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DPART STUDY SCHEMA

DESIGN:

Open-label prospective intensive pharmacokinetic study of dihydroartemisinin-piperaquine (DP)
in HIV-infected children on efavirenz (EFV)-, lopinavir/ritonavir (LPV/r)-, or dolutegravir (DTG)-
based antiretroviral therapy (ART) and HIV-uninfected children not on ART. All children will be
malaria-uninfected at the time of enrolment.

SAMPLE SIZE:

Total sample size (all arms): up to 190 children, depending on the number of children who are
sequentially enrolled in the single dose and 3-dose DP arms.

Intervention groups:

1) HIV-infected children age 3 - 10 years on LPV/r-based ART
e 20 children receiving single dose DP (Group L1)
e 30 children receiving 3-dose DP (Group L3)

Note that the same children from L1 can be re-enrolled into L3 following a washout
period of 42 days

2) HIV-infected children age 3 - 10 years on EFV-based ART
e 30 children receiving 3-dose DP (Group E3)

3) HIV-infected children age 11 - 17 years on DTG-based ART
e 30 children/adolescents receiving 3-dose DP*¥ (Group D3)

Control groups:

1) HIV-uninfected children age 3-10 years
e 20 children receiving 3-dose DP (with PK taken after the 15t DP dose ONLY) —
control for group L1 (Group C1)
o 30 children receiving 3-dose DP — controls for groups E3 and L3 (Group C3a)

2) HIV-uninfected children age 11-17 years
o 30 children receiving 3-dose DP — controls for group D3 (Group C3b)

POPULATION:

HIV-infected participants will be enrolled from the Baylor Uganda Center of Excellence on the
Mulago Hospital Complex, Kampala, Uganda. HIV-uninfected participants will be enrolled from
Masafu General Hospital (MGH) complex in Busia, and other clinics in the surrounding area.

For Group D3, HIV-infected females age 13-17 who are pregnant or of childbearing potential
and do not agree to consistent and reliable contraception will be excluded from enrollment due
to potential risks of dolutegravir during 15t trimester.



STUDY REGIMENS FOR PARTICIPANTS:

DP weight-based dosing will follow World Health Organization Treatment Guidelines for
uncomplicated malaria (April 2015). Three-dose once daily DP has also been extensively
studied for chemoprevention in children and pregnant women.

1) ALL HIV-infected participants must be stabilized (i.e. no change in regimen for at
least 10 days) on EFV, LPV/r, or DTG + 2 nucleoside reverse transcriptase inhibitors
(NRTI).

2) HIV-infected children on LPV/r will be enrolled in two Phases. Phase | results will
inform Phase Il dosing, as a lower dose of DP over 3 days may be warranted. Phase
Il will not begin until PK and safety results from Phase | are evaluated. Participants in
L1 and L3 will be encouraged to participate sequentially in Phase | and Phase Il
separated by a minimum 42-day washout period; however different children may be
enrolled for the 2 phases.

e Phase | participants (Group L1) will receive a single dose of DP to determine
the magnitude (PK and safety) of the interaction before 3 doses are
evaluated

o Phase |l participants (Group L3) will receive a 3-dose DP regimen (which
consists of 3 days of a once daily DP dose)

3) HIV-infected children on EFV-based or DTG-based ART groups will be studied only
in the context of the standard 3-dose DP (Groups E3 and D3).

4) HIV-uninfected children (controls) will only be studied in the context of standard 3-
dose DP. However, 20 children will undergo intensive sampling around the 15t dose
(Group C1) and 30 children will undergo intensive sampling around the 3 dose
(Groups C3a and C3b).

STUDY DURATION:

e Children in Groups L3, E3, D3, and C3 will be followed for 42 days.
e Children in Group L1 will be followed for 28 days
e Children in Group C1 will be followed for 14 days

HYPOTHESES:

1) Single and 3-dose DP in HIV-infected LPV/r-treated children will provide greater DP PK
exposure when compared to single and 3-dose DP in HIV-uninfected children not on
ART.

2) 3-dose DP in HIV-infected EFV-treated children will provide lower PK exposure when
compared to 3-dose DP in HIV-uninfected children not on ART.

3) 3-dose DP in HIV-infected DTG-treated children will provide comparable PK exposure
to 3-dose DP in HIV-uninfected children not on ART.

PRIMARY OBJECTIVES:




To evaluate and compare the PK exposure and safety of single dose DP in HIV-infected
children on LPV/r-based ART to HIV-uninfected children not on ART (Group L1 vs C1)
To evaluate and compare the PK exposure and safety of 3-dose DP in HIV-infected
children on LPV/r-based ART to HIV-uninfected children not on ART (Group L3 vs C3a)
To evaluate and compare the PK exposure of 3-dose DP in HIV-infected children on
EFV-based ART and HIV-uninfected children not on ART (Group E3 vs C3a).

To evaluate and compare the PK exposure of 3-dose DP in HIV-infected children on
DTG-based ART and HIV-uninfected children not on ART (Group D3 vs C3b).

SECONDARY OBJECTIVES:

The effects of DP on antiretroviral PK in the above 3-dose arms (EFV, DTG, LPV/r and
controls)

To evaluate the association of anthropomorphic indicators of malnutrition on PK
exposure of DP in HIV-infected and HIV-uninfected children

Assess auto-induction of DHA from single dose to 3-dose

To assess the prevalence of pharmacogenetic variants in key metabolic enzymes,
including UGT1A1, CYP2B6, CYP3A4, and ABCB1, and the impact of these variants on
ACT and ART PK.



1.0 INTRODUCTION

1.1 Background

1.1.1 Malaria and artemisinin-combination therapy in sub-Saharan Africa.
Plasmodium falciparum malaria in Africa remains one of the most challenging infectious
diseases in the world. According to the latest World Malaria Report, there were 219
million cases of malaria in 2017, up from 217 million cases in 2016. The estimated
number of malaria deaths stood at 435 000 in 2017, an improvement from the previous
year (451 000)(1). Sub-Saharan Africa has the heaviest burden, bearing >90% of
deaths, primarily in young children <5 years of age for whom antimalarial dosing
guidelines are not yet optimized.(2) Treatment of uncomplicated malaria in children
relies solely upon the artemisinin-combination therapies (ACTs).(2, 3) The artemisinins
rapidly reduce parasite load while the long-acting partner drugs eliminate residual
parasites and protect against artemisinin resistance and recurrent infection. In 2013
alone, an estimated 392 million ACT courses were procured by malaria-endemic
countries(2) with artemether-lumefantrine (AL), artesunate-amodiaquine (AS-AQ), and
dihydroartemisinin-piperaquine (DP) stipulated as first-line according to the World
Health Organization (WHO).(4) While AL is the most widely utilized ACT, DP use is on
the rise as it protects best against recurrent infections, due to the longer half-life of
piperaquine (PQ; 1 month) as compared to lumefantrine (3 to 5 days).(4, 5) Thus, DP is
being used both for treatment (2, 6-9) and is under study as intermittent prevention
therapy for children and pregnant women.(10-13) In addition, given widespread
resistance to SP, a commonly used IPT, in parts of Africa, many are considering the use
of DHA/PQ, which provides rapid killing of most parasites by DHA and protection for
weeks after therapy due to the long half-life of PQ.("YIn Uganda, directly observed
monthly DHA/PQ administered to school children 6-14 years of age for 1 year had a
protective efficacy of 96 %.(14, 15)t

1.1.2 HIV and antiretroviral treatment (ART) in sub-Saharan Africa. Sub-Saharan
Africa is also home to 25 million people with HIV; 2.9 million of whom are children <15
years,(16-19) and all of whom are eligible for ART under new WHO guidelines.(20)
First-line ART includes lopinavir/ritonavir (LPV/r)-based ART for children <3 years, and
efavirenz (EFV)-based ART for children >3 years(20-22) with 86% of 58 WHO focus
countries adopting EFV-based ART as their preferred 1s-line regimen. (23) As of 2018,
WHO has recommended dolutegravir (DTG), an integrase inhibitor, as alternative first-
line therapy for children >6 years weighing at least 15kg (24). The recommended dose
for adolescence and adults is 50mg once daily.(23) There have been many initiatives to
transition eligible patients from the traditional EFV-based therapy to DTG-based
regimen due to its high potency, high genetic resistance barrier, and low toxicity
risks.(25) We will study the antimalarial DP, given as single and/or 3 consecutive daily
doses in 4 populations: HIV-uninfected children and HIV-infected children stabilized on
LPV/r-, EFV-, or DTG-based ART—to further elucidate the PK effects and safety
profiles of drug-drug interactions between HIV and anti-malarial medications.(26) Due to
reports in May 2018 of a potential increased risk of neural tube defects in women
exposed to DTG during the 15t trimester, we will exclude any females on DTG-based



ART, age 13-17 from participation in our study who are pregnant, or of childbearing
potential and do not agree to consistent and reliable contraception.(27)

1.1.3 Malaria and HIV in Uganda. Uganda bears a heavy burden of both malaria and
HIV. Although malaria prevention and control programs have reduced infections and
mortality overall, Uganda still has one of the highest malaria transmission intensities in
the world.(23) In Tororo, children experience up to 2 to 6 malaria episodes per year,
despite usage of bed nets and trimethoprim-sulfamethoxazole (TS) for those HIV-
infected.(2, 28) For HIV, Uganda is lauded for prior success in stemming the HIV
epidemic, but new infections are now on the rise.(28-32) It is estimated that 2 million
HIV-infected children will reside in sub-Saharan African in 2020.(20) Thus, HIV-malaria
co-infection remains common, with treatment complicated by multiple pharmacological
factors that require field-based studies.

1.1.4 Significant drug interactions occur between ART and ACT.
Both components of AL and DP undergo metabolism.

Figure 1. Plasma concentration—time profile of

Dihydroartemisinin (DHA) undergoes metabolism via DHA (a) and piperaquine (b) in HIV-uninfected
. . pregnant women (black line) and HIV-infected
uridine diphosphate-glucuronosyltransferases pregnant women stabilized on EFV-based ART

(red line) and HIV-uninfected postpartum
(UGT)(20= 33) Our group haS a|SO recently reported on women (green line). Data are represented as
the major pathway for PQ metabolism.(34-36) More median (IQR).
specifically, our group studied the metabolism of PQ in 2 o

vitro and reported inhibition was highest (83%) with
ketoconazole, a selective CYP3A4 inhibitor, suggesting
a primary role for CYP3A4 in PQ metabolism. Notably,
with regards to ART, ritonavir and EFV cause potent
CYP3A4 inhibition and induction, respectively.(37-39)
DTG is primarily metabolized by UGT1A1, with a small oz ‘ TR

contribution by CYP3A4.(40)

R

DHA Concentration (ng/mL)
3

For AL, we have recently demonstrated a marked
increase in lumefantrine exposure (defined by the area
under the concentration curve, AUC) occurred during
LPV/r-based ART co-administration, contrasting with a
highly significant decrease in artemether, DHA, and .

lumefantrine when given with EFV-based ART, resulting ® ' imesnersradose i
in a 10-fold variance in lumefantrine exposure in HIV-infected children with malaria.(41-
43) The resulting change in AL exposure with EFV-based ART was associated with a
~4-fold higher risk of recurrent malaria compared to the change in AL exposure with
LPV/r. These results, and our earlier findings of unexpected toxicity with AS-AQ and
EFV, have impacted HIV and malaria treatment guidelines; specifically, AQ and EFV co-
administration is to be avoided and AL and EFV co-administration should be used with
caution.(6, 44-46)

Piperaquine Concentration (ng/mL) o



Table 1. Impact of pregnancy and EFV-based ART on the pharmacokinetics of piperaquine

During pregnancy After pregnancy Ratio

HIV uninfected HIV infected HIV uninfected pregnant/non-pregnant (HIV EFV/no ART (all EFV and
(no ART) (EFV) uninfected) pregnant) pregnant/non-
pregnant
n=30*** n=26¥ n=30 Paired (n=27) All subjects
Chax, NG/mML 391 (323, 474) 342 (285, 411) 499 (393, 633) 0.82 (0.12) 0.78 (0.08) 0.88 (0.13) 0.69 (0.001)
Tmaxs hr 3.11(3.00, 4.03) 3.99 (2.03, 5.98) 3.06 (2.07, 4.03) 1.01 (0.91) 1.02 (0.62) 1.28 (0.84) 1.30 (0.64)
ti, hr 161 (143, 183) 124 (104, 149) 208 (187, 232)* 0.79 (0.012)** 0.77 (0.003) 0.77 (0.01) 0.60 (<0.0001)
AUC.421, hr-ug/mL 10.6 (8.84, 12.7) 6.60 (5.57, 7.83) 17.6 (15.1, 20.7) 0.61 (0.0001) 0.60 (<0.0001) 0.62 (0.0001) 0.38 (<0.0001)
Cz4, Ng/mL 30.5 (25.9, 36.0) 15.1 (13.0, 17.6) 39.0 (32.3,47.2) 0.79 (0.03) 0.78 (0.07) 0.50 (<0.0001) 0.39 (<0.0001)
C144, Ng/ML 15.0 (12.4, 18.1) 6.67(5.44, 8.19) 22.6 (18.7, 27.3) 0.68 (0.004) 0.66 (0.007) 0.45 (<0.0001) 0.30 (<0.0001)
C214, Ng/mL 11.8 (10.2, 13.6) 3.75(2.77, 5.08) 14.5(12.2,17.1) 0.83 (0.05) 0.81 (0.02) 0.32 (<0.0001) 0.26 (<0.0001)

Note: ART, antiretroviral therapy; EFV, efavirenz-based ART; C,,.x, maximal concentration, T,ax, time to reach maximal concentration, t;,,, drug
elimination half life, AUC, area under concentration-time curve, AUC was calculated using piperaquine concentrations from venous plasma with
conversion of capillary to venous plasma concentrations when necessary; C-4, C144, and C,44 are actual capillary plasma concentrations at day 7,
14, and 21 post the 3™ dose. Data are presented as geometric mean (95% confidence interval) except for T,,ax, Which is reported as median
(interquartile range). P-value is calculated with Stata® 12.1 using Wilcoxon rank sum test (or signed rank test for paired analysis) Significance
level: alpha=0.017(0.05/3); . *n=29. **n=26. Paired represents same HIV uninfected women enrolled antepartum and postpartum.***one subject
excluded since missing day 21 PK sample. ¥ one subject excluded since missing day 14 and 21 samples



For DP, data on the interaction with ART in vivo is limited. There is one study in malaria
uninfected adults (Banda CG et al 2018) that evaluated DP in the context of EFV-,
LPV/r-, and nevirapine-based ART regimens. Banda et al. found that there was a
significance decrease in DP exposure in the EFV-based ART group and did not find a
significant difference in DP exposure between non-HIV infected adults and adults on
LPV/r-based ART (albeit this arm only completed the half-dose phase of the study). Our
group also recently demonstrated a reduction in DHA and PQ exposure in the setting of
EFV-based ART in pregnant women (Figure 1; Table 1).(4, 45, 47-49) No data are
available on the interaction of DP and ART in children, nor on the impact of ART on
clinical outcomes in the setting of the EFV-, LPV/r-, or DTG-based ART so that
optimized treatment guidelines can be developed.

1.1.5 Piperaquine is well tolerated but has been associated with prolongation of
the QT interval. Overall, DP is very well tolerated, but concern exists over the potential
for QT prolongation.(50) Myint, et al. conducted a systematic review of DP efficacy and
safety for treatment of malaria using data from 14 clinical trials involving adults and
children.(17, 51, 52) There were 2636 study participants treated with DP in 13 trials in
which safety data were reported. Overall, DP was associated with fewer adverse events
compared to comparator medications. With regards to QT prolongation, a randomized
study of a compressed, 2-day regimen of DP for malaria prevention in Cambodian male
adults found that 4 of 47 individuals in developed QTcF prolongation of >500 msec,
leading to premature study termination.(52) In comparison to individuals receiving
placebo, those receiving the compressed regimen had a mean increase in QTcF of 46
msec post-treatment; a change that was correlated with piperaquine peak
concentrations. Of note, in our group’s recently published study of DP PK in the setting
of EFV in pregnant women, there was no significant correlation of PQ PK parameters
and QT prolongation, and not QTcF >450 msec were observed, although peaks were
lower than those seen in Cambodian adults.(51) Thus, data are conflicting regarding the
risk of QT prolongation with PQ, as it remains unclear whether the observed
prolongation is due to recovery from malaria (shortening of QT occurs during disease)
and/or a direct effect of PQ.(50) Given concerns that higher PQ levels may lead to QT
prolongation, and the likelihood of PQ-ART interactions in children, PK data for DP with
concomitant ART is urgently needed.

