisubject, varied ARV-IS

drug combination, longitudinal observational patient study provided a unique opportunity to

examine the effect of different ARV drugs on IS PK by comparing ratios of parameters over time

and between PK parameters. Subjects taking concomitant PIs exhibited increases in CsA and TAC

exposure (AUC/dose) due to increased apparent oral bioavailability and decreased apparent oral

clearance. Those subjects taking CsA and concomitant efavirenz (EFV) showed time dependent

increases in exposure due to ~30% increases in apparent oral bioavailability over time as well as

decreased apparent oral clearance, while subjects on TAC and EFV showed time-dependent

changes in all PK parameters. The increased bioavailability was not observed in patients on CsA

and nevirapine (NVP). These differences between IS drugs and the changes in PK parameters are

not easily predicted, illustrating the importance of continued therapeutic drug monitoring in these

patients on these complex medication regimens.
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Introduction

With increasing experience with transplantation in HIV-infected subjects with end stage

liver and kidney disease, we and others have shown that antiretroviral (ARV) protease

inhibitors (PIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs) can alter the

pharmacokinetics and dosing requirements for calcineurin inhibitor immunosuppressants

(ISs), such as cyclosporine (CsA) and tacrolimus (TAC), and other medications with similar

metabolic pathways [1–8]. The HIV PIs used as ARV therapy and the ISs are substrates and

inhibitors of the cytochrome P450 metabolizing enzyme CYP3A4 (CYP3A4) and can

increase systemic blood levels of each class of medications.1 NNRTIs such as efavirenz

(EFV) and nevirapine (NVP) are often CYP3A inducers [9, 10] that increase drug

metabolism and decrease IS blood levels.

In addition, many PIs are substrates and inhibitors of the efflux transporter P-glycoprotein

(P-gp) [11]. P-gp is a transporter predominantly found on the apical membranes of intestinal

and hepatic epithelial cells, whose function is to decrease absorption and increase excretion

of its substrates [12]. In intestinal cells, P-gp and CYP3A4 together act as a “gauntlet”,

inhibiting intestinal drug absorption and increasing intestinal drug metabolism [12, 13].

Thus, concomitant administration of inhibitors with substrates of both P-gp and CYP3A4,

such as ISs together with PIs, would be expected to decrease IS and PI metabolism while

increasing both IS and PI uptake, resulting in increased systemic blood levels. NNRTIs are

not substrates for P-gp-mediated transport, but have been shown in vitro to differentially

induce P-gp [14]. Concomitant administration of ISs with inducers of CYP3A4 and P-gp-

mediated metabolism should increase IS metabolism and, depending on the NNRTI in

question, may also decrease IS uptake, resulting in reduced systemic immunosuppressant

levels.

While we can postulate about the expected effects of co-administration of ISs and PIs or

NNRTIs based on our understanding of in vitro study findings and case reports, successful

treatment of HIV-infected transplant recipients requires well-characterized pharmacokinetics

of these drug interactions in the clinical setting. We expand on our previous reports on the

pharmacokinetic effects of the ARVs on ISs [1, 2, 15] in 52 subjects studied at weeks 2–4

and at approximately week 12, adding data from 6, 12 and 24 months after transplantation or

after a change in either ARV or IS drug regimens, and we evaluate changes in PK

parameters over time.

We believe this is a unique study, providing information and analyses that are not found in

most studies of potential drug-drug interactions. First, we have followed individual patients

on clinically recommended dosage regimens, which our group developed for IS drugs in

1LA Frassetto, W Chen, LZ Benet. Inhibition of nelfinavir metabolism by cyclosporine increases the amount of the active metabolite
M8. 11th Conference on Retroviral and Opportunistic Infections abstract, 2003.
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HIV patients and previously reported only up to 12 weeks, but now for up to two years.

Often, such studies may be analyzed using population pharmacokinetic methodologies, but

we were able to fully characterize these patients’ PK at multiple time points. Furthermore,

our analysis of the changing PK characteristics of the IS drugs was complicated, in that not

all patients could be studied at all time-points and with the same ARVs since clinical

considerations (e.g., rejection, illness, toxicity) dictated changes in the combination

regimens, which by protocol required PK studies to be initiated at time zero again.

