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List of Abbreviations

AFRIMS
Al
CBC
CFR
CNM
CRADA
CRF
DHA
DoD-GEIS
DP
DNA
DOT
DP
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ELISA
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ETF
FDA
FWA
GCP
G6PD
GMP
GPO
HRP
HRPO
HSPB
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ICF
ICH
IEC
IND
IRB
LCF
LC-MS
LD
LPF

M
MMV
MR4
MSP
MTF
NADPH
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Adequate Clinical and Parasitologic Response
Artemisinin-based Combination Therapy

Adverse event

Armed Forces Research Institute of Medical Sciences
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Common Federal Rule

National Center for Parasitology, Entomology and Malaria Control
Cooperative Research and Development Agreement
Case Report Form

Dihydroartemisinin

Department of Defense-Geographic Epidemiologic
Dihydroartemisinin-piperaquine

Deoxyribonucleic Acid

Directly Observed Therapy
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Ethylenediaminetetraacetic acid

electrocardiogram

Enzyme-Linked Immunosorbent Assay

Europe Medicines Agency

Early Treatment Failure

Food and Drug Administration

Federal-Wide Assurance

Good Clinical Practice

Glucose-6-phosphate dehydrogenase

Good Manufacturing Practice

Government Pharmaceutical Organization
Histidine Rich Protein

Human Research Protection Office

Human Subjects Protection Branch

Inhibitory Concentration

Informed Consent Form

International Conference on Harmonization
Independent or Institutional Ethics Committee
Investigational New Drug application

Institutional Review Board

Late Clinical Failure

Liquid Chromotography-Mass Spectrometry
Linkage Disequilibrium

Late Parasitologic Failure

Mefloquine

Medicines for Malaria Venture

Malaria Research and Reference Reagent Resource Center
Merozoite Surface Protein

Malaria Treatment Facility

Nicotinamide adenine dinucleotide phosphate
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ORP Office of Research Protection

QA Quality Assurance

QC Quality control

QTc, QTe Correction methods of EKG QT intervals using heart rate
RBC Red Blood Cell

P. Plasmodium

PCR Polymerase chain reaction

PCT Parasite Clearance Time

Pf Plasmodium falciparum

PQ Primaquine

Pv Plasmodium vivax

RCAF Royal Cambodian Armed Forces

RNA Ribonucleic Acid

SAE Serious Adverse Event

SOP Standard Operating Procedure

SP Sulfadoxine-pyrimethamine

SSP Study Specific Procedure

uic Unique Identifier Code

UNC University of North Carolina

USAMRMC United States Army Medical Research and Materiel Command
USAMRU-K United States Army Medical Research Unit-Kenya

US FDA United State Food and Drug Administration

uv Ultraviolet
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WGA Whole Genome Analysis

WHO World Health Organization
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197

198 1 PROTOCOL SUMMARY

199
200 Summary Statement

201 This is a two-arm, open label Treatment Study comparing the efficacy, safety,
202 tolerability and pharmacokinetics of a three-day course of Dihydroartemisinin-
203 Piperaquine (DP) with or without single-dose primaquine in patients with
204 uncomplicated Plasmodium falciparum malaria at selected sites of malaria drug-
205 resistance in Cambodia. DHA-piperaquine, soon to be adopted as the first line
206 antimalarial agent by the National Malaria Control Program in Cambodia, will be
207 given as a directly observed, standard three-day fixed dose combination treatment to
208 all volunteers enrolled. The cardiac safety of piperaquine will be monitored with
209 electrocardiograms during the treatment period. On the last day of DP therapy,
210 volunteers will be randomized to receive either a single 45 mg dose of primaquine
211 (PQ) or DP treatment only (no primaquine). Resistance to DP and DP-PQ will be
212 assessed by a combination of clinical, pharmacologic, and parasitologic parameters
213 including genomic signatures of selection during careful weekly follow-up visits for
214 42 days. Investigators will also be able to evaluate any possible effects of
215 primaquine on the sexual stages of malaria (gametocytes) and potential
216 transmissibility of infection to Anopheles mosquitoes as compared to those not
217 treated with primaquine.

218

219 Background and Rationale

220 Plasmodium falciparum malaria (Pf) continues to be a major cause of global
221  morbidity and mortality with 350-500 million cases per year, and over 1 million
222 deaths. Despite containment and control efforts, Pf continues to be endemic in
223 areas of Cambodia near the Thai, Lao and Vietnamese borders. Multi-drug resistant
224 malaria has been reported recently along the Thai-Cambodian border and has
225 emerged as a significant challenge to malaria control and containment in the region,
226 and as such constitutes a substantial threat to the public health.

227

228 Currently the National Center for Parasitology, Entomology and Malaria Control
229 (CNM) recommends a 3-day course of oral artesunate and mefloquine combination
230 therapy for uncomplicated malaria infection caused by P. falciparum. However,
231 recent results suggest the efficacy of this combination is declining (Wongsrichanalai,
232 2008), and that tolerance to the artemisinin component may be a factor (Noedl,
233 2008). DHA-piperaquine is a safe, well-tolerated drug for the treatment of drug
234 resistant malaria, and has a well documented history of safety and effectiveness,
235 particularly in Southeast Asia. For this reason, it has been adopted as the first line
236  artemisinin-combination therapy (ACT) throughout Cambodia following two years of
237 use as the first line agent in selected containment areas along the Thai border
238 referred to as Zone 1. Monitoring for development of resistance to this combination
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239 therapy and loss of clinical or parasitologic effectiveness will be crucial in the
240 assessment and potential adjustments in Cambodian national policy regarding first-
241 line antimalarial usage. The study will be carried out over an estimated three year
242  period, with a goal enrollment of approximately 150 subjects, in order to observe and
243 document any trends in resistance patterns to either DP and/or DP-PQ therapy.

244

245  With the global push toward eradication of malaria, renewed focus on elimination of
246 gametocytemia is a key intervention point for the interruption of transmission. The
247 World Health Organization (WHO) currently recommends, for low to moderate
248 transmission areas, a single dose of primaquine (0.75 mg/kg with maximum dose of
249 45 mg) at completion of therapy for blood stage infection. However, there are few
250 evidenced-based studies assessing this practice. This study aims to evaluate a
251 onetime dose of primaquine in a controlled clinical study to see if it is indeed
252  effective in reducing or eliminating gametocytemia and/or transmissibility to
253  Anopheles mosquitoes in Cambodia. This evaluation will be done by detection of
254  circulating gametocytes both by microscopy and PCR at defined time points pre- and
255  post-treatment, as well by assessment of transmissibility of infection using female
256  Anopheles mosquitoes. If an additional one time dose is found to be effective, this
257  primaquine “transmission-blocking” therapy will be a useful adjunct to the national
258 malaria program to further reduce the burden of malaria disease.

259

260 Objectives

261 Primary:

262

263 1. To monitor therapeutic efficacy (based on rates of recurrence at 42 days) and
264 search for evidence of drug resistance of a fixed-dose 3 day regimen of DHA-
265 piperaquine (DP), with and without a dose of primaquine, in volunteers with
266 uncomplicated P. falciparum infection in Cambodia over a 3-year observation
267 period.

268

269 2. To establish the transmission blocking (sexual stage) efficacy of the prescribed
270 drug regimen with or without a single oral 45 mg dose of primaquine.

271

272  Secondary:

273

274 1. To document the safety and tolerability of DHA-piperaquine, including the effect
275 on the electrocardiogram (EKG), particularly the QTc interval, in patients taking 3
276 day treatment courses of DHA-piperaquine.

277

278 2. Assess the degree of antimalarial drug resistance in the parasite populations in
279 Cambodia by correlating 42 day rates of malaria recurrence clinical and
280 pharmacodynamic outcomes (parasite clearance) with pharmacokinetic drug
281 levels, in vitro drug susceptibility testing, genomic studies and molecular markers
282 of drug resistance.

283

WR 1877, v.2.3, 7 Sep, 2012 Page 9 of 91



284
285
286
287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

312

313
314
315
316

317

318
319
320
321
322
323

324
325
326
327

L(-c::‘-\
e

I
¥

<

Department of Immunology and Medicine, USAMC-AFRIMS

3. To quantify the reduction in sexual stage parasites (gametocytes) of the two
treatment regimens assessed by 3 methods on volunteers’ samples — light
microscopy, PCR and a mosquito membrane-feeding assay.

4. Assess the relative contributions of clinical history, baseline immunity levels and
parasitologic parameters associated with prior infection on clinical outcome and
parasitological responses in vivo.

5. To build host nation capacity, with emphasis on training laboratory, clinical and
entomological scientists to conduct antimalarial therapeutic efficacy and drug
resistance studies.

6. To cryopreserve parasite isolates to standardize antimalarial resistance
surveillance monitoring methods in vitro.

7. To provide up-to-date antimalarial efficacy data to the Cambodian government,
including CNM and Ministry of National Defense, to help determine the
appropriate regimens of DHA-piperaquine and primaquine for the treatment of
uncomplicated malaria.

8. To harmonize clinical and laboratory approaches to characterizing antimalarial
drug resistance between DoD-GEIS overseas labs including, AFRIMS,
USAMRU-K, and others.

9. To characterize P. falciparum population genetic structure and study the
transmissibility of genetic variants to mosquitoes by membrane feeding.

Population

Adults (aged 18 — 65 years old) with uncomplicated P. falciparum malaria in the
vicinity of sentinel sites along the Thai-Cambodia border.

Study Sites

One or more sites authorized by the Ministry of Health and/or the Ministry of National
Defense determined to have high incidence rates of P. falciparum malaria based on
current estimates by AFRIMS, CNM and the RCAF health services. The study team
will be based at two medical treatment faciliies (MTF) in Battambang Referral
Hospital, Battambang Province, and Along Veng Referral Hospital, Anlong Veng
District. Volunteers will be recruited from the surrounding communities.

WR 1877, v.2.3, 7 Sep, 2012 Page 10 of 91
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328 Design and Methodology

329 This is an active two arm, open-label Treatment Study of adults with acute,
330 uncomplicated infection with P. falciparum comparing the efficacy (42 day PCR-
331 corrected malaria recurrence rate), safety, tolerability and pharmacokinetics of a
332 three day course of dihydroartemisinin-Piperaquine (DP) with or without a single
333 dose of primaquine. Volunteers with uncomplicated P. falciparum malaria or mixed
334 P. falciparum/vivax infection will be treated with of a three day course of DP under
335 directly observed inpatient observation at the MTF. The cardiac safety of
336 piperaquine will be monitored with electrocardiograms during the treatment period.
337 On the last day of DP therapy, volunteers will be randomized to receive a single
338 dose of 45mg of primaquine or no primaquine treatment.

339

340 Volunteers will be followed weekly thereafter on days 7, 14, 21, 28, 35 and 42 for a
341 brief clinical evaluation and fingerstick for peripheral malaria smear (with PCR
342 assays for genotyping and gametocyte detection) to assess for any development of
343 malaria infection. On days 7 and 14, volunteers will also have blood drawn for
344  piperaquine drug level (with Pf bioassay) and mosquito membrane feeding to assess
345 the effect of DP +/- primaquine on gametocyte transmissibility. See Section 6 for
346  detailed outline of blood draws.

347

348 Any volunteers with recurrent malaria symptoms during the 42-day follow-up period
349 will be re-evaluated by microscopy, and if positive for malaria, will be treated under
350 directly observed therapy based on current national malaria treatment guidelines for
351 Cambodia. Parasites will be collected for in vitro drug susceptibility characterization
352 and molecular markers of resistance, along with a piperaquine drug level.

353

354  Study Duration

355 Individual participation is expected to last 42 days from enrollment. Volunteers that
356 have a malaria recurrence during the 42 day treatment follow-up period will be re-
357 treated under national guidelines and be followed for the remainder of the 42-day
358 period. If malaria infection develops after Day 35 of the study, the duration of
359 participation for volunteers may be extended one to two weeks if necessary to
360 ensure blood stage parasite clearance and clinical cure.

361 The study is expected to run for up to 3 years, to enroll at least 150 evaluable
362 volunteers. Depending on observations made during this time, the study could be
363 extended or ended early, in consultation with the responsible ethical review boards.
364 In addition, it is possible that recommended drug regimens may change over time,
365 depending on shifts in policy and/or drug availability in Cambodia.

366
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2 KEY ROLES

Principal Investigators:
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Email: yourys@afrims.org

David Saunders, M.D., M.P.H.

LTC, MC, USA

Dept. of Immunology and Medicine
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673

674 3 BACKGROUND AND RATIONALE
675

676 3.1 Introduction

677

678 The US military is charged with protecting personnel deployed to malarious areas,
679 and must be prepared for potential world-wide deployments on short notice. In
680 addition to public health measures to protect and sustain the force, the US military
681 has invested substantially in products to protect the warfighter from malaria at
682 considerable cost. Despite these investments, efficacy is threatened by multi-drug
683 resistant malaria parasites with increasing resistance to remaining effective drug
684 classes becoming more apparent. The development of a “next-generation” malaria
685 chemoprophylaxis agent has long been an identified requirement for advanced
686 clinical development by the US Army. However, any development candidate is
687 threatened by the possibility of antimalarial drug resistance. Therefore, accurate,
688 timely and relevant data on antimalarial drug resistance, in part as a predictor of
689 resistance patterns likely to emerge in the near future are of critical importance to
690 military planners.

691

692  Multidrug resistance is a significant problem in many regions of the world, where
693 most strains of P. falciparum are no longer susceptible to the available anti-malarial
694 compounds. This problem has been well documented in Southeast Asia, and it is
695 predicted that a similar situation will occur in Africa (Wongsrichanalai, 2001 and
696 2002; Hyde, 2002). Chloroquine, once the first-line defense against malaria in
697 Kenya, is no longer effective because of the evolution of multidrug resistant
698 parasites (Price, 2001; Bloland, 1993; Shretta, 2000). Chloroquine replaced
699 sulfadoxine-pyrimethamine as the drug of choice, but parasite resistance to this
700 treatment developed quickly as well (Omar, 2001; Mberu, 2000; Khan, 1997). As a
701 result, new candidates for antimalarial chemoprophylaxis and treatment to protect
702 the deployed warfighter are being developed by the US Army with a view to
703 preventing the development of resistance. Cambodia has been particularly hard-hit
704 by drug resistance with many drugs having fallen to resistance over recent years
705 including chloroquine, mefloquine, sulfadoxine-pyramethamine, and now some
706 evidence of artemisinin resistance. AFRIMS has an existing research team on the
707 ground which has been actively conducting malaria resistance research in
708 Cambodia for the past 6 years in partnership with the Cambodian National Center
709 for Parasitology, Entomology and Malaria Control (CNM) and the Royal Cambodian
710 Armed Forces (RCAF). This study aims to monitor and gather information regarding
711 the continued effectiveness of an artemisinin-based antimalarial regimen in areas of
712  known drug resistance in Cambodia as well as assess the effectiveness of
713 primaquine as a transmission blocking therapy.