1.1.6 ACT PK exposure is also affected by childhood development. The PK
disposition of drugs in children differs substantially from that in adults.(51, 53-57) For
metabolism, UGTs mature from 0-6 months of age while CYPs mature over 12 months
of age.(58-60) Children >1 year from resource-rich settings often exhibit higher drug
clearance compared to adults, which can reduce PK exposure and warrant higher
doses (per kg).(61, 62) For DP, Ugandan children <2 years had PQ exposure ~33%
lower than children 2-10 yrs,(63-65) and a Worldwide Antimalarial Resistance Network
(WWARN) pooled analyses reported that children <5 yrs are at the highest risk of
receiving suboptimal DP doses, differences that again may be attributed to higher drug
clearance in young children.(10, 66-69) Importantly, as a result of work by our group
and others, the WHO recently revised its dosing of DP in young children to improve PK
exposure.(19)



1.1.7 Suboptimum dosing of ACTs in the context of EFV-based ART has important
implications for the emergence and spread of ACT resistance. Systematic under-
dosing, whether due to ART, malnutrition or other factors, is a concerning factor in the
development and spread of antimalarial drug resistance.(4) This was suggested for
sulfadoxine-pyrimethamine,(70) and recently for DP, where 36% of patients in
Cambodia who failed to clear infection had PQ concentrations below in vitro target
levels.(70, 71) We have now shown that a) EFV-treated children have ~2-fold reduced
exposure to AL, b) EFV-treated pregnant women have a significantly reduced exposure
to DP. For the ~3 million sub-Saharan African children with HIV, EFV is first-line (when
>3years).(51) For sub-Saharan African children with malaria, DP use is increasing, both
for treatment and for chemoprevention. Thus, with the spread of artemisinin and DP
resistance in Southeast Asia,(20) and emerging concerns for Africa,(72-75) there is
mounting concern that suboptimal DP dosing in HIV-infected children on EFV-based
ART or children will contribute to the emergence and selection of DP-resistant
parasites.(76, 77)

1.1.8 Genetic polymorphism in metabolic enzymes can alter both ACT and ART
drug exposure. Antiretrovirals and ACT long-acting partner drugs are metabolized by
enzymes that display genetic variation. Variants in these enzymes (CYP2B6, CYP3A4 /
CYP3A5, ABCB1, and UGT1A1) have been shown to impact metabolism of drugs that
are substrates of these pathways. For example, Maganda et al. found that individuals
with a CYP2B6*6 genotype had increased EFV exposure, which was then linked to a
significant reduction in lumefantrine exposure compared to individuals who were not
taking concomitant EFV (78). As both lumefantrine and PQ are metabolized by
CYP3A4, there could be a similar reduction in PQ exposure in CYP2B6*6 children
taking concomitant EFV. We will also explore if there are other instances where
pharmacogenomics could play a role in drug exposure by investigating the other CYPs
and UGTs listed above that are key pathways for drugs studied in this proposal

1.2 Rationale

This study is designed to directly address antimalarial PK and safety objectives in
children, primarily HIV-infected children, one of the most vulnerable populations to
malaria in the world. This study will focus on the pharmacology of one of the WHO first-
line options for antimalarial treatment, DP. DP has also been studied for its use in
chemoprevention of malaria, both in children and in pregnant women, and in settings of
mass drug administration, although it is not yet been recommended for prevention of
malaria in WHO guidelines. Our study will be conducted in healthy HIV-infected children
on EFV-, LPV/r- or DTG-based ART, as well as in HIV-uninfected children who will
serve as a control group. Children in the study will not have malaria. The primary goal of
the study is to assess the PK and safety of DP in the setting of co-administration with
first-line ART regimens.

The ACTs are the most important drugs for the treatment of uncomplicated malaria and
could have a vital role in the setting of chemoprevention in the upcoming years. Despite
their widespread use globally, fundamental questions remain for assuring their optimal
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use in our most vulnerable populations, especially for children in the context of
interacting medications. Our results on ACT drug interactions are striking and reveal
that HIV-infected children treated with AL have a wide range of antimalarial exposure
depending on their ART. Compared to no ART, lopinavir/ritonavir (LPV/r)-based ART
increased lumefantrine PK exposure >2-fold, while efavirenz (EFV)-based ART, first-line
for children >3 years of age, dramatically reduced exposure to artemether, DHA, and
lumefantrine. Importantly, these PK changes were associated with a 4-fold higher risk of
recurrent malaria after treatment with AL in children receiving EFV compared to those
receiving LPV/r.

For DP, our group has demonstrated that PQ is metabolized in vitro by CYP3A4,
suggesting that it may be subject to similar drug-drug interactions. These findings were
supported by a ~38% lower PQ concentration in pregnant women on EFV versus HIV-
uninfected pregnant women.(70) Data on the interaction of EFV and DP in children are
lacking, and if a similar reduction in DP exposure is seen, may be a risk for reduced
efficacy and the selection of resistant parasites. Similarly, no data exists on the
interaction of LPV/r-based ART and DP, the concern being that an increase in PQ
concentrations may be a risk for QT prolongation. Additionally, there is no data on the
interaction of DTG and DP in children and adolescents despite the high potential for
DTG usage given the WHO's recent initiative to encourage clinicians to transition
eligible patients to DTG due to its high genetic resistance barrier, potency, and relatively
low toxicity.

QT prolongation is safety concern with piperaquine. Based on our groups prior work, we
know that piperaquine is a substrate of CYP3A4, and therefore piperaquine levels are
anticipated to increase with concomitate LPV/r administration, a known CYP3A4
inhibitor. Given concerns for cardiotoxicity, for the LPV/r-based arm ONLY, we will start
with a single dose of DP in a group of HIV-infected children on LPV/r-based ART and a
control group of single dose DP in HIV-uninfected children, to determine the magnitude
and safety of the interaction, as well as to monitor QT intervals via ECGs (Phase I).
Following the assessment of the PK and ECG-based safety data from the single dose
DP groups, we will proceed with one of three different options: 1) no further study of
LPV/r with DP due to safety concerns, 2) a reduced mg/kg dose of 3-dose DP in the
context of LPV/r, or 3) standard mg/kg dosing of 3-dose DP in the context of LPV/r-
based ART (Phase Il). ECGs will be performed in participants in all study groups to
ensure safety, and to provide data on QT intervals across the age spectrum.

We will conduct our study in HIV-infected children without malaria living in the urban
setting of Kampala, Uganda, where our team has had previous experience in directing
PK/PD studies, and where the largest pediatric HIV clinic in Uganda is located, and has
long-standing established cohorts. For HIV-uninfected children without malaria, we will
conduct our study in the malaria-endemic region of Eastern Uganda in Busia where our
team has long standing experience directing field-based PK/PD studies in the most
relevant populations. We will utilize state-of-the-art intensive PK designs and drug
assay methods to determine drug exposure and safety parameters.
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Rationale for this study is summarized below:

e Dosing guidelines for children have historically relied on studies carried out in adults
despite knowledge that children exhibit distinct physiological characteristics that
impact how drugs are handled by their body

¢ Insufficient dosing may compromise care of acute infection but more importantly
contribute to development of resistance

e Excess PK exposure to PQ may be associated with a risk of QT prolongation

e We have shown that PQ is metabolized by CYP3A4, and that pregnant women on
EFV-based ART have significant decreases in DP exposure.

e Administration of DP with LPV/r-based ART is expected to increase PQ exposure,
with a concern for a risk of QT prolongation.

e Despite the increase in DTG-usage in recent years, there is limited safety and PK
exposure data in the setting of DTG-based ART and ACT co-administration.

e Given the above, the study of drug-drug interactions between DP and ART are best
carried out in healthy malaria-uninfected children prior to larger studies to assess PK
and PD in the setting of malaria infection.
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2.0 STUDY OBJECTIVES

2.1 Primary Objectives:

1) To evaluate and compare the PK exposure and safety of single dose DP in HIV-
infected children on LPV/r-based ART to HIV-uninfected children not on ART
(Group L1 vs C1)

2) To evaluate and compare the PK exposure and safety of 3-dose DP in HIV-
infected children on LPV/r-based ART to HIV-uninfected children not on ART
(Group L3 vs C3a)

3) To evaluate and compare the PK exposure of 3-dose DP in HIV-infected children
on EFV-based ART and HIV-uninfected children not on ART (Group E3 vs C3a).

4) To evaluate and compare the PK exposure of 3-dose DP in HIV-infected children
on DTG-based ART and HIV-uninfected children not on ART (Group D3 vs
C3b).

2.2 Secondary Objectives:

1) The effects of DP on antiretroviral PK in the above 3-dose arms (EFV, DTG,
LPV/r and controls)

2) To evaluate the association of anthropomorphic indicators of malnutrition on PK
exposure of DP in HIV-infected and HIV-uninfected children

3) Assess auto-induction of DHA from single dose to 3-dose

4) To assess the prevalence of pharmacogenetic variants in key metabolic
enzymes, including UGT1A1, CYP2B6, CYP3A4, and ABCB1, and the impact of
these variants on ACT and ART PK.

3.0 STUDY DESIGN

This is an open-label prospective pharmacokinetic and safety study of DP and 3
different ART regimens in non-malaria-infected 1) HIV-infected children and 2) HIV-
uninfected controls not on ART. DP is a WHO approved first-line treatment for malaria
and is increasingly being studied for its use in malaria chemoprevention. No change in
standard of care treatment regimens will be made as part of this protocol. Figure 2
summarizes the design. This study will enroll a) HIV-infected children, and b) HIV-
uninfected children. HIV-infected participants will be enrolled through the Baylor College
of Medicine Children’s Foundation Uganda (Baylor-Uganda) Center of Excellence (CoE)
in Kampala and the HIV-uninfected participants will be enrolled through the Masafu
General Hospital (MGH) in Busia, or other referral centers in the area. Baylor-Uganda is
a not for profit child health and development organization affiliated with the Baylor
College of Medicine International AIDS Initiative (BIPAI). All HIV care will be managed
by the participant’s primary HIV providers.
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3.1 Overview of Pharmacokinetic Sampling Design

Subjects will undergo an intensive PK study sampling design, which entails multiple
venous blood collections in a smaller sample of individuals to accurately estimate drug
exposure over time. These studies will be conducted in both HIV-infected and HIV-
uninfected participants and will allow us to investigate DP PK exposure in the context of
EFV-, LPV/r- and DTG-based ART in HIV-uninfected children. Comparisons will be
based on an intensive PK design for DP AUC estimations. A sample size of 20
children/adolescents will be needed in groups L1 and C1. A sample size of 30 will be
needed for each of the other arms (D3, E3, L3, C3a, and C3b). Sampling will occur up
to day 42 in the 3-dose groups given the long half-life of PQ and for 14 or 28 days in the
single dose groups. The generation of an AUC will permit robust comparisons so that
results will inform treatment guidelines and policy.

Figure 2—Overview of Study Design
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3.2 Overview of study groups

HIV-infected children will be enrolled primarily through the Baylor-Uganda CoE located
on the Mulago Hospital Complex. HIV-uninfected children will be enrolled from Masafu
General Hospital in the Busia District and other referral clinics in the area.

Table 2. Summary of Study Groups

Group HIV ART regimen DP Age range Duration Sample
status regimen (years) follow-up  Size
(days)
E3 Infected EFV-based ART 3-dose 3-10 42 30
D3 Infected DTG-based ART  3-dose 11-17 42 30
L1* Infected LPV/r-based ART  Single 3 -10 28 20
dose
L3 Infected LPV/r-based ART 3-dose 3-10 42 30
C1**  Uninfected None 3 -dose 3-10 14 20
C3a Uninfected None 3-dose 3-10 42 30
C3b  Uninfected None 3-dose 11-17 42 30

* Single dose group L1 may be sequentially re-enrolled into 3-dose DP groups L3
provided there is a 42-day washout period in between phases.

** Group C1 will have intensive PK performed after the 15t dose of DP only to minimize
blood volumes

All sample sizes refer to “evaluable” PK participants, in other words, those that have
completed follow-up sufficiently to obtain all required PK study samples. If a child does
not complete PK sampling procedures for the intensive study for any reason (they are
not “evaluable”), the child may be re-enrolled in the intensive PK study if they meet
eligibility requirements. More than 2 missing PK samples will permit a child to repeat the
study after a 42-day washout period from the last dose of DP.

3.2.1 HIV-infected participants

This protocol will study the clinical pharmacology of DP in HIV-infected participants on
EFV-, LPV/r- and DTG-based ART regimens. Children and adolescents in the study will
be between 3 - 17 years. 30 children will be enrolled for intensive PK studies in each
ART regimen and followed for up to 42 days (groups E3, D3, L3). For group L1, 20
children will be enrolled, and PK will be assessed after a single dose, with children
followed for 28 days.

3.2.2 HIV-uninfected participants

This protocol will also study the clinical pharmacology of DP in HIV-uninfected children
aged 3 - 17 years. Up to 60 HIV-uninfected subjects will be enrolled for intensive PK
studies of 3-dose DP and followed for up to 42 days (groups C3a and C3b). For group
C1, 20 children will be enrolled, and PK will be assessed after the 15t dose of a 3-dose
regimen, with children followed for 14 days. HIV-uninfected children will primarily serve
as controls for PK comparison with HIV-infected children.
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3.3 Study sites

The primary study site for recruitment of HIV-infected children is the Baylor-Uganda
CoE on the Mulago Hospital Complex in Kampala, Uganda. The Baylor College of
Medicine Children’s Foundation Uganda has been in operation since 2003 and delivers
HIV/AIDS care and treatment to over 8500 HIV-infected children and family members,
with many additional patients seen at affiliated outreach sites (https://bipai.org/uganda).
All HIV-related care will be provided during the study by the child’s usual provider at the
Baylor clinic.

The primary study site for recruitment of HIV-uninfected children is at the Masafu
General Hospital (MGH) campus situated in the Busia District, in Eastern Uganda. The
study clinic in Busia will remain open 7 days a week from 8 a.m. to 5 p.m. HIV-
uninfected participants will be recruited from the community surrounding the MGH in the
Busia District and all study procedures for the HIV-negative children will be conducted
at the MGH study site. If non-study related medical care is needed for HIV-uninfected
participants, parents/guardians/participants will be instructed to go to the MGH and
request that a study physician on-call be contacted.

Similar to our previous PK studies, we will allow for referrals from neighboring health
centers in the Busia districts, provided that entry criteria are met.

4.0 SELECTION AND ENROLLMENT OF SUBJECTS

4.1 Inclusion Criteria

4.1.1 All participants:

1) Agreement to come to clinic for all follow-up PK and safety evaluations
2) Provision of informed consent

4.1.2 HIV-infected participants:

1) Residency within 30km of Mulago Hospital

2) Confirmed HIV infection (confirmed positive rapid HIV test or HIV RNA as per
Ugandan guidelines)

3) On stable EFV-, LPV/r- or DTG-based ART for at least 10 days prior to
enrollment

4) Age 3 - 10 years if on EFV-based ART or LPV/r-based ART

5) Age 11 - 17 years if on DTG-based ART

4.1.3 HIV-uninfected participants:
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1) Residency within 30km of Masafu General Hospital

2) Confirmed HIV negative test (confirmed positive rapid HIV test or HIV RNA as
per Ugandan guidelines)

3) Age 3 -17 years

4.2 Exclusion Criteria

1) History of significant comorbidities such as malignancy, active tuberculosis or
other active WHO stage 4 disease

2) Receipt of any medications known to affect CYP450 metabolism (except ART)
within 14 days of study enrolment (see 4.2.1)

3) Hemoglobin < 7.0 g/dL

4) Current malaria infection or recent treatment with antimalarials within 28 days of
enrolment.

5) Asymptomatic parasitemia detected by microscopy or RDT

6) History of side effects with DP

7) Prior history of cardiac disease (personal or family), baseline QTc >450msec, or
receipt of any cardiotoxic drugs or those known to prolong QT intervals History of
significant comorbidities such as malignancy, active tuberculosis or other WHO
stage 4 disease

8) Weight < 6kg

9) HIV-infected females on DTG-based ART and age 13-17 years who are pregnant
or of childbearing potential and do not agree to consistent and reliable
contraception

4.2.1 Disallowed Medication Guidelines

The following medications are disallowed within 3 weeks prior to receiving study drug:
. Carbamazepine

Clarithromycin

Erythromycin (oral)

Ketoconazole

Phenobarbital

Phenytoin

Rifabutin

Rifampicin

Halofantrine

Any other medication known to significantly affect CYP450 metabolism.

Grapefruit juice should be avoided during the study due to its potential

effects on CYP3A4.

