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Abstract

Management of comorbidities and medications is complex in HIV-1 infected patients. The overall
objective of this project was to develop separate physiologically-based pharmacokinetic (PBPK)
substrate models for the protease inhibitors darunavir and lopinavir. These protease inhibitors are
used in the treatment of HIV infection. Both darunavir and lopinavir are coadministered with
another medication that inhibits cytochrome (CYP) 3A. The current project focused on PBPK
modeling for darunavir and lopinavir coadministered with ritonavir. Darunavir and lopinavir
PBPK models that accounted for ritonavir CYP3A inhibition effects (linked PBPK models) were
developed. The linked PBPK models were then used to predict the effect on darunavir or lopinavir
exposure from CYP modulators. In the next step, the predicted effect of hepatic impairment was
evaluated. Additional exploratory analyses predicted CYP3A inhibition effects on darunavir or
lopinavir exposure in simulated hepatically impaired subjects. The linked PBPK models
reasonably predict darunavir or lopinavir exposure based on simulations with CYP inhibitors or
inducers. Exploratory simulations using the linked darunavir or lopinavir PBPK models indicate
CYP3A inhibition may further increase darunavir or lopinavir exposure in patients with hepatic
impairment.
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1. Introduction

In HIV-1 infected patients, antiretroviral therapy has transformed HIV-1 infection into a
chronically managed medical condition. HIV-1 infected patients frequently receive both
antiretrovirals and medications for managing comorbidities. Therefore, the assessment of
potential drug-drug interactions (DDIs) is a critical part of the treatment paradigm for HIV-1
infection. Additionally, HIV-1 infected patients may also have liver disease resulting in
hepatic impairment subsequent to different etiologies, including Hepatitis B or Hepatitis C
co-infection. Hepatic impairment can alter the systemic exposure of the patient’s
medications, including antiretrovirals. Potential clinical implications of changes in systemic
exposure for antirertrovirals include therapeutic failure or adverse events. Therefore, the
appropriate management of antiretroviral DDIs in HIV-1 infected patients with hepatic
impairment is complex and clinically relevant.

Currently, for hepatically impaired HIV-1 infected patients taking concomitant medications,
information is not available for healthcare providers regarding whether the current
recommendations for managing drug-drug interactions are appropriate. During the drug
development process, clinical trials are typically conducted in order to determine whether
safety or efficacy issues exist resulting from extrinsic or intrinsic factors that can change the
exposure of a medication. The trials are usually designed to provide information on changes
in exposure with one specific extrinsic factor (e.g. concomitant administration of two
medications) or one intrinsic factor (e.g. hepatic impairment, renal impairment) at a time to
determine whether dosage adjustments are necessary. However, a limitation of these trials is
that the impact of anticipated multiple factors affecting drug exposure in real world
scenarios, such as drug-drug interactions and hepatic impairment, are not evaluated and the
effects are not adequately characterized. Subsequently, appropriate dosing recommendations
are not available for patients with multiple factors that can affect the safety or efficacy of a
medication.

One method to derive drug exposure data regarding multiple factors that can affect the safety
or efficacy of a medication in the absence of obtaining exposure data is to utilize
physiologically-based pharmacokinetic (PBPK) modeling. PBPK modeling integrates
information related to disposition by various human organ systems as well as drug specific
clinical pharmacology information (e.g. absorption, metabolism, transport) to simulate
exposure data in a virtual population-2. When appropriate, the simulated data can be used to
fill in knowledge gaps to provide important clinically relevant information that is not
otherwise available, such as supporting dosing recommendations for managing DDIs3. As an
example, PBPK modeling was used during the New Drug Application review for eliglustat
to evaluate drug-drug interaction scenarios with different CYP2D6 genotypes*>.

J Clin Pharmacol. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wagner et al.