714
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715 3.2 Malaria in Cambodia

716 3.2.1 Access, availability and cost of medical care in Cambodia

717  Overall, health outcomes have been gradually improving in Cambodia over the past
718 5 years. The infant mortality rate decreased from 95 per 1,000 live births in 2000 to
719 66 per 1,000 live births in 2005, and continues a steady decline. For pregnant
720 women antenatal health checks, with tetanus immunization and iron supplements if
721 indicated, are offered monthly free of charge from 7 months of pregnancy. In
722 Battambang and neighboring provinces the proportion of women delivering at a
723 health care facility is 36%. The government expenditure on healthcare per capita is
724 roughly $4 (Ministry of Health, 2006). Despite significant progress, the health status
725 of the Cambodian people is still among the lowest in the region.

726  Access to medical care has gradually improved for individuals at highest risk for
727 malaria, including those who are living far from the health facility, such as traditional
728 forest inhabitants, temporary forest migrants, and new forest settlers. In general,
729 public health centers provide basic medical care for a small charge. There are small
730 use charges - e.g., $0.12 charge per visit for the out-patient department and a $5
731 charge for in-patient care. Particularly poor patients may be treated free of charge
732 based on means testing. Neither private nor government health insurance is
733 generally available, particularly in rural areas.

734 3.2.2 Malaria Epidemiology

735

736  Malaria typically occurs in seasonal peaks in Cambodia. While malaria transmission
737 is reported to have declined dramatically in Battambang Province (where AFRIMS
738 has conducted field studies in the past), rates of uncomplicated malaria remain high
739 in Oddor Meanchey. From September to December 2009, AFRIMS collected
740 samples from 214 smear-positive malaria cases Oddor Meanchey Province under
741 protocol WR 1576. The species distribution of these infections was 60% P.
742  falciparum, 37% P. vivax, and 4% mixed infections. More than 50% of cases were
743  detected through active surveillance of fever cases by community outreach. Of 531
744  cases of fever evaluated, 24.9% had malaria parasites with 51 P. falciparum cases
745 and 78 P. vivax cases.

746

747 Data from the Anlong Veng health center in Oddor Meanchey Province in 2008
748 indicate two peak seasons: the first in June — August, with a second peak October —
749 December. In 2008, there were 676 cases of uncomplicated malaria reported from
750 this health center alone: 54% P. falciparum, 38% P. vivax, and 8% mixed infection.
751 This suggests a population with mixed immunity levels and subgroups with high
752  rates of subclinical infection, as well as a large number of symptomatic individuals
753  presenting to healthcare facilities. In addition, there were 284 severe malaria cases
754  requiring admission for parenteral therapy, and seven in-hospital deaths were
755 reported, suggesting that interventions to improve access to early diagnosis and
756 treatment of malaria remain priorities for this region. Several factors appear to have
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757  contributed to the relatively higher mortality rates among patients who were referred
758 to government hospitals including delayed presentation, delayed admission referral,
759  cultural beliefs, and difficulty accessing health care facilities in this austere setting.
760 The key to preventing mortality remains early detection, appropriate and effective
761 anti-malarial treatment and referral where necessary.

762

763 Little has been reported in the peer reviewed literature about the burden of severe
764 malaria in Cambodia. Recently AFRIMS conducted a study of severe malaria at
765 Battambang Referral Hospital 2006-2009 (unpublished). A total of 537 cases were
766 discharged from BRH with a diagnosis of severe malaria infection over the 3.5 year
767 period. Overall mortality was 14%. Two hundred thirty three cases (43.4%) were
768 documented P. falciparum infection; 41 (7.6%) were P. vivax; 17 (3.2%) were mixed
769 infection with P. falciparum and P. vivax and 246 (45.8%) were diagnosed as
770 malaria infection but were slide-negative or a slide was not read and/or reported. Of
771 the 246 smear negative clinical diagnoses, 126 (51.2%) were determined by the
772 investigators to be otherwise compatible with a severe malaria diagnosis under
773 national guidelines after reviewing co-morbidities and hospital course. Among the
774  slide-negative patients, 106 (43.1%) were treated with anti-malarial drugs alone, and
775 another 140 (56.9%) were given combined treatment with an anti-malarial drug and
776 an antibiotic due to suspicion of bacterial co-infection.

777

778 3.2.3 Trends in artemisinin resistance in Cambodia

779  AFRIMS recent work in malaria drug resistance began on the Thai side of the border
780 in Trat Province in 2006 when it was found that cure rate with the then standard 2-
781 day artesunate plus mefloquine (A + M) course was only 78.6% (Vijaykadga et al.,
782  2006). In follow-up to this work, AFRIMS designed a study to compare 2- vs. 3-day
783 A+M in Trat, but due to declining transmission of P. falciparum in that area,
784 investigators were able to enroll only 13 subjects. However, there were three
785 treatment failures out of the six volunteers enrolled in the 2-day A + M treatment
786  group (Bethell, unpublished) suggesting that resistance was indeed evolving.

787

788  This work was followed up in 2007 in the nearby border area of Tasahn, Cambodia.
789 Ninety subjects with uncomplicated P. falciparum were enrolled and randomized in
790 2:1 allocation to 7 days of artesunate monotherapy (AS) at 4 mg/kg or 7 days of
791 quinine and tetracycline (Q-T) with 28 day follow-up in a non-transmission area
792 (Noedl, 2008). The adequate clinical and parasitological response (ACPR) was
793  similar for both drugs: 94% for AS vs. 100% for Q-T. Artesunate did demonstrate
794  statistically significant shorter median parasite clearance times (PCTs) (57.6 hours
795 versus 77.5 hours, p=0.004) as well as better tolerability. There were two subjects
796 receiving AS who had recrudescences despite what were considered to be adequate
797  plasma drug levels with ICso approximately four times higher against DHA than those
798 volunteers who were cured. This study was followed up by a more detailed study in
799 2009 at the same site where 134 evaluable subjects with P. falciparum were enrolled
800 to 2, 4 or 6 mg/kg AS monotherapy in 2:1:2 treatment allocation. Despite overall
801 increased mean parasite clearance times compared to the 2007 study, there were
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802 no significant differences in ACPR or treatment failures among the three groups, nor
803 were there clear correlations between clinical outcomes and plasma
804 pharmacokinetic drug levels or in vitro parasite drug resistance profiles (Bethell
805 2011). Of note, the 6 mg/kg dosing arm had to be halted after five of the 25 enrolled
806 subjects developed non-clinically significant neutropenia, an apparent dose-limiting
807 toxicity. Despite great variability in drug resistance metrics, it was concluded that
808 the increase in PCTs over 3 years, combined with elevated ICsos against DHA, was
809 a sign of emerging resistance, and that ongoing surveillance was required.

810

811 As of 2011, there are few if any agents to fill the gap should the current antimalarials
812 in use in Cambodia fall to resistance, and a vaccine is not likely to be available in the
813 clinic for at least several years. Therefore, a combination of rational drug use with
814 ongoing monitoring for resistance patterns must be pursued. This latter point can be
815 achieved by monitoring for any fall in efficacy below 90% using a standard 42 day
816 efficacy protocol as recommended by WHO, and if such a decline is detected, this is
817 generally considered to be indicative of a need to switch to a new agent. Detecting
818 and quantifying drug resistance in its early stages requires a combined in vivo - in
819 vitro strategy. The generally accepted approach is a careful analysis of clinical
820 treatment response parameters combined with in vitro drug sensitivity data. In
821 addition, this study hopes to gather evidence for the potential usefulness of adding a
822 single dose regimen of primaquine to interrupt malaria transmission by eliminating
823 circulating gametocytes. This then is the basis for the current proposal for a 42-day
824 efficacy study to a standard 3-day course of DP or DP/PQ treatment for acute P.
825 falciparum infection in Cambodia.

826

827 3.3 Dihydroartemisinin-piperaquine

828 Dihydroartemisinin-piperaquine (DP) is a combination of a potent, rapid acting
829 artemisinin derivative, combined with a long-acting 4-aminoquinoline (bis-quinoline),
830 similar to chloroquine. Dihydroartemisinin (DHA) is the active metabolite of
831 artesunate and artemether. Piperaquine is highly active against chloroquine-
832 resistant Plasmodium falciparum, and vivax (Hung, 2004) and has a terminal half-life
833  of several weeks (Tarning, 2008). Between 2003 and 2006, clinical trials on the
834 safety and efficacy of DP in against P.falciparum and P. vivax malaria were carried
835 out in several countries: Thailand, Myanmar, Laos and Cambodia, Uganda, Rwanda
836 (Zwang, 2009). In all trials, follow-up was at least 28 days and new infections were
837  distinguished from recrudescences by PCR correction. In this pooled analysis of
838 more than 3,547 uncomplicated malaria patients (1,814 on DP), DP was safe and
839 highly effective. DP administered as treatment was well tolerated with less adverse
840 events in children and adults compared to a 3-day regimen of mefloquine and
841 artesunate with the exception of diarrhea. DP treatment resulted in a rapid
842 clearance of fever and parasitemia with a cumulative PCR-corrected efficacy at Day
843 28 of 98.7% (95% CI 97.6-99.8). DP was superior to the comparator drugs in
844  protecting against both P. falciparum recurrence and recrudescence. There was no
845 difference between DP and Artesunate + Mefloquine for 3 days in treating P. vivax
846  co-infections and in suppressing the first relapse. This suggests that DHA-
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847 piperaquine could serve as a highly effective antimalarial therapy, particularly in
848  settings of drug resistance where combination therapy is desirable (Jansenns, 2007;
849 Zwang, 2009).

850

851 DP has been studied in endemic areas of Cambodia. A randomized open-label non-
852 inferiority study comparing the efficacy of 3 days of DP to 3 days of artesunate and
853 mefloquine (A+M) in 464 Cambodian patients found that PCR-adjusted cure rates on
854 day 63 were nearly identical at 97.5% for both DP and A+M (Janssens, 2007). DP
855 was better tolerated; vomiting, dizziness, palpitations, and sleep disorders were all
856 more commonly reported in the A+M group, consistent with the side-effect profile of
857 mefloquine. In 2010, USAMC-AFRIMS, CNM and RCAF conducted a malaria
858 treatment study (WR 1737) comparing 2 versus 3 days of DHA-piperaquine although
859 administering the same cumulative treatment dose currently recommended by WHO
860 (360mg/2880mg). A total of 80 subjects were enrolled. The study found that there
861 were no differences in DHA-piperaquine efficacy with rates of malaria recurrence at
862 42 days being very similar in both groups: 89% per protocol efficacy for 2 days of DP
863 (95% CI = 76-96%) and 92% for 3 days of DP (95% CI = 80-97%). Only 2 cases
864  (2.5%) recurred within 30 days of treatment.

865

866 A formulation of DP known as Eurartesim® (dihydroartemisinin-piperaquine), has
867 been submitted to the EMEA on 2 July 2009 for regulatory approval by Sigma-tau
868 Italy and MMV. An NDA is also likely to be submitted to the U.S. FDA. DP has been
869 found to be highly effective against P. falciparum malaria in adults and children, has
870 a simple dosing regimen (only 3 administrations over 3 days) compared to
871 artemether lumefantrine (Coartem) — the current global standard ACT. In addition,
872 DP has been shown to offer greater protection against new infections than other
873 ACTs, for at least 2 months after treatment. The regulatory dossier submitted
874 comprises data from large clinical trials that involved over 2,700 patients in Africa
875 and Asia of whom 1,600 were children under 5 (MMV press release, July 2009).
876 The US Army has engaged in preliminary discussion with Sigma-tau regarding a
877 possible development partnership, but no formal agreement exists at this time. While
878 the Eurartesim product has not yet been granted EMEA licensing approval as of
879  writing, several non-GMP forms of this combination product are available from
880 manufacturers in China. Duo-cotecxin and Artekin are brand names for two of the
881 products that are available in Cambodia, and this study will use the former for
882 malaria treatment.

883

884  Confidential data from the Investigator's Brochure of DHA-piperaquine provided to
885 the US Army by Sigma-Tau did reveal that QTc prolongation was seen at treatment
886 doses in two large Phase 3 studies conducted in Asia and Africa although these
887 increases were mild and transient. EKGs on days 0 (pre-dose), 2 and 7 were
888 obtained on roughly 1000 subjects dosed either with DHA-piperaquine or a
889 comparator ACT drug for treatment of uncomplicated malaria. In the Asian study
890 (ST3073+ST3074 DM040010), there was a statistically significant increase in the
891 proportion of patients with borderline and prolonged QTcB and QTcF values in the
892 DP versus the Artesunate + Mefloquine group, but by Day 7, there was no difference
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893 between treatments. In the African Study (ST3073+ST3074 DM040011), there was a
894  highly statistically significant difference on day 2 between treatments in QTcB but
895 not QTcF prolongation, with a higher proportion of patients in the DP group having
896 borderline or prolonged QTcB intervals than in the artemether-lumefantrine group.
897 This had also resolved by Day 7.

898

899 Mytton et al (2007) published the results of two clinical trials evaluating QT
900 prolongation following DHA-piperaquine therapy that found minimal QT prolongation
901 indistinguishable from that attributable to malaria itself during and shortly after
902 dosing over 48 hours. Further, the QT prolongations observed could not be
903 distinguished from previously documented QT interval changes reported for other
904 antimalarials without QT-prolonging properties. In the recently updated guidelines
905 from WHO (2010) on treatment of malaria, DP was added to the list of first-line ACTs
906 based on results from head-to-head drug studies conducted with alternative ACT
907 regimens. Regarding potential cardiac adverse events, the guidelines state “There
908 have been reports of...bradycardia and prolongation of the QT interval, although
909 most studies have not found any electrocardiogrpahic abnormalities.”

910

911 In AFRIMS WR 1737 evaluating 2- vs. 3-day DP dosing, the effect on the cardiac QT
912 interval was studied intensively. EKGs were obtained at screening, pre-dose, daily
913 for 3 days, and then weekly for 4 weeks if prolongations were seen during the dosing
914 period. Mean QTcB increased only 5-6%, or 6-7% by QTcF, over baseline following
915 dosing, and the treatment groups were essentially indistinguishable in terms of
916 adverse events. Only 2 out of 80 volunteers had a prolongation greater than 20%
917 over baseline by QTcB or QTcF, and in both cases, this was observed on a single
918 day during a 6 week follow-up period. Of note, one volunteer had greater than
919 500ms prolongation by QTcB and QTcF on one measurement, but this was transient
920 and resolved within 24 hours. Further, in many cases, prolongation was clearly due
921 at least in part to the confounding effects of fever, malaria and the increased heart
922 rates associated with both. Overall, the drug effect was modest in this population,
923 and similar to what has been seen in the other large phase 3 studies.