4.3 Identification and recruitment of study participants

HIV-infected children will be enrolled from sites listed above (Section 3.3).
Parents/guardians of children will be approached for their willingness to participate in
the PK study. Children will undergo up to 42 days of follow-up for which they will have
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PK sampling carried out. Participants may be recruited through multiple referral
mechanisms including those primary sites described below.

4.4 Screening

HIV-infected and HIV-uninfected children will be screened for study eligibility at the time
they present to the Baylor-Uganda CoE, MGH, or other referral sites. Parents/guardians
will be asked about their willingness to have their child participate in the PK study
involving up to a 42-day follow-up. If the initial verbal screening criteria assessed by
interview are met, the child and parent or guardian will be asked to provide informed
consent for laboratory screening and study participation (see Section 4.5). Consenting
for PK procedures and future use of biologic specimens will be on two separate consent
forms. Assent will be obtained following guidelines stipulated by the Uganda National
Council for Science and Technology. All laboratory procedures, including those for
screening, will only be conducted after informed consent/assent have been
obtained.

441 Laboratory Screening

1. Confirmation of negative malaria status. Will be done by either RDT or thick
smear. Blood will be obtained from a finger prick (in very young children, heel
sticks may be substituted for finger pricks). Thick smears will be read (and
counted if necessary) by the laboratory technicians at the time of presentation.
Smears will be considered negative when examination of 100 high-power fields
does not reveal parasites. If the thick blood smear is positive, participants will
either be managed by study physicians, or referred for care to adjacent clinics,
and treated as per standard of care.

2. Pregnancy testing. All females, age 13 and above will undergo pregnancy
testing. All pregnant females will be excluded from participation.

3. Hemoglobin testing. Will be performed by capillary finger-prick. Those with Hb<
79/dL will be excluded.

4. HIV testing of HIV-uninfected children. HIV counseling and testing will be done
on all HIV-uninfected children as part of study enrollment screening. Based on
results of testing, children will be referred appropriately to study staff and clinical
care (in the event they test positive for HIV for the first time).

4.5 Study informed consent and enroliment

Study physicians will conduct the informed consent discussion in the study clinic in the
appropriate language for the adult or the parents/guardians; translators will be used if
necessary. Children who are on LPV/r-based ART participating in the single dose
intensive evaluations may be consented for both the single dose and 3-dose
evaluations at the time of enrollment depending on the study enroliment needs.
Following the informed consent discussion, parents/guardians/participants will be asked
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by the study physicians to sign a research participation informed consent form or assent
form (Appendices) approved by the UCSF Human Research Protection Program (UCSF
HRPP), Yale Human Investigations Committee (Yale HIC), Baylor College of Medicine
IRB, Joint Clinical Research Centre - Research Ethics Committee (JCRC-REC), the
National Drug Authority in Uganda and the Uganda National Council for Science and
Technology (UNCST) that will be available in 3 languages (Luganda, Samia, English).
The informed consent forms will contain information and permission for specimen
banking and future use of biological specimens. If the parent/guardian/participant is
unable to read or write, their fingerprint will substitute for a signature, and a signature
from a witness to the informed consent procedures will be obtained. The witness may
be a family member, clinic staff not conducting the informed consent discussions, or a
translator. Assent will be obtained for those children 8-17 years, according to Ugandan
guidelines.

5.0 MALARIA STUDY DRUG: DIHYDROARTEMISININ-PIPERAQUINE

Participants enrolling in the study will receive DP as oral tablets which will be dosed
based on the child’s weight and WHO recommendation. DP is a first-line treatment for
malaria by the WHO and is being studied for possible use as chemoprevention.
Importantly, children with malaria in Uganda may receive DP at no charge by the
Ugandan Ministry of Health when presenting for care with malaria. Dosing in children is
primarily based on weight-based adjustments to adult dosing. Overall, DP is very well
tolerated, but concern exists over the potential for QT prolongation.(50) Myint, et al.
conducted a systematic review of DP efficacy and safety for treatment of malaria using
data from 14 clinical trials involving adults and children.(17, 51, 52) There were 2636
study participants treated with DP in 13 trials in which safety data were reported.
Overall, DP was associated with fewer adverse events compared to comparator
medications. The most common adverse events were dizziness, nausea and vomiting,
though generally the medication was well tolerated by both adults and children. Of note,
the only serious adverse events in these 14 studies included 5 deaths (2 adults, 3
children) that were thought unrelated to DP.

Lwin, et al. conducted a randomized controlled trial of monthly versus bimonthly DP IPT
among 961 adults at high risk of malaria at the Northwest border of Thailand.(52)
Overall, 69% of the participants included in the final analysis reported at least one
adverse event. There was no difference in the proportion of those reporting at least one
adverse event among participants in the monthly versus bimonthly versus placebo
arms. There was an increased risk of joint pain among participants randomized to the
placebo arm, but otherwise there was no difference noted in adverse events by study
arm. There was only one serious adverse event, which was not related to the use of DP.

5.1 DP and QT prolongation. In 2016, the WHO convened an Evidence Review Group
(ERG) to assess the cardiac safety of antimalarials, with particular focus on the QT
interval.(17) The QT interval is associated with the risk of drug-induced torsades de
pointes (TdP), a potentially lethal arrhythmia. The review followed the “ICH E14: The

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 25
Version 1.1 April 22, 2019



clinical evaluation of QT/QTc interval prolongation and proarrhythmic potential for non-
antiarrhythmic drugs”, guidelines set forth by the Food and Drug Administration (FDA).
According to E14 guidelines, QT intervals should be corrected for heart rate, and
Fridericia’s correction is considered sufficient (QTc = QT/RR?%). In addition, an increase
in QT or QTc > 500ms or >60ms above baseline are considered thresholds of particular
concern. Categorical analysis and AE reporting are also recommended with absolute
QT/QTc intervals of >450, >480, and >500, or increases of >30ms, and >60ms above
baseline.

According to the review, there have been 19 deaths recorded for participants receiving
DP in the context of mass drug administration studies, with one case of sudden death
and the other 18 deaths not deemed related to cardiac causes. In conclusion, the
committee stated that “among ~200 000 treated individuals with close follow-up, one
possible sudden cardiac death associated with DP was reported. This finding is
consistent with the risk of fatal cardiotoxicity associated with other QT/QTc-prolonging
medicines in current use”. In addition, “Review of pharmacovigilance, clinical and
preclinical data, along with preliminary results of PK/PD modelling, reveals no evidence
of a significant difference in the risks of cardiotoxicity following exposure to piperaquine,
chloroquine or amodiaquine at the current recommended doses. The risks of
cardiotoxicity of piperaquine-containing medicines are probably similar for healthy
volunteers and malaria patients.”(79)

A randomized study of a compressed, 2-day regimen of DP for malaria prevention in
Cambodian male adults found that 4 of 47 individuals in developed QTcF prolongation
of >500 msec, leading to premature study termination.(80) In comparison to individuals
receiving placebo, those receiving the compressed regimen had a mean increase in
QTcF of 46 msec post-treatment; a change that was correlated with piperaquine peak
concentrations.

Recently, a large directly relevant study utilizing the previous WHO DP dosing regimen
was published, providing additional safety data for DP.(81) A prospective, observational,
longitudinal, multi-center study of 10,925 participants with uncomplicated malaria
treated with DP, and monitored for adverse events, including a nested cohort of 1002
patients receiving serial ECG’s was reported. A total of 797 adverse events were
reported. No patients had a QTcF >500msec prior to the last dose, and 3 had post-last
dose QTcF>500msec which returned to <500msec by day 7. Pre- vs post-last dose
QTcF >60msec occurred in 70 and 89 participants, respectively, but all returned to near
baseline levels by day 7.

Relevant to this protocol was an open label randomized clinical trial being conducted by
investigators of the Infectious Diseases Research Collaboration (IDRC) evaluating the
protective efficacy of 3 different chemoprevention regimens against malaria compared
to the current standard of care of no chemoprevention (R. Kajubi, personal
communication). This study evaluated the safety of DP when used as chemoprevention
in infants. Final results have been generated and show DP to be very well-tolerated and
associated with a significantly lower rate of all grade 3-4 adverse events, elevated

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 26
Version 1.1 April 22, 2019



temperature, anemia, and thrombocytopenia compared to the control arms. In addition,
145 ECGs performed on 19 study participants randomized to DP have documented QTc
intervals to be within normal limits.

5.2 Dihydroartemisinin. The artemisinins (dihydroartemisinin in the case of DP) are
generally well tolerated in humans. In a clinical safety review of 108 studies including
9241 patients, no serious adverse events or significant toxicities were reported (51). Of
minimal concern is the potential for artemisinin associated auditory toxicity. However, in
a study based in Thailand, there was no evidence of auditory toxicity reported(82).

5.3 Dosing schedule for DP

Of note, in malaria studies, it is standard practice to refer to the 15t day of treatment as
study day 0. This nomenclature is used universally in the clinical care of malaria
patients and has been the standard for all our studies in Uganda. We will use the study
day nomenclature throughout this protocol.

The primary focus of the intensive PK studies involves PK sampling around the last
dose of the DP regimen. Standard DP treatment consists of 3 consecutive once-daily
doses. All participants on DTG- and EFV-based ART, and their controls, will receive the
standard 3 consecutive once-daily doses. For children in the LPV/r-based ART and
respective control group, the study will be conducted in 2 phases. Phase | participants
on LPV/r-based ART will receive a single dose of DP (L1) and a control group of HIV
uninfected children (C1) will receive 3 consecutive once-daily doses of DP but will
undergo intensive sampling ONLY following the first dose. Following PK and safety
evaluation of Phase | participants, we will determine if halting or dose adjustment are
needed in the before proceeding to Phase Il (3 consecutive once-daily dosing in those
on LPV/r-based ART (Group L3). Group C3a will serve as controls for L3 and will
receive 3 consecutive once-daily doses.

5.4 Drug Administration

Every dose of DP will be administered with only water, three hours before or after food
to minimize risk of adverse side effects such as QT prolongation. Doses will be
administered observed by a study nurse and time of dosing will be recorded. Due to risk
of increase exposure of DP and QT prolongation, especially in the presence of a
CYP3A4 inhibitor, children on LPV/r-based regimen will be given a single dose to inform
DP dosing for the 3 consecutive once daily regimen. Weight-based dosing will be as
below (Table 3 for HIV-infected children on EFV-based and DTG-based ART and HIV-
uninfected children.

Table 3. Weight-based daily dosing following 2015 WHO guidelines for DP(4)
Weight (kg) Dihydroartemisinin + Piperaquine dose (mg)
5to <8 20 + 160
8 to <11 30 + 240
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11 to <17 40 + 320

17 to <25 60 + 480
25 to <36 80 + 640
36 to <60 120 + 960
60 to <80 160 + 1280
>80 200 + 1600

Efavirenz-, lopinavir/r-, dolutegravir-based ART. This study will not initiate ART
treatment. Initiating and management of ART use will be carried out through the study
subjects’ usual clinic (Baylor CoE). HIV-infected children will receive ART as per
prescription through their primary HIV clinic. No changes in ART will be made for the
purposes of this protocol. While receiving DP, ART administration in the morning will
occur at the same time as DP administration (with the exception of EFV, which is taken
at night) and the timing will be documented. In order to meet eligibility, children will need
to have been maintained on ART for at least 10 days prior to enroliment.

5.5 Missed Doses of DP

Missed doses due to vomiting:

e |If the episode of vomiting occurs <30 minutes post-administration of DP,
participants will be counseled to repeat the dose. PK sampling will only continue
if the subject can be re-dosed with a full dose and vomiting occurred <30 minutes
post-administration of DP.

e If the vomiting occurs more than 30 minutes but less than 2 hours post-
administration of DP, redosing of 50% of the dose should occur. The redosing
will be carefully noted on the study case report forms.

e Any patient who vomits repeatedly (> 3 times) will be withdrawn from the study.

Missed or late doses due to other reasons:
e |f a DP dose was missed or late for any other reason, the dose needs to be taken
as soon as remembered.
e If a dose is deemed too many hours late by the study team, the patient will be
withdrawn from the study and PK sampling will not occur.

5.6 Drug supply and distribution

Dihydroartemisinin-piperaquine

DP is a first-line malaria treatment option in Uganda and is readily available in
pharmacies and clinics throughout the country. However, to ensure consistency in drug
preparation, this study will supply the DP for all participants, and will be purchased
through Ugandan suppliers of the Duocotexin product (as per program pharmacist),
which is brand name DP. All doses will be provided by and observed in the study clinic.

LPV/r-, EFV-, and DTG based antiretroviral therapy
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LPV/r-based ART is the WHO first-line ART regimen for all children under 3 years of
age and EFV-based ART is the WHO first-line ART regimen for all children > 3 years of
age, adolescents, and adults.(83) DTG-based ART is a new regimen recommended by
WHO as alternative first-line therapy for adolescents over 6 years (and weighing at least
15kg) and adults. As of June 2017, DTG has been approved by the FDA for use among
children 6 years and older (weighing at least 30 kg), and by the European Medicines
Agency for children weighing more than 15 kg (24). ART for HIV-infected participants
will be administered and managed through their usual clinic. Those who are not yet
followed by a clinic will be referred to the appropriate HIV clinic for follow-up of HIV. This
study will maintain a supply of ART, either provided by Baylor Uganda CoE, the Uganda
Ministry of Health or purchased by the study, to provide to study participants as
necessary.

5.7 Drug Accountability

The study pharmacist will maintain complete records of all study-related medications
received in the study pharmacy. Lot number and number of pills given to each
participant at each visit will be recorded. Patients will be requested to return all empty
drug bottles and to bring any bottles in use to the clinic at follow-up visits. A registry of
all medications, current product labels, and Certificates of Analysis, provided by
suppliers will be maintained within the regulatory binder for the study. The date
received, lot number, expiration date, and date used will be recorded for each of the
medications. Monthly inventory of all medications will be conducted and a record log of
medications will be kept at the study clinic. All unused drugs will be returned to the drug
dispensaries after the study is completed or terminated.

6.0 CLINICAL AND LABORATORY EVALUATIONS

6.1 Schedule of Evaluations
See Appendix A for Schedule of Evaluation (SOE) Table

6.2 Management of malaria or non-malarial illness

If a participant is diagnosed with uncomplicated malaria he or she will receive treatment
with either AL or other antimalarials in the clinic, as per standard of care. Participants
will not be treated with DP as it will be assumed that the current infection was not
prevented by DP given to the participant earlier in the study. If a patient is diagnosed
with severe malaria, he or she will be referred to Mulago or Masafu General Hospital to
receive quinine or artesunate following standard MoH treatment guidelines. In both
cases, participants will be followed up in our clinic for 7 days to ensure proper response
to malaria treatment and to obtain safety follow-up laboratories as part of the study.
Participants presenting to clinic for non-malarial illness will managed in clinic or referred
as necessary to Mulago or MGH.
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6.3 Unscheduled or After-hours Visits

Parents/guardians will be encouraged to visit the study clinic when urgent care is
needed for her or his child outside of study clinic hours. Parents/guardians will be
instructed to inform hospital personnel of their child’s involvement in the study at the
time of registration and to visit the study clinic on the following day. If a patient is
diagnosed with uncomplicated malaria outside of clinic hours, he or she will receive
treatment at the local hospital (either Mulago or MGH) and the doctors will be instructed
to refer patients to our study clinic when it opens at 8 am the following day. Participants
will be instructed to request treatment with antimalarials other than DP when presenting
with malaria outside of clinic hours. If a patient is diagnosed with severe malaria, he or
she will receive quinine or artesunate following standard MoH treatment guidelines. In
both cases, participants will be followed up in our clinic for 7 days to ensure proper
response to malaria treatment and to obtain safety follow-up laboratories as part of the
study. Patients with non-malarial illnesses will be managed at the discretion of the
hospital/clinic staff.

6.4 Missed or late visits.

Parents/guardians/participants will be instructed to return on specified follow-up days in
all studies. If a participant fails to return on the appropriate follow-up day, a home visitor
will be sent to assist them in returning to the clinic as soon as possible for follow-up.

6.5 Clinical and Laboratory Studies

Scheduled and unscheduled visits will include a detailed history and physical
examination, measurement of temperature, height, and weight. Blood will be collected
on Study Day 0, 14, 28, and 42 for CBC, differential, and liver function tests (LFTs; AST,
ALT) for groups D3, L3, E3, C3a, and C3b. For groups L1 and C1, blood will be
collected on Study Day -1, 14, 28 (L1 only) for CBC, differential, and liver function tests
(LFTs; AST, ALT). Additional venipunctures may be performed, as appropriate, for
laboratory testing to evaluate non-malarial medical illnesses at the discretion of study
physicians. Results will be made available to study physicians for patient management
decision-making. 1 mL of additional blood will be collected on Day 0 for testing of
pharmacogenetic variants for groups E3 and D3.