Page 3

HIV treatment involves using antiretrovirals from multiple classes. HIV protease inhibitors,
including darunavir and lopinavir, are an important option as part of antiretroviral therapy in
maintaining HIV virologic suppression. It is necessary to coadminister both of these
antiretroviral medications with another medication to increase the antiretroviral medication’s
systemic exposure through cytochrome P450 (CYP)3A inhibition. The project focused on
darunavir and lopinavir because historically these medications have been extensively used in
the treatment of HIV-1 infection (see the 2016 U.S. Department of Health and Human
Services’ “Guidelines for the use of antiretroviral agents in HIV-1-Infected adults and
adolescents” that is available at http://aidsinfo.nih.gov/guidelines) and understanding how to
manage DDIs involving HIV protease inhibitors is important for maintaining therapeutic
effects. PBPK substrate models for darunavir and lopinavir were developed accounting for
ritonavir CYP3A inhibition (subsequently referred to as the linked PBPK model). These
linked PBPK models were then used to explore the feasibility of evaluating the effects of
different factors (e.g. drug-drug interactions, hepatic impairment) on darunavir or lopinavir
exposure in subjects receiving darunavir/ritonavir or lopinavir/ritonavir.

2. Methods

A population-based PBPK software (Simcyp®, v13.2, Simcyp Ltd, Sheffield, UK) was used
for all PBPK modeling and simulations described in this work. Unless otherwise specified,
Simcyp’s built-in healthy volunteer population and population for subjects with different
degrees of hepatic impairment (e.g. Child-Pugh classification) were used. All simulations
were performed using the “Healthy Volunteers” population provided by the software, with
10 trials and 10 subjects per trial. Virtual subjects were aged 20 years to 50 years, with a
proportion of 50% females (the software’s default Healthy Volunteers population values).

Figure 1 provides a workflow of this project. Darunavir and lopinavir PBPK substrate
models were developed using physicochemical, in vitro, and human data. Clinically, another
medication is coadministered with darunavir or lopinavir to increase the antiretroviral
medication’s systemic exposure through CYP3A inhibition. Although darunavir and
lopinavir are administered in combination with ritonavir, initially the darunavir and lopinavir
PBPK substrate models were developed without ritonavir (stand-alone models).
Subsequently, in the development step, the effects of ritonavir on darunavir or lopinavir
exposure were evaluated using a ritonavir CYP3A inhibitory PBPK model to construct the
linked PBPK model. In the next steps, the linked darunavir or lopinavir PBPK substrate
models were verified by comparing simulated and observed effects of different CYP
modulators. After constructing acceptable linked darunavir and lopinavir PBPK substrate
models in the verification step, the next part of the project involved using the linked PBPK
models to simulate various clinical scenarios (application step), such as the effect of hepatic
impairment on darunavir or lopinavir exposure. For the steps outlined in Figure 1, the
simulated darunavir or lopinavir exposure data were compared to the observed darunavir or
lopinavir data obtained from darunavir/ritonavir or lopinavir/ritonavir administration (see
Figure 2 and Tables 1 through 3 for further details).

J Clin Pharmacol. Author manuscript; available in PMC 2018 October 01.


http://aidsinfo.nih.gov/guidelines

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wagner et al. Page 4

2.1 Development of the Stand-Alone and Linked Darunavir and Lopinavir PBPK Substrate
Models

The model input parameters are displayed in supplemental digital content 1. For darunavir,
model development involved the optimization of metabolism through CYP3A (fm
[CYP3AA4]). The development of the lopinavir PBPK model involved the optimization of
steady state volume of distribution (Vss) and parameters for time-dependent CYP3A
inhibition.

In order to develop the linked darunavir/ritonavir and lopinavir/ritonavir models, the steady-
state pharmacokinetics of darunavir or lopinavir with ritonavir for once and twice daily
dosing regimens were predicted. For this purpose, the ritonavir PBPK model was taken from
the Simcyp® software’s drug model library (V13.2).

The predicted exposure of darunavir or lopinavir was compared to the observed data from
publically available information for the stand-alone (see Table 1) and linked (see Figure 2)
darunavir and lopinavir models.

