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Abstract

Final Results: Population PK model for lumefantrine

Treating malaria in children with and without HIV infection requires consideration of complex biological and pharma- A two-compartment population PK model with first-order abSOI‘ptiOH pI‘OVided the best fit cratn BE vrvve BBt oioe ey B tive oioe Lovie B Hive oiue NvP : : :
rata — + plus + plus r + plus .
cological factors that impact artemisinin-based combination therapies (ACTs). Developmental changes in pharmacoki- to the data and included fixed effects of body weight on all clearance and volume terms. Fixed ° I}lTTE E}n]il]lymsi-‘f lnC.IUdehd iﬂ Pa;fil?ntls zn:jl
netics (PK) are often ignored, and concomitant anti-retroviral therapy (ART) results in drug-drug interactions (DDI) effects on volume used an exponent of 1 while the fixed effects on clearance used an exponent of __ JI[_Hifvarla €s4d eCtlng(; LeF dzard inciude
that may have significant effects. Drug exposure may also impact drug resistance selection. We have shown efavirenz 0.75, 0.9, 1.0 or 1.2 for children aged >60 months, >24 to <60 months, >3 to <24 months and 5 0.6- status (-l-.O.l‘ -) an .COIlce.Iltl‘atIOIl.
reduced exposure to both artemether and lumetantrine .1- to 3.4-fold; lopinavir/ritonavir r ' 1 1 [ l 2
(EFV) reduced exp both her (AR) and lumefantrine (LF) by 2.1- to 3.4-fold; lop / (LPV/r) <3 months, respectively. The model also included the effect of age on bioavailablity (younger s P =] * The probability of reinfection was
increased LF exposure by 2.1-fold; and nevirapine (NVP) reduced AR exposure [1]. We developed a population PK/PD children had reduced LF bioavailability) and the ART (i.e. EFV, LPV/r or NVP) effect on LF > 0.4 1 higher in HIV- children compared to
model to explore the relationship between LF exposure and resistance selection, which has not been extensively eval- clearance (CL/F) and absorption (KA). Random effects were included to estimate the IIV in > — HIV+ children on ART & TS (Figure 2 ).
uated. The PK model was developed in children receiving artemether-lumefantrine (AL) alone or with an ART (EFV, the fixed effect parameters and the residual variability of the data. g 0.21 - ‘ e Higher LF exposure reduced the risk of re-
LPV/1, or NVP) and parameters were estimated using nonlinear mixed effects modelling (NONMEM®). The PK model . o - infection. For HIV+ patients, the risk of
consistently predicted the observed LF profiles in pediatric patients, with and without ART, as estimated by comedication Table 1: Lumefantrine parameter summary Treatment Arms [ HIV- [ HIV+: EFV Treament [gg HIV=LEVIrTieatment [ HIVRVP Treament 0.0 j_FEr':' re-infection was highest in those receiv-
effects on LF absorption and systemic clearance. LF exposure was estimated with the PK model and used to develop a Pre———— ——— s SRS 10°- 0 i é Weé;ks * : : ing EFV-based ART (with lowest LF ex-
PK-PD model that associated mutation status with recurrent infections. Recurrent infections were genotyped to classify e o iE::;TE_ . on2n : Cumulative No. of Events posure) and lowest in those receiving
recrudescent or new infections. Drug resistance was assessed through genotyping at pfmdrl N86Y, pfmdrl Y184F and oFLL & ;‘;f;:,ﬁmmbu:" 0,380 0.258, 0.501 g“’” VRN 5 I ! 4 43 82 86 114 LPV / r-based ART (with highest LF expo-
pfcrt K76, demonstrating that mutations associated with reduced susceptibility to LF (pfmdrl N86 and pfcrt K76) were descance = IR VN Y 2 > ; 6 s 21 sure).
. . . . . V3/E (L) 6,  Apparent peripheral 767 174, 1.36e+03 2 0 1 2 3 4 5 6
more prevalent in recurrent infections (p=0.004 and <0.001, respectively) [2]. The DDI, affected by concomitant ad- wam ::mﬂﬂ of distributinn . e o = weeks
sorption rate . . . 0. © | 5

ministration of LF with and without ART, provided an opportunity to evaluate a much broader LF exposure range than constant 5 . : :