HIV-uninfected children will have HIV serostatus documented through rapid testing, and
will follow Ugandan MoH guidelines. All positive test results generated for the purpose
of this study will be confirmed through Western Blot or HIV RNA. If needed, HIV
counseling and referral will be made. Children will not be notified of HIV testing results.
Parents and guardians will be notified, and provided post-test counseling, and referred
to the appropriate HIV clinic for care. HIV infected children will be expected to have HIV
status confirmed through their clinic and will be required to be stabilized on at least 10
days of ART to meet enrollment criteria.

6.6 ECG studies
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The expected peak of piperaquine is 4-6 hours post-last dose. Based on the expected
directionality of drug-drug interactions, elevated piperaquine concentrations are ONLY
expected in those children receiving lopinavir-ritonavir (LPV/r). However, in an effort to
ensure safety for all children, ECGs will be carried out in all participants. This will also
allow us to assess the potential impact of age on QT interval changes since we will
have data from participants ages 3 to 17 years. All ECGs will be performed in triplicate
and central tendency used as the analysis measure. Additional ECGs may be
performed for safety follow-up, as needed. All ECG results will be reviewed by two
experienced ECG readers. Both ECG readers will be experienced in reading pediatric
ECGs, and will be blinded to each other’s reading. One of the readers will be a non-
study team member. All ECGs with discrepancies between two readers will be re-
evaluated.

Timing of ECGs:
1) Group L1 (single dose DP in the context of LPV/r-based ART)
e Day -1: baseline ECG
e Day 0: ~ 4 to 6 hours post-dose (corresponding to peak piperaquine

concentrations)
e Day7
2) Groups E3, D3, L3, C1*, C3a, and C3b (all of these groups receive 3-dose

DP).
e Day -1: baseline ECG
e Day 2: ~ 4 to 6 hours post-last dose (corresponding to peak
piperaquine concentrations in a 3-dose regimen)

e Day7

e Day42
*Note — for Group C1, ECG will also be performed approximately 4 to 6 hours post-
dosing on Day 0 (corresponding to peak piperaquine concentrations) so that single dose
QT impacts can be compared to group L1

6.7 Pharmacology Laboratory Studies
6.7.1 PK sampling for 3-dose study groups (E3, D3, L3, C3a, C3b)

DP administration will be on Study Days 0, 1, and 2. PK samples for DHA and PQ will
be collected on Study Days 0-4, 7, 14, 21, 28, 35, and 42.

Sampling for DHA Quantitation

Capillary samples (200 puL each*) will be collected by finger stick at approximately 2 and
4 hours post- each morning DP dose (Day 0-1). An additional capillary sample will be
collected pre-dosing on Day 1.

Intensive venous sampling will occur precisely at the same times as per the single dose
PK evaluations except it will occur post-administration of the 3 dose of DP.
Participants will remain in the clinic until completion of the 8-hour blood sampling on
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Study Day 2 and discharged home. They will then return to the clinic the next morning
for the 24 hours sample (Study Day 3).

Sampling for Piperaquine Quantitation

A pre-1st dose sample will also be collected to confirm no residual antimalarial drug is
detectable. Intensive sampling on Day 2 (as for DHA) will also be used for piperaquine
analysis. Participants will be asked to return to the clinic on Study Days 3, 4, 7, 14, 21,
28, 35, and 42 (venous or capillary sampling, 200-500 uL each*).

For all evaluations, samples up to 24 hours will be used to measure DHA while all
samples collected will be analyzed for PQ. PK sampling will be discontinued in patients
who do not meet laboratory eligibility criteria or do not complete DP dosing.

Correlation Sampling

For groups C3a and C3b, a simultaneous venous and capillary sample will be collected
on Day 0 (4 hours post-dose), Day 2 (4 hours post-dose), Day 3 (24 hour post last
dose), Day 7, and Day 14 to correlate venous and capillary concentrations of
artemisinins and piperaquine.

For groups D3, E3, and L3 a simultaneous venous and capillary sample will be collected
on Day 14 to correlate venous and capillary concentrations of piperaquine.

Sampling for Antiretrovirals*

A pre-dose venous sample on day 0, day 2, and day 3 will be collected to obtain a
trough or mid-level of lopinavir/ritonavir, dolutegravir, and efavirenz. In addition, venous
samples will be collected on Day 2 in the E3 group at 2-, 4-, and 8-hour post-DP dosing.
This will allow for the comparison of trough antiretroviral PK levels in the
absence/presence of DP and AUC differences of EFV between pharmacogenetic
variants.

*Sample volumes will be as listed above, except for except for day 0, day 2, and day 3
which will be approximately 1 mL (to allow for antiretroviral PK measurement).

6.7.2 PK sampling for single dose study groups (L1 and C1)

For Phase I, intensive sampling will be conducted after a single DP dose only
(administered on Day 0). However, C1 participants will get two additional doses of DP
(2" dose on Day 1 and 3™ dose on Day 2).

L1: PK samples will be collected on Study Days 0-2, 7, 14, 21, and 28.

C1: PK samples will be collected on Day 0 and Day 1.

Sampling for DHA Quantitation
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Intensive venous sampling will occur via an indwelling catheter prior to and 0.5 1, 2, 3,
4, 6 and 8 hours post-administration of the Day 0 dose of DP for the determination of
DHA (and PQ) concentrations in plasma (500 pL each. Participants will remain in the
clinic until completion of the 8-hour blood sampling on Study Day 0 and be discharged
home. They will return to the clinic the next morning for the 24-hour sample (Study Day

1),

Sampling for Piperaquine Quantitation

A pre-1st dose venous sample of 500 uL will be collected to confirm no residual
piperaquine is detectable. Intensive sampling on Day 0 (as for DHA) will also be used
for piperaquine analysis. C1 participants will have their final PK sample collected the
next morning for the 24-hour sample (Study Day 1). L1 participants will return on Study
Days 1, 2,7, 14, 21, and 28 (venous or capillary sampling, 200-500 uL each).

For all evaluations, samples up to 24 hours will be used to measure DHA while all
samples collected will be analyzed for PQ. PK sampling will be discontinued in patients
who do not meet laboratory eligibility criteria or do not complete DP dosing.

Pharmacogenetic studies

1 mL of venous blood will be collected on Day 0 in the E3 and D3 groups to genotype
CYP2B6, CYP3A4 / CYP3A5, UGT1A1, ABCB1 and to investigate connections between
pharmacogenetic variation and EFV, DTG, and DP PK.

6.8 PK Sample collection and handling

For consistency, blood samples will be obtained from capillary or venous sources, as
specified. However, if venous PK samples cannot be obtained at desired times due to
technical or other limitations, technicians may obtain blood from a capillary site. 200 L
capillary samples will be collected by finger prick and can be used to measure both
analytes but without the ability to do repeat analysis if necessary. 500 yL and 1 mL
venous samples permits repeat analysis as needed. All samples will be immediately
placed on dry ice, processed for plasma, transferred to liquid nitrogen, and shipped at a
later date on dry ice to our laboratory for analysis. Liquid nitrogen will be obtained from
Kampala.

6.8.1 Assays for DHA, Piperaquine and Antiretrovirals

DHA, piperaquine, efavirenz, lopinavir/ritonavir, and dolutegravir will be measured using
optimized methods validated in our laboratory. All methods will utilize liquid
chromatography tandem mass spectrometry.
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7.0 TOXICITY AND DATA AND SAFETY MONITORING PLAN (DSMP)

7.1 Overview and Summary

An adverse event is defined as "unfavorable changes in health, including abnormal
laboratory findings that occur in study participants during the study or within a specified
period following the study”. All of the medications in the study have been approved in
Uganda for treatment of HIV and malaria, and dihydroartemisinin-piperaquine is actively
being studied around the world for possible use as malaria chemoprevention. DP has
been studied for chemoprevention, using standard treatment dosing regimens, with
many clinical studies supporting its use, though it is not standard of care. The drugs
used in this study are also provided by the Ministry of Health free of charge outside of
this study. Data regarding the tolerance of DP will be recorded. Study clinicians will
assess patients at each scheduled and unscheduled visit to the clinic according to a
standardized clinical record form using scales developed by the NIH Division of AIDS
Adult and Pediatric Toxicity Tables version 2.1, March 2017.

7.2 Communication Plan

The study team will have weekly calls on Thursday to discuss the study and review
newly enrolled participants, participants’ labs, adherence to the protocol, any comments
or concerns, etc. In addition, if there are any urgent matters (e.g. adverse events, Grade
3 / 4 lab abnormalities, protocol deviations, etc.) this will be communicated to the team
immediately via email or phone communication. Incidents requiring reporting will then
be reported as per the guidelines below.

7.3 Reporting

Guidelines for reporting of adverse events due to study participation provided by UCSF
HRPP & HIC, Yale HIC, Baylor College of Medicine IRB, NICHD, JCRC-REC, NDA and
UNCST will be followed as described below.

Sunil Parikh will be responsible for reporting any adverse events, protocol violations,
protocol deviations, etc. to Yale University. Fran Aweeka will be responsible for
reporting any adverse events, protocol violations, protocol deviations, etc. to UCSF and
NICHD. Norah Mwebaza will be responsible for reporting any adverse events, protocol
violations, protocol deviations, etc. to UNCST, NDA, and JCRC-REC. Grace Paul Kisitu
will be responsible for reporting any adverse events, protocol violations, protocol
deviations, etc. to Baylor College of Medicine.

Per UCSF HRPP & HIC guidelines as found on website updated April 2017: Adverse
events which are definitely, probably, or possibly related to study procedures or study
participation AND serious or unexpected will be reported. AEs which do not meet those
criteria will be documented, referenced, and retained in the study files for follow-up. Per
UCSF HRPP & HIC guidelines, the following definitions for serious or unexpected
adverse events will be followed:

*Serious Adverse Event (SAE) is any AE that results in any of the following outcomes:
* Death,
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» Life-threatening adverse experience,

* Inpatient hospitalization or prolongation of existing hospitalization,

* Persistent or significant disability/incapacity,

» Congenital anomaly/birth defect, or cancer, or

» Any other experience that suggests a significant hazard, contraindication, side
effect or precaution that may require medical or surgical intervention to prevent
one of the outcomes listed above,

* Event occurring in a gene therapy study

 Event that changes the risk/benefit ratio of the study.

tUnexpected Adverse Event. An adverse event is defined as being unexpected if the
event exceeds the nature, severity, or frequency described in the protocol, consent form
and investigator brochure (when applicable). An unexpected AE also includes any AE
that meets any of the following criteria:

* Results in subject withdrawal from study participation,

* Due to an overdose of study medication, or

* Due to a deviation from the study protocol

Per Yale HIC Policy 710, dated April 15, 2017: Any incident, experience or outcome that
is unexpected AND related or possibly related to participation in the research, AND
unexpected should be reported to the IRB as an “RNI” within 5 calendar days of the
Principal Investigator becoming aware of the event.

Events that may require a temporary or permanent interruption of study activities by the
Principal Investigator or Sponsor to avoid potential harm to subjects should be reported
to the Yale IRB immediately (if possible), followed by a written report to the IRB as an
“‘RNI” in the online IRES regulatory system no more than 5 calendar days after the Yale
Principal Investigator becomes aware of the event.

All related internal and external events involving risk but not meeting the prompt
reporting requirements should be reported to the IRB in summary form at the time of
continuing review.

Per UNCST National guidelines March 2007: “These guidelines give criteria for prompt
reporting of certain categories of adverse events to an IRC and the UNCST.” “An
adverse event is any unfavorable and unintended sign, symptom or condition temporally
associated with the administration of a health-related intervention, whether or not
considered related to the intervention. The requirement to report adverse events to
regulatory authorities shall not apply to events that are observed among participants
who are in observational studies in which no health-related intervention is being
administered.” However, for consistency, we will report adverse events which are
definitely, probably, or possibly related to study procedures or study participation AND
serious or unexpected similarly to UNCST and the School of Biomedical Sciences.
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Table 4. Guidelines for reporting adverse events related to study participation

events irrespective of
relationship;

Institution Type of Adverse Events When to Report
o Definitely, Probably, or e Within 10 working days
NICHD Possibly related AND of awareness
Serious or Unexpected
UCSF- e Definitely, Probably, or e Within 5 working days of
HRPP&IRB Possibly related AND awareness
Serious or Unexpected ¢ Internal, related deaths
and life-threatening
events: report
immediately
Yale-HIC e Definitely, Probably or e Within 5 days of
Possibly related to awareness
participation in the research e Related Events not
AND Serious AND meeting prompt reporting
Unexpected (in terms of requirements are
nature, specificity, severity, reportable in summary
or frequency) form at time of continuing
review
JCRC-REC e All Serious and Unexpected e All serious adverse
events irrespective of events and unexpected
relationship; events must be reported
within 7 calendar days of
awareness
e All other reportable
events should be
reported within 14
calendar days
e All Serious and Unexpected e All serious adverse
National events irrespective of events and unexpected
Drug relationship; events must be reported
Authority within 7 calendar days of
awareness.
UNCST e All Serious and Unexpected e Death and Life-

threatening events within
48-hours with written
report within 7-calendar
days of awareness

All other reportable
events within 15-calendar
days of awareness
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7.4 Antiretroviral Toxicity & Management

For HIV-infected children, ART will be managed through the participant’s primary clinic.
This study is not designed to initiate ART treatment for study subjects. No changes will
be made to the ART regimens during this study, unless directed by the primary HIV
provider. ART regimens permitted for this study include EFV-, LPV/r-, DTG-based
regimens. Issues related solely to a participant’s ART will be managed by the
participant’s primary HIV clinic. If the clinic is closed, participants will be referred to the
local hospital.

Dolutegravir is now part of the WHO options for the management of HIV. A report in
May 2018 suggests a possible increased risk of neural tube defects in women exposed
to DTG during the 1st trimester. As such, we will not enroll any pregnant women or
woman of potential childbearing age on DTG-based ART (age 13-17) who do not agree
to consistent and reliable contraception. This is due to unknown interaction of DTG and
DP at the time of this study. While DTG has recently been approved by the WHO for
children as young as 6 years of age, as of submission of this protocol, the Ugandan
MoH has not yet adopted this policy. If the Ugandan MoH guidelines are changed over
the course of the study, protocol modifications will be implemented as feasible.

7.5 Dihydroartemisinin-Piperaquine (DP) Toxicity & Management:

DP is a WHO recommended first-line treatment for malaria and is being studied for
possible use as chemoprevention. DP given as 3 consecutive once daily doses is the
standard of care for treatment of uncomplicated malaria. While not standard of care, this
same regimen has also been studied in numerous published clinical trials as
chemoprevention for malaria in children and pregnant women. Thus, we will be
evaluating this regimen for possible interactions with ART as these medications are
often co-administered in clinical practice. We will be assessing and recording data in
relation to how participants tolerate DP.

We will be recording participants’ tolerance of DP using the NIH Division of AIDS Adult
and Pediatric Toxicity Tables (version 2.1, March 2017; https://rsc.tech-
res.com/docs/default-source/safety/daids-ae-grading-table-mar2017.pdf). This will be
used to screen for eligibility and to evaluate adverse events for children. Study staff will
receive extensive training in the identification and management of adverse events. In
addition, participants will be informed by the study team about potential adverse events
associated with DP and will be encouraged to present to the study clinic for all potential
adverse events. The Baylor Uganda CoE study clinic will remain open 5 days a week
and the Busia clinic will be open 7 days a week. For events occurring outside clinic
hours, HIV-infected participants will be informed to report to the Mulago Hospital, which
is on-campus, while HIV-uninfected participants will be told to go to Masafu General
Hospital. The participants will be instructed to notify the study clinician/nurse about their
admission/presentation. The monitoring, reporting, and management of adverse events
will follow guidelines set forth by each respective institution.
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7.6 Cardiotoxicity Concerns & ECGs

As noted in Section 1.1.5, PQ is a CYP3A4 substrate and LPV/r is a CYP450-inhibitor,
and thus an interaction can raise levels of PQ thus, increasing risk of PQ toxicity. PQ
toxicity related to peak PQ concentrations and focuses on QT interval prolongation.

7.6.1 LPV/r-Based ART regimen

Dose Adjustment: Given concerns for cardiotoxicity, for the LPV/r-based arm ONLY, we
will start with a single dose of DP in a group of HIV-infected children on LPV/r-based
ART and a control group of single dose DP in HIV-uninfected children, to determine the
magnitude and safety of the interaction, as well as to monitor QT intervals via ECGs
(Phase |). Following the assessment of the PK and ECG-based safety data from the
single dose DP groups, we will proceed with one of three different options: 1) no further
study of LPV/r with DP due to safety concerns, 2) a reduced mg/kg dose of 3-dose DP
in the context of LPV/r, or 3) standard mg/kg dosing of 3-dose DP in the context of
LPV/r-based ART (Phase II).