2.2 Verification of the Linked PBPK Model-Predicting the Impact of Various CYP
Modulatorson Darunaviror Lopinavir Exposure

The effects of various CYP modulators were simulated using the linked darunavir/ritonavir
and lopinavir/ritonavir models. For this purpose, PBPK models for the selected CYP
modulators provided by the Simcyp® compound library were used without further
modification. The predicted exposure ratio was calculated as the ratio of darunavir or
lopinavir exposure (AUC, Cax, and Cyrgugh) With concomitant use of the CYP modulator
compared to darunavir or lopinavir exposure alone by itself (data not presented). These
predicted ratios were compared to the observed ratios reported in the darunavir and
lopinavir/ritonavir U.S. prescribing information 7 to derive the displayed ratio (see Table 2
and Table 3). Please also see tables 7 and 8 for the predicted and observed ratios for
darunavir and lopinavir AUC, Crax, and Crgugh-

2.3 Application of the Linked PBPK Model-Predicting the Effect of Hepatic Impairment (HI)

Using the linked darunavir/ritonavir PBPK model, the effects of mild (Child-Pugh A [CP
A]) and moderate (JCP B]) HI on the pharmacokinetics of darunavir were simulated. The
simulations were compared to observed data.’-8

2.4 Predicting theEffect of Hepatic Impairment Plus CYP3A Inhibitionon Darunaviror
Lopinavir Exposure

An additional exploratory analysis was conducted simulating the effect of ketoconazole, a
strong CYP3A inhibitor, on darunavir exposure in hepatically impaired subjects using the
linked darunavir/ritonavir PBPK model. In this scenario, the effects of multiple CYP3A
inhibitors plus hepatic impairment on darunavir exposure were simulated. The same analysis
was conducted for lopinavir using the linked lopinavir/ritonavir PBPK model.

To evaluate model performance, we calculated the ratio (R) for the model predicted exposure
parameter and the observed exposure parameter (predicted/observed). The prediction is
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considered reasonable if the ratio (predicted/observed) is within an arbitrarily defined 2-fold
range (e.g., 0.5sR<2.0).

3. Results

3.1 Performance of Optimized Stand-Alone Darunavir and Lopinavir PBPK Substrate
Models

Table 1 compares the predicted and observed AUC of darunavir or lopinavir using the
darunavir and lopinavir stand-alone PBPK substrate models. The model parameters used for
the simulations are presented in Supplemental Digital Content 1, Supplemental Table 1.

The stand-alone darunavir PBPK substrate model predicts observed single and multiple dose
pharmacokinetics reasonably well, with the majority of the AUC ratios within 2-fold of the
observed data.

With the lopinavir 200 mg dose, the stand-alone lopinavir PBPK substrate model
overpredicts by more than 5-fold the observed lopinavir AUC without ritonavir (see Table
1). However, for the clinically relevant doses of 400 mg and 800 mg, the predictions are
within 2-fold of the observed data. For both the darunavir and lopinavir stand-alone
substrate models, the variability between predicted and observed values was comparable.

3.2 Predicting the Effect of Ritonaviron the Exposure of Darunaviror Lopinavir

Figure 2 compares the predicted and observed plasma concentration-time profiles for once
and twice daily dosing regimens of darunavir/ritonavir or lopinavir/ritonavir, using the
linked darunavir/ritonavir and lopinavir/ritonavir PBPK models that were developed.

Based on Figure 2, in general, using the linked darunavir and lopinavir PBPK models, the
simulated darunavir or lopinavir concentration-time profiles seem to reasonably predict the
observed darunavir and lopinavir concentration values. The results support the use of the
linked darunavir and lopinavir PBPK models for the analyses described in sections 3.3 and
3.4. Additional information regarding the predicted and observed AUC for the linked
darunavir and lopinavir PBPK models is displayed in Table 6.