Materials and Methods

Study design and subjects

This was an observational study of kidney and/or liver transplantation in HIV-infected

patients. To be eligible for transplantation, HIV-infected kidney transplant candidates had to

have an undetectable plasma HIV RNA level and CD4+ T-cell count greater than or equal to

200/mm3, while liver transplant candidates had to have a CD4+ T-cell count greater than or

equal to 100/mm3 (≥200/mm3 if there is a history of opportunistic complication). Subjects

were usually taking three or more ARV medications prior to and following transplantation.

This study was approved by the University of California San Francisco (UCSF) Institutional

Review Board, and all study subjects gave signed informed consent. The study is registered

at clinicaltrials.gov, NCT00074386.

Study procedures

Medication regimens—All subjects initiated IS post-transplantation on day 0 (liver

recipients), or as clinically indicated when the serum creatinine improved (kidney recipients)

as per UCSF’s transplant protocol. Initial IS dosing was estimated as previously described

[1]. Subsequent changes in IS doses were made in response to IS trough levels obtained just

prior to the morning dose of IS, and measured at the UCSF clinical laboratory. Forty-seven

subjects were studied on CsA, 16 on TAC and 10 on sirolimus (SRL). Only the CsA and

TAC data are presented here, as there were relatively few PK studies on SRL. In general,

drug dosing was adjusted to maintain CsA trough concentrations between 75–150 ng/mL

and TAC troughs between 4–9 ng/mL. The study protocol did not mandate a specific

antiretroviral regimen, thus, in addition to nucleoside analogues, some subjects were on PIs,

some were on NNRTIs and some were using drugs from both classes. Standard post-

transplantation management included tapering steroids, mycophenolate mofetil, anti-CMV

and antifungal prophylaxis. Treatment for rejection included pulse steroids and

antilymphocyte antibodies.

Changes in IS or ARV drugs mandated restarting the PK “clock” – so that subjects would be

brought back at week 2, 12 etc., after the new drug regimen. Drug regimens were changed

due to rejection episodes or evidence of drug toxicity (e.g., arteriolar hyalinosis on renal

biopsy with CsA).

Pharmacokinetic studies—Subjects had protocol-driven pharmacokinetic studies at

weeks 2–4, and 3, 6, 12 and 24 months after transplantation and after a change in either IS or

PI or NNRTI agents. We have previously reported on subsets of these patients [1, 2, 15].
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Drug regimens were modified in response to drug side effects, low IS drug levels, or

rejection episodes. A change in drug regimen required reinitiating the cycle of PK studies.

All cycles were included in this analysis.

Subjects were admitted to the UCSF Clinical Research Center for the pharmacokinetic

studies. Each study started at 8 am after an overnight fast. An indwelling catheter was

inserted into a forearm vein. After drawing trough blood samples, subjects took their ARV

therapy and their IS dose. Blood was sampled from the indwelling catheter at different time

intervals, depending on the drug regimen: for medications dosed on an every 12 hour

schedule, blood was sampled at 0, 0.5, 1, 2, 3, 4, 5, 6, 8 and 12 hours and for drugs dosed

every 24 hours, blood was sampled at times 0, 0.5, 1, 2, 3, 4, 5, 6, 8, 12 and 24 hours. For

EFV additional blood was sampled at 15 and 19 hours. No food was allowed for the first

three hours after the study was started, and all subjects ate a 30% fat meal at the same times

relative to taking their medication. No grapefruit or grapefruit juice was allowed.

Medications known to be strong CYP3A and P-glycoprotein inhibitors (e.g., ketoconazole or

fluconazole) were not given until after the pharmacokinetic study had been completed. In

general, PK studies were initiated 12 hours after the last dose of potential concomitant ARV

inhibitors/inducers and other prescribed medications.

Analysis of blood samples

Blood samples were frozen at −70°C until analyzed. Whole blood samples were analyzed

for CsA, CsA metabolites and TAC by a validated HPLC/MS assay in combination with

automated online sample preparation (LC/LC-MS) (Hewlett-Packard; Palo Alto, CA).

Method validation has been described in detail by Christians et al. [16].

Pharmacokinetic analysis

After oral administration of CsA and TAC, individual whole blood concentration-time data

were used for pharmacokinetic parameter estimation using noncompartmental methods

(WinNonlin software, Professional Edition, version 5.0; Pharsight, Mountain View, CA).