If the magnitude of the effect of LPV/r on the AUC of PQ during Phase | is:

» <40% increase, there will be no adjustment in DP dose for Phase Il and
Phase Il can begin

* 40-75% increase, there will be a 50% reduction in DP dose for Phase Il

+ >75% increase, further evaluation will be completed for Phase | so that a
specific dose for Phase Il can be determined to compensate for the
magnitude of the change or we will recommend that LPV/r and DP not be
taken concomitantly.

7.6.2 All Study Arms

ECGs will be performed in participants in all study groups to ensure safety, and to
provide data on QT intervals across the age spectrum. The expected peak of
piperaquine is 4-6 hours post-last dose. Based on the expected directionality of drug-
drug interactions, elevated piperaquine concentrations are ONLY expected in those
children receiving lopinavir-ritonavir (LPV/r). However, in an effort to ensure safety for
all children, ECGs will be carried out in all participants. This will also allow us to assess
the potential impact of age on QT interval changes since we will have data from
participants ages 3 to 17 years.

All ECGs will be performed in triplicate and central tendency used as the analysis
measure. Additional ECGs may be performed for safety follow-up, as needed. All ECGs
will be read the same day as they are collected. All ECG results will be reviewed by two
experienced ECG readers. Both ECG readers will be experienced in reading pediatric
ECGs, and will be blinded to each other’s reading. All ECGs with discrepancies
between two readers will be re-evaluated. One of these ECG readers will be an
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individual outside of the main study team and will be a pediatric cardiologist. At any
point, if QTc prolongation of >500 msec or >60 msec from baseline are noted,
dosing will be stopped, and the study will be halted until data can be reviewed by
the study investigators.

7.7 Toxicity management by grade

Alternate explanations for clinical and laboratory abnormalities will be sought.
Laboratory normal values will be those provided by the clinical laboratory used for this
study. For each adverse event identified as grade 3 or higher AND serious or
unexpected (See Section 8.0), an adverse event report form will be completed. Adverse
events will be followed until they resolve to below a grade 3.

Grade 1 and 2:

It is anticipated that some subjects, particularly HIV-infected children/adolescents, may
enter this study with grade 1 or 2 abnormalities already present (e.g. due to ART
management). The site physicians will manage the grade 1 or 2 events according to
standard practice. An adverse event report form will not be completed for events
classified as grade 1 or 2, as these events are common and difficult to distinguish from
common childhood illnesses.

Grade 3 or 4 (non-life threatening):

e Notify the study team.

e Repeat observation within 72 hours; notify study team of results.

e Subjects may continue taking DP pending clinic visit or repeat laboratory
tests. The clinician has the option of immediately stopping the DP if the subject
cannot be examined in clinic, if a repeat laboratory test cannot be performed
within 72 hours, or if the clinician determines that continuation of DP is unsafe
while awaiting clinic exam or test results.

e Work-up to exclude other causes.

e For all confirmed Grade 3 or 4 toxicities supported by repeat clinical exam or
laboratory test results, stop DP until toxicity resolves to < Grade 3.

e |If drug is restarted with resolution of toxicity and toxicity recurs on re-challenge,
study drugs will be permanently discontinued. If DP is discontinued the
participant will be withdrawn from the study.

Grade 4 life threatening:
¢ Notify study team.
o If still receiving DP, DP should be permanently discontinued.
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8.0 STATISTICAL CONSIDERATIONS

8.1 General Design Issues.

This is a prospective study to evaluate the PK of DP in the context of EFV-, LPV/r- and
DTG-based ART in HIV-infected children and adolescents compared to the HIV-
uninfected children and adolescents. The study will be conducted in Uganda.

The current proposal will study the PK of DP in HIV-infected children and adolescents
on EFV-, LPV/r-, and DTG-based ART and matched HIV-uninfected children and
adolescents not on ART who will be enrolled through Baylor-Uganda CoE/Busia clinic at
the Masafu General Hospital. In addition, we will compare the PK of single dose DP with
3-dose DP in HIV-infected children on LPV/r-based ART and HIV-uninfected children
not on ART. Comparisons will be based on an intensive PK design for DP AUC
estimations in 20 subjects for groups L1 and C1 and for 30 subjects in each of the other
study groups. Study group comparisons will be controlled for age. The proposal will also
study the impact of DP on ART pharmacokinetics. Table 5 shows the primary PK
comparison groups for the study.

Table 5. Primary PK objectives and comparator groups

Primary Objectives Groups Sample sizes and age
groups
Impact of LPV/r on single dose DP PK and safety in L1 L1 (n=20, age 3-10years)
HIV-infected children on LPV/r vs “single dose” DP Vs VS.
HIV-uninfected children C1 C1 (n=20, age 3-10 years)
Impact of LPV/r on 3-dose DP PK and safety in HIV- L3 L3 (n=30, age 3-10years),
infected children on LPV/r vs 3-dose DP HIV- vs VS.
uninfected children C3a C3a (n=30, age 3-10 years).
Impact of EFV on DP PK and safety in HIV-infected E3 E3 (n=30, age 3-10years),
children on EFV-based ART vs 3-dose DP HIV- Vs VS.
uninfected children C3a C3a (n=30, age 3-10 years).
Impact of DTG on DP PK and safety in HIV-infected D3 D3 (n=30, age 11-17 years),
children on DTG-based ART vs 3-dose DP HIV- Vs VS.
uninfected children C3b C3b (n=30, age 11-17 years).

Safety of DP will be primarily assessed via within-person change in QTc (QT intervals
will be corrected for heart rate using Fridericia’s correction (QTc = QT/RR?%))

Although certain children (20 HIV-positive children on LPV/r-based ART) are eligible to
enroll in both the single-dose DP intensive PK study and the 3-dose DP PK study
following a washout period of 42 days, there is no assurance that the same child will
contribute to both study components. Thus, it is possible that the total number of
subjects for all groups may be as high as 190.
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8.2 Outcome Measures

8.2.1 Primary outcomes

1) Area under the plasma concentration versus time curve for all drug analytes

2) Safety of single dose DP in HIV-infected children on LPV/r-based ART
determined via assessment of mean change in QT intervals from baseline

3) Safety of 3-dose DP regimens determined via assessment of mean change in QT
intervals from baseline

8.2.2 Secondary outcomes

1) The effects of DP on antiretroviral pharmacokinetics in the above 3 dose arms
(EFV, DTG, LPV/r and controls)

2) The association of anthropomorphic indicators of malnutrition on PK exposure of
DP in HIV-infected and HIV-uninfected children

3) Assess auto-induction of DHA from single dose to 3-doses

4) To assess the prevalence of UGT1A1 pharmacogenetic variants and their impact
on DTG PK.

5) To assess prevalence of CYP2B6 pharmacogenetic variants and their impact of
EFV PK

6) To assess prevalence of CYP3A4 pharmacogenetic variants and their impact of
EFV and piperaquine PK

7) To assess prevalence of ABCB1 pharmacogenetic variants and their impact of
EFV PK

8.3 Nutritional Status

Using anthropometric measurements and for a secondary study aim to relate nutritional
status to PK and clinical outcomes, children will be characterized as a) “stunted” but not
underweight [i.e. height for age (HFA) z-score <-2 and weight for age (WFA) z-score>-
2); b) underweight, but not stunted (WFA z-score <-2 and HFA z-score>-2); or c) of
normal nutritional status (WFA and HFA z-scores >-1)

8.4 Intensive PK study

8.4.1 Sample Size
Using measures of mean AUC and its coefficients of variation (CV) from our studies and

the literature, the intensive arms of the study are powered to detect differences in ACT
AUC between all study groups with n=30 for groups E3, D3, and L3 of HIV-infected
children and n=20 for group L1. To assure adequate age-matched HIV-uninfected
controls for the single and 3 dose PK evaluations, n=30 in two different age groups each
(3-10 years and 11-17 years) is used for the group of HIV-uninfected children and
adolescents. Figure 2 and Table 5.

For unpaired comparisons where n=20 in both groups, there will be 80% power to
detect a difference in AUC of 40% or more for both the single and 3-dose evaluations,
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given an overall Type | error of 0.05, a Bonferroni correction for multiple comparisons,
and with assumption that the coefficient of variation (CV) for all AUC’s is 35-38%.

For unpaired comparisons where n=30 in both groups, there will be 80% power to
detect a difference in AUC of 30-35% or more for both the single and 3 day DP
evaluations, given an overall Type | error of 0.05, a Bonferroni correction for multiple
comparisons, and with assumption that the coefficient of variation (CV) for all AUC’s is
35-38%. Although many children are likely to be studied for both the single dose DP and
3-dose DP regimens, it is not likely that all children will provide results for both. Thus,
unpaired comparisons will be utilized. In the event the vast majority of children provide
results for both single dose and 3-dose DP, a paired analysis will be utilized.

8.4.2 Dose adjustment based on single dose results from Phase | (LPV/r only): 20
children in each “single dose” DP groups (L1 and C1) must be enrolled in Phase | with
PK results evaluated before enroliment into 3 dose DP groups (L3 and C3a; Phase Il)
can be initiated. The results for these 20 children in each single dose group will be
compared to one another determine the impact of LPV/r on DP PK exposure prior to
any children being given 3 doses of DP in the context of LPV/r.

If the magnitude of the effect of LPV/r on the AUC of PQ during Phase | is:

e <40% increase, there will be no adjustment in DP dose for Phase Il and Phase Il
can begin

e 40-75% increase, there will be a 50% reduction in DP dose for Phase |l

e >75% increase, further evaluation will be completed for Phase | so that a specific
dose for Phase Il can be determined to compensate for the magnitude of the
change or we will recommend that LPV/r and DP not be taken concomitantly.

8.4.3 Sample size for ECG studies
Primary outcome: Difference in paired mean QT change (6hrs compared with
baseline within person)
Assumptions: two-sided alpha=0.05, sample size =30, paired t-test

Table 6. Power/sample size calculations for ECG studies

Mean of paired differences

(Time 6hrs-Baseline) (msec) SD of the differences (msec) Power %
10 >95%
10 15 >95%
20 >95%
10 >95%
15 15 >95%
20 >95%
10 >95%
20 15 >95%
20 >95%
10 >95%
25 15 >95%
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20 >95%
10 >95%
30 15 >95%
20 >95%

A sample size of 30 achieves >95% power to detect a mean of paired differences of
10.0 msec between the null hypothesis mean of paired differences of 0.0 and the
alternative hypothesis mean of paired differences of 10.0 msec with an estimated
standard deviation of the difference 10.0 msec and with a significance level (alpha) of
0.05. In addition, for the group receiving single dose DP (L1) and its comparator (C1),
samples sizes of n=20 maintains the same power (>95%) to detect the above
differences.

8.4.2 |Intensive PK Analysis

PK parameters for each subject will be estimated using non-compartmental analysis
(NONCMP) and follow a linear up-log down trapezoidal rule in conjunction with first-
order input (WinNonlin). PK parameters, including the elimination rate constant A, and
t1o will be estimated, with t1» calculated as In,/A,. AUC will be estimated as the AUC g,
or AUC.o41 (as results permit) for DHA and the sum of AUC,,; (AUC to the end of the
sampling period) and AUC, 4. (from the end of sampling to infinity) for PQ. PK
parameters will be compared between groups of interest (Figure 2 and Table 5) using a
two-sided unpaired t-test for two-group comparisons, and ANOVA for multi-group
comparisons. If PK parameters are found to have skewed distributions and data
transformations do not induce symmetry, rank-based tests will be used. The following
groups will be compared:

8.5 Exposure-Response Analysis of DP PK and EKG results. Population PK/PD
analysis may be employed utilizing data for both HIV infected and HIV uninfected
children to evaluate associations between PQ exposure and EKG changes. Covariate
analysis may be performed to identify the impact of covariates on the PK of DP with
special focus on the impact of markers of malnutrition, as measured by weight, BMI,
and various Z scores and mid-arm circumference. Other covariates will include age,
body size (weight, height), concomitant medications, hematocrit, and CD4 count (for
HIV-infected children). We will test for a significant relationship between drug exposure
and the primary safety outcome (QT interval prolongation). We will also investigate if
there is any potential impact of indices of malnutrition, HIV status, age and other
covariates on safety parameters. We will identify appropriate dosing for DP in the
context of ART with the goal of matching the DP exposure seen in non-HIV infected
patients. Population PK methods may be used to simulate different DP dosing
approaches to identify optimized regimens that ensure concentrations are achieved in
the context of ART that match exposure seen in HIV uninfected control participants.

9.0 DATA COLLECTION AND MONITORING
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9.1 Record Keeping

All clinical data will be recorded onto standardized case record forms (CRFs) by study
physicians. Laboratory data will be recorded in a laboratory record book by the study
laboratory technologists and then transferred to the case record forms by study
coordinators, who will review the case record forms frequently for completeness and
accuracy. Data will be entered directly from CRFs into a computerized database or
transferred from the CRFs onto standardized data extraction forms and then into a
computerized database. All computerized data will be double entered to verify accuracy
of entry. Electronic data including all study databases and supporting electronic
documentation will be archived to large-scale digital tape on a daily basis. On a monthly
basis, a complete backup tape will be transported off-site to the Kampala Data
Management Center (DMC) for rotating secure storage. In addition, the database from
the backup will be placed onto one of the Kampala DMC servers as a data mirror for
read-only access in the event that the web-site becomes temporary unavailable. All data
will be maintained and kept indefinitely. The medical records for the study will be kept in
a locked office and will only be able to be seen by study staff. The online database will
be password protected and only the study staff will have access to it. The parent and
child’s name will not be written in any published reports based on this research and
genetic data will be de-identified and will not be put into the permanent medical record
to ensure participant privacy.

9.2 Data Quality Assurance and Monitoring

In order to insure data quality, an initial daily QC level 1 will be conducted, followed by a
1 month QC, followed by a quarterly data quality audit by the study Data Manager. For
this audit a 1% random sample of study forms entered into the data management
system from the previous 2 weeks will be selected and compared for accuracy with the
original case-report forms and source documents. In addition, the study the Data
Manager will perform monthly reviews of the 100% double data entry data verification
logs and the data management system audit trail log to identify potential data quality
issues.

10.0 HUMAN SUBJECTS

10.1 Risks and Benefits

There are minimal direct benefits to the study subject for participation in the study.
These are limited to testing for malaria and anemia in all participants, HIV testing in
HIV-infected children, ECG testing, and a month of possible protection from malaria
infection. The risks have been reduced to a minimum. For children, we have
consciously considered the guidelines set forth by the UCSF Committee on Human
Subjects’ Research (CHR) of 3ml/kg for blood sample collection and have optimized all
assay requirements for accurate quantification of drug concentrations using the lowest
amount of blood. We have also consulted other recommendations. The most
conservative recommendations suggest no more than 2.5% (~2 mL/kg) of total blood
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volume within a 24-hour period or 5% (~4 mL/kg) within a 30-day period. The NIH
guidelines state that no more than 3 mL/kg are to be drawn in a single blood draw (24-
hour period) and no more than 9.5 mL/kg are to be drawn over any eight-week period
for the purposes of research in children. We feel it is unlikely the participant would be
harmed by taking the amount of blood required in this study. For the total amount
collected over 42 days of follow-up the amount of blood that will be drawn will not
exceed 5.4 mL/kg (no more than 30 mLs or 6 teaspoons will be drawn), which are well
within these limits.

There is small chance of infection from performing blood draws. Additional risks include
anxiety from the blood draws, HIV testing and learning of testing results. We have
attempted to minimize the number of needle pokes as much as possible and
participants will be counseled regarding test results and referred for medical care if
necessary.

10.2 Treatment and Compensation for Injury

If the participant is injured as a result of being in this study, treatment will be available
through Baylor College of Medicine Children’s Foundation—Uganda, Mulago Hospital,
and Masafu General Hospital.

Makerere University, UCSF, Yale, Baylor CoE, and NICHD do not normally provide any
other form of compensation for injury.

10.3 Costs to the Subjects

There will be no cost to the participant or their parents/guardians/participants for
participation in this study.

10.4 Reimbursement of Subjects

Participants will not be paid for their participation in the study. We will provide all routine
medical care, including evaluations, and medications available in our clinic. We will
reimburse for transport and compensate caretakers for the time spent (work hours lost)
on PK study follow-up days. On certain days, participants will have to be in the clinic for
several hours. On those days, we will provide food and drink to participants (breakfast,
dinner, and/or snacks) to ensure their well-being. In addition, we will reimburse the cost
of consultation for referrals made by study physicians to other clinics and services within
Mulago Hospital using available funds when available. However, reimbursement of all
diagnostic tests and treatment recommended outside the study clinic cannot be
guaranteed in all circumstances.