3.3. Verification of Linked Darunavir/Ritonavir and Lopinavir/Ritonavir PBPK Models:
Predicting the Effect of CYP Modulatorson Darunavir/Ritonaviror Lopinavir/Ritonavir
Exposure

The predicted and observed changes with various CYP modulators on darunavir or lopinavir
exposure are shown in Table 2 and Table 3. In general, when the effect of CYP modulators
on the exposure of darunavir or lopinavir was evaluated using the linked darunavir/ritonavir
and lopinavir/ritonavir models, the simulated changes in darunavir or lopinavir exposure are
consistent with the observed changes in darunavir or lopinavir exposure. When combined
with ritonavir, for both darunavir and lopinavir, for the CYP2C19 inhibitor omeprazole,
there were minimal differences in the predicted exposure ratio compared to the observed
exposure ratio, consistent with the available information regarding darunavir or lopinavir
metabolism through CYP2C19. For darunavir combined with ritonavir, a similar finding was
observed for paroxetine, a CYP2D6 inhibitor. For CYP3A inhibitors or inducers, with the
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exception of the CYP3A inducer rifampin (which may be attributed to a need for further
rifampin model optimizationl), there was a less than two-fold difference in predicted versus
observed exposure with darunavir or lopinavir AUC, Cpax, and Cyroygh Values.

3.4. Application of Linked Darunavir/Ritonavir and Lopinavir/Ritonavir PBPK Models:
Predicting the Effect of Hepatic Impairmenton Darunavir/Ritonaviror Lopinavir/Ritonavir

Exposure

The predicted and observed changes with mild to moderate hepatic impairment on darunavir
or lopinavir exposure are shown in Table 4 and Table 5.

Using the linked darunavir/ritonavir model, the simulated darunavir exposure in hepatically
impaired subjects was reasonably predicted when compared to the observed darunavir
exposure data with regard to the magnitude of change (the absolute percentage differences).
In contrast, for lopinavir, using the linked lopinavir/ritonavir model, the simulated lopinavir
exposure in hepatically impaired subjects was overpredicted when compared to the observed
lopinavir exposure data.

3.5 Predicting the Effect of Hepatic Impairment (HI) and CYP3 A Inhibitionon Darunavir/
Ritonaviror Lopinavir/Ritonavir Exposure

Additional exploratory analyses were conducted using the linked darunavir/ritonavir and
lopinavir/ritonavir models to simulate the effect of both hepatic impairment and
ketoconazole (a strong CYP3A inhibitor) on darunavir or lopinavir exposure using the
PBPK models. Based on the information from the linked PBPK models, the exploratory
analyses suggest that ketoconazole CYP3A inhibition may further increase darunavir or
lopinavir exposure in hepatically impaired patients. The Discussion section provides further
details regarding the current limitations of these analyses.

4. Discussion

The linked PBPK substrate models (darunavir/ritonavir or lopinavir/ritonavir) that
incorporate the CYP3A effects of ritonavir reasonably predicted darunavir and lopinavir
exposure (Figure 2). Based on the simulations in the presence of various CYP inhibitors or
inducers, the linked PBPK models appear to capture the majority of exposure changes for
CYP inhibitors or inducers (Tables 2 and 3). One potential utility of the linked models is for
evaluating the changes in darunavir or lopinavir exposure in the presence of intrinsic factors
such as hepatic impairment. Such simulations are useful in determining whether a potential
safety or efficacy issue exists under these complex clinical scenarios as discussed in the
Introduction.

Although the linked models can be used to simulate drug exposure in subjects with hepatic
impairment, reliable predictions of the effect of hepatic impairment on darunavir or lopinavir
exposure cannot be obtained. Current limitations in simulating drug exposure in a
hepatically impaired population using PBPK modeling impact the ability to obtain reliable
predictions. Subsequently, it was determined that presenting quantitative results of the
simulations evaluating the effect of hepatic impairment and CYP3A inhibition on darunavir
or lopinavir exposure was premature. The hepatic impairment populations (CP A, CP B, and
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CP C) of the PBPK software that was used for the analyses (Simcyp ® v13.2) include the
following adjustments: reduced hepatic CYP expression, reduced liver size, reduced plasma
protein binding (albumin and a-1 acid glycoprotein), and decreased renal function (e.g.
adjusted serum creatinine values), depending on the severity of liver disease 1819, While
these changes are currently reflected in the virtual hepatic impairment populations, further
work is necessary to verify that these changes are accurately reflected and to implement
additional physiological changes that may impact drug absorption and disposition.
Subsequently, the ability of PBPK models to predict the effects of both DDIs and hepatic
impairment is currently limited by knowledge gaps in the hepatic impairment population.
Therefore, these models cannot be used to develop dosing recommendations in the U.S.
prescribing information to address drug-drug interactions in a hepatic impairment
population.