Pre-dose sample times of less than time zero were assigned values of zero. Samples below

the limit of quantitation of bioanalytical assays that occurred before the first quantifiable

concentration was achieved were assigned a concentration of zero to prevent overestimation

of initial AUC. Values below the limit of quantitation at all other time points were treated as

missing data. Cmax and Tmax were taken as the observed values.

For CsA and TAC, AUCs were calculated over the dosing interval using the linear-log

trapezoidal method and adjusted for both drug dose and patient weight as reported in Table

1. Dividing these values into the dose yielded measures of weight adjusted apparent oral

clearance (CL/F) as reported in Tables 2 and 3. Terminal half-lives during the dosing

interval [representing the multiple dosing operational half-life [17], were used to calculate

the apparent oral volume of distribution: V2/F = (CL/F) × (t1/2,op/0.693)]. As all doses were

administered orally, the bioavailability effects over time could be factored out by calculating

CL/V, which would give a measure of the changes in half-life over time.

2The volume of distribution is also known as “Vd, area”
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Statistical analysis

The effects of different combinations of ARV-IS therapy were compared as ratios to

parameters for IS plus PIs. The sample size in each of the discussed groups was too small to

evaluate the potential impact of baseline covariates on the magnitude of the interactions.

All data are reported as the median [interquartile range] unless otherwise specified.

Comparisons between groups were performed using Wilcoxon rank-sum test. A two-sided

p-value of less than 0.05 was considered to be statistically significant. Statistical analyses

were performed using SAS version 9.2, Cary, NC.

Results

Subject characteristics

Fifty-two HIV-infected subjects with end stage renal (K) or liver (L) disease were

transplanted [26 K and 26 L (including 2 K–L)]. Forty-nine subjects were men, and the

median (range) age of all subjects was 49 (15–71) years at the time of transplantation. Thirty

subjects were Caucasian, 17 were African-American and 5 were classified as Asian or Other

ethnicity. One subject initially had a liver transplant, and then required a combined liver-

kidney transplant when the first graft failed, and one subject received a combined liver-

kidney transplant; all other transplants were single organ grafts.

A total of 224 pharmacokinetic profiles were obtained in this study. Pre-transplant, we

conducted PK studies to characterize patients’ ARV regimens in the absence of ISs. These

data are not reported here. PK studies of both ARVs and ISs were also conducted post-

transplant at weeks 2–4, and at approximately 3, 6, 12 and 24 months to elucidate the

interaction potential of various drug combinations in the setting of both liver and kidney

transplantation. Some of this data for the first 3 months has been previously reported [1, 2,

15]. Forty-seven subjects were studied while receiving CsA, 16 while receiving TAC and 10

while receiving sirolimus. Alterations in drug regimens that required additional protocol PK

studies occurred in 33/52 patients. Changes in immunosuppressive regimens were usually

due to treatment of rejection episodes; the rest had antiretroviral regimens changed due to

medication intolerance or inadequate antiretroviral exposure based upon therapeutic drug

monitoring and target levels. Subjects had no intercurrent illness when studied.

Pharmacokinetic data

Cyclosporine (CsA)—In the first three months post transplant, CsA when given with PIs

required 1/10 the dose to achieve AUCs comparable to those in non-HIV transplant patients

(see Table 1; CsA doses and AUCs in non HIV-infected subjects are given for comparison

[18]). CsA dose was adjusted by each patient’s clinicians based on CsA trough

concentration levels (C0) measured in a clinical laboratory. The median dose of CsA given

with EFV was significantly higher than that given with NVP (p=0.0004) for weeks 2–12,

and both were significantly higher than that given with PIs (p<0.0001). Dose and weight

normalized CsA AUCs were also significantly lower with EFV compared with NVP

(p<0.0001) and compared to a PI regimen (p<0.0001). In patients on ARV combination

regimens (i.e., regimens including a PI + NNRTI), normalized CsA exposures (AUC/dose/
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weight) were even higher than on PIs (although not significant, p=0.18) and similar to dose

normalized CsA exposure in non-HIV-infected subjects [18].