924

925 In 2012, AFRIMS conducted a randomized, double-blind clinical study WR 1849,
926 “Malaria Prevention Cambodia”, comparing a 2 day course of DHA-piperaquine to
927 placebo in healthy military volunteers in northern Cambodia. Intensive cardiac
928 safety monitoring of the QTc interval was conducted, with oversight and expert
929 review by an unblinded Data Safety Monitoring Board made up of 2 board certified
930 cardiologists, and chaired by an experience clinical pharmacologist. Prespecified
931 cohort safety rules included individual halts for sustained QTc interval prolongations
932 greater than 500 ms (grade 3 adverse events), and an unblinded review of all
933 volunteer cardiac safety data if/when 4 volunteers were halted. Unexpectedly, 4
934 healthy volunteers met individual halting criteria with transient QTc prolongations at
935 peak expected piperaquine concentrations measured at 4 hours post dose. This
936 occurred in the first or second month of dosing for all those halted. While QTc
937 prolongations resolved in all cases and returned to baseline within 24 hours as
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938 expected based on the pharmacology of piperaquine, the study was halted based on
939 the a priori halting rules with the following recommendations from the DSMB:
940

941 1. Discontinue enrollment in the study now and do not re-challenge previously
942 "Halted" subjects.

943 2. Amend the protocol to intentionally reduce peak systemic exposure to
944 piperaquine by either dosing over 3 days instead of 2 days AND/OR
945 administer medication after a period of fasting.

946 3. Consider further targeted research to evaluate the 4 "Halted" subjects
947 (regarding PK and electrocardiographic PD).

948

949

950 QTc prolongations seen in this low risk population were transient and clinically
951 insignificant. However, it remains possible that the piperaquine may cause a
952 clinically significant effect on the QTc interval following a single treatment course in
953 high risk populations including as those with congenital long-QT syndrome, or
954  acquired long-QT syndrome due to concomitant QT prolonging drug administration.
955 Therefore, cardiac EKG monitoring will be performed in the present study,
956 incorporating the lessons learned and essential safety monitoring features of WR
957 1737 and WR 1849. Because malaria can itself prolong the QTc interval due to
958 fever and tachycardia, exclusion and follow-up criteria from WR 1737 (also a DHA-
959 piperaquine treatment study) will be used.

960

961 This approach is in line with recent recommendations for the DHA-piperaquine
962 product manufactured by Sigma-tau pharmaceuticals (Eurartesim). The packaging
963 and labeling information of Eurartesim was recently made publicly available (see
964 Appendix E). In addition to fasting where possible prior to administering the drug,
965 the following recommendations were made:

966

967 “When clinically appropriate, consideration should be given to obtaining an ECG
968 from all patients before the last of the three daily doses is taken and approximately
969 4-6 hours after the last dose, since the risk of QTc interval prolongation may be
970 greatest during this period (see section 5.2). QTc intervals of more than 500 ms are
971 associated with a pronounced risk for potentially life-threatening ventricular
972 tachyarrhythmias. Therefore, ECG monitoring during the following 24-48 hours
973 should be applied for patients found to have a prolongation to this extent. These
974  patients should not receive another dose of Eurartesim and alternative antimalarial
975 therapy should be instituted.” (Appendix E, page 5)

976

977  The current protocol is thus designed to include these assessments and safety

978 monitoring procedures as recommended.

979 3.4 Primaquine

980 The rapid identification and treatment of malaria patients with drugs such as DHA-
981 piperaquine that effectively clear blood stage infection will be crucial in future malaria
982 elimination/eradication efforts. The 8-aminoquinolone compound primaquine has
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983 limited use as a blood schizonticide but, importantly, it has unique effects on stages
984 of the malaria parasite not demonstrated by other available licensed antimalarials.
985 Primaquine has an effect on non-dormant liver stages (merozoites) of both P.
986 falciparum and P. vivax, and thus is the only effective agent with causal (liver stage)
987  activity. This activity in the liver extends to clearance of hypnozoites of P. vivax and
988 P. ovale. Additionally, primaquine also has effects on the gametocyte stage as well.
989 This is particularly pertinent for the success of control programs in which the
990 elimination of circulating gametocytes in asymptomatic or recently treated persons
991  will prevent the transmission and spread of malaria in the community. The current
992 WHO guidelines for treatment of malaria infection include a recommendation for a
993 single dose of primaquine at conclusion of treatment for clinical infection with P.
994 falciparum (WHO Guidelines for the treatment of malaria, 2" ed. 2010). This
995 recommendation is pertinent at this time only for low transmission areas where
996 gametocyte carriers are responsible for maintenance of transmission of the disease.
997 The treatment dose recommended is 0.75 mg/kg to be given orally with a maximum
998 dose of 45 mg.
999
1000 Although this recommendation exists, transmission blocking strategies have not
1001 been widely or comprehensively pursued to date, and clinical evidence for
1002 effectiveness is limited. A significant purpose of this study is to develop good clinical
1003 evidence for this strategy, and determine its appropriateness. While a single
1004 primaquine dose is recommended, gametocytes have been observed to circulate for
1005 up to several weeks following resolution of an asexual blood stage infection.
1006  Further, the biology of asymptomatic sexual stage malaria is not as well understood
1007 as that of the asexual stage.
1008
1009 Appearance of Plasmodium sexual stages, i.e., male and female gametocytes, in the
1010 peripheral blood that are transmissible to female Anopheles mosquitoes is estimated
1011 to occur 7-14 days after emergence and replication of asexual stages in the
1012 bloodstream (Bousema, 2011). The triggers for development of an asexual blood
1013 stage merozoite into the sexual stages are unknown. Upon invasion of a red blood
1014 cell, a merozoite committed to differentiation into a gametocyte must progress
1015 through five stages (I-V) of maturation. The initial immature stages of gametocytes
1016 (Stages I-1V) are absent from the peripheral circulation and are thought to be
1017 sequestered in small blood vessels and perhaps in the bone marrow and spleen.
1018 Mature gametocytes (Stage V) are then released into the peripheral circulation,
1019 although it takes 2-3 days to become infectious for feeding mosquitoes. The
1020 sequestration period can be as long as 12 days, followed by an indeterminate period
1021 of circulation in the blood stream. Thus gametocytes could appear weeks after
1022 successful treatment of a clinical episode, leaving recently treated patients to serve
1023 as areservoir for transmission of malaria in their communities.
1024
1025 To complicate the matter of sequestration, mature gametocytes comprise <5% of
1026 circulating parasites and thus can be difficult to detect by light microscopy; however,
1027 despite circulating at such low densities, mosquitoes are able to take up
1028 gametocytes efficiently, resulting in transmission of infection (Coleman 2004,
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1029 Schneider 2007). Molecular techniques such as PCR can aid in detecting low level
1030 gametocytemia (Bousema 2006, Shekalaghe 2007) and a recent meta-analysis
1031 estimated that gametocytemia is detected on average 50% less by light microscopy
1032 compared to PCR methods (Okell 2009).

1033

1034 Unfortunately, antimalarial drugs used to treat a clinical infection may not also
1035 eliminate gametocytes from the bloodstream (Bousema, 2011). Drugs such as
1036 quinine, chloroquine and sulfadoxine-pyremethamine have limited effects on
1037 gametocytes and some studies have reported these drugs can increase the number
1038 of gametocytes in the peripheral blood, although this may be due to immature
1039 gametocytes being flushed from sequestration (Targett, 2001, Robert 2000, Dunyo
1040 2006). Artemisinins rapidly clear asexual parasites in the bloodstream and are
1041 thought to affect numbers of immature gametocytes as well (Pukrittayakamee, 2004,
1042  Chotivanich 2006). Thus, this class of drugs can affect gametocytemia both directly
1043 by clearing immature gametocytes, as well as indirectly by killing circulating
1044  trophozoites and schizonts so the numbers available to later differentiate into
1045 gametocytes is effectively decreased. Primaquine, which is only minimally effective
1046 against the asexual blood stages of P. falciparum, is the only licensed antimalarial
1047 demonstrated to be effective in killing mature gametocytes.

1048

1049 A study done in Tanzanian children with P. falciparum infection illustrates the benefit
1050 of the WHO policy of a single dose of primaquine (Shekalaghe, 2007). Children
1051 aged 3-15 years were randomized to SP and AS (single dose SP with three days of
1052 artesunate) plus a onetime dose of primaquine (0.75 mg/kg) or placebo at the
1053 conclusion of treatment for malaria infection. The prevalence of volunteers with
1054 gametocytes detectable by microscopy at baseline ranged from 19-25%, but when
1055 evaluated by PCR, the prevalence was much higher at 88-91%. On day 14 post-
1056 treatment there was a large difference in prevalence of volunteers with PCR-
1057 detected gametocytemia: 4% in SP+AS+PQ group and 63% in SP+AS+placebo
1058 group. In addition, both the density of gametocytes and duration of carriage were
1059 statistically significantly lower in the group treated with PQ. Such results were
1060 replicated in a study done by Smithuis et al (2010) in Myanmar. In this study five
1061 groups of approximately 160 volunteers each all with uncomplicated P. falciparum
1062 malaria received various ACT treatments. In each group, half the volunteers
1063 received a onetime dose of primaquine of 0.75mg/kg. All volunteers receiving
1064 primaquine has approximately a 12-fold reduction in gametocyte carriage by light
1065 microscopy (rate ratio 11.9, 95% CI 7.4-20.5, p<0.0001). In Sudan however, there
1066 was no benefit in adding a onetime dose of primaquine to SP +AS therapy in
1067 asymptomatic adults with submicroscopic P. falciparum parasitemia (El-Sayed,
1068 2007) In this study baseline gametocyte prevalence by RT-PCR was only 12%. The
1069 evidence, taken as a whole, suggests that artemisinin treatment lowers
1070 gametocytemia, with a onetime primaquine dose appearing to further this effect in
1071 most studies. However, this evidence does not confirm a reduction in
1072 transmissibility since the transmissibility of gametocytes cannot be determined by
1073 light microscopy alone. None of these studies included confirmatory evidence of
1074  patient to vector transmission.
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1075 Besides the beneficial effects of primaquine on gametocyte carriage, another study
1076 done in South Africa examined the relationship between drug resistance and
1077 gametocyte carriage (Barnes, 2008). Over a 5 year period, in an area of low
1078 transmission where SP was used as first line therapy, as the amount of resistance to
1079 SP increased (as manifested by genetic mutations in dhfr and dhsp genes), so did
1080 the density and duration of peripheral gametocytemia. The geometric mean density
1081 for parasites with genetic mutations conferring resistance to SP was 1212
1082 gametocytes/mcL/week while for parasites without these mutations, the geomean
1083 was 60.8 gametocytes/mcL/week (p=0.014). The duration of gametocytemia in the
1084 two groups was 45.4 weeks versus 7 weeks respectively (p=0.016). Despite the
1085 increasing number of genetic mutations conferring resistance to SP over time, the
1086 drug remained effective in treating acute infections, suggesting the mechanism of
1087 increased gametocytemia was not due to increased numbers of asexual parasites
1088 circulating due to primary drug failure. Although SP is not used for treatment of
1089 malaria in Cambodia, the lessons learned from this study regarding the relationship
1090 between drug resistance and increased density and duration of gametocyte carriage
1091 are important to note. This study will monitor for the development of resistance to DP
1092 over a three-year period; if evidence for resistance is seen, there may be a resulting
1093 effect on gametocytemia (increase in density or polyclonality for example),
1094 underscoring the need for an effective transmission blocking medication such as
1095 primaquine to reduce gametocytemia to be incorporated as part of the overall control
1096  strategy.

1097

1098 3.4.1 Primaquine in G6PD deficiency

1099  Glucose-6-phosphate dehydrogenase is an enzyme which is crucial in controlling
1100 cellular oxidative stress, and patients who are deficient in this enzyme can undergo
1101 hemolysis when given primaquine. There are gradations in the degree of G6PD
1102 deficiency, thus volunteers have different tolerances for primaquine. Testing at
1103 enrollment in this study will identify any volunteers who are G6PD deficient. Under
1104 an AFRIMS malaria drug resistance surveillance protocol (WR 1576), nearly 10.5%
1105 of all malaria patients were G6PD deficient by fluorescence testing. However, it is
1106 unclear whether the rates in malaria patients reflect that in the general population.
1107 Because of the potential for hemolytic anemia induced by primaquine in G6PD-
1108 deficient patients, current national guidelines in Cambodia provide for the use of
1109 primaquine only where laboratory screening tests for G6PD are available (see
1110 Appendix A). However, in most locations in Cambodia, G6PD testing is not
1111 available, resulting in the de facto absence of primaquine use.

1112 There have been limited studies of G6PD deficiency in Cambodia, including
1113 unpublished data collected over the past 3 years by AFRIMS which revealed a
1114  prevalence of approximately 10-15% in the populations to be studied. This number
1115 has remained relatively constant. Previous reports reveal the common genotypic
1116 variants encountered in Cambodia to be Viangchan, Mahidol, Union and Coimbra.
1117 These are mild to moderate variants (WHO Class Il and lll) although phenotypic
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1118 variation among genotypic variants can be significant and has not been well studied.
1119 In one previous study in Cambodian males, 15 mg of primaquine for 14 days
1120 resulted in a mean 21% drop in hematocrits (Everett et al., 1977). A single dose of
1121 45 mg is unlikely to lead to clinically significant hemolysis, even in G6PD deficient
1122 individuals, although evidence is limited.

1123 Safe doses of primaquine in G6PD deficient volunteers have been determined and
1124  are generally accepted. Primaquine for radical cure of the hypnozoite stages of P.
1125 vivax or P. ovale requires 14 days of therapy. A recent review by Myint et al.
1126  (unpublished) from 1948-2009 found 33 clinical studies using primaquine which
1127 included more than 500 G6PD-deficient patients. There were roughly 300 patients
1128 who presented primaquine-induced hemolysis in 20 studies, with a reduction in
1129 hematocrit ranging from 4% - 23%, all of whom were G6PD deficient. This included
1130 40 patients in 7 studies who were reported to have their primaquine stopped
1131 because of clinical concerns, and only 25 cases from 5 studies who required blood
1132 transfusion. Changing from a daily dose for 14 days to a weekly dose of 45 mg of
1133 primaquine for eight weeks did not cause significant hemolysis in G6PD deficient
1134  African-Americans (Alving et al., 1960). This 8 week treatment dose of 45 mg per
1135 week is still considered safe in G6PD deficient patients, and recommended by US
1136 CDC.

1137

1138 A study in Myanmar (n=22), found that primaquine 45 mg single dose to treat P.
1139 falciparum gametocytes and 45 mg weekly x 8 weeks for radical cure of P.vivax
1140 malaria was safe and effective in G6PD-deficient volunteers (Kyaw et al., 1994).
1141  Additional studies on the use of primaquine in malaria-infected patients with G6PD
1142 deficiency in Thailand and Japan showed that the drug was safe and effective
1143  without evidence of hemolytic anemia (Charoenlarp et al., 1972). Despite this, other
1144  studies have reported that serious hemolytic reactions can occur with small doses
1145 and also with even single doses of primaquine 45 mg (Ziai et al., 1967; Reeve et al.,
1146  1992). In WR 1737, there were 72 P. vivax patients from the study who were treated
1147 with PQ at discharge, including 13 G6PD deficiency cases (18%) who received
1148 45mg single dose/week for 8 weeks. Only 2 of 13 had a hematocrit drop > 10%
1149 (less than 15%), and both were transient and resolved within 1-2 weeks. Overall PQ
1150 was well tolerated, and there were few reported side effects associated with PQ,
1151 most commonly muscle pain and abdominal discomfort.