. . oY PP d . oo e Covariate effect parameters : e RTTE analysis: included patients with re-
typically observed following standard LF dosing. This allowed for exploration of LF exposure in a high transmission area AGEy % Ageeflect on 0204 00586, 0.467 E 104 Soutce grptic: eifgurlpro_in 42 weeks o : : :

o . | S o . poavalabilly ) . o $ N , - , , current infections and the variables affect-
and the likelihood of mutation selection upon reinfection. The results presented here allow for further optimizing of AL o v e e 5. Figure 2: Probability of re-infection by HIV sta- ing the hazard included pfcrt K76T status
dosing regimens and characterization of the impact of exposure on resistance selection. "Weeyr & NVPeRectonCLF 00191 0924, 0.362 ' - tus and ART treamtment. : ’

Wk 6w DNeBaem o4 ooms : ) HIV status (+ or -) and LF concentration.
NVPi, 0, NVPeffectona 00589 0207,0081 - : o 5 - e e For pfcrt K76T, infections were determined
Interindividual variance parameters ime after dose (days) .
MethO dS IIV-CL/F 0, Variance of CL/F 0.735[CV%=104]  0.526, 0.945 5.86 ! t ’ Strata = K76T=Mixed == K76T=Resistant == K76T=Sensitive {0 be the Wlld-type (WT), mUtant, or
IIV-V2/F a2 Variance of V2/F 0.813 [CV%=112] 0.504, 1.12 32.6 Source code: PK_simulation.R . d b h h . . . 1 . f . d
. . . . . . -Q/F 44 Variance of Q/ ] [ =15.9] 0. 0. ) Source graphic: ./deliv/figure/VPC/207/Simulation.pdf
The total dataset had 277 children with 364 episodes of uncomplicated malaria from a high- IR Opy VeseaVYF  se(cimez)  osoim a4 - : 1.00- LHRE at bot .t © 1.n1t1a miection and at

. . . . . IIV-KA ;5 Variance of KA 0.0280 [CV%=16.9] 0.00705, 0.0480 58.2 Flgure 1: LF exposure b.y treatment arm. the fime para51tem1a was 1st dEteCtEd by
transmission area of eastern Uganda. All 161 HIV- children and 116 HIV+ children received Residual variance S — . durine foll
AL for treatment of malaria. HIV+ children were all receiving daily ART (EFV, LPV/r, or NVP) Proportionl P Vertanee SAICVRT) 0ImOE The PK model consistently predicted the ob- E 0.75- T HHUEIOSCOPY dtiing TOTOW-UD. |
for HIV and trimethoprim-sulfamethoxasole (TS) for prevention of opportunistic infections. The Abbreiadons G~ ondence el S =standard s, £ = e, 1V loinai sonav served LF profiles in pediatric patients, with and o * For pfert K767, the probability of being re-

i . . . . . L. = nevirapine. Confidence intervals = estimate £+ 1.96 * SE, of omegas = sqrt{exp(estimate) - 1) * . . - 504 B . : T 41 :
140 children with recurrent parasitemia during 42-day follow-up (176 episodes) had their initial 100, V% of sigma = sqrestmate)* 109 without ART (Figure 1). 5 o Sl 11.1fected with less LF SENSILvE parasites