10.5 Institutional Review Board (IRB) Review and Informed Consent

This protocol, all procedures and consent forms, and any subsequent modifications
must be reviewed and approved by the IRBs of participating institutions in both the U.S.
and in Uganda. This includes the UCSF HRPP/IRB, the Yale HIC, Baylor College of
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Medicine IRB, the JCRC-REC, the National Drug Authority and the Uganda National
Council of Science and Technology (UNCST).

All consent forms will be translated into the local languages and back-translated into
English to ensure correct use of language. Consent forms will be read aloud to parents
by trained study interviewers. The informed consent will describe the purpose of the
study, all the procedures involved, and the risks and benefits of participation.
Interviewers will ask parents/guardians/participants to summarize the study and explain
the reasons why they want to participate. Either a signature or a thumbprint (for
parents/guardians who cannot read) will be acceptable to confirm informed consent for
participation in the study.

10.6 Study Discontinuation

This study may be discontinued at any time by the NIH, respective IRBs or other
Governmental agencies in the United States or Uganda as part of their duties to ensure
that research subjects are protected

10.7 Definition of Parent/Guardianship

For this project, we will define a parent as someone who attests that he/she is the
biological parent of the potential participant. However, it has been found in Uganda that
a high number of the HIV-infected children have lost one or both parents. These
children live with caretakers who do not have documented formal guardianship status
because there is no formal, legal guardian system in Uganda. In Uganda, orphan
children are customarily cared for by one or more relatives; a single individual family
member is not usually identified as the sole guardian or custodian of the child. We will
define a guardian as someone who identifies him/herself as the primary caregiver who
is able to make all health care decisions for the potential participant. A guardian must be
at least 18 years of age, however; a parent may be less than 18 years of age. These
definitions are currently approved for use in current research projects conducted in
Uganda following extensive discussion with the Ugandan Ministry of Justice, the
Uganda National Council of Science, the JCRC-REC, and the NIH in 2006.

11.0 PUBLICATION OF RESEARCH FINDINGS

The findings from this study may be published in a medical journal. No individual
identities will be used in any reports or publications resulting from the study. The
researchers will publish results of the trial in accordance with NICHD, UNCST, UCSF,
Yale, Baylor College of Medicine Children’s Foundation-Uganda, and JCRC-REC
guidelines.
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12.0 BIOHAZARD CONTAINMENT

As the transmission of HIV and other blood-borne pathogens can occur through contact
with contaminated needles, blood, and blood products, appropriate blood and secretion
precautions will be employed by all personnel involved in the drawing of blood,
exposure to blood and secretions, and shipping and handling of all specimens for this
study. We will follow the current guidelines set forth by the Centers for Disease Control
and Prevention and the NIH. All infectious specimens will be transported using
packaging mandated in the Federal Code of Regulations, CDC 42 CFR Part 72.

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 47
Version 1.1 April 22, 2019



14.0 REFERENCES

1. World Health Organization. Malaria 2018, June 12 [cited 2018, August 31].
Available from: http://www.who.int/news-room/fact-sheets/detail/malaria.

2. World Health Organization. World Malaria Report. Geneva, Switzerland: World
Health Organization, 2014 December 9, 2014. Report No.

3. White NJ. Pharmacokinetic and pharmacodynamic considerations in antimalarial
dose optimization. Antimicrob Agents Chemother. 2013;57(12):5792-807. doi:
10.1128/AAC.00287-13. PubMed PMID: 24002099; PMCID: 3837842.

4. World Health Organization. Guidelines for the Treatment of Malaria - Third
Edition. Geneva, Switzerland: 2015.

5. World Health Organization. Guidelines for the Treatment of Malaria - Second
Edition. Geneva: World Health Organization, 2010.

6. German PI, Aweeka FT. Clinical pharmacology of artemisinin-based combination
therapies. Clinical Pharmacokinetics. 2008;47(2):91-102. Epub 2008/01/16. doi: 4722
[pii]. PubMed PMID: 18193915.

7. Smithuis F, Kyaw MK, Phe O, Aye KZ, Htet L, Barends M, Lindegardh N,
Singtoroj T, Ashley E, Lwin S, Stepniewska K, White NJ. Efficacy and effectiveness of
dihydroartemisinin-piperaquine versus artesunate-mefloquine in falciparum malaria: an
open-label randomised comparison. Lancet. 2006;367(9528):2075-85. Epub
2006/06/27. doi: 10.1016/S0140-6736(06)68931-9. PubMed PMID: 16798391.

8. Hasugian AR, Purba HL, Kenangalem E, Wuwung RM, Ebsworth EP, Maristela
R, Penttinen PM, Laihad F, Anstey NM, Tjitra E, Price RN. Dihydroartemisinin-
piperaquine versus artesunate-amodiaquine: superior efficacy and posttreatment
prophylaxis against multidrug-resistant Plasmodium falciparum and Plasmodium vivax
malaria. Clin Infect Dis. 2007;44(8):1067-74. doi: 10.1086/512677. PubMed PMID:
17366451; PMCID: 2532501.

9. Kakuru A, Jagannathan P, Muhindo M, Natureeba P, Awori P, et al.
Dihydroartemisinin-piperaquine for the prevention of malaria in pregnancy. New
England Journal of Medicine. 2016;in press.

10.  Zongo |, Some FA, Somda SA, Parikh S, Rouamba N, Rosenthal PJ, Tarning J,
Lindegardh N, Nosten F, Ouedraogo JB. Efficacy and day 7 plasma piperaquine
concentrations in African children treated for uncomplicated malaria with
dihydroartemisinin-piperaquine. PLoS One. 2014;9(8):e103200. doi:
10.1371/journal.pone.0103200. PubMed PMID: 25133389; PMCID: 4136730.

11.  Wanzira H, Kakuru A, Arinaitwe E, Bigira V, Muhindo MK, Conrad M, Rosenthal
PJ, Kamya MR, Tappero JW, Dorsey G. Longitudinal outcomes in a cohort of Ugandan
children randomized to artemether-lumefantrine versus dihydroartemisinin-piperaquine
for the treatment of malaria. Clin Infect Dis. 2014;59(4):509-16. doi: 10.1093/cid/ciu353.
PubMed PMID: 24825870.

12.  Keating GM. Dihydroartemisinin/Piperaquine: a review of its use in the treatment
of uncomplicated Plasmodium falciparum malaria. Drugs. 2012;72(7):937-61. doi:
10.2165/11203910-000000000-00000. PubMed PMID: 22515619.

13. Kamya MR, Kapisi J, Bigira V, Clark TD, Kinara S, Mwangwa F, Muhindo MK,
Kakuru A, Aweeka FT, Huang L, Jagannathan P, Achan J, Havlir DV, Rosenthal PJ,
Dorsey G. Efficacy and safety of three regimens for the prevention of malaria in young

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 48
Version 1.1 April 22, 2019


http://www.who.int/news-room/fact-sheets/detail/malaria

HIV-exposed Ugandan children: a randomized controlled trial. Aids. 2014;28(18):2701-
9. doi: 10.1097/QAD.0000000000000497. PubMed PMID: 25493596; PMCID: 4487368.
14.  Sundell K, Jagannathan P, Huang L, Bigira V, Kapisi J, Kakuru MM, Savic R,
Kamya MR, Dorsey G, Aweeka F. Variable piperaquine exposure significantly impacts
protective efficacy of monthly dihydroartemisinin-piperaquine for the prevention of
malaria in Ugandan children. Malar J. 2015;14:368. Epub 2015/09/26. doi:
10.1186/512936-015-0908-8. PubMed PMID: 26403465; PMCID: PMC4582734.

15.  Nankabirwa JI, Wandera B, Amuge P, Kiwanuka N, Dorsey G, Rosenthal PJ,
Brooker SJ, Staedke SG, Kamya MR. Impact of intermittent preventive treatment with
dihydroartemisinin-piperaquine on malaria in Ugandan schoolchildren: a randomized,
placebo-controlled trial. Clin Infect Dis. 2014;58(10):1404-12. Epub 2014/03/14. doi:
10.1093/cid/ciu150. PubMed PMID: 24621953; PMCID: PMC4001293.

16. Bigira V, Kapisi J, Clark TD, Kinara S, Mwangwa F, Muhindo MK, Osterbauer B,
Aweeka FT, Huang L, Achan J, Havlir DV, Rosenthal PJ, Kamya MR, Dorsey G.
Protective efficacy and safety of three antimalarial regimens for the prevention of
malaria in young Ugandan children: a randomized controlled trial. PLoS medicine.
2014;11(8):e1001689. doi: 10.1371/journal.pmed.1001689. PubMed PMID: 25093754;
PMCID: 4122345.

17. Lwin KM, Phyo AP, Tarning J, Hanpithakpong W, Ashley EA, Lee SJ, Cheah P,
Singhasivanon P, White NJ, Lindegardh N, Nosten F. Randomized, double-blind,
placebo-controlled trial of monthly versus bimonthly dihydroartemisinin-piperaquine
chemoprevention in adults at high risk of malaria. Antimicrob Agents Chemother.
2012;56(3):1571-7. Epub 2012/01/19. doi: 10.1128/AAC.05877-11. PubMed PMID:
22252804; PMCID: 3294930.

18. Nankabirwa J, Cundill B, Clarke S, Kabatereine N, Rosenthal PJ, Dorsey G,
Brooker S, Staedke SG. Efficacy, safety, and tolerability of three regimens for
prevention of malaria: a randomized, placebo-controlled trial in Ugandan schoolchildren.
PLoS One. 2010;5(10):e13438. Epub 2010/10/27. doi: 10.1371/journal.pone.0013438.
PubMed PMID: 20976051; PMCID: 2957410.

19.  WorldWide Antimalarial Resistance Network DPSG. The effect of dosing
regimens on the antimalarial efficacy of dihydroartemisinin-piperaquine: a pooled
analysis of individual patient data. PLoS medicine. 2013;10(12):e1001564; discussion e.
doi: 10.1371/journal.pmed.1001564. PubMed PMID: 24311989; PMCID: 3848996.

20. UNAIDS. The Gap Report. Geneva, Switzerland: 2014.

21.  World Health Organization. Consolidated guidelines on the use of antiretroviral
drugs for treating and preventing HIV infection: Recommendations for a public health
approach. Geneva, Switzerland: 2013 June 30. Report No.

22.  World Health Organization. Guideline on when to start antiretroviral therapy and
on pre-exposure prophylaxis for HIV. Geneva, Switzerland: 2015 September. Report
No.

23.  World Health Organization. Consolidated guidelines on the use of antiretroviral
drugs for treating and preventin HIV infection: Recommendations for a public health
approach - Second edition. Geneva, Switzerland: June 2016.

24.  WHO;. Updated recommendations on first-line and second-line antiretroviral
regimens and post-exposure prophylaxis and recommendations on early infant

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 49
Version 1.1 April 22, 2019



diagnosis of HIV (Interim guidance) World Health Organization2018 [cited 2019 Apr 22].
Available from: https://www.who.int/hiv/pub/guidelines/ARV2018update/en/.

25.  World Health Organization. Transition to the use of dolutegravir WHO Q&A 2017,
September 21 [cited 2018, August 31]. Available from:
http://www.who.int/hiv/mediacentre/news/dtg_qga.pdf.

26. Doherty M, Beusenberg M, Asamoah-Odei E, Lule F, Pendse R, Ghidinelli M, Lo
Y, Reidner G, Donoghoe M, Vitoria M, Hirnschall G. Rapid uptake and adoption of the
WHO 2013 Consolidated ARV guideline recommendations: paving the way to achieving
the 90/90/90 global target. J Int AIDS Soc. 2015;18.

27. Zash R, Makhema J, Shapiro RL. Neural-Tube Defects with Dolutegravir
Treatment from the Time of Conception. N Engl J Med. 2018. Epub 2018/07/25. doi:
10.1056/NEJMc1807653. PubMed PMID: 30037297.

28. Yeka A, Gasasira A, Mpimbaza A, Achan J, Nankabirwa J, Nsobya S, Staedke
SG, Donnelly MJ, Wabwire-Mangen F, Talisuna A, Dorsey G, Kamya MR, Rosenthal
PJ. Malaria in Uganda: challenges to control on the long road to elimination: |.
Epidemiology and current control efforts. Acta tropica. 2012;121(3):184-95. doi:
10.1016/j.actatropica.2011.03.004. PubMed PMID: 21420377; PMCID: 3156969.

29. Jagannathan P, Muhindo MK, Kakuru A, Arinaitwe E, Greenhouse B, Tappero J,
Rosenthal PJ, Kaharuza F, Kamya MR, Dorsey G. Increasing incidence of malaria in
children despite insecticide-treated bed nets and prompt anti-malarial therapy in Tororo,
Uganda. Malar J. 2012;11:435. doi: 10.1186/1475-2875-11-435. PubMed PMID:
23273022; PMCID: 3551700.

30. Achan J, Kakuru A, Ikilezi G, Ruel T, Clark TD, Nsanzabana C, Charlebois E,
Aweeka F, Dorsey G, Rosenthal PJ, Havlir D, Kamya MR. Antiretroviral agents and
prevention of malaria in HIV-infected Ugandan children. N Engl J Med.
2012;367(22):2110-8. doi: 10.1056/NEJM0a1200501. PubMed PMID: 23190222;
PMCID: 3664297.

31. Kapisi J, Bigira V, Clark T, Kinara S, Mwangwa F, Achan J, Kamya M,
Soremekun S, Dorsey G. Efficacy and safety of artemether-lumefantrine for the
treatment of uncomplicated malaria in the setting of three different chemopreventive
regimens. Malar J. 2015;14:53. doi: 10.1186/s12936-015-0583-9. PubMed PMID:
25652127; PMCID: 4333162.

32. Sandison TG, Homsy J, Arinaitwe E, Wanzira H, Kakuru A, Bigira V, Kalamya J,
Vora N, Kublin J, Kamya MR, Dorsey G, Tappero JW. Protective efficacy of co-
trimoxazole prophylaxis against malaria in HIV exposed children in rural Uganda: a
randomised clinical trial. BMJ. 2011;342:d1617. Epub 2011/04/02. doi:
10.1136/bmj.d1617. PubMed PMID: 21454456; PMCID: 3068910.

33.  World Health Organization. Guidelines on post-exposure prophylaxis for HIV and
the use of co-trimoxazole prophylaxis for HIV-related infections among adults,
adolescents and children: recommendations for a public health approach. Geneva,
Switzerland: 2014 December. Report No.

34. Navaratnam V, Mansor SM, Sit NW, Grace J, Li Q, Olliaro P. Pharmacokinetics
of artemisinin-type compounds. Clin Pharmacokinet. 2000;39(4):255-70. PubMed PMID:
11069212.

35. Asimus S, Elsherbiny D, Hai TN, Jansson B, Huong NV, Petzold MG, Simonsson
US, Ashton M. Artemisinin antimalarials moderately affect cytochrome P450 enzyme

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 50
Version 1.1 April 22, 2019


https://www.who.int/hiv/pub/guidelines/ARV2018update/en/
http://www.who.int/hiv/mediacentre/news/dtg_qa.pdf

activity in healthy subjects. Fundamental and Clinical Pharmacology. 2007;21(3):307-
16. Epub 2007/05/25. doi: FCP471 [pii]

10.1111/.1472-8206.2007.00471.x. PubMed PMID: 17521300.

36. llett KF, Ethell BT, Maggs JL, Davis TM, Batty KT, Burchell B, Binh TQ, Thu le
TA, Hung NC, Pirmohamed M, Park BK, Edwards G. Glucuronidation of
dihydroartemisinin in vivo and by human liver microsomes and expressed UDP-
glucuronosyltransferases. Drug Metabolism and Disposition: The Biological Fate of
Chemicals. 2002;30(9):1005-12. Epub 2002/08/09. PubMed PMID: 12167566.

37. Lefevre G, Bindschedler M, Ezzet F, Schaeffer N, Meyer |, Thomsen MS.
Pharmacokinetic interaction trial between co-artemether and mefloquine. European
Journal of Pharmaceutical Sciences. 2000;10(2):141-51. Epub 2000/03/23. doi: S0928-
0987(00)00060-9 [pii]. PubMed PMID: 10727880.

38. Wong RP, Salman S, llett KF, Siba PM, Mueller I, Davis TM. Desbutyl-
lumefantrine is a metabolite of lumefantrine with potent in vitro antimalarial activity that
may influence artemether-lumefantrine treatment outcome. Antimicrob Agents
Chemother. 2011;55(3):1194-8. doi: 10.1128/AAC.01312-10. PubMed PMID: 21199927;
PMCID: 3067122.