1152

1153 In this study, all volunteers will be tested for G6PD deficiency although
1154 randomization to single dose of primaquine will not be based on G6PD status. All
1155 volunteers will have a CBC done the day before and the day after primaquine
1156 treatment to assess for any hemolysis. The hematocrit will be rechecked on days 7
1157 and 14 for those volunteers who are found to be G6PD deficient to ensure that no
1158 significant hemolysis occurs. Although it would be easy to advocate for exclusion of
1159 G6PD-deficient volunteers, the principle of ‘justice’ suggest that G6PD deficient
1160 volunteers should be included - they are at equal risk for malaria and would benefit
1161  from the research.
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1162 3.5 Mosquito infection by membrane feeding

1163

1164 Assessment of the efficacy of DP and DP/PQ on peripheral gametocytemia and
1165 potential transmissibility of infection will be done by multiple methods. First, the
1166 prevalence of gametocytemia at baseline and before and after treatment will be
1167 determined by light microscopy as well as PCR. As outlined above, both DP and PQ
1168 are thought to have gametocidal action although affecting different stages of the
1169 gametocyte life cycle; therefore the use of DP alone as well as DP/PQ will be
1170 important to evaluate the potential effect of a onetime dose of PQ on transmission of
1171  infection.

1172

1173 In addition to the prevalence of gametocytemia, it will be beneficial to assess
1174 whether DP or DP/PQ affects the actual transmission of gametocytes to female
1175 Anopheles mosquitoes, indicating risk reduction for ongoing malaria transmission in
1176 the community. This is particularly pertinent since gametocyte densities are often
1177  submicroscopic yet capable to transmitting infection. The Department of Entomology
1178 at AFRIMS has developed an Anopheles mosquito membrane feeding assay used in
1179 several previous studies. This assay is mainly used to produce infectious
1180 sporozoites to be used for various laboratory assays at AFRIMS, although most
1181 recently this assay has been successfully used to conduct P. vivax human malaria
1182 challenges at WRAIR using mosquitoes transported from Thailand to the United
1183  States.

1184

1185 In human challenge studies conducted under WRAIR #1308 (Principal Investigator:
1186 Dr. Ratawan Ubalee), P. vivax infected volunteers are recruited and enrolled at the
1187 Thai Ministry of Public Health (MOPH) Malaria Clinics in Mae Sod, Thailand.
1188 Samples of P. vivax infected blood are collected and fed via membrane feeding
1189 apparatus to colony-reared Anopheles dirus mosquitoes from the AFRIMS
1190 Entomology Lab. Membrane feeding has been determined to be highly efficient with
1191 over 80% mosquito infection rates typically observed (Prachumshri, unpublished).
1192  After screening donor blood for potential co-infections (including HIV, HBV, HCV,
1193  Syphilis, JE virus, CK virus, and mircofilariae), infected mosquitoes are transported
1194 by commercial airliner to the US with the remainder of sporozoite development
1195 occurring at the WRAIR Division of Entomology insectary. Approximately 16-24
1196 days after feeds, salivary gland sporozoite development is complete, and the
1197 mosquitoes are used to feed on human volunteers. These studies are FDA-
1198 regulated and conducted under IND and have been indispensable in evaluation of P.
1199 vivax vaccine candidates.

1200

1201 This same concept of infecting mosquitoes with a membrane feeding assay will be
1202 used in this study; although with a goal of determining if an antimalarial regimen (DP
1203 or DP/PQ) is effective in killing all stages of gametocytes and preventing malaria
1204 transmission to Anopheles mosquitoes, and thus the population at large. Mosquitoes
1205 will feed via membrane feeding apparatus on blood drawn from volunteers, and then
1206 the fed mosquitoes selected and incubated in appropriate environmental conditions
1207 according to Entomology SOPs at the insectary located at Anlong Veng MTF. At
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1208 nine days post-feed, half of the mosquitoes will be dissected by a trained technician
1209 and any midgut oocysts, which indicates transmissible gametocytes were indeed
1210 present in the blood, enumerated. For the remaining half of the mosquitoes, half will
1211 be dissected and oocysts/midguts preserved for future molecular analysis and half
1212 will remain in the incubators for another approximately seven days (16 days post
1213 feeding), or the length of time it takes to develop salivary gland sporozoites. At this
1214  stage, these mosquitoes will then be preserved for molecular analysis.

1215

1216  While the membrane feeding assays is well developed and a reliable assay for
1217 producing Plasmodium-infected mosquitoes with infectious salivary gland
1218 sporozoites, the use of this membrane feeding assay to look for midgut oocysts and
1219 sporozoite development in patients with clinical malaria infection is exploratory. An
1220 important secondary objective of this protocol is to attempt to standardize this assay
1221 for efficient application in the field (i.e., it would not be used a supportive data in a
1222 501K application to the FDA). A well-validated membrane feeding assay will be an
1223 important tool for developing and ensuring the feasibility of malaria elimination.
1224  AFRIMS in partnership with CNM is well positioned to develop a definitive and easily
1225 applicable assay in the field.

1226

1227  This effort represents an opportunity for technology transfer and capacity building in
1228 the development and implementation of the membrane feeding assay. Identified
1229 personnel from the community, RCAF and/or CNM will train at AFRIMS prior to
1230 commencement of this study in maintenance of colony-reared Anopheles
1231 mosquitoes, midgut dissection, oocyst enumeration and preservation, and
1232 sporozoites for molecular analysis and membrane feeding techniques. Female
1233  Anopheles mosquitoes will be raised at AFRIMS labs in Bangkok will be transported
1234  to study sites weekly for use. AFRIMS will support CNM and local entomologists to
1235 maintain the appropriate standard operating procedures necessary to conduct the
1236 assay in a reproducible fashion. Mosquitoes will be stored in secure containment

1237 facilities during transport and while on site.
1238 4 STUDY OBJECTIVES
1239

1240 4.1 Primary Objectives

1241

1242 1. To monitor therapeutic efficacy (based on rates of recurrence at 42 days) and
1243 search for evidence of drug resistance of a fixed-dose 3 day regimen of DHA-
1244 piperaquine (DP), with and without a dose of primaquine, in volunteers with
1245 uncomplicated P. falciparum infection in Cambodia over a 3-year observation
1246 period.

1247

1248 2. To establish the transmission blocking (sexual stage) efficacy of the
1249 prescribed drug regimen with or without a single oral 45 mg dose of
1250 primaquine.
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1251

1252 4.2 Secondary Objectives:

1253

1254 1. To document the safety and tolerability of DHA-piperaquine, including the
1255 effect on the electrocardiogram (EKG), particularly the QTc interval, in
1256 patients taking 3 day treatment courses of DHA-piperaquine.

1257

1258 2. Assess the degree of antimalarial drug resistance in the parasite populations
1259 in Cambodia by correlating 42 day rates of malaria recurrence clinical and
1260 pharmacodynamic outcomes (parasite clearance) with pharmacokinetic drug
1261 levels, in vitro drug susceptibility testing, genomic studies and molecular
1262 markers of drug resistance.

1263

1264

1265 3. To quantify the reduction in sexual stage parasites (gametocytes) of the two
1266 treatment regimens assessed by 3 methods on volunteers” samples — light
1267 microscopy, PCR and a mosquito membrane-feeding assay.

1268

1269 4. Assess the relative contributions of clinical history, baseline immunity levels
1270 and parasitologic parameters associated with prior infection on clinical
1271 outcome and parasitological responses in vivo.

1272

1273 5. To build host nation capacity, with emphasis on training laboratory, clinical
1274 and entomological scientists to conduct antimalarial therapeutic efficacy and
1275 drug resistance studies.

1276

1277 6. To cryopreserve parasite isolates to standardize antimalarial resistance
1278 surveillance monitoring methods in vitro.

1279

1280 7. To provide up-to-date antimalarial efficacy data to the Cambodian
1281 government, including CNM and Ministry of National Defense, to help
1282 determine the appropriate regimens of DHA-piperaquine and primaquine for
1283 the treatment of uncomplicated malaria.

1284

1285 8. To harmonize clinical and laboratory approaches to characterizing
1286 antimalarial drug resistance between DoD-GEIS overseas labs including,
1287 AFRIMS, USAMRU-K, and others.

1288

1289 9. To characterize falciparum population genetic structure and study the
1290 transmissibility of genetic variants to mosquitoes by membrane feeding.

1291
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1292 5 STUDY DESIGN
1293

1294 5.1 Overview

1295

1296 This is an active open label Treatment Study evaluating the efficacy, safety,
1297 tolerability and pharmacokinetics of a standard three day course of
1298 Dihydroartemisinin-Piperaquine (DP) in uncomplicated P. falciparum malaria.
1299 This study will continue over an estimated 3-year period to observe and
1300 document any changes in resistance patterns to this first-line ACT treatment
1301 regimen. Cardiac safety monitoring will be conducted with focus on peak QTc
1302 values on day 3 during convalescence to avoid the confounding effects of fever
1303 and tachycardia.

1304

1305 On day 3 of DP therapy, volunteers will be randomized to receive a one-time
1306 dose of 45 mg of primaquine or no treatment. For volunteers receiving PQ, the
1307 onetime dose will be administered on the same day, at least 2 hours after
1308 ingestion of DP. Investigators will be able to detect any difference in therapeutic
1309 efficacy of DP versus DP-PQ as well any effects of primaquine on persistence of
1310 gametocytemia and, using membrane feeding assays, on the transmissibility of
1311  P. falciparum infection.

1312

1313  Follow-up for all volunteers will occur over approximately 42 days with weekly
1314  peripheral blood smears with PCR correction to detect any malaria infection
1315 occurring during this time period. Malaria smears will be performed if malaria
1316 symptoms are experienced outside the scheduled visits. If the volunteer develops
1317 a malaria recurrence, blood will be drawn for resistance markers and piperaquine
1318 levels, and the volunteer treated with an alternative regimen based on national
1319 policy guidelines for either P. falciparum or P. vivax.

1320

1321 5.2 Endpoints

1322

1323 The main objectives of this study are as stated in Section 4: to measure the 42-
1324 day clinical efficacy of the antimalarial drug regimen of DHA-piperaquine, with
1325 and without a 45 mg dose of primaquine, over a 3 year period in selected areas
1326 of Cambodia where malaria transmission is actively occurring. Secondly, the
1327 study will aim to detect any beneficial effects of a onetime dose of primaquine
1328 after completion of therapy for blood stage infection on gametocytemia that may
1329 persist after DP treatment. To achieve these objectives, the following endpoints
1330 will be executed.

1331

1332

1333
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1334 Primary Endpoints:

1335

1336 1. Efficacy rates at 42 days (with 95% confidence intervals) for DP with and
1337 without single dose primaquine for uncomplicated P. falciparum diagnosed
1338 by positive PCR-corrected malaria microscopy.

1339

1340 2. Comparative rates of sexual stage infections at days 1, 4, 7 and 14
1341 between patients dosed with and without primaquine based on a
1342 combined endpoint of light microscopy, PCR analysis for detection of
1343 gamteocytes and mosquito membrane feeding assay.

1344

1345

1346 Secondary Endpoints

1347

1348 1. Efficacy rate at 28 days (with 95% confidence intervals) for DHA-
1349 piperaquine for uncomplicated P. falciparum diagnosed by positive PCR-
1350 corrected malaria microscopy.

1351

1352 2. 28- and 42-day comparative asexual and sexual efficacy rates of DHA-
1353 piperaquine with and without single dose primaquine for uncomplicated P.
1354 falciparum

1355 3. Kaplan-Meier survival analysis of asexual and sexual blood stage efficacy
1356 at days 7 and 14, and analysis of asexual stage only at days 21, 28, 35
1357 and 42.

1358 4. Comparative reduction in mosquito oocyst prevalence at days 4, 7 and 14
1359 post-treatment for DP and DP-PQ.

1360 5. Comparative rates, duration and intensity of treatment-related adverse
1361 drug events, and total adverse events in each treatment group, including
1362 rates of QTcF interval prolongation on EKG during the convalescent phase
1363 of disease.

1364 6. Pharmacokinetic drug levels of piperaquine at select time points (including
1365 day of failure if a recrudescence), and primaquine on the day following
1366 treatment.

1367 7. Drug resistance against locally available antimalarial drugs based on
1368 patterns of in vitro parasite growth inhibition (ICsp).

1369 8. Estimate of apparent rates of preexisting immunity to malaria based on
1370 medical history, days of fever prior to presentation, antibody levels, and
1371 presenting parasitological parameters (eg. gametocytemia, low asexual
1372 stage parasitemias) and the relative contribution of these parameters to
1373 clinical and parasitological outcomes.
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1374 9. Incidence of qualitative and quantitative G6PD deficiency in the study
1375 population

1376 10. Rates of relapse with P. vivax malaria during the study.

1377 11.Using genomic tools, evaluate the complexity of infection and genetic
1378 diversity of malaria parasites in the major life cycle stages- asexual,
1379 gametocytes, oocysts and sporozoites.

1380 5.3 Sample Size

1381

1382 The primary end-point for sample size purposes will be 42 day efficacy of DP for
1383 uncomplicated P. falciparum. Estimates of treatment cure rates and 95% ClIs
1384  (exact) will be reported on at least an annual basis until the surveillance activity
1385 ceases or changes substantially (eg, a new first-line ACT is introduced, or there
1386 is no longer an interest by Cambodian authorities in monitoring DHA-piperaquine
1387 efficacy). The intended sample size will be 150 evaluable subjects. Using a
1388 point estimate for 42 day efficacy of 94%, the 95% confidence interval for the
1389 estimate of true efficacy will be approximately 89-97% (n = 150).

1390

1391 Volunteers developing malaria will randomized to either 45mg single dose
1392 primaquine or no primaquine treatment on day 3 of DP treatment and the effects
1393 of PQ on the sexual stage gametocytes will be explored. There are no statistical
1394 assumptions or power calculations for this analysis as it remains exploratory —
1395 little data is available on which to develop assumptions.  The purpose of this
1396 effort is to gather preliminary data on gametocyte carriage rates, and gather
1397 quantitative evidence on the effects of single dose primaquine on the sexual
1398 parasite stage.