The increases in AUC in Table 1 for CsA + PIs are reflected in Figures 1a and 2a and Table

2. Both CL/F and V/F are markedly lower than that shown for CsA + EFV and CsA + NVP,

with a ratio of 6.66 when compared to EFV (p<0.0001) and 2.95 when compared to NVP

(p<0.0001) for weeks 2–12. CsA oral clearance with NVP was also lower than with EFV

(p<0.0001) and similar to that in non-HIV transplant recipients.

For weeks 2–12, CsA V/F was also smaller with PIs, with a ratio of 3.17 when compared to

EFV (p<.0001) and 1.77 when compared to NVP (p=0.004). CsA V/F with NVP was also

smaller than with EFV (p=0.001). The decreases over time in CL/F and V/F observed for

CsA with EFV can be explained by bioavailability changes since CL/V values are

essentially unchanged. It appears that the effect of EFV on CsA bioavailability increased

with time. In fact, the results in Table 2 suggest that no changes in CL/V were observed over

time for any of the interactions investigated.

Over time, PI or NVP dose- and weight-normalized CsA AUCs were unchanged (see Table

1, columns 4 vs. 7, rows 1 and 3, respectively). In contrast, there is a suggestion that CsA

dose when given with the combination PI/NVP regimen (row 5) increased by about 30%

despite a decrease in CsA AUC of nearly the same magnitude, although the significance of

this observation is questionable due to the overlap of the interquartile ranges. Patient

numbers were limited in the EFV monotherapy group (18 patients in Weeks 2–12, compared

with 4 patients in Weeks 28–104); in that small group, CsA AUCs with EFV increased

nearly 40% despite lowering the dose by more than half (row 2), but we recognize that with

such a small number, the finding may not be confirmed in further studies.

CsA Metabolites—Individual and total metabolite (TM) AUC (adjusted for CsA level and

dose) were compared in a small subset of patients in this study (Figure 3); [n=2 for PIs e; n=

5 for EFV; n=9 for NVP; n=6 each for EFV+PIs and NVP+PIs (PIs used were nelfinavir,

lopinavir and ritonavir booster]. AM1, AM9 and AM4N are the principle metabolites of

CsA in nonHIV transplant, with AUCS of 70%, 21% and 8% of CsA AUCs respectively

[18].

AM1, produced during the first step in CsA metabolism, was the most plentiful metabolite

produced by patients in all groups, but significantly lower in the EFV + PI group compared

to the PI alone group (p=0.05). Adding PIs to EFV regimens significantly decreased TM

AUC (p= 0.01). Compared to EFV, PIs or the EFV + PI regimen significantly decreased

production of the CsA metabolites AM9 (p=0.01) and AM19 (p=0.01).

Tacrolimus (TAC)—Like CsA, it appears that NVP has no clinically significant effect on

TAC pharmacokinetics. The increases in AUC in Table 1 for TAC + PIs are reflected in

Figures 1b and 2b and Table 2, where both CL/F and V/F are markedly lower for PI-

containing regimens than for either NNRTI, with a ratio of 0.09 when compared to EFV

(p=0.009) and 0.15 when compared to NVP (p=0.003) for weeks 2–12.
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TAC apparent volume of distribution was also markedly smaller with PIs, with a ratio of

0.15 when compared to EFV (p=0.009) and 0.19 when compared to NVP (p=0.006). Sample

sizes were too small to make an EFV vs. NVP comparison in the TAC group.

Comparison of the NVP and PI data for TAC suggest that like CsA, the major effect of PIs

is by increasing bioavailability.

Safety data—All CsA and TAC trough levels were adjusted based upon the clinical

presentation and whole blood trough levels from the UCSF clinical laboratory. However, the

IS levels presented in the current study were assayed separately using a validated whole

blood LC/MS/MS assay [16]. Rejection and toxicity data for the multicenter NIH trial

(including this subgroup of subjects who had the PK studies) has been recently published

[19]. Higher CsA and TAC trough levels were associated with decreased risk of rejection,

but in the liver transplant group, associated with a decline in eGFR (p<0.0001).

Discussion

This current study contains the largest set of pharmacokinetic interaction data between

HAART and immunosuppressant agents reported over the longest period of time in HIV-

infected transplant subjects. Although smaller studies of tacrolimus [1, 4, 6, 8] and CsA [1–

3, 5, 7] have reported dose adjustments in both liver and kidney transplant patients with HIV

on various ARV therapies, this is the first study that we know of that documents changes in

pharmacokinetics over time.