d ot d for k onsind : - ex-based . . = (i.e. pfcrt K76T = WT or mixed) increased
and recurrent infections genotyped for key mutations in drug transporters using a Luminex-base We have previously shown DDIs between LF + EFV reduced LF exposure and LF + LPV/r in- E - ’ qf h oot h
platform: the pfcrt K76 status was determined for 102 HIV- children (119 episodes) and 38 HIV+  creased LF exposure [1]. Here we expand that to specifically quantify the effect of age on LF g earlier and faster ;an re31n ection. wit
children (57 episodes: n=13 EFV, n=11 LPV/r, and n=14 NVP). The full dataset was used for  bioavailability and comedication effects on LF absorption and clearance (Table 1 ). | e SENSILVE parasites (Figure 3 ). |
the PK model and the first hazard model, and the subpopulation was used in second hazard ; : ; 3 i ; ; * This preliminary RTTE analysis showed

model. : weeks the risk of reinfection with resistant
Cumulative No. of Event .
Population PK model for LF Conclusions o SRRSO parasites (i.e. WT status for pfcrt K76T)

: : : : : : § K76T=Resistant{ 0 0 2 26 46 48 57 within 42 days increased 6.6% com-
;}é)eNk/l;Ef/[(g)uLatlorll PK moc(:ile.l Z\{at%ddeffelo%ecll using nonlinear ml?ced edffect.s mc})ldehnghWn.h + The final population PK model was able to predict the LF exposure for all children, with B rer-sensine | 0 (1) (2) L% » 4 bared to reinfe}:’ction with sensitive (mu-
nM. Fopulation and mdividual mo :EI\I/)IaramelllteZISfV\ﬁre e(sitheI\t/Ie usiig lt € stochastic and without HIV, and explicitly characterize (i) how bioavailabilty changed with age and weeks tant) parasites while a re-infection with
approximation expectation maximization (SAEM) method followed by Monte Carlo importance (i) how exposure changed with ACT/ART DDIs. i.e. DDIs between LF + EFV reduced LF 1 mixed infection decreased 2.0% relative

Source graphic: ./deliv/figure/prob_inf_Mutation_42_weeks.pdf

sampling (IMP). exposure and LF + LPV/r increased LF exposure.

Repeated time to event model - . 7 ¥y - ST to sensitive infections.
P  The RTTE analysis (all patients) showed HIV status and LF concentration were important Figure 3: Probability of re-infection with dijferent

The risk of reinfection was fitted using a repeated time to event (RTTE) model which allows the ¢ q e 6 N pfert K76T genotypes. * The risk of re-infection in HIV-infected pa-
estimation of predictors (covariates) on the time-to-event (TTE) between groups (e.g. treatment actors determining the time to re-mntection. Note that sensitive infections had the “mutant” status (blue) while infections with reduced LF tients decreased by 64% relative to HIV-
arms or genotypes) and continuous, time-varying covariates (e.g. LF concentration). TTE ac- * HIV-infected children had a lower risk of recurrent parasitemia than HIV-uninfected chil- ~ senitiviy (erresisance) had the fulldrype siams (green) uninfected patients.
counts for censoring and is more powerful than logistic regression as the latter ignores the time dren, likely due in part to the protective effects of trimethoprim-sulfamethoxazole against | | | |
component. While RTTE allows an event to occur several times per individual (children had up malaria and to effective control of HIV with ART. pfmdrl N86Y was genotyped, and we have previously demonstrated that mutations associated with reduced
to 4 separate malaria episodes during the trial). The SAEM method was used as it is accurate * The risk of reinfection with genotypes associated with reduced susceptibility to LF (i.e. susceptibility to LF were more prevalent in recurrent infections (p:O'O(,)4)‘ However, RTTE analysis looks
: : : . . only at recurrent genotypes and for pfmdrl N86Y almost all recurrent infection genotypes were WT (less
for sparse data. WT pfcrt K76T) appears to be 6.6% higher than the risk of reinfection with genotypes

S . , , sensitive); pfmdrl N86Y was not informative in an RTTE analysis.
associated with LF sensitivity (mutant) during the first 42 days post-treatment.
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