1399

1400 5.4 Duration of Volunteer Participation

1401

1402  Volunteers who enroll in the study will be treated and followed for a minimum of
1403 42 days with discharge from the study at that time if demonstrated cure of
1404 malaria infection. In prior published studies using DP in Southeast Asia, efficacy
1405 is estimated to be 98% for a 3-day regimen (Krudsood, 2007).The exact length of
1406  follow-up of the cohort will be determined by the number of volunteers developing
1407  recurrent malaria during the 42- day follow-up period. Volunteers that have a
1408 malaria recurrence during the 42 day treatment follow-up period will be re-treated
1409 for blood stage malaria under national guidelines and continue follow-up for the
1410 remainder of the 42-day period. If blood stage malaria recurs in week 5 or 6 of
1411 the study, volunteers may have follow-up extended until they have clinical
1412 resolution of symptoms and two negative blood smears at least one week apart.
1413
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1414 5.5 Study Group Descriptions

1415

1416 Patients assessed as having uncomplicated malaria will be enrolled in open label
1417 fashion to a 3-day treatment course of DHA-piperaquine (DP) by directly
1418 observed therapy (DOT) at the MTF. All patients will receive a total of 9 tablets
1419 containing 40mg DHA and 320mg of piperaquine in divided doses at 0, 24 and
1420 48 hours (3 tablets once per day) for the 3 day course. Medication compliance
1421 for malaria treatment will be assured by directly observed therapy by study
1422 personnel during dosing. At completion of DP treatment volunteers will be
1423 randomized in an open label fashion to receive a single 45 mg dose of
1424  primaquine or no therapy, and this will also be administered under directly
1425 observed therapy at the MTF. All volunteers will then be followed approximately
1426 42 days to evaluate study objectives and endpoints.

1427

1428 5.6 Population to be Studied

1429

1430 The study population will include adult (age 18 - 65 years) civilian and military
1431 volunteers living in areas determined to have high incidence rates of malaria
1432 based on current estimates by AFRIMS, CNM and the RCAF health services.
1433 Active duty military personnel will be required to obtain permission from their
1434 Commanders prior to enrolling. Pregnant volunteers will be excluded from
1435 participation in the study, due to risk of teratogenicity from artemisinin
1436  derivatives. Children and adolescents will not be enrolled in this study.

1437

1438 5.7 Study Sites and Selection of the Study Population

1439 5.7.1 Population Characteristics

1440 General characteristics of the intended study populations in Cambodia are listed
1441 below. See Background Section 3.2 for full details.
1442

1443 e Ethnic composition: Khmer 98-99% and Vietnamese 1-2 %

1444 e Typical living condition: relatively poor, majority farmers (corn, bean or peanut
1445 plantations) and loggers.

1446 e There are two different population groups living in the area:

1447 0 Long term residents, living in the area for more than 5 years, most of

1448 whom own the land they are working on.

1449 o New residents who remain a minority but make up a fast-growing segment
1450 of the population in many border areas. The majority have moved to

1451 border areas in the past few years, coming from other Eastern provinces
1452 in Cambodia, (such as Kampong Cham, Takeo, and Kandal Province).
1453 New residents mostly make a living in forestry, hunting or as laborers, and
1454 in these trades are thought to be the group most affected by malaria. They
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1455 also have more limited access the health care system and develop severe
1456 malaria more frequently than long term residents.

1457 e The average annual income for an individual in Cambodia is approximately
1458 2,100 USD (CIA, 2010).

1459 e Level of education: Mostly primary and secondary school only, but according
1460 to official statistics most of the population over 18 years is literate (95%).

1461

1462 5.8 Description of Test Article

1463

1464  The test article during the Treatment Study will be the commercially available
1465 product Duo-Cotecxin, manufactured by Zhejiang Holley Nanhu Pharmaceutical
1466 Co., Ltd (see Appendix B for Package insert). This is the current first-line ACT
1467 recommended for in WHO containment Zone 1 in Cambodia (along the western
1468  border with Thailand). The test article will be procured through the CNM, who
1469 will use the current government-approved manufacturer. The IRBs will be
1470 provided with a package insert, should CNM switch procurement policy to import
1471 DHA-piperaquine from an alternative manufacturer. This is a combination tablet
1472  containing 40 mg of dihydroartemisinin and 320mg of piperaquine phosphate in
1473 each tablet. Certificates of analysis from the manufacturer will be provided to the
1474  IRBs, along with independent analysis reports from AFRIMS Pharmacology lab
1475  for DHA-piperaquine prior to study start.

1476

1477  Primaquine phosphate will be obtained from The Government Pharmaceutical
1478 Organization (GPO), Bangkok, Thailand. Medication will be supplied in 15 mg
1479 tablets to ensure the correct dose is administered (see Appendix C for Package
1480 insert).

1481

1482 5.8.1 Packaging and Labeling of the Test Articles

1483

1484 The test articles will be used in the original commercial packaging, but
1485 administered by study personnel as described in section 6.7.

1486

1487 5.8.2 Storage of Test Articles

1488

1489 The test articles will be stored in a cool, dry place below 30° C in a light-proof
1490 container. The test articles will remain under secure custody of the study team at
1491  all times.

1492

1493
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1494 5.9 Monitoring of Clinical Subject Safety

1495

1496 See Section 6.9 for full details regarding clinical assessments of Volunteer
1497 safety. Briefly, volunteers will be monitored during all phases of the study for
1498 adverse events. The most important component of monitoring will include the
1499 active malaria case detection and treatment which is the focus of the study.
1500 Treatment related adverse events are relatively rare at therapeutic doses with DP
1501 but include disturbances in cardiac potassium channel conductance which can
1502 prolong the QT interval on the EKG although to date there is not good evidence
1503 of clinically significant QT prolongation at therapeutic doses to be used in this
1504 study (see Section 3.3). EKGs will be monitored for QTc interval prolongation
1505 with focus on the period of peak drug concentration (day 3 post-dose), while the
1506 patient is in the convalescent phase of illness to avoid confounding by fever and
1507 tachycardia. Oversight and expert review of EKGs will be provided by a Cardiac
1508 Data Safety Monitoring Board (see Sections 6.15 and Appendix F). Neurological
1509 toxicity is rare at therapeutic dihydroartemisinin doses but has been reported and
1510 will be monitored as part of routine clinical assessments which include a directed
1511 physical exam to further investigate neurological complaints as appropriate.

1512

1513 Primaquine in G6PD deficient patients can potentially cause hemolysis although
1514 most often seen in prolonged 14-day therapy for radical cure. A one-time dose of
1515 45 mg will be given in this study with a CBC performed in all volunteers on the
1516 day prior and day post-therapy, as well as on Day 7 and 14 for G6PD deficient
1517 volunteers as outlined in Table 1. Although there is little or no risk in G6PD-
1518 normal patients, primaquine has the potential to induce hemolytic anemia in
1519 G6PD-deficient patients. G6PD-deficient subjects with anemia at enrollment will
1520 be carefully evaluated by the investigator and excluded if there is evidence of
1521 clinically significant anemia. A CBC will be obtained at enrollment with repeat
1522 CBC on day 3 following the primaquine dose. Additional CBC monitoring will be
1523 performed if the hematocrit drops more than 10% on the day following the
1524  primaquine dose compared to the previous day, with CBCs repeated on days 7
1525 and 14 after enrollment.

1526

1527  Subjects with signs of severe malaria at presentation may require treatment for
1528 severe malaria with parenteral therapy according to the Cambodian national
1529 guidelines (Appendix A). Severe malaria by WHO criteria is defined as coma or
1530 seizures, pulmonary edema, shock, renal failure, jaundice, severe anemia,
1531 spontaneous bleeding, hyperparasitemia (>5% RBCs infected), or prostration.
1532 While uncomplicated malaria often presents with mild hepatic and/or renal
1533 insufficiency, the criteria defining severe malaria with regard to renal and hepatic
1534 insufficiency are based on clinical evidence of organ dysfunction (oliguria and/or
1535 jaundice). Therefore, subjects with mild subclinical renal and/or hepatic
1536 insufficiency as evidenced by clinical lab value abnormalities alone do not require
1537 parenteral therapy under the national treatment guidelines. To date there is no
1538 evidence in the literature that the pharmacokinetics of either drug is altered
1539 substantially in subclinical hepatic or renal insufficiency, and this study may in
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1540 fact add evidence in this regard with careful measurement of both
1541 pharmacokinetics and renal and hepatic laboratory monitoring as outlined in the

1542  protocol.
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1543 6 METHODS

1544 6.1 Recruitment of Study Volunteers

1545

1546  Potential volunteers will be identified by the study team and/or local medical
1547 providers when they present with uncomplicated P. falciparum or P.
1548 falciparum/vivax malaria. Volunteers who present with danger signs indicating
1549 severe or complicated malaria infection will not be enrolled, but will be treated
1550 under current national guidelines for treatment of severe malaria. If the potential
1551 volunteer agrees to consider enrolling, the local staff will contact the study team
1552 immediately for enrollment. The study team will be based at two medical
1553 treatment facilities (MTF) in Battambang Referral Hospital, Battambang Province,
1554  and Along Veng Referral Hospital, Anlong Veng District.

1555

1556 A one-page information sheet in Khmer will be provided to local health care
1557 providers in the areas. This information will be verbally presented to potential
1558 volunteers and any questions answered. If the volunteer wishes to participate in
1559 the study, local health care providers will contact study staff who will then initiate
1560 informed consent procedures. Volunteers who have already enrolled in this
1561 study, received DP and successfully completed a 42-day follow-up period of the
1562 study or have received an alternative curative treatment course of antimalarials
1563 by the study investigators, can elect to screen for the study again should he/she
1564  develop uncomplicated malaria infection.

1565

1566 It is estimated that there will be up to 300 volunteers screened to obtain 150
1567 evaluable subjects.

1568

1569 6.2 Informed Consent Process

1570

1571 Informed consent is a process that is initiated prior to the individual’s agreeing to
1572 participate in the study and continuing throughout the individual's study
1573  participation. Extensive discussion of risks and possible benefits of participation
1574 in this study will be provided to the volunteers and their families. Following the
1575 study briefing, volunteers will be given the opportunity to discuss questions of a
1576  personal nature privately with the investigators and/or the ombudsman if desired
1577 following the briefing. An ombudsman is an independent individual with
1578 knowledge of the study not involved in study procedures who will meet with
1579 prospective active duty military volunteers to answer questions, and counsel
1580 them that they are not required to participate in the study, and may leave at any
1581 time without penalty or fear of reprisal (see also Section 10.10).

1582

1583 Consent forms in the local language (Khmer) describing in detail the study
1584  procedures and risks will be given to the volunteer and written documentation of
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1585 informed consent will be obtained prior to enrollment in the study. Consent forms
1586 will be IRB approved and the volunteer will be asked to read and review the
1587 document. If the volunteer cannot read the content of the consent form, it will be
1588 read and explained to him/her in Khmer by the study investigator obtaining the
1589 informed consent with the presence of a witness or ombudsman; thus any
1590 potential volunteer must be able to speak and understand Khmer. Upon
1591 reviewing the document, the study personnel will explain the research study to
1592 the volunteer and answer any questions that may arise. The volunteer will be
1593 asked to sign and date the informed consent document prior to being enrolled in
1594  the study.

1595

1596 Special consideration will be given to the recruitment process for military
1597 personnel. The Chain of Command will not be involved in the recruitment of
1598 military personnel and will not encourage or order soldiers to participate in a
1599 research study. Per DOD Directive 3216.2, an ombudsman will be employed
1600 when conducting group briefings with active duty personnel to ensure that
1601 volunteers have been told that participation is voluntary. The ombudsman will be
1602 present in other situations as appropriate, and will be available to volunteers to
1603 answer questions. Volunteers will have the opportunity to discuss the study with
1604 the assigned unit ombudsmen if military personnel or think about it prior to
1605 agreeing to participate.

1606

1607 One witness will sign and date the consent form in the presence of the participant
1608 attesting that the requirements for informed consent have been satisfied and that
1609 consent is voluntary and freely given by the volunteer without any element of
1610 force, fraud, deceit, duress, coercion, or undue influence. Participation in the
1611 study will be voluntary and volunteers will be informed that they may withdraw
1612 consent at any time throughout the course of the study. Following ICH guidelines
1613 a signed copy of the informed consent document will be given to the volunteers
1614 for their records. The rights and welfare of the volunteers will be protected by
1615 emphasizing to them that the quality of their medical care will not be adversely
1616 affected if they decline to participate in this study.

1617

1618 6.3 Determination of Eligibility

1619 Volunteers not meeting all study inclusion and/or exclusion criteria will not be
1620 enrolled into the study. A screening log will be kept of all who were evaluated for
1621 participation to document who was and was not enrolled and reason for not
1622  enrolling in the study.

1623

1624 6.3.1 Inclusion Criteria

1625

1626  Volunteers meeting all of the following criteria will be considered eligible for
1627 enrollment in the study:

1628
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1629 1. Volunteer with uncomplicated P. falciparum malaria (volunteers with mixed
1630 P. falciparum and P. vivax infections may be enrolled), 18-65 years of age
1631

1632 2. Baseline asexual parasite density between 1,000-200,000 parasites/uL
1633

1634 3. Able to provide informed consent

1635

1636 4. Available and agree to follow-up for anticipated study duration including 3
1637 day treatment course at the MTF and weekly follow-up for the 42-day
1638 period

1639

1640 5. Authorized by local commander to participate if active duty military

1641

1642 6.3.2 Exclusion Criteria

1643
1644  Volunteers meeting any of the following criteria will be excluded from the study:
1645

1646 1. Allergic reaction or contraindication to DHA, piperaquine or primaquine
1647

1648 2. Significant acute comorbidity requiring urgent medical intervention

1649

1650 3. Signs/symptoms and parasitological confirmation of severe malaria

1651

1652 4. Use of any anti-malarial within the past 14 days.

1653

1654 5. Class | or Il G6PD deficiency (defined as severe) as determined at
1655 screening

1656

1657 6. Pregnant or lactating female, or female of childbearing age, up to 50 years
1658 of age, who does not agree to use an acceptable form of contraception
1659 during the study

1660

1661 7. Clinically significant abnormal EKG, including a QTcF interval > 500 ms at
1662 enroliment.