We confirm our earlier findings that in the presence of PIs relative to NNRTIs, CsA

exposure (AUC/dose) was 2 – 4-fold higher and more than 10-fold increased for TAC

(Table 1, [15]). We now expand on our PK analyses to show that this change results from a

combination of decreasing apparent oral CL as well as increasing bioavailability, since the

decrease in V/F is less than the decrease in CL/F. That is, a greater change in CL/F is

observed since both the numerator and the denominator cause an overall decrease. Although

NVP has been suggested to affect CsA pharmacokinetics through CYP3A4 induction, as in

known for EFV, we saw no significant effect of NVP on CsA PK (Table 2; compare CsA

parameters with PIs vs. values in nonHIV transplant patients and transplant patients with

NVP).

Given that EFV is an inducer of CYP3A4 while the PIs are inhibitors, with combinations of

PI+EFV, we expected to see CL/F and V/F that were “intermediate” between what was

observed for the PI or EFV regimens. Although there were only 3 subjects in this group, we

saw marked inhibition of CsA metabolism and even lower values for both CL/F and V/F

than with PIs alone. This effect was corroborated during our investigation of CsA metabolite

profiles in a subset of our patients (see Figure 3). When PIs were administered, the AM1

metabolite was produced in abundance, but further metabolism was severely restricted. As

expected, when the NNRTIs EFV and NVP were administered, the full range of CsA

metabolites were produced, with AM1 levels about 66% and 50% of what was observed

when PIs were given. However, when PIs were added to the EFV regimen, we observed

significantly decreased production of the CsA metabolite AM1 and no production of
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downstream metabolites. Clearly, the combination of EFV and PIs does not produce

predictable results based on relative potencies of inductive and inhibitory effects on the

CYP3A4 enzymes. This picture is also additionally complicated by the effects that these

agents have on the efflux transporter P-gp, which could lead to increased F through

intestinal transporter-enzyme interplay resulting in decreased CL/F. CsA and the PIs

themselves are substrates as well as inhibitors of P-gp and the NNRTIs have differential

effects on P-gp, but are generally thought to act as inducers of this transporter [20].

Additionally, we observed that in the presence of EFV, but not NVP, CL/F of CsA decreases

over time from weeks 2–12 to 28–104. In an earlier analysis containing fewer subjects [2],

we reported increases in CsA bioavailability in those concomitantly treated with PIs. This

time dependent alteration in CsA bioavailability over time was not observed in the subjects

taking PIs in our current study with the larger number of subjects, nor in the subjects taking

NVP. These conclusions are based on the lack of change for CL/V compared to nonHIV

transplant patients, since the CL/V values are independent of changes in bioavailability.

Alternatively, when CL/F and V/F change but CL/V is constant, the changes in CL/F and

V/F can be attributed to changes in bioavailability.

IS exposure in subjects dosed with TAC increased more than 10-fold in the presence of PIs

relative to NNRTIs, and more than 50 fold compared to non-HIV transplant patients. TAC

increases were due to increases in bioavailability and decreases in clearance. In the presence

of PIs, the degree of increase in TAC exposure is substantially greater than with CsA.

Unlike CsA, TAC CL/F and V/F increased over time with EFV, which was partially due to

increases in CL/F (ratio of C/V increased). Not only does the dose of TAC have to be

reduced, but the dosing interval needs to be markedly increased [15]. In nonHIV transplant

subjects, CsA and TAC are normally dosed on an every 12 hour interval, with higher doses

(on a mg/kg basis) immediately after transplant, which decrease over the next three to six

months (Table 1, [18]). We have previously discussed in detail changes to both CsA and

TAC dosing and dosing intervals for up to three months post-transplant [15]. These data

support the idea that the mechanisms involved in the drug interactions involve not only well-

known effects on metabolizing enzymes, but also more complex and sometimes

unpredictable effects on drug transporters. Bramuglia et al. demonstrated in healthy

volunteers that increased P-gp activity as measured by Rh123 uptake in lymphocytes

correlated with increased apparent oral CL/F and apparent oral V/F, and both were

decreased with indinavir exposure [21]. In healthy volunteers, adding PIs to EFV increased