39. Lee TM, Huang L, Johnson MK, Lizak P, Kroetz D, Aweeka F, Parikh S. In vitro
metabolism of piperaquine is primarily mediated by CYP3A4. Xenobiotica.
2012;42(11):1088-95. doi: 10.3109/00498254.2012.693972. PubMed PMID: 22671777;
PMCID: 5087332.

40. Ribera E, Podzamczer D. [Mechanisms of action, pharmacology and interactions
of dolutegravir]. Enferm Infecc Microbiol Clin. 2015;33 Suppl 1:2-8. Epub 2015/04/11.
doi: 10.1016/S0213-005X(15)30002-1. PubMed PMID: 25858605.

41. Kosel BW, Aweeka F. Drug interactions of antiretroviral agents. AIDS Clinical
Review. 2000:193-227. Epub 2000/09/22. PubMed PMID: 10999221.

42. Khoo S, Back D, Winstanley P. The potential for interactions between
antimalarial and antiretroviral drugs. Aids. 2005;19(10):995-1005. PubMed PMID:
15958830.

43. Dooley KE, Flexner C, Andrade AS. Drug interactions involving combination
antiretroviral therapy and other anti-infective agents: repercussions for resource-limited
countries. Journal of Infectious Diseases. 2008;198(7):948-61. Epub 2008/08/21. doi:
10.1086/591459. PubMed PMID: 18713054.

44.  German P, Parikh S, Lawrence J, Dorsey G, Rosenthal PJ, Havlir D, Charlebois
E, Hanpithakpong W, Lindegardh N, Aweeka FT. Lopinavir/ritonavir affects
pharmacokinetic exposure of artemether/lumefantrine in HIV-uninfected healthy
volunteers. Journal of Acquired Immune Deficiency Syndromes. 2009;51(4):424-9.
Epub 2009/06/10. doi: 10.1097/QAI.0b013e3181acb4ff. PubMed PMID: 19506482.

45. German P, Greenhouse B, Coates C, Dorsey G, Rosenthal PJ, Charlebois E,
Lindegardh N, Havlir D, Aweeka FT. Hepatotoxicity due to a drug interaction between
amodiaquine plus artesunate and efavirenz. Clinical Infectious Diseases.
2007;44(6):889-91. Epub 2007/02/17. doi: CID41711 [pii]

10.1086/511882. PubMed PMID: 17304470.
46. Huang L, Parikh S, Rosenthal PJ, Lizak P, Marzan F, Dorsey G, Havlir D,
Aweeka FT. Concomitant efavirenz reduces pharmacokinetic exposure to the

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 51
Version 1.1 April 22, 2019



antimalarial drug artemether-lumefantrine in healthy volunteers. J Acquir Immune Defic
Syndr. 2012;61(3):310-6. doi: 10.1097/QAI.0b013e31826ebb5c. PubMed PMID:
22918158; PMCID: 3511816.

47.  Centers for Disease Control and Prevention. Guidelines for the Prevention and
Treatment of Opportunistic Infections in HIV-infected Adults and Adolescents:
Recommendations from CDC, the National Institutes of Health, and the HIV Medicine
Association of the Infectious Diseases Society of America. Atlanta, Georgia: 2009.

48. Panel on Opportunistic Infections in HIV-Infected Adults and Adolescents.
Guidelines for the prevention and treatment of opportunistic infections in HIV-infected
adults and adolescents: recommendations from the Centers for Disease Control and
Prevention, the National Institutes of Health, and the HIV Medicine Association of the
Infectious Diseases Society of America. Bethesda, Maryland: National Institutes of
Health, Accessed April 15, 2015.

49. Banda CG, Dzinjalamala F, Mukaka M, Mallewa J, Maiden V, Terlouw DJ, Lalloo
DG, Khoo SH, Mwapasa V. Pharmacokinetics of Piperaquine and Safety Profile of
Dihydroartemisinin-Piperaquine Coadministered with Antiretroviral Therapy in Malaria-
Uninfected HIV-Positive Malawian Adults. Antimicrob Agents Chemother. 2018;62(8).
Epub 2018/05/23. doi: 10.1128/aac.00634-18. PubMed PMID: 29784846; PMCID:
PMC6105794.

50. Kajubi R, Huang L, Jagannathan P, Chamankhah N, Were M, Ruel T, Koss CA,
Kakuru A, Mwebaza N, Kamya M, Havlir D, Dorsey G, Rosenthal PJ, Aweeka FT.
Antiretroviral Therapy With Efavirenz Accentuates Pregnancy-Associated Reduction of
Dihydroartemisinin-Piperaquine Exposure During Malaria Chemoprevention. Clin
Pharmacol Ther. 2017. doi: 10.1002/cpt.664. PubMed PMID: 28187497 .

51. Manning J, Vanachayangkul P, Lon C, Spring M, So M, Sea D, Se Y, Somethy S,
Phann ST, Chann S, Sriwichai S, Buathong N, Kuntawunginn W, Mitprasat M,
Siripokasupkul R, Teja-lsavadharm P, Soh E, Timmermans A, Lanteri C, Kaewkungwal
J, Auayporn M, Tang D, Chour CM, Prom S, Haigney M, Cantilena L, Saunders D.
Randomized, double-blind, placebo-controlled clinical trial of a two-day regimen of
dihydroartemisinin-piperaquine for malaria prevention halted for concern over prolonged
corrected QT interval. Antimicrob Agents Chemother. 2014;58(10):6056-67. doi:
10.1128/AAC.02667-14. PubMed PMID: 25092702; PMCID: 4187937.

52.  Myint HY, Ashley EA, Day NP, Nosten F, White NJ. Efficacy and safety of
dihydroartemisinin-piperaquine. Trans R Soc Trop Med Hyg. 2007;101(9):858-66. Epub
2007/07/31. doi: 10.1016/j.trstmh.2007.05.018. PubMed PMID: 17659311.

53. Mytton OT, Ashley EA, Peto L, Price RN, La Y, Hae R, Singhasivanon P, White
NJ, Nosten F. Electrocardiographic safety evaluation of dihydroartemisinin piperaquine
in the treatment of uncomplicated falciparum malaria. American Journal of Tropical
Medicine and Hygiene. 2007;77(3):447-50. Epub 2007/09/11. doi: 77/3/447 [pii].
PubMed PMID: 17827358.

54. Borsini F, Crumb W, Pace S, Ubben D, Wible B, Yan GX, Funck-Brentano C. In
vitro cardiovascular effects of dihydroartemisin-piperaquine combination compared with
other antimalarials. Antimicrob Agents Chemother. 2012;56(6):3261-70. doi:
10.1128/AAC.05688-11. PubMed PMID: 22391528; PMCID: 3370756.

55. Valecha N, Phyo AP, Mayxay M, Newton PN, Krudsood S, Keomany S,
Khanthavong M, Pongvongsa T, Ruangveerayuth R, Uthaisil C, Ubben D, Duparc S,

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 52
Version 1.1 April 22, 2019



Bacchieri A, Corsi M, Rao BH, Bhattacharya PC, Dubhashi N, Ghosh SK, Dev V, Kumar
A, Pukrittayakamee S. An open-label, randomised study of dihydroartemisinin-
piperaquine versus artesunate-mefloquine for falciparum malaria in Asia. PLoS One.
2010;5(7):e11880. doi: 10.1371/journal.pone.0011880. PubMed PMID: 20689583;
PMCID: 2912766.

56. White NJ. Cardiotoxicity of antimalarial drugs. Lancet Infect Dis. 2007;7(8):549-
58. doi: 10.1016/S1473-3099(07)70187-1. PubMed PMID: 17646028.

57.  Zani B, Gathu M, Donegan S, Olliaro PL, Sinclair D. Dihydroartemisinin-
piperaquine for treating uncomplicated Plasmodium falciparum malaria. Cochrane
Database Syst Rev. 2014;1(1):CD010927. doi: 10.1002/14651858.CD010927. PubMed
PMID: 24443033; PMCID: 4470355.

58. Wagner J, Abdel-Rahman SM. Pediatric pharmacokinetics. Pediatr Rev.
2013;34(6):258-69. doi: 10.1542/pir.34-6-258. PubMed PMID: 23729775.

59.  Anderson BJ, Holford NH. Understanding dosing: children are small adults,
neonates are immature children. Archives of disease in childhood. 2013;98(9):737-44.
doi: 10.1136/archdischild-2013-303720. PubMed PMID: 23832061.

60. Ginsberg G, Hattis D, Sonawane B, Russ A, Banati P, Kozlak M, Smolenski S,
Goble R. Evaluation of child/adult pharmacokinetic differences from a database derived
from the therapeutic drug literature. Toxicological sciences : an official journal of the
Society of Toxicology. 2002;66(2):185-200. PubMed PMID: 11896285.

61. Bouwmeester NJ, Anderson BJ, Tibboel D, Holford NH. Developmental
pharmacokinetics of morphine and its metabolites in neonates, infants and young
children. British journal of anaesthesia. 2004;92(2):208-17. PubMed PMID: 14722170.
62. Bartelink IH, Rademaker CM, Schobben AF, van den Anker JN. Guidelines on
paediatric dosing on the basis of developmental physiology and pharmacokinetic
considerations. Clin Pharmacokinet. 2006;45(11):1077-97. doi: 10.2165/00003088-
200645110-00003. PubMed PMID: 17048973.

63. Cooney GF, Habucky K, Hoppu K. Cyclosporin pharmacokinetics in paediatric
transplant recipients. Clinical Pharmacokinetics. 1997;32(6):481-95. Epub 1997/06/01.
PubMed PMID: 9195117.

64. Floren LC, Wiznia A, Hayashi S, Jayewardene A, Stanley K, Johnson G,
Nachman S, Krogstad P, Aweeka FT, Pediatric ACTGPT. Nelfinavir pharmacokinetics in
stable human immunodeficiency virus-positive children: Pediatric AIDS Clinical Trials
Group Protocol 377. Pediatrics. 2003;112(3 Pt 1):e220-7. Epub 2003/09/02. PubMed
PMID: 12949316.

65. HuntA, Joel S, Dick G, Goldman A. Population pharmacokinetics of oral
morphine and its glucuronides in children receiving morphine as immediate-release
liquid or sustained-release tablets for cancer pain. Journal of Pediatrics.
1999;135(1):47-55. Epub 1999/07/07. doi: S0022-3476(99)70326-4 [pii]. PubMed PMID:
10393603.

66. Creek DJ, Bigira V, McCormack S, Arinaitwe E, Wanzira H, Kakuru A, Tappero
JW, Sandison TG, Lindegardh N, Nosten F, Aweeka FT, Parikh S. Pharmacokinetic
predictors for recurrent malaria after dihydroartemisinin-piperaquine treatment of
uncomplicated malaria in Ugandan infants. J Infect Dis. 2013;207(11):1646-54. doi:
10.1093/infdis/jit078. PubMed PMID: 23447696; PMCID: 4318925.

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 53
Version 1.1 April 22, 2019



67. Sambol NC, Yan L, Creek DJ, McCormack SA, Arinaitwe E, Bigira V, Wanzira H,
Kakuru A, Tappero JW, Lindegardh N, Tarning J, Nosten F, Aweeka FT, Parikh S.
Population Pharmacokinetics of Piperaquine in Young Ugandan Children Treated With
Dihydroartemisinin-Piperaquine for Uncomplicated Malaria. Clin Pharmacol Ther.
2015;98(1):87-95. doi: 10.1002/cpt.104. PubMed PMID: 25732044; PMCID: 5088713.
68. Price RN, Hasugian AR, Ratcliff A, Siswantoro H, Purba HL, Kenangalem E,
Lindegardh N, Penttinen P, Laihad F, Ebsworth EP, Anstey NM, Tjitra E. Clinical and
pharmacological determinants of the therapeutic response to dihydroartemisinin-
piperaquine for drug-resistant malaria. Antimicrobial Agents and Chemotherapy.
2007;51(11):4090-7. Epub 2007/09/12. doi: AAC.00486-07 [pii]

10.1128/AAC.00486-07. PubMed PMID: 17846129; PMCID: 2151469.

69. Tarning J, Zongo |, Some FA, Rouamba N, Parikh S, Rosenthal PJ,
Hanpithakpong W, Jongrak N, Day NP, White NJ, Nosten F, Ouedraogo JB, Lindegardh
N. Population pharmacokinetics and pharmacodynamics of piperaquine in children with
uncomplicated falciparum malaria. Clin Pharmacol Ther. 2012;91(3):497-505. doi:
10.1038/clpt.2011.254. PubMed PMID: 22258469; PMCID: 3736305.

70.  Barnes Kl, Watkins WM, White NJ. Antimalarial dosing regimens and drug
resistance. Trends in parasitology. 2008;24(3):127-34. doi: 10.1016/j.pt.2007.11.008.
PubMed PMID: 18262470.

71. Barnes KI, Little F, Smith PJ, Evans A, Watkins WM, White NJ. Sulfadoxine-
pyrimethamine pharmacokinetics in malaria: pediatric dosing implications. Clin
Pharmacol Ther. 2006;80(6):582-96. doi: 10.1016/j.clpt.2006.08.016. PubMed PMID:
17178260.

72. Leang R, Taylor WR, Bouth DM, Song L, Tarning J, Char MC, Kim S, Witkowski
B, Duru V, Domergue A, Khim N, Ringwald P, Menard D. Evidence of Plasmodium
falciparum Malaria Multidrug Resistance to Artemisinin and Piperaquine in Western
Cambodia: Dihydroartemisinin-Piperaquine Open-Label Multicenter Clinical
Assessment. Antimicrob Agents Chemother. 2015;59(8):4719-26. doi:
10.1128/AAC.00835-15. PubMed PMID: 26014949; PMCID: 4505193.

73.  Takala-Harrison S, Jacob CG, Arze C, Cummings MP, Silva JC, Dondorp AM,
Fukuda MM, Hien TT, Mayxay M, Noed| H, Nosten F, Kyaw MP, Nhien NT, Imwong M,
Bethell D, Se Y, Lon C, Tyner SD, Saunders DL, Ariey F, Mercereau-Puijalon O,
Menard D, Newton PN, Khanthavong M, Hongvanthong B, Starzengruber P, Fuehrer
HP, Swoboda P, Khan WA, Phyo AP, Nyunt MM, Nyunt MH, Brown TS, Adams M,
Pepin CS, Bailey J, Tan JC, Ferdig MT, Clark TG, Miotto O, Maclnnis B, Kwiatkowski
DP, White NJ, Ringwald P, Plowe CV. Independent emergence of artemisinin
resistance mutations among Plasmodium falciparum in Southeast Asia. J Infect Dis.
2015;211(5):670-9. doi: 10.1093/infdis/jiu491. PubMed PMID: 25180241; PMCID:
4334802.

74.  Ashley EA, Dhorda M, Fairhurst RM, Amaratunga C, Lim P, Suon S, Sreng S,
Anderson JM, Mao S, Sam B, Sopha C, Chuor CM, Nguon C, Sovannaroth S,
Pukrittayakamee S, Jittamala P, Chotivanich K, Chutasmit K, Suchatsoonthorn C,
Runcharoen R, Hien TT, Thuy-Nhien NT, Thanh NV, Phu NH, Htut Y, Han KT, Aye KH,
Mokuolu OA, Olaosebikan RR, Folaranmi OO, Mayxay M, Khanthavong M,
Hongvanthong B, Newton PN, Onyamboko MA, Fanello CI, Tshefu AK, Mishra N,
Valecha N, Phyo AP, Nosten F, Yi P, Tripura R, Borrmann S, Bashraheil M, Peshu J,

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 54
Version 1.1 April 22, 2019



Faiz MA, Ghose A, Hossain MA, Samad R, Rahman MR, Hasan MM, Islam A, Miotto O,
Amato R, Maclnnis B, Stalker J, Kwiatkowski DP, Bozdech Z, Jeeyapant A, Cheah PY,
Sakulthaew T, Chalk J, Intharabut B, Silamut K, Lee SJ, Vihokhern B, Kunasol C,
Imwong M, Tarning J, Taylor WJ, Yeung S, Woodrow CJ, Flegg JA, Das D, Smith J,
Venkatesan M, Plowe CV, Stepniewska K, Guerin PJ, Dondorp AM, Day NP, White NJ,
Tracking Resistance to Artemisinin C. Spread of artemisinin resistance in Plasmodium
falciparum malaria. N Engl J Med. 2014;371(5):411-23. doi: 10.1056/NEJMoa1314981.
PubMed PMID: 25075834; PMCID: 4143591.