1663

1664 8. Known or suspected concomitant use of QTc prolonging medications.
1665

1666 9. Judged by the investigator to be otherwise unsuitable for study
1667 participation

1668

1669 WHO guidelines state that in uncomplicated malaria in pregnant women,
1670 artemisinin combination treatment should only be used starting in the second
1671 trimester, with use in the first trimester only if no other effective treatment is
1672 available. Therefore, avoidance of conception during the potential period of
1673 treatment in the study is warranted. The guidelines on contraceptive use are
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1674 based on FDA guidance M3 “Nonclinical Safety Studies for the Conduct of
1675 Human Clinical Trials for Pharmaceuticals” which describes safety considerations
1676 for the inclusion of women of childbearing age in studies of healthy volunteers.
1677  This guidance is nearly identical to that of ICH M3. The guidance requires that a
1678  highly effective method of birth control be used by women of childbearing age in
1679 healthy volunteer studies. According to the published guidance, “A highly
1680 effective method of birth control is defined as one that results in a low failure rate
1681 (i.e., less than 1 percent per year) when used consistently and correctly, such as
1682 implants, injectables, combined oral contraceptives, some intrauterine
1683 contraceptive devices (IUDs), sexual abstinence, or a vasectomized partner. For
1684 volunteers using a hormonal contraceptive method, information regarding the
1685 product under evaluation and its potential effect on the contraceptive should be
1686 addressed.” The guidelines are noteworthy for omitting mention of women who
1687 have undergone surgical sterilization (these individuals would be included in the
1688 study) in addition to vasectomized partners. Clinically significant drug-drug
1689 interaction with hormonal contraceptives appears unlikely. Piperaquine
1690 undergoes very little metabolic transformation in humans and as a result is
1691 unlikely to affect the level of hormonal contraceptives (Liu et al, 2007).
1692 Artesunate and dihydroartemisinin are not extensively metabolized in liver, and
1693 there is no significant effect on the cytochrome P450 enzyme system (in vitro
1694 data) (Bangchang et al, 1992; Barradell & Fitton, 1995a).

1695

1696 At study entry, females will be counseled to agree to avoid becoming pregnant
1697  during their entire participation in the study, and for at least one month after the
1698 last dose of study medication. Female volunteers who suspect that they may be
1699 pregnant will be instructed to inform study personnel as soon as possible.

1700

1701 All females between the age of 18 and 50 will be screened with a urine
1702 pregnancy test at baseline. Pregnant or lactating females, and females of
1703 childbearing age who do not agree to use a highly effective method of birth
1704  control will be excluded from participation in the study. Females found to be
1705 pregnant at screening will be treated according to current Cambodian national
1706 malaria treatment guidelines for the treatment of malaria in pregnancy published
1707 by the Ministry of Health.

1708

1709 In the highly unlikely event that a female volunteer becomes pregnant during the
1710 3 days of malaria treatment following an initial negative urine pregnancy test at
1711 the initiation of treatment, she will be discontinued from study medication and will
1712 be treated according to current Cambodian national malaria treatment guidelines
1713 for the treatment of malaria in pregnancy published by the Ministry of Health. If a
1714 woman is found to be pregnant less than 1 month after completing a course of
1715 study medication, she will be followed for safety at 3, 6 and 9 months at which
1716 time the health and birth weight of the child will be assessed. All such
1717  pregnancies temporally associated with study drug administration will be reported
1718 to the IRBs urgently.

1719
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1720 6.4 Screening Procedures

1721
1722  Following documentation of informed consent and determination of eligibility,
1723  study volunteers will have

1724

1725 e Initial targeted medical history and physical examination performed by a
1726 study physician, including a directed prior clinical history of malaria, and
1727 an electrocardiogram (EKG).

1728 e Volunteers will have blood drawn for

1729 o malaria smear/PCR correction (including malaria parasite densities,
1730 both asexual and sexual stages)

1731 0 Malaria antibody titer(s) to one or more antigens,

1732 o CBC

1733 = Remaining blood from CBC sample will be frozen at -20 ° C
1734 for hemoglobin typing assay

1735 o0 G6PD activity and G6PD genotyping

1736 o Baseline renal function and liver function testing

1737 o Parasite drug resistance characterization in vitro

1738 0 Analysis of molecular markers of infection to include PCR genotyping
1739 o0 Baseline pharmacokinetic drug level (including ex vivo P. falciparum
1740 bioassay)

1741 O ex Vvivo mosquito membrane feeding assay

1742 0 Gametocyte PCR

1743 o0 Electrolytes to include serum calcium, potassium and magnesium

1744 e Volunteers with significant electrolyte deficiencies will be given oral
1745 supplementation.

1746 e Counseling will be provided to volunteers who are found to be G6PD
1747 deficient, and the study team will explain ramifications for future drug
1748 treatment. A G6PD deficiency alert card will also be provided for subject
1749 safety which may be presented to the subject’s primary care givers.

1750

1751 6.5 Randomization and Volunteer Assignment

1752

1753 Volunteers who enroll will be administered the first dose of DHA-piperaquine
1754 (DP) by DOT at the medical treatment facility if they meet all eligibility criteria.
1755 Volunteers with uncomplicated P. falciparum malaria who meet inclusion and
1756 exclusion criteria and complete a 3-day course of DHA-piperaquine will be
1757 randomized to either 45mg single dose primaquine or no primaquine treatment
1758 on day 3 of DP therapy. Treatment will be directly observed in volunteer
1759 observation at the MTF.

1760

1761
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1762 6.6 Blinding

1763

1764  Although this is an open label (unblinded) study, microscopists are blinded to each
1765 others’ readings and to study drug regimen. There is otherwise no blinding during
1766  the study.

1767

1768 6.7 Administration of Test Article

1769

1770 Volunteers will receive a total of 9 tablets of DP for the 3 day course. Each tablet
1771 contains 40mg DHA and 320mg of piperaquine. Volunteers will receive 3 days of
1772 treatment: 3 tablets on day 1 (at the time of diagnosis), and at 24 and 48 hours
1773 later (+/- 1 hour). Medication compliance for all malaria treatment will be assured
1774 by directly observed therapy by study personnel during dosing. Only those study
1775 personnel designated by the Principal Investigators will be authorized to
1776  administer the test article.

1777

1778 Study drug will be administered following at least 3 hours of fasting where
1779 possible. At enrollment, volunteers will be queried regarding last meal
1780 consumption and the time noted. However, the first dose of study drug
1781 administration will not be delayed unnecessarily if the volunteer has consumed
1782 food within the past 3 hours. On subsequent doses, study drug will be
1783 administered following at least a 3 hour fast.

1784

1785 On Day 3 of DP administration, primaquine (45 mg) will be given to the
1786 volunteers who were randomized to receive primaquine treatment. Primaquine
1787  will be given by DOT, three tablets of 15 mg each, as described above following
1788 the DHA-piperaquine post-dose EKG (scheduled at approximately 52 hours).
1789

1790 Volunteers already treated for malaria initially under the protocol who
1791 subsequently develop primary blood stage P. vivax or who have an apparent
1792 relapse from latent liver-stage disease will be treated according to current
1793 Cambodian national malaria treatment guidelines, which includes a three day
1794  course of an ACT to clear blood stage infection. Because DHA-piperaquine is
1795 the study drug, an alternative 1% or 2™ line agent will be used for blood stage P.
1796 vivax treatment. Currently given the high prevalence of P. vivax in Cambodia
1797 and chance for re-infection, radical cure with 14 days of primaquine is
1798 recommended only in settings able to screen for G6PD deficiency and provide
1799 primaquine and appropriate follow-up. Subjects may be treated by the study
1800 team or referred as appropriate to prevent relapse. Any other blood stage
1801 antimalarial medications used during the study, to include Rescue Therapy for
1802 recrudescent P. falciparum malaria will be supplied by the CNM and
1803 administered by the Study Team (which includes CNM Physicians) according to
1804 current national guidelines for antimalarial treatment (Appendix A).

1805
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1806 The test articles will be obtained from a commercial supplier through the CNM
1807 and the GPO, Thailand. Any unused medications remaining at the end of the
1808 study will be provided to the Battambang Referral Hospital, Battambang
1809 Province, and Along Veng Referral Hospital, Anlong Veng District for clinical use.
1810 All other antimalarial medications used during the study will be supplied through
1811 the CNM and administered by the Study Team according to current national
1812 guidelines for antimalarial treatment.

1813

1814 6.8 Concomitant Medications

1815

1816 Use of concomitant medications will be evaluated by the investigator at each
1817 clinical encounter with the volunteer. Use of antimalarials or drugs with known
1818 antimalarial activity other than those prescribed by an investigator during the
1819  study will not be permitted. While drugs that interact with or otherwise have a
1820 known unfavorable impact on the outcomes of interest in the study will be
1821 avoided by investigators during the malaria treatment phase, there are no other
1822  explicitly restricted concomitant medications during this study.

1823

1824 6.9 Clinical Assessments

1825

1826  During treatment, volunteers will have

1827 e Vital signs including temperature, blood pressure, pulse and respirations
1828 evaluated at 4 and 8 hours after the first dose of medication, then every 8
1829 hours until discharged

1830 e An electrocardiogram (EKG study) will be performed at 4 hours following
1831 the first treatment dose, and at predose and 4 hours after the third dose.
1832 The average QTcF interval from 3 consecutive evaluable 10 second
1833 tracings will be measured. If the QTcF interval has both increased from
1834 screening, and is prolonged more than 480 ms (grade 2), additional EKGs
1835 will be performed before and 4 hours after the second dose. Sustained
1836 study drug-related QTcF prolongations greater than 500 ms (grade 3) on
1837 two separate EKG studies at least 15 minutes apart will be followed to
1838 resolution to predose values at 2-4 hour intervals as determined by the
1839 investigator. The DSMB will be notified of all prolongations greater than
1840 500ms, and be provided with EKGs and a written report for review (see
1841 DSMB charter).

1842 e Volunteers with significant electrolyte deficiencies at screening who are
1843 given supplementation may have serum electrolyte levels repeated as
1844 appropriate to determine whether supplementation was effective.

1845 e Blood drawn for malaria smears and PCR correction at 4 and 8 hours after
1846 the first dose of medication, then every 8 hours until 2 consecutive
1847 negative smears are obtained. Malaria smears will be evaluated for both
1848 asexual and sexual stage (gametocyte) density.
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1849 e Blood will be collected again for CBC, piperaquine drug level (including ex
1850 vivo P. falciparum bioassay), analysis of molecular markers of resistance
1851 (with PCR genotyping), and gametocyte PCR at 24, and 48 hours after the
1852 initiation of treatment. PK drug levels will also be collected at 4 and 52
1853 hours (peak drug concentration).

1854 e At 72 hours, the volunteer will have blood collected for malaria smear/PCR
1855 correction, PK (primaquine and piperaquine) drug levels, CBC, analysis of
1856 molecular markers (with PCR genotyping), gametocyte PCR and mosquito
1857 membrane feeding.

1858 e The volunteer will be then discharged at the 72 hour visit after completing
1859 all procedures for out-patient volunteer follow-up if there is documentation
1860 of 2 consecutive negative blood smears. If infection persists, blood smears
1861 will continue to be prepared and read every 8 hours until 2 negative
1862 smears are obtained. If volunteer meets criteria for early treatment failure
1863 (see Section 8.2), the volunteer will be treated according to the
1864 Cambodian National Malaria Program Treatment Guidelines.

1865

1866  Volunteers will be followed weekly thereafter on days 7, 14, 21, 28, and 35 (-2 to
1867 +3 days):
1868 Days 7,14

1869 ¢ All volunteers will have a brief clinical evaluation

1870 e Blood will be drawn for

1871 0 Malaria smear/PCR correction

1872 0 piperaquine drug level (with P.f. bioassay)

1873 0 mosquito membrane feeding

1874 0 Gametocyte PCR

1875 o Dried filter paper spot(s) will be made from available blood for
1876 molecular marker analyses to be done at UNC

1877 0 CBC for G6PD-defiencient volunteers ONLY

1878 e EKG Study

1879

1880 Days 21, 28, 35 (-2 to +3 days)

1881 e All volunteers will have a brief clinical evaluation,

1882 ¢ Blood will be drawn for

1883 0 Malaria smear/PCR correction

1884 0 Optional CBC for all volunteers who are G6PD deficient if
1885 needed

1886 o0 Piperaquine drug level (with P.f. bioassay)

1887 e Optional EKG study if persistent QTcF prolongations

1888

1889 At the conclusion of the 42 day (-2 to +3 days) follow-up period, volunteers will
1890 have blood drawn for

1891 e Malaria blood smear/PCR correction (with follow-up as per recrudescence
1892 if positive)
1893 e Piperaquine drug level
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e Malaria antibody levels
e Urine pregnancy test for all females
e Optional EKG study if persistent QTcF prolongations

All volunteers with suspected recurrent malaria symptoms during the follow-up
period will be re-evaluated by microscopy, and if positive for malaria will be
e Urine pregnancy test for all females (prior to administration of medication)
e Have blood drawn (prior to administration of medication) for
0 Malaria blood smear/PCR correction
In vitro drug susceptibility characterization
Molecular markers of resistance (with PCR genotyping)
Drug level for piperaquine
Malaria antibody levels, CBC, electrolytes, renal and liver function
testing
0 Gametocyte PCR
o EKG
e Treated under directly observed therapy based on current national malaria
treatment guidelines for Cambodia.

O o0OO0oo

If negative for malaria, the volunteer will be referred for evaluation and treatment
of alternative diagnoses to the appropriate healthcare service providers.

Volunteers found to have recurrent malaria after initial re-treatment with first line
ACT therapy will be treated with rescue therapy following current national
guidelines. At the time of writing, this includes treatment with artesunate and
mefloquine (see Appendix A). Blood smears following rescue therapy will be
collected daily until resolution by 2 negative smears, at least 6 hours apart. Any
volunteer who requires alternative anti-malarial treatments because of treatment
failure/recrudescence will still be followed for a 42-day period. Volunteer
participation may be extended to allow for completion of malaria treatment with
documentation of two negative blood smears, and a final follow-up visit with
smear one week later.
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1927

1928 Table 1. Table of times and events

1929
Event Malaria 4 hr 24 hr 48 hr 72hr  MTF Week Wk Wk Wk Wk Wk Malaria

Diagnosis Dis® 01 02 03 04 05 06 Recur

a. Informed Consent X
b. Medical History X
c. Physical Exam X X
d. Brief clinical evaluation® X X X X X X X X X X X
e. Malaria smear with PCR correction X X2 X2 X2 X2 e X X 10 x10 10  35mL’ X
and vital signs®
f. Piperaquine/primaquine drug level® 3mL 2mL 2mL 5mL 3mL 2mL 2mL 2mL 2mL 2mL 2mL 2mL
g. Malaria antibody levels 5mL 5 mL 5mL
h. Renal, Liver Function, Electrolytes 2mL 2mL
i. CBC 3mL® 2mL 2mL 2mL om®  2mle 2mL
j. Parasite culture in vitro resistance 8 mL 8mL
k. Molecular resistance markers™ (+ 6 mL 6mL 6mL 6mL 6mL
PCR genotyping™)
I. G6PD 0.5mL
m. Gametocyte PCR™ 2.5 mL 25mL  25mL  25mL 3mL  3mL 2.5mL
n. Urine pregnancy test X X X
(all female volunteers)
0. Malaria treatment* X X X x°
p. Mosquito membrane feeding 2mL 2mL 2mL  2mL
q. EKG study*? X X 12 X, X X « 12 12 12 12 «
Daily phlebotomy in mL 32 2 12.5 15.5 15.5 7 7 2 2 2 10.5 275
Cumulative phlebotomy (approx mL) 32 34 46.5 62 77.5 775 845 93,5 95,5 975 995 109.5 (137.0)

1. Brief clinical evaluation includes an interval medical history, vital signs and a directed physical exam daily as clinically indicated,

2. Malaria smears/PCR correction and Vital signs to include temperature, blood pressure, pulse and respiratory rate will be done at 0, 4 and 8 hours, and then every 8 hours
thereafter until the subject has had 2 negative blood smears at least 6 hours apart. Vital signs will be taken daily after two negative smears.