V/F but not CL/F for EFV [20]. In another study in HIV-1 infected volunteers, concomitant

use of EFV or NVP increased the apparent oral clearance of lopinavir by 39%, (p<0.001)

[22]. Jetter et al. using midazolam as an investigational agent demonstrated ~ 50% decreased

clearance in HIV infected subjects compared to healthy volunteers, suggesting that

cytochrome P450 activity was decreased. In that study, using digoxin to study P-gp activity,

there were nonsignificant differences between the two groups [23]. So, potentially one cause

of the marked inhibition of metabolism in our study with the combination of PI + EFV +

CsA could be the effect of the HIV virus itself.

Our study was limited by several factors, among these being that this study was conducted

in study subjects with multiple medical problems and on multiple drug regimens. The
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impact of variability in drug absorption and drug interactions also must be considered, as

well as the effect of time from transplantation on organ function and differences in PK [24].

Some subjects were on other medications that could have interfered or interacted with either

P-gp or CYP3A4. To mitigate these confounders, our subjects were studied when they had

no intercurrent illnesses, and concomitant use of interacting medications during the

pharmacokinetic studies was avoided. Prior studies have shown that taking two drugs that

are P-gp and CYP3A4 inhibitors a few hours apart can decrease the degree of interaction

between the drugs [25]. Additionally, our kinetic analyses assume that NNRTIs have no

effect on V. This has been shown in subjects on IS but not on ARVs [22]. While we expect

that the PIs effect on V is related to the inhibition of transporters, this has not been

conclusively demonstrated.

The pharmacokinetic studies conducted were only one aspect of the multicenter study, and

were not designed to look at the toxicities of IS. In the 52 patients studied here, we did not

observe any significant correlation between any of IS parameters and episodes of rejection.

Data from the study as a whole does suggest a correlation between CsA trough levels,

rejection and decline in renal function over the course of the study [19, 26].

Concomitant administration of TAC or CsA and PIs led to significant increases in drug

exposure (2–50 fold) due to increases in bioavailability and perhaps larger decreases in

clearance than in volume of distribution. In contrast, NVP had little effect, while EFV+PI

had unexpectedly larger decreases in all parameters, and EFV CL/F increased over time. The

changes in apparent oral clearance and volume of distribution were not the same for CsA

and TAC with the ARVs, both in the size of effect as well as the correlation coefficient of

the effect (increased or decreased). We therefore contend that, especially in the setting of co-

administration of ARVs and IS, continued therapeutic drug monitoring must be undertaken

in this population in order to optimize immunosuppressant treatment.
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Figure 1.
a. Comparisons of CsA apparent oral clearance (CL/F, adjusted for dose and weight) for PI

−, EFV−, NVP−, PI+EFV−, PI+NVP− and nonHIV transplant subjects [18, 26] averaged

over the first 3 months (weeks 2- and 12) post transplant, and the next 18 months (weeks 24,

52 and 104).

b. Comparisons of CsA apparent oral volume of distribution (V/F, adjusted for dose and

weight) for PI−, EFV−, NVP−, PI+EFV−, PI+NVP− and nonHIV transplant subjects [18,
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26] averaged over the first 3 months (weeks 2- and 12) post transplant, and the next 18

months (weeks 24, 52 and 104).
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Figure 2.
a. Comparisons of TAC apparent oral volume of distribution (V/F, adjusted for dose and

weight) for PI−, EFV−, NVP−, PI+NNRTI− and nonHIV transplant subjects [18] averaged

over the first 3 months (weeks 2- and 12) post transplant, and the next 18 months (weeks 24,

52 and 104).

b. Comparisons of TAC apparent oral clearance (CL/F, adjusted for dose and weight) for PI

−, EFV−, NVP−, PI+NNRTI− and nonHIV transplant subjects [18] averaged over the first 3

months (weeks 2- and 12) post transplant, and the next 18 months (weeks 24, 52 and 104).
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Figure 3.
Cyclosporine metabolites (adjusted for both cyclosporine AUC and dose) for 5 combinations

of antiretrovirals; efavirenz (EFV) alone, EFV plus a protease inhibitor (PI), nevirapine

(NVP) alone, NVP plus a PI, or a PI alone.
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