75. Dondorp AM, Nosten F, Yi P, Das D, Phyo AP, Tarning J, Lwin KM, Ariey F,
Hanpithakpong W, Lee SJ, Ringwald P, Silamut K, Imwong M, Chotivanich K, Lim P,
Herdman T, An SS, Yeung S, Singhasivanon P, Day NP, Lindegardh N, Socheat D,
White NJ. Artemisinin resistance in Plasmodium falciparum malaria. N Engl J Med.
2009;361(5):455-67. Epub 2009/07/31. doi: 10.1056/NEJMo0a0808859. PubMed PMID:
19641202; PMCID: 3495232.

76. Tumwebaze P, Conrad MD, Walakira A, LeClair N, Byaruhanga O, Nakazibwe C,
Kozak B, Bloome J, Okiring J, Kakuru A, Bigira V, Kapisi J, Legac J, Gut J, Cooper RA,
Kamya MR, Havlir DV, Dorsey G, Greenhouse B, Nsobya SL, Rosenthal PJ. Impact of
antimalarial treatment and chemoprevention on the drug sensitivity of malaria parasites
isolated from ugandan children. Antimicrob Agents Chemother. 2015;59(6):3018-30.
doi: 10.1128/AAC.05141-14. PubMed PMID: 25753626; PMCID: 4432194,

77. Conrad MD, LeClair N, Arinaitwe E, Wanzira H, Kakuru A, Bigira V, Muhindo M,
Kamya MR, Tappero JW, Greenhouse B, Dorsey G, Rosenthal PJ. Comparative
impacts over 5 years of artemisinin-based combination therapies on Plasmodium
falciparum polymorphisms that modulate drug sensitivity in Ugandan children. J Infect
Dis. 2014;210(3):344-53. doi: 10.1093/infdis/jiu141. PubMed PMID: 24610872; PMCID:
4110461.

78. Maganda BA, Minzi OM, Ngaimisi E, Kamuhabwa AA, Aklillu E. CYP2B6*6
genotype and high efavirenz plasma concentration but not nevirapine are associated
with low lumefantrine plasma exposure and poor treatment response in HIV-malaria-
coinfected patients. The pharmacogenomics journal. 2016;16(1):88-95. Epub
2015/05/13. doi: 10.1038/tpj.2015.37. PubMed PMID: 25963334.

79. Chan XHS WY, Mawer LJ, Tan JY, Brugada J, White NJ. Risk of sudden
unexplained death after use of dihydroartemisinin-piperaquine for malaria: A systematic
review and bayesian meta-analysis. Lancet Infectious Disease 2018;18(8):913-23. doi:
10.1016/S1473-3099(18)30297-4.

80.  Organization WH, editor. The Cardiotoxicity of Antimalarials. Malaria Policy
Advisory Committee Meeting - WHO Evidence Review Group Meeting; 2017 March 22-
24; Geneva, Switzerland.

81. Baiden R, Oduro A, Halidou T, Gyapong M, Sie A, Macete E, Abdulla S, Owusu-
Agyei S, Mulokozi A, Adjei A, Sevene E, Compaore G, Valea |, Osei |, Yawson A, Adjuik
M, Akparibo R, Ogutu B, Upunda GL, Smith P, Binka F. Prospective observational study
to evaluate the clinical safety of the fixed-dose artemisinin-based combination
Eurartesim(R) (dihydroartemisinin/piperaquine), in public health facilities in Burkina
Faso, Mozambique, Ghana, and Tanzania. Malar J. 2015;14:160. Epub 2015/04/18. doi:
10.1186/s12936-015-0664-9. PubMed PMID: 25885858; PMCID: PMC4405867.

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 55
Version 1.1 April 22, 2019



82. Ribeiro IR, Olliaro P. Safety of artemisinin and its derivatives. A review of
published and unpublished clinical trials. Medecine Tropicale. 1998;58(3 Suppl):50-3.
Epub 1999/04/23. PubMed PMID: 10212898.

83. Van Vugt M, Angus BJ, Price RN, Mann C, Simpson JA, Poletto C, Htoo SE,
Looareesuwan S, White NJ, Nosten F. A case-control auditory evaluation of patients
treated with artemisinin derivatives for multidrug-resistant Plasmodium falciparum
malaria. American Journal of Tropical Medicine and Hygiene. 2000;62(1):65-9. Epub
2000/04/13. PubMed PMID: 10761725.

DPART STUDY: DIHYDROARTEMISININ-PIPERAQUINE IN THE CONTEXT OF ANTIRETROVIRAL THERAPY 56
Version 1.1 April 22, 2019



APPENDIX A. SCHEDULE OF EVALUATIONS: L1 & C1 ARMS

History and Physical Examination*

Screening and informed consent X

HIV testlnga, counseling and referral if 50Ul

necessary

Rapid Diagnostic Test and Blood Smear 200uL X10
Collect locator information X

Will be performed on each day the child is in clinic (for PK blood draws, CBC, Chemistries, etc.)

Hematology and Chemistries® 4mL 4mL 4mL X1
Electrocardiogram (ECG)® X X X X Xx10
DP dosing for all study subjects’ X X8 X8

Antiretroviral dosing for HIV- infected subjects® X X X X X X X X X

(mL)™2

L1: Single dose DP regimen + LPV/r ! (0,05 1503 2L4 688 200pL 200uL 200pL 500uL 200pL 500uL 200uL10
U th’s)’ ’ (24rs) (48hrs) (168 hrs) (336 hrs) | (504 hrs) | (672 hrs)

xBS?XIMATE TOTAL BLOOD VOLUME 4.20 4 0.2 0.2 0.2 4.5 0.2 4.5 0.2

L aQi A _ 500 pL 200puL
C1: "Single’” dose DP (0,05,1,2,3,4,68&8 (24rs | Pre DP
Intensive sampling after 1t dose DP"

hrs) dose)

APPROXIMATE TOTAL BLOOD VOLUME 4.25 4 0.2 4 0.2
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Explanation of Intensive PK schedule of events (Appendix A):

1 Study Day -1, will be enrollment day where we will perform baseline ECG, HIV screening, malaria screening and CBC tests on all potential participants

2 As is standard practice in malaria research, study Day O refers to the day DP dosing is initiated.

3 Applies only to HIV-negative patients

4 History will include general medical history, diagnosis, medication (including ingestion of herbs), allergies, and current symptoms. Physical examination
will include weight, height, and viral signs (temperature, pulse, blood pressure, respiratory rate), lymphadenopathy, hepatomegaly, splenomegaly,
infections in ears, mouth, pharynx or skin and pulmonary, cardiac, neurologic or skeletal abnormalities and anthropometric assessments. Mid-upper
arm circumference will also be collected at time of first enroliment.

5 Hematology/chemistry draws entail a 4mL venous sample for CBC, differential, ALT/AST, and creatinine. AST is incorporated as part of chemistries
at all blood draws.

6 Both groups will receive ECGs. ECGs will be performed at baseline on Day-1 (before the administration of first dose), 4-6 hours post- dose on Day 0.
On Day 2, ECGs will be performed for the C1 group only pre-last dose and 2-4 hours post-last dose of DP. On Day 7, ECG will be performed for L1
group only.

7 For L1 and C1, intensive PK sampling will occur following the first dose of DP. However, for C1 group, they will receive additional doses of DP and
Days 1 and 2 to complete the 3 day course to maximize benefit of DP.

8 DP dosing will occur in C1 arm only on this date

9 For L1 arm only, we will ask for child to take their morning dose of LPV/r in the clinic.

10 Participants may present for unscheduled visits. Study team may perform these tests at the discretion of the team member.

11 Follow up for L1 will be through Day 28 and follow up for C1 will be through Day 14

12 Total blood volume in either arm is between 5-6 teaspoons for the scheduled follow-up visits of up to 28 days.
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APPENDIX A. SCHEDULE OF EVALUATIONS: D3, E3, L3 & C3 ARMS

Screening and informed

X
consent
HIV test.lng, counseling and 50Ul
referral if necessary?
Rapid Diagnostic Test and 200Ul X15
Blood Smear
Collect locator information X

History and Physical
Examination?®

Will be performed on each day the child is in clinic (for PK blood draws, CBC, chemistries)

Hematology and
Chemistries?

4mL

4mL

4mL

4mL

X15

Pharmacogenomic Sample

1mL"7

Electrocardiogram (ECG)®

DP dosing for all study
subjects®

Antiretroviral dosing for
HIV- infected subjects”

1.5mL 1mL (Pre-ART)® 1mL
(Pre-DP, Pre 500uL
200uL (Pre-ART)?
8,9
3 day DP regimen ART) PreDP, | 0 05 51002“'3‘, 468 a%?#'s‘ 200l | (288NrS) 28105‘:3" 500U | 2004 | 500ML | oo
D3, E3, L3 (HIV+ children) s00uL 2hr4rs | 234 ghre) 2000 | ) (1200r8) | po000 hray | (6241rs) | (7921rs) | (960 hrs)
hrs (24hrs)
post-DP dose) ost-DP (288 hrs)
P E310: 500uL (2, 4 & 8 hr)
APPROXIMATE TOTAL L3: 5.9 5.0
BLOOD VOLUME (mL}" 0.20 D3 8 B3 6.9 0.6 p 1.2 0.2 0.2 4.7 0.2 45 0.2 45 0.2
SOOUL 13 13 14
3 day DP regimen (Pre-DP)? 200pL 500 pL 5(22;::‘5) 200U 202%‘:1&8) (52%%“;5) 2000
C3a & C3b (HIV uninfected 200ul 2hr, 4hr | PreDP, | (0,05,1,2,3,4,6& ( 48h“rs ( 45% S00uL | 200pL | SOOML | o0
children) 500uL 4 hrs'2 post- 2&4 8hrs) (624 hrs) | (792 hrs) | (960 hrs)
DP dose hrs 200uL 4hr 12 200uL ) 200uL 200uL hrs)
bos.DP (24hrs) (120 hrs) | (288 hrs)
APPROXIMATE TOTAL
BLOOD VOLUME {mL)'® 0.25 5.4 0.6 42 07 0.2 0.7 47 0.2 45 0.2 45 0.2
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Explanation of Intensive PK schedule of events (Appendix A):

1.

w N

10.
11.
12.
13.
14.
15.

16.
17.

As is standard practice in malaria research, study Day 0O refers to the day DP dosing is initiated. We will perform baseline ECG, HIV screening, and
malaria screening on all potential participants on Day -1. To minimize needle pricks to the child, CBC and chemistries will be drawn on Day 0, along
with Pre-DP level and Pre-ART (for D3, E3, L3)

Applies only to HIV-negative patients

History will include general medical history, diagnosis, medication (including ingestion of herbs), allergies, and current symptoms. Physical
examination will include weight, height, and viral signs (temperature, pulse, blood pressure, respiratory rate), lymphadenopathy, hepatomegaly,
splenomegaly, infections in ears, mouth, pharynx or skin and pulmonary, cardiac, neurologic or skeletal abnormalities and anthropometric
assessments. Mid-upper arm circumference will also be collected at time of first enroliment.

Hematology/chemistry draws entail a 4mL venous sample for CBC, differential, ALT/AST, and creatinine. AST is incorporated as part of chemistries at
all blood draws.

ECGs will be performed at baseline (on Day -1), prior to and 4-6 hours post-last dose, Day 7, and Day 42.

All participants will receive a total of 3 doses of DP given over 3 days (Day 0, Day 1, and Day 2)

Children on ART will be ask to take their morning doses of LPV/r or DTG in clinic when instructed by study staff. For children on EFV, they can take
their doses at home, at bedtime, and record the time of administration.

To minimize number of pokes to the child, Pre-ART and Pre-DP levels should be drawn at the same time as CBC, chemistries, and
pharmacogenetics biomarker (for a total of 6.5mL venous blood)

Pre-ART sample to quantify trough of LPV/r, DTG and mid-level of EFV, sampled collected via venipuncture on Day 0, 2, & 3 to allow for
comparisons of ART level

For EFV (E3) arm, at 2, 4, and 8 hours during intensive sampling, we will draw additional 500uL samples via venipuncture to characterize EFV PK
curves. This will be drawn at the same time as DP, therefore, minimizing number of blood draws.

For controls (C3a & C3b) only, at 4 hours on Day 0, an additional 500uL will be drawn via a venipuncture to permit correlation of venous and capillary
concentrations.

For controls (C3a & C3b) only, at 4 hours on Day 2, an additional 200uL will be drawn via a capillary stick to permit correlation of venous and capillary
concentrations.

For controls (C3a & C3b) only, on Day 3, and Day 7 an additional 500uL will be drawn via a venipuncture to permit correlation of venous and capillary
concentrations.

For all 3 day arms, on 14, an additional 500uL will be drawn via venipuncture to permit correlation of venous and capillary concentrations.
Participants may present for unscheduled visits. Study team may perform these tests at the discretion of the team member.

Total blood volume in either arm is between 5-6 teaspoons over 42-days of follow-up for scheduled visits

1mL of venous blood is collected on day 0 for testing of pharmacogenetic variants for children on DTG and EFV- based regimens.
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APPENDIX B. INFORMATION SHEET

' Q Yale

Information Sheet

A study on Antimalarial Pharmacology in HIV-infected and HIV-

uninfected individuals

Makerere University, University of California, San Francisco, Yale University, and Baylor
Center of Excellence are carrying out a study on the malaria medicine, dihydroartemisinin-
piperaquine, and how it is taken up by the body in HIV-infected (receiving anti-HIV

medications) and HIV-uninfected children.

e Our clinics are located at the Mulago Hospital Complex, Baylor Center of Excellence,
and Masafu General Hospital
o We want the following to participate
o HIV-infected (HIV+) children aged 3 -17 years that are taking either efavirenz,
dolutegravir, or lopinavir/ritonavir as part of their HIV regimens
o HIV-uninfected (HIV-) children aged 3 - 17 years
e Participants in this study will receive medical care during the course of the study at
the study clinic
o We will provide transport to and from our clinic if needed
e The Baylor clinic is open every day from Monday to Friday, 8am to 5pm; Makerere
College of Pharmacology and Therapeutics Clinic is open 7 days per week from 8am
to 5pm; the Masafu General Hospital clinic is open 7 days per week from 8am to
5pm.

For more information, come to Baylor Center of Excellence, Makerere College of
Pharmacology and Therapeutics, or Masafu General Hospital and ask for the malaria

children’s clinic. The doctors will be happy to talk with you.



APPENDIX C. WHO CRITERIA FOR SEVERE MALARIA/DANGER SIGNS

Criteria for severe malaria

e Cerebral malaria - defined as unarousable coma not attributable to any
other cause in a patient with falciparum malaria

e Generalized convulsions (> 3 convulsions over 24 hours period)

e Severe normocytic anemia (Hb <5 gm/dL)

e Hypoglycemia

¢ Metabolic acidosis with respiratory distress

e Fluid and electrolyte disturbances

e Acute renal failure

e Acute pulmonary edema and adult respiratory distress syndrome (ARDS)
e Circulatory collapse, shock, septicemia ("algid malaria")

¢ Abnormal bleeding

e Jaundice

Danger signs

e 1-2 convulsions over a 24 hour period
¢ Inability to sit up or stand

e Vomiting everything

e Unable to breastfeed or drink

e Lethargy
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APPENDIX D. GUIDELINES FOR ADVERSE EVENT GRADING (DAIDS
AE GRADING TABLE)

Estimating Severity Grade

If the need arises to grade a clinical AE that is not identified in the DAIDS AE grading
table, use the category “Estimating Severity Grade”.

Grading Adult and Pediatric AEs

The DAIDS AE grading table includes parameters for grading both Adult and Pediatric
AEs. When a single set of parameters is not appropriate for grading specific types of AEs
for both Adult and Pediatric populations, separate sets of parameters for Adult and/or
Pediatric populations (with specified respective age ranges) are given in the table. If there
is no distinction in the table between Adult and Pediatric values for a type of AE, then the
single set of parameters listed is to be used for grading the severity of both Adult and
Pediatric events of that type.

Determining Severity Grade

If the severity of an AE could fall under either one of two grades (e.g., the severity of an
AE could be either Grade 2 or Grade 3), select the higher of the two grades for the AE.

Definitions

Basic Self-care Functions  Adult
Activities such as bathing, dressing, toileting,
transfer/movement, continence, and feeding.
Young Children
Activities that are age and culturally appropriate (e.g.,
feeding self with culturally appropriate eating implement).

LLN Lower limit of normal

Medical Intervention Use of pharmacologic or biologic agent(s) for treatment of
an AE.

NA Not Applicable

Operative Intervention Surgical OR other invasive mechanical procedures.

ULN Upper limit of normal
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APPENDIX E. HIV-INFECTED CHILDREN CONSENT

APPENDIX F. HIV-UNINFECTED CHILDREN CONSENT

APPENDIX G. ASSENT

APPENDIX H. FUTURE USE OF BIOLOGICAL SPECIMENS CONSENT
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