There are other limitations associated with our PBPK modeling analyses, which further limit
the ability to reliably predict protease inhibitor exposure when co-administered with
ritonavir in subjects with hepatic impairment. The first limitation is the lack of inclusion of
potential transporter mediated interactions. Both darunavir® and lopinavir2? are substrates
for p-glycoprotein. Although incorporating transporter interactions into the model is
expected to improve model performance, there is limited PBPK modeling experience with
this approach. As such, there is low confidence in predicting transporter-mediated drug
interactions using PBPK modeling.2! Among several doses which were evaluated (Table 1),
the darunavir stand-alone model over predicted the darunavir AUC for a single oral dose of
400 mg by more than 2-fold, and the predicted AUC appears to be consistent with the model
assumption that darunavir pharmacokinetics is dose-independent (Table 1). However, if an
intestinal efflux transporter plays a significant role in the oral absorption of darunavir,
because the model does not account for transporter mechanisms, potential dose-dependent
nonlinear pharmacokinetics caused by saturation of an intestinal efflux transporter at higher
oral doses are not accounted for. Similarly, for the three lopinavir doses (Table 1), the stand-
alone model failed to describe drug exposure at the lowest dose (200 mg single oral dose).
The observed dose-dependent pharmacokinetics of lopinavir may also be attributed to time-
dependent inhibition of CYP3A (auto-inhibition).

The second limitation is the use of the rifampin PBPK model to predict rifampin’s effect on
lopinavir in the presence of ritonavir. As shown in Table 3, PBPK simulations tend to
underpredict the magnitude of induction under certain scenarios (predicted/observed ratio >2
for AUC or Cyrougn)- The under-prediction of CYP3A induction effect has been noticed in
our recent analyses!’. Because rifampin is also an inducer of other CYPs and P-
glycoprotein?, the absence of these mechanisms in our PBPK analyses can also contribute
to under-prediction of induction effects in evaluating drug-drug interaction scenarios
between rifampin and lopinavir/ritonavir.

5. Conclusions

The linked PBPK substrate models appear to reasonably simulate the impact of concomitant
use of other medications on the exposure of darunavir or lopinavir when combined with
ritonavir. Currently, reliable, quantitative predictions regarding changes in drug exposure
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with hepatic impairment cannot be made using PBPK modeling. Simulations in hepatically
impaired patients suggested that darunavir or lopinavir exposure may be further increased in
these patients concomitantly taking ritonavir. However, further work is needed to address the
knowledge gaps with PBPK modeling in the virtual hepatic impairment populations prior to
being able to use PBPK modeling to evaluate the clinical relevance of the effects of both
drug-drug interactions and hepatic impairment on the exposure of antiretroviral medications,
including darunavir/ritonavir and lopinavir/ritonavir.

Subsequently, the limitation of the PBPK modeing approach is that the currently available
linked darunavir or lopinavir PBPK models cannot derive appropriate dosing
recommendations in the U.S. prescribing information to address drug-drug interactions in a
hepatic impairment population and are not suitable for applying to decision making under
such scenarios. The information presented in this manuscript provides a foundation to
further improve and optimize the linked darunavir or lopinavir PBPK models and to evaluate
the feasibility of developing clinically relevant hepatic impairment PBPK models.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Verification

Application

Figure 1.

-Develop stand-alone DRV and stand-alone
LPV substrate models

-Predict the impact of ritonavir (RTV) on the
PK of DRV or LPV to develop the linked
DRV/RTV and LPV/RTV models

!