3. Only drawn for G6PD deficient volunteers

Patients will receive fixed dose 3 day course of DHA-piperaquine in equally divided doses at 0, 24 and 48 hours. On day 3 of therapy, after the post-dose EKG study has been
obtained, volunteers will be randomized open label to receive either 45 mg of primaquine or no primaquine treatment. Medication compliance for all malaria treatment will be
assured by directly observed therapy.

Volunteers will be discharged from the MTF once they are afebrile and have had 2 consecutive negative malaria smears at least 6 hours apart.

For Volunteers that have recurrent malaria following treatment with DHA-piperaquine, treatment will be according to current national treatment guidelines for Cambodia.

7. Estimated 3.5 mL for total blood drawn by fingerstick over entire study period. For volunteers with recrudescence at week 5 or 6, additional fingersticks beyond Day 42 may be
done to document parasite clearance.
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8. CBC sample at baseline will include hemoglobin typing performed at a commercial lab

9. Piperaquine level drawn at 0, 4, 24, 48, 52, 72 hours and Days 7,14, 21, 28, 35 and 42. Ex vivo activity of patient plasma against P. falciparum (bioassay) in culture will also be
determined at these time points. Primaquine levels will be drawn at 52 and 72 hours. Note that on day 3 (48 hours) a total of 5 mL will be drawn at 48 (2mL) and 52 hours
(3mL).

10. Molecular resistance markers will include a filter paper blood spot(s) prepared from the 6 mL draw at 24,48 and 72 hours. On Day 7, 14, and recurrence 500 microliters are
added to gametocyte PCR blood draw for filter paper spot(s) for molecular marker analyses. Filter paper blood spots will be prepared on days 21, 28 and 35 from the fingerstick
malaria smear.

11. PCR genotyping: 1 mL will be aliquoted from the 6 mL draw for PCR genotyping

12. An EKG study to assess the average QTcF on 3 consecutive evaluable 10 second tracings will be performed at screening, 4 hours post dose, 48 and 52 hours post dose, and
week 1 and 2, and recurrence day. Additional EKGs may be performed to monitor QTc prolongations and adverse events beyond the scheduled time points as determined by the
investigator — see Section 6.9.
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1953 6.10 Specimen (or Data) Collection and Testing

1954 6.10.1 Specimens to be Collected

1955

1956 The following specimens will be collected as outlined in the schedule in Tables 1
1957

1958 e Fingerstick capillary or venous blood will be collected for blood smears by light

1959 microscopy to determine parasite species and to quantify asexual and sexual
1960 parasitemia (approximately 200-250uL of blood per sample). PCR correction
1961 assay, to confirm parasite speciation, will be done on Day 1, if malaria recurs and
1962 other specified time points indicated by study investigators.

1963

1964 e Hematology to include hemoglobin, hematocrit, WBC count and differential,
1965 platelet count, and cell indices. Approximately 2 ml per blood draw will be
1966 collected in an EDTA (anticoagulant) tube. At baseline screening only, 3 mL of
1967 blood will be drawn and the blood remaining from CBC will be saved to perform
1968 hemoglobin typing.

1969

1970 e Renal Function (creatinine, urea), Liver Function Tests (aspartate
1971 aminotransferase, alanine aminotransferase, alkaline phosphatase, total bilirubin)
1972 and Electrolytes (potassium, magnesium and calcium). Approximately 2 ml per
1973 blood draw will be collected in a serum separator blood tube.

1974

1975 e Glucose-6-phosphatase deficiency Approximately 0.5 mL per blood draw will
1976 be collected in an EDTA (anticoagulant) tube will be evaluated by fluorescence
1977 (qualitative) tetsing, quantitative testing and with single nucleotide polymorphism
1978 (SNP) analysis. Approximately 0.5 mL per blood draw will be collected in an
1979 EDTA (anticoagulant) tube.

1980

1981 e Malaria antibody titers to malaria antigens (approximately 5 ml) in a serum
1982 separator tube.

1983

1984 e Volunteers will have 8 mL blood in sodium heparin tube drawn for malaria
1985 parasite culture and in vitro drug resistance testing before medication dosing
1986 and will be repeated at the time of diagnosis for any malaria recurrence.

1987

1988 e Volunteers will have 6 mL of blood drawn in EDTA tubes for analysis of
1989 molecular markers of malaria parasite drug resistance before medication
1990 dosing, and at 24, 48 and 72 hours after the first dose and the time of diagnosis
1991 for any malaria recurrence. From this 6ml of blood, 200-400 ul of blood will be
1992 spotted on filter paper and dried for stabilization of DNA and RNA, and 1 mL will
1993 be aliquoted to the AFRMS laboratory for PCR genotyping. Filter paper spots
1994 will also be prepared during follow-up visits scheduled for days 7 through 42 from
1995 either the 3 mL of blood drawn for gametocyte PCR, or blood smear PCR
1996 correction on those days.
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1997

1998 e Drug levels of piperaquine and primaquine will be drawn (totaling 2 ml of blood
1999 for each drug) for pharmacokinetic profiles and ex vivo Plasmodium falciparum
2000 bioassay. Piperaquine levels will be drawn pre-dose and each dosing day of DP:
2001 4, 24, 48, 52 and 72 hours. Given the long half-life, levels will also be drawn on
2002 Day 7, 14, 21, 28, 35, 42 and at any recrudescence. Primaquine levels will be
2003 drawn at 52 and 72 hours (after PQ dosing).

2004

2005 e Membrane Feeding Assay will be performed under SOP in concert with
2006 personnel from AFRIMS Department of Entomology. Two mLs in heparinized
2007 tubes will be drawn on Days 1, 4, 7, and 14, and within six hours, the assay will
2008 be performed at the MTFs.

2009

2010 e Gametocyte PCR will be conducted on 2.5 mL of blood drawn into Paxgene
2011 tubes or other appropriate tubes for RNA isolation on Days 1, 2, 3, 4, 7, 14 and at
2012 the time of any malaria recurrence. This PCR assay is a multiplex assay
2013 designed to detect presence of early or late stage gametocyte genes for both for
2014 P. falciparum and P. vivax. On Day 7, 14 an extra 0.5 mL of blood will be drawn
2015 with the 2.5 mL but this will be used for filter paper spots for molecular markers of
2016 resistance.

2017

2018 e Urine pregnancy test: Urine beta-HCG test. All female volunteers age 18-50 will
2019 undergo a pregnancy test on screening day and 42 day post-treatment follow-up.
2020 Pregnant women will not be eligible for entry into the study.

2021

2022 6.10.2 Specimen Preparation, Processing, Handling, and Storage
2023

2024 A. Malaria Microscopy - Stained thick and thin blood smears will be examined by
2025 two microscopists who are blinded to each other’s results and to the treatment status
2026  of the study volunteer. Two blood smears will be made for every enrolled volunteer.
2027  Slide 1 will be stained immediately and examination of giemsa stained thick and thin
2028 smears. This slide will then be stored in a different box from slide 2, which will only
2029 be read there is a problem with the first slide.

2030 Parasite densities will be calculated based on a count of parasites per 200 WBCs
2031 (thick film) or for low parasitemias (eg., 10 parasites/microliter), per 500 WBC or
2032 5000 RBCs (thin film). Both asexual and sexual stages will be enumerated. A total
2033 of 200 oil immersion fields will be examined on the thick film before a blood smear is
2034 considered negative. The final count will be determined by taking the geometric
2035 mean of the two counts. In case of a difference in results (positive/negative; species
2036 diagnosis) between the two microscopists, the blood smear will be re-examined by a
2037  third microscopist blinded to the results of the first two readers and the treatment
2038 regimen, and the third reading will be accepted as the final result.

2039 Malaria microscopy results will be confirmed using real-time PCR correction for the
2040 detection of P. falciparum and P. vivax using 18S ribosomal RNA (18S rRNA)
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2041 genes unique to each species. Parasite DNA will be isolated from approximately
2042  200-250 pL of venous or capillary blood collected in an EDTA microtube.

2043

2044 B. PCR Genotyping One mL of blood will be drawn on Days 1,2,3,4 and at
2045 recurrence. PCR genotyping of mspl, msp2 and GLURP genes will be performed to
2046 identify the unique fingerprint of the infecting parasite and any subsequent
2047 development of malaria after DP therapy in order to determine if it is a recrudescent
2048 infection or new infecting genotype.

2049

2050 C. Hematology for safety assessment will include the following:
2051

2052 e hemoglobin

2053 e hematocrit

2054 e red blood cell (RBC) count

2055 e cellindices

2056 e platelet count

2057 e white blood cell (WBC) count and differential count
2058 e polymorphonuclear leukocytes (neutrophils)

2059 e lymphocytes

2060 e eosinophils

2061 e Mmonocytes

2062 D. Hemoglobin Typing: Blood will be drawn for baseline CBC in EDTA tube. 1.5
2063 mL of whole blood will be washed with normal saline, pelleted and frozen at -20° C.
2064 The samples will batched and transported to a predesignated commercial lab,
2065 Thalassemia Research Center, Institute of Molecular Biosciences, Mahidol
2066  University, for hemoglobin typing analysis within 1 month using HPLC or other
2067  appropriate commercially available method. Molecular analysis will be performed at
2068 the commercial lab and/or AFRIMS in case the initial qualitative result is
2069 inconclusive.

2070

2071 E. Liver and Renal Function Tests for safety assessment will include the
2072  following:

2073

2074 e blood urea nitrogen

2075 e creatinine

2076 e total bilirubin

2077 e aspartate aminotransferase
2078 e alanine aminotransferase
2079 e alkaline phosphatase
2080 e potassium

2081 e magnesium

2082 e calcium

2083

2084
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2085
2086 F. G6PD Deficiency Testing

2087 Volunteers will be assessed with both fluorescence (qualitative) and quantitative
2088 testing, with single nucleotide polymorphism analysis on enrollment. . Approximately
2089 0.5 mL per blood draw will be collected in an EDTA (anticoagulant) tube.

2090 Venous blood will be tested for qualitative G6PD activity using the fluorescent spot
2091 test method, as is recommended by the International Committee for Standardization
2092 in Hematology using commercially available kits (R&D Diagnostics Ltd, Greece).
2093 This method detects fluorescence of NADPH under long-wave (365 nm) UV light.
2094  Reduction of NADP to NADPH occurs in the presence of G6PD. The rate and extent
2095 of NADPH formation is proportional to G6PD activity. Normal samples fluoresce
2096  brightly, whereas deficient samples show little or no fluorescence.

2097 Quantitative testing will be performed using an FDA-approved test kit (Trinity
2098 Biotech, Ireland) and results will be calculated based on same-day hemoglobin
2099 values from the complete blood count. Severe deficiency (WHO Class | or II) will be
2100 defined as 10% or less of the lower limit of normal activity (in G6PD activity units per
2101 gram of hemoglobin) established for the quantitative assay system. Subjects with
2102 severe deficiency will not be enrolled in the study as this is an exclusion criteria;
2103 Class lll, IV and V deficiencies are permissible for enrolment.

2104  For single nucleotide polymorphism (SNP) analysis, DNA will be extracted from ~ 0.5
2105 ml of blood collected in EDTA, and the G6PD gene will be genotyped according to
2106 established methods (Fujii et al., 1984). The five SNPs to be evaluated at AFRIMS
2107 are: Mahidol (G487A), Viangchan (G871A), Chinese-5 (C1024T), Union (G1360T),
2108 Canton/Kaiping (G1376T/G1388T). Genotype data may be compared against
2109 existing databases, such as sequence data from other samples located in publicly
2110 accessible database(s) for example GENBANK. No human genetic studies will be
2111 performed other than to assess G6PD genotypes and hemoglobin typing.

2112

2113 G. Malaria Antibody Analysis. This will include but not be limited to testing for P.
2114 falciparum and vivax antibodies such as to MSP-1 (Merozoite Surface Protein 1)
2115 and/or MSP-3a antigens. Analysis will be conducted at baseline, at study end, and
2116 at any time the volunteer develops blood stage malaria (first infection or a
2117 recurrence). Antimalarial P. falciparum and P. vivax antibody levels will be
2118 measured in order to assess pre-existing and/or exposure-related antimalarial
2119 immunity. Samples will be analyzed by Enzyme-Linked ImmunoSorbent Assay
2120 (ELISA) and/or a chemiluminescence-based assay(s). Note that ‘MSP-1’ is used as
2121 a reference antigen; however, antibodies to multiple malaria antigens may be
2122  assessed under this protocol.

2123

2124 H. In vitro drug sensitivity. For P. falciparum monoinfection and mixed P.
2125 falciparum and other parasite species infections, approximately eight mL of
2126 heparinized blood will undergo in vitro drug sensitivity testing at AFRIMS using
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2127 established methods (Noedl et al., 2004 and Noedl, 2005) with both fresh and
2128 cryopreserved cultures incubated against commonly used antimalarials in the region.
2129 Results using AFRIMS primary method (HRP-2 ELISA) vs. USAMRU-K and
2130 WRAIR’'s SYBR-Green assay will be compared. A portion of the specimen will be
2131 cryopreserved according to established procedures. Culture adaptation will be
2132 performed either at AFRIMS or other collaborating laboratories according to
2133 established methods (Trager and Jensen, 1997).

2134

2135 I. Molecular Marker analysis. To study genetic markers of resistance and
2136 population genetics of malaria in Cambodia, parasite DNA will be extracted from ~6
2137 mL of WBC-depleted blood collected in EDTA and stored at -20°C or below using a
2138 an appropriate DNA extraction kit. On Days 1, 2, 3, 4 filter paper blood spots will be
2139 prepared from the original 6mL sample, dried and stored at room temperature.
2140 Additionally, filter paper blood spots will prepared from venous blood drawn on Days
2141 7 and 14 of follow up (from gametocyte PCR samples). DNA and RNA will be
2142  extracted from filter paper blood spots using an appropriate method. Samples will be
2143 analyzed by the University of North Carolina under Cooperative Research and
2144  Development Agreement with WRAIR (on file).