-Predict the impact of various CYP
modulators on the PK of DRV or LPV using
linked DRV/RTV and LPV/RTV PBPK models

L

-Utilize the linked PBPK models to evaluate
the impact of hepatic impairment on DRV or
LPV exposure

Overview of the strategy used to predict the impact of CYP modulators on the exposure of
boosted LPV and DRV, respectively

Abbreviations: CYP=cytochrome P450, DRV=darunavir, LPVV=lopinavir, PBPK=
physiologically based pharmacokinetic modeling, PK=pharmacokinetic, RTV=ritonavir
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Figure 2.
Predicted and observed mean arithmetic DRV and LPV concentration profiles.

A.l: LPV/RTV, 800 mg/200 mg QD. A.2. LPV/RTV, 400 mg/100 mg BID. B.1: DRV/RTV
800 mg/100 mg QD. B.2: DRV/RTYV, 600 mg/100 mg BID. The observed concentration
profiles were obtained using the Plot Digitizer program to estimate the concentration values
(digitized). Green, solid lines: Predicted LPV or DRV (without RTV coadministration)
plasma concentration-time profiles. Black, solid lines: Predicted LPV and DRV (with RTV
coadministration) plasma concentration-time profiles. Red symbols: observed LPV (A.113,
A.213.14.15y and observed DRV B.1°16 and B29) with concomitant use of RTV. Red and
brown symbols: observed DRV (B.28)

Abbreviations: DRV=darunavir, hr=hour, LPV=lopinavir, pg=microgram

J Clin Pharmacol. Author manuscript; available in PMC 2018 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Wagner et al.

Page 12

Table 1

Comparison between predicted and observed mean arithmetic AUC for DRV or LPV (stand-alone substrate
models)

Regimen Predicted AUC + standard Observed AUC + standard deviation ~ AUC Ratio (predicted/observed)

deviation [pug*h/mL] [ng*h/mL]

DRV

150 mg, IV, SD 490 +1.33 478 +1.10° 1.03

400 mg, PO, SD 6.40£2.91 2.6210 244

600 mg, PO, SD 9.60 + 4.36 10.99 + 4.60° 0.87

800 mg, PO, SD 7 12.80+5.81 12.1210 1.06

1200 mg, PO, SD 7 19.20+8.72 18.09%0 1.06

400 mg, PO, day 7 ¥ 6.50+3.00 6.48 + 3.3411 1.00

LPV

200 mg, PO, SD 0.40+0.21 0.07 £ 0.0512 571

400 mg, PO, SD 0.82 +0.43 0.67 + 0.6812 1.22

800 mg, PO, SD 1.71+0.90 2.50 + 1.9312 0.68

Abbreviations: AUC=area under the plasma concentration-time curve, DRV=darunavir, hr=hour, IV=intravenous, LPV=lopinavir, mL=milliliter,
PO=oral, SD=single dose, pg=microgram

fFor Boffito et al (reference 10), the observed concentration profiles were obtained using the Plot Digitizer program to estimate the concentration

values (digitized) and standard deviations were not derived.

’tAUC over 12 hours

Superscripted numbers: see the corresponding reference citation
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Table 4

Comparison of changes in DRV exposure with hepatic impairment

Child-Pugh A Child-Pugh B

Parameter  opserveds,!  Predicted?  Observed®T  Predicted®

AUCss -6% +9% +20% +18%
Cmax -12% +6% +22% +13%
Cmin,ss -17% +16% +27% +29%

Abbreviations: AUCss= area under the plasma concentration-time curve (steady state), Cmax=maximum plasma concentration, Cmin,ss =

minimum plasma concentration (steady state), DRV=darunavir, HlI=hepatic impairment

Page 15

Predicted changes in darunavir exposure were derived from arithmetic means; observed changes in darunavir exposure were derived from least

square meansg-
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Table 5

Comparison of changes in LPV exposure with hepatic impairment

Observed ' Predicted’

Parameter  Mild to moderate HI ~ Child-Pugh A Child Pugh B
AUCss +30% +60% +143%

Cmax +20% +49% +118%

Abbreviations: AUCss= area under the plasma concentration-time curve (steady state), Cmax=maximum plasma concentration, Hl=hepatic

impairment, LPV=lopinavir

Page 16

fPredicted changes in lopinavir exposure were derived from arithmetic means, the type of means for the observed changes in lopinavir exposure is

not specified in the lopinavir/ritonavir U.S. prescribing information.
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Table 6

Comparison between predicted and observed mean arithmetic AUC (except where noted) for DRV or LPV
(linked substrate models)

Regimen, study Predicted AUC + SD [ug*h/mL]  Observed AUC + SD [ug*h/mL] AUC Ratio (pred/obs)

LPV/RTV, 800/200 mg QD 155.52 + 189.15 164.9 + 67.513 0.94
LPV/RTV, 400/100 mg BID 81.51+97.04 96.79 + 21,7915 0.84
75.4 (61.8-82.8)4,14 1.08

185.2 + 734813 0.88

DRV/RTV, 800/100 mg QD 63.86 + 24.63 64.23 + 18.21 (week 4)16 0.99
66.95 + 18.61 (week 24) 16 0.95

75.62 +26.44 (week 48)16 0.84

NA 44.63 (day 1)C? NA

DRV/RTV, 600/100 mg BID 5143 +17.71 52.31 + 15.90 (group A)8 0.98
37.88 + 13.82 (group B)® 1.36

62.35+16.1409 0.82

Abbreviations: AUC= area under the plasma concentration-time curve, BID= twice daily, DRV= darunavir, hr=hour, LPV =lopinavir, mL=milliliter,
NA= not applicable, obs=observed, pred=predicted, QD=once daily, RTV=ritonavir, sd=standard deviation, ug=microgram

A . . . .
Median and interquartile range data were included in the reference
B _—
AUC from two 12h dosing intervals
CBased on concentration profiles obtained using the Plot Digitizer program

D . .
Geometric mean is presented

1duosnuey Joyiny

1duosnuen Joyiny

J Clin Pharmacol. Author manuscript; available in PMC 2018 October 01.



Page 18

Wagner et al.

‘Alrep 92uo=a0 ‘paroipaid=paid ‘paniasqo=sqo ‘weibijjiw=06w ‘NAeuntep=A4Qa ‘0Syd aWwoiyda01Ld =d AD ‘uoiesuasuod ewse|d ybnon=ybinoi1) ‘uonesjusduod ewseld wnwixew=xewy) ‘Ajrep adIMi=|g ‘aAINd aWI-UOITLIIUadUO0I ewise|d 8y} Joapun eale =NV :SUOIRIASIGYY

Author Manuscript

gsueaW aJenbs 15ea| W01y PIALIBP 3J3M SOITR] PIAISSEO ‘SUBSLL D1IBWYILIR WY PAALISP 3I9M SOlTRl nEu_umzn_K

JIABUOII=A LY

01 850 €01 €21 €80 20T 8T 70 20T  QIG00T/00y  AIE 0001 nineuinbes
v6°0 10T 101 50T 160 00T 660 20T 00T  QIg 00T/00% ad oz aunaxosed
€60 80'T 101 860 0T 00T 160 0T 00T  QIF 00T/00% ad oz sjozeidawo
990 €1 ST 060 T 60T 8.0 ZT TUT  QI900T/00y  QIg 00z 8]07eU0D0IY]
0T 101 90T 921 €80 0T 121 /80 SOT  QIG00T/00r  QIE00S  UoAwolpLelD
¥8°0 38'0 20 v1°0 p0T L0 9.0 660 S0 QIE00T/009  Qlg0oz  euidazeweqred

ﬁwmmm 4Bnono  uBnonD L XD Xed B ek e ony 1Bl wsuibal ﬁ%&m%we 107BINPOW IAD

oney sd0 parg  Sdopaidoned  sqo  parg SUOPMUAONRY  qo  payy  ALHANA dAD

$130NpUI 10 SIONQIYUI AD YIIM ainsodxs AYQ Ut saBueyd Jo uostredwod :ybnoai) pue Xewy ‘DN J0) SOILI PanIasqo/pa1ipaid pue paaIasqo ‘paloipald

/L 3l|qeL

Author Manuscript Author Manuscript Author Manuscript

J Clin Pharmacol. Author manuscript; available in PMC 2018 October 01.



Page 19

Wagner et al.

‘uonrewlogul Buiguosald ‘s N Jiaeuoi/aIAeUIdO] BU) Ul PaIIoads 10U SI SO1R] PAAISSAO BU) 0} SueaW J0 adA) 8y ‘SUBSL DIBLIYILIE WOI) PIALISP BJ9M SOIIR) Pa1oIpald

4
JIARUOII=A 1Y ‘8s0p 8|BuIs=as

‘Alrep 80uo=ad ‘paroipaid=paid ‘welbifjw=6w ‘parIssqo=sqo ‘Uneuido] =AdT ‘0Sid WOIYI0IAD =d AD ‘UoNRNUBIU0D Bwiseld yBnos =yBnoaD ‘UoNeIUSOUOD Bwse|d WNWIXew =xewy ‘A|rep 821m1 =g ‘8AIND aWI-UOIIRIU3IU0D Buise|d 8y Japun Bale =DV :SUOHEIABIYY

¥.°0 9T'C 65T 60T 8C'T 6T 10T 9¥'T  ¥'T  Alg 00T/00% aig oot ALY
y1'e €v'0 <60 880 0T 060 80T ¥8°0 T16'0  dI9 002/008
660 €0'T ¢0T 60T €6°0 107 ¥0'T 86'0 ¢0T  dlg 00v/00% aod 009 uidweyry
0'6S 100 650 T Sv'0 90 §S9¢C G20 990  dlg 00T/00%
¥6'T S.°0 SY'T 0L7T 680 ¢ST LT /80 ¢ST  dlg00T/00% as ooc 8]0ZeU020)9M
€0'T €0'T 90T 96'0 80T €07 860 /0T  ¥0'T  dlg 00T/00% ao ov ajozeidewo
ybnono oneJ oleJ Xew) oled oneu 1onv onea  oneu [Bw] uswiBa Cmﬁr_:%e
5 w o1d one ybnosd  ybnosd  ‘sqo/paad  xewd  xewd ‘sqopeud DNV DNV ALY J0¥RINpOW loye|npow dAD
qo/paidioney g paid oney S0 paid  opey  S4O  peid 5

$192NpUI 10 SI0NQIYUI JAD YIIM 3insodxa AdT ul sebueyd Jo uosuedwo) :ybnond pue xew) ‘DN 101 SOIe) PaAIasqo/paiolpald pue psAIasgo ‘palolpaid

Author Manuscript Author Manuscript

8 9|qeL

Author Manuscript

Author Manuscript

J Clin Pharmacol. Author manuscript; available in PMC 2018 October 01.



	Abstract
	1. Introduction
	2. Methods
	2.1 Development of the Stand-Alone and Linked Darunavir and Lopinavir PBPK Substrate Models
	2.2 Verification of the Linked PBPK Model-Predicting the Impact of Various CYP Modulatorson Darunaviror Lopinavir Exposure
	2.3 Application of the Linked PBPK Model-Predicting the Effect of Hepatic Impairment (HI)
	2.4 Predicting theEffect of Hepatic Impairment Plus CYP3A Inhibitionon Darunaviror Lopinavir Exposure

	3. Results
	3.1 Performance of Optimized Stand-Alone Darunavir and Lopinavir PBPK Substrate Models
	3.2 Predicting the Effect of Ritonaviron the Exposure of Darunaviror Lopinavir
	3.3. Verification of Linked Darunavir/Ritonavir and Lopinavir/Ritonavir PBPK Models: Predicting the Effect of CYP Modulatorson Darunavir/Ritonaviror Lopinavir/Ritonavir Exposure
	3.4. Application of Linked Darunavir/Ritonavir and Lopinavir/Ritonavir PBPK Models: Predicting the Effect of Hepatic Impairmenton Darunavir/Ritonaviror Lopinavir/Ritonavir Exposure
	3.5 Predicting the Effect of Hepatic Impairment (HI) and CYP3 A Inhibitionon Darunavir/Ritonaviror Lopinavir/Ritonavir Exposure

	4. Discussion
	5. Conclusions
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8