2145

2146 J. Membrane Feeding Assay. A laboratory colony of An. dirus established and
2147 maintained at the Department of Entomology, Armed Forces Research Institute of
2148 Medical Sciences (AFRIMS), in Bangkok, Thailand for more than 25 years will be
2149 used. This mosquito species is reared under laboratory conditions at ca. 26°C + 2
2150 and at a relative humidity of about 75% under a photo regime of 12:12 h (L:D). Fish
2151 food (C.P. Hi Pro® Bangkok, Thailand) will be used to feed larvae on a regular
2152  basis. Mosquitoes will be provided cotton soaked with 10% multivitamin for an
2153 energy source until used in the experiments. The membrane feeding assay will be
2154  performed according to Department of Entomology SOPs. Briefly, two mL of blood
2155 will be drawn for mosquito membrane feeding on 1 (pre-dose), 4 (day 1 post
2156 primaquine), and days 7 and 14. Two hundred mosquitoes will be fed using a
2157 membrane feeding apparatus on fresh volunteer blood no more than 6 hours after
2158 blood draw. Of the mosquitoes determined to have taken a blood meal, half will be
2159 separated for oocyst evaluation by phase-contrast microscopy; or engorged
2160 mosquitoes will be separated from un-engorged mosquitoes and then incubated
2161 under appropriate environmental conditions. Half of them will be dissected after 9
2162 days for oocyst evaluation and count the number with >/=1 midgut oocyst(s) by
2163 phase-contrast microscopy. Fifty percent of the remaining will be separated for
2164  preservation for molecular analysis. The remaining 50% of mosquitoes will continue
2165 to be incubated for approximately seven more days (day 16 post feeding), until
2166 sporozoite development in the salivary glands is complete. The mosquitoes will then
2167 be preserved in 95% Ethanol to be sent to UNC for parasite detection and genomic
2168 analysis.

2169

2170 K. Gametocyte PCR. A PCR assay for detection of P. falciparum and P. vivax
2171 sexual stage gametocytes will be performed at AFRIMS to evaluate both presence
2172  and stage of gametocyte development. For this assay 2.5 mL of blood will be
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2173  collected in PAXgene Blood RNA Tubes and the RNA processed using PAXgene
2174 Blood RNA Kits (or similar collection tubes as appropriate). Filter paper blood spots
2175 may also be prepared for limited analysis. RNA templates from each extraction will
2176 be used for each reverse transcriptase PCR reaction to detect the early and late
2177  stage gametocyte genes.

2178

2179 L. Pharmacokinetics (PK) - Plasma samples for determining antimalarial drug
2180 levels of piperaquine and primaquine (2 ml of whole blood per blood draw) will be
2181 collected from all volunteers at the specified time points for analysis by high
2182 performance liquid chromatography with mass spectrometry (LC-MS) using
2183 departmental SOPs for bioanalytical chemistry analysis by LC-MS. A small aliquot
2184  of the plasma sample will be used to determine ex vivo antimalarial activity of the
2185 subjects blood using an established assay against P. falciparum (Noedl et al, 2004).
2186

2187 6.10.3 Specimen Labeling and Shipment

2188

2189  All specimens collected during the study will be labeled with the participants study ID
2190 number, date, and time collected. Clinical testing including diagnostics and
2191 volunteer safety labs will be performed at the study site (G6PD, hematology, renal,
2192 liver function, electrolytes and microscopy testing). Hemoglobin typing will be
2193 contracted to a commercial laboratory. Specimens that are stored prior to testing will
2194 be labeled to indicate the type of test(s) to be performed. Parasitology testing
2195 including parasite culture, in vitro resistance, and/or molecular characterization will
2196 be performed at AFRIMS reference lab in Cambodia or Thailand (parasite DNA and
2197 additional testing for volunteer safety assessment). Parasite genetic analysis on
2198 coded, de-identified samples will be performed at the University of North Carolina
2199 under an approved Cooperative Research and Development Agreement with
2200 AFRIMS and the WRAIR. The documents are currently on file with the WRAIR
2201 Office of Research and Technology Administration Office. A permit to ship samples
2202 outside Cambodia under this protocol will be obtained from the National Institute of
2203  Public Health, Cambodia (the responsible authority for shipping permits).

2204

2205 Specimens that cannot be analyzed on-site will regularly be shipped from the field to
2206 AFRIMS in Bangkok, and/or the University of North Carolina laboratories for further
2207 processing and analysis. In the event of remaining specimens, the University of
2208 North Carolina laboratories will return or destroy all specimens after all analytic
2209 methods have been performed and / or no more than three years after data analysis
2210 is complete.

2211 6.10.4 Specimen Storage and Donation for Future Use

2212

2213 Following the completion of laboratory analyses as described in this protocol, any
2214  remaining specimens will be stored in a secure AFRIMS, AFRIMS contract facility or
2215 partner lab. During the course of the study, they will be regularly transferred to a
2216 secure facility. Specimen accountability will be maintained by the laboratory
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2217 managers, and only study investigators and those named on the Delegation of
2218  Authority log will have access to the specimens. Samples that are unstable may be
2219 disposed of with permission of the principal investigators. The remaining specimens
2220  will be stored for approximately 20 years at the Armed Forces Research Institute of
2221 Medical Sciences in Bangkok. After the study is completed, residual specimens will
2222 only used for purposes outlined in the consent form unless permission for other
2223 analyses are granted by the respective IRBs. Volunteers will indicate on the consent
2224  form whether or not their samples may be stored and permission granted for future
2225 use.

2226 6.11Data Management

2227

2228 Clinical and laboratory data pertaining to drug efficacy will be collected and managed
2229 by AFRIMS Immunology and Medicine in collaboration with AFRIMS Epidemiology
2230 and Disease Surveillance, using guidelines developed by the World Wide
2231 Antimalarial Research Network, WHO and/or DoD GEIS (see Appendix D).
2232 Parasitological data may also be contributed to a central database at WRAIR and
2233 shared with partner labs. All deidentified data shared with WWARN or DoD GEIS
2234  will first be published as primary data by the Investigators, and public dissemination
2235 authorized by the appropriate host country officials before access to other research
2236  organizations to analyze, publish or disseminate data is granted.

2237

2238 Source data are all information, original records of clinical findings, observations, or
2239 other activities in a study necessary for the reconstruction and evaluation of the trial.
2240 Examples of these original documents and data records include, but are not limited
2241 to, hospital records, clinical and office charts, laboratory notes, memoranda, or
2242  evaluation checklists, pharmacy dispensing records, recorded data from automated
2243 instruments, copies or transcriptions certified after verification as being accurate and
2244  complete, microfiches, photographic negatives, microfilm or magnetic media, x-rays,
2245 and volunteer files and records kept at the pharmacy, at the laboratories, and
2246  medico-technical departments involved in the clinical study. The study site will
2247 maintain appropriate medical and research records for this trial until completion of
2248  the study, in compliance with Section 4.9 of ICH E6 GCP, and regulatory and
2249 institutional requirements for the protection of confidentiality of volunteers. Source
2250 data will be maintained under supervision of the principal investigator for at least 5
2251 years after publication of data in per-reviewed journals. Source documents will be
2252  stored securely at AFRIMS Office in Cambodia under custody of the PI.

2253

2254  All data and medical information obtained about screened study volunteers will be
2255 considered privileged and confidential. Volunteers enrolling in the study will be
2256 issued a unique identification code (UIC), which will be used on all study files and
2257 clinical sample labels. Individually identifiable volunteer information other than the
2258 UIC will not be transcribed on other study documents to include laboratory sample
2259 labels, CRFs, nor will it be included in the presentation of study results.

2260
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2261  Screened volunteers will be assigned UIC consisting of SN (screening number)
2262 followed by four digit WRAIR IRB number assigned and a 3-digit number between
2263 001 and 999 (e.g.1% volunteer: SN1877- 001, 2" volunteer: SN1877-002, etc). The
2264 entry code for enrolled volunteers is the study name (TB), followed by four digit
2265 WRAIR IRB number assigned, with a 3-digit number from 001-150 (e.g. 1% enrolled
2266  volunteer: TB1877-001, 2™ enrolled volunteer: TB1877-002, etc.).

2267

2268 The key to the code and documents containing personal information will be kept in a
2269 secure location with access restricted to named AFRIMS and CNM study personnel
2270 under control of the Principal Investigator. All personal study volunteer data
2271 collected and processed for the purposes of this study will be managed by the
2272 investigators and those listed on the delegation of authority log with adequate
2273  precautions to ensure the confidentiality of those data, and in accordance with US
2274 law and/or applicable local laws and regulations where the requirements exceed
2275 those of US law. The study database will be maintained indefinitely by the Principal
2276 Investigators with password-protected access limited to listed investigators.

2277

2278 Monitors, auditors and other authorized agents, the United States Army Medical
2279 Research and Materiel Command, and the ethics committees approving this
2280 research will be granted direct access to the study volunteers’ original medical
2281 records for verification of clinical trial procedures and/or data, without violating the
2282 confidentiality of the volunteers, to the extent permitted by the law and regulations. In
2283 any presentations of the results of this study at meetings or in publications, the
2284  volunteers’ identity will not be revealed.

2285 6.11.1 Source Documents

2286

2287 See section 6.11 above. Source documentation supporting the CRF will indicate the
2288 volunteer’s participation in the study and will document the dates and details of study
2289 procedures, adverse events and volunteer status. Volunteer pre-existing conditions
2290 will be recorded in the appropriate sections of the source documentation if they are
2291 reported by the volunteer after participation has begun, and the Investigator notified
2292 immediately. Pre-existing conditions not reported by the volunteer at the time of
2293 enrollment may be grounds for terminating further study participation by the
2294  Investigator.

2295 6.11.2 Overview of Case Report Forms

2296

2297  Appropriate data will be extracted from the source documents in this study onto case
2298 report forms. The AFRIMS study team will be responsible for completing the CRFs
2299 as data is collected. The investigator will ensure the accuracy, completeness, and
2300 timeliness of the data reported in the volunteer's CRF. CRFs will be submitted and
2301 approved by the IRBs of Record prior to initiation of the research.

2302

2303 All research data will be collected by the investigator or designee on source
2304 documents specifically designed for the purposes of conducting the study. Volunteer
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2305 clinical and laboratory data for the purpose of providing medical care will be
2306 recorded in the appropriate clinic or hospital record using existing forms. Volunteer
2307 data necessary for analysis and reporting will be extracted on Case Report Forms
2308 specifically designed for that purpose.

2309 6.11.3 Data Compilation

2310

2311 All data to be analyzed will be entered from the source documents as electronic
2312 Case Report Forms into a secure, access controlled database created and managed
2313 by the Investigative team at AFRIMS. Copies of the completed case report forms
2314  will be printed and retained by the study team. Data will be entered by trained study
2315 staff with 100% verification against the source documents by the study monitor. Any
2316 inconsistencies between the data sets will be corrected by the study team with a
2317 record kept of the corrections made. Edit checks will be implemented in the data
2318 entry panel to ensure data quality and accuracy. Responses to requests for further
2319 clarification of data recorded on the CRF will be answered, dated, and signed by the
2320 investigator and/or designee. Changes will be implemented in the database and the
2321 data review and validation procedures will be repeated as needed. All medication
2322 and adverse event information and textual comments will be proofread for
2323  consistency between the database and the source documents; the database will be
2324  corrected appropriately. The study database will be maintained at AFRIMS by the
2325 Investigative team with password-protected access limited to authorized study team
2326 members.

2327 6.11.4 Disposition of Data

2328

2329 The case report forms, study documentation and a copy of the final report will be
2330 stored in an access-controlled place in the contracted archives of AFRIMS. All data
2331 will be retained according to ICH guidelines by the Investigators for 5 years at
2332 AFRIMS office in Cambodia. After 5 years CNM and RCAF will be consulted
2333 regarding data disposition or continued storage of raw data, which will be at
2334 additional cost to these entities.

2335 6.12 Adverse Events

2336

2337 An adverse event is any untoward medical occurrence in a volunteer or clinical
2338 investigation volunteer administered a pharmaceutical product and which does not
2339 necessarily have a causal relationship with this treatment. An AE can therefore be
2340 any unfavorable and unintended sign (including an abnormal laboratory finding),
2341 symptom, or disease temporally associated with the use of a medicinal
2342 (investigational) product, whether or not related to the medicinal (investigational)
2343  product.

2344

2345
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2346 6.12.1 Collecting Adverse Events

2347

2348 Volunteers treated for malaria with study drug will be carefully monitored for the
2349 development of adverse events. For the purposes of this study, adverse events will
2350 be assessed and documented from the beginning of study drug administration until
2351 discharged from the study, and relationship to study drug assessed. Any evidence of
2352 adverse event, syndrome or diagnosis occurring post-consent but before drug
2353 administration will be assessed and documented as “Preexisting”. This information
2354  will be obtained in the form of open-ended (non-leading) inquiries and from signs
2355 and symptoms noted during clinical encounters, observations by study staff,
2356  spontaneous reports from volunteers and other sources as appropriate. Specific
2357 adverse events will not be solicited in this study. Volunteers will be able to contact
2358  study staff through assigned unit liaisons in the event of an emergency.

2359

2360 Study investigators will attempt to establish a diagnosis of the event based on signs,
2361 symptoms, and/or other clinical information. Where possible, the clinical diagnosis
2362  will be documented as the AE/SAE rather than the individual signs/symptoms. Each
2363 adverse event will also be described by its duration (start date, time and duration),
2364 an assessment of its cause (e.g. coexisting disease, concomitant medication, or
2365 others), its relationship to investigational product (not related, unlikely, possibly,
2366  probably, definitely), and whether it required specific therapy.

2367

2368 The investigator will also make an assessment of severity for each AE reported
2369 during the study. The assessment will be based on the investigator's clinical
2370 judgment. An AE that is graded as severe should not be confused with a serious
2371 adverse event (SAE). The severity of each adverse event must be recorded as 1 of
2372  the choices on the following scale:

2373

2374 e Mild - No limitation of usual activities

2375 e Moderate - Some limitation of usual activities
2376 e Severe - Inability to carry out usual activities
2377

2378 An adverse event (AE) temporally related to participation in the study will be
2379 documented whether or not considered to be related to the test article. This
2380 definition includes intercurrent illnesses and injuries and exacerbations of preexisting
2381 conditions. For each adverse event, the relationship to the study drug must be
2382 recorded as 1 of the choices on the following scale:

2383

2384 e Definite - Causal relationship is certain (ie, the temporal relationship between
2385 drug exposure and the adverse event onset/course is reasonable, there is a
2386 clinically compatible response to dechallenge [a rechallenge procedure may
2387 be used, if necessary], other causes have been eliminated, and the event is
2388 definitive pharmacologically or phenomenologically)

2389
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2390 e Probable - High degree of certainty for causal relationship (ie, the temporal
2391 relationship between drug exposure and the adverse event onset/course is
2392 reasonable, there is a clinically compatible response to dechallenge
2393 [rechallenge is not required], and other causes have been eliminated or are
2394 unlikely)

2395

2396 e Possible - Causal relationship is uncertain (ie, the temporal relationship
2397 between drug exposure and the adverse event onset/course is reasonable or
2398 unknown, dechallenge/rechallenge information is either unknown or
2399 equivocal, and while other potential causes may or may not exist, a causal
2400 relationship to the study drug does not appear probable)

2401

2402 e Unlikely - Not reasonably related (ie, while the temporal relationship between
2403 drug exposure and the adverse event onset/course does not preclude
2404 causality, there is a clear alternate cause that is more likely than the study
2405 drug to have caused the adverse event)

2406

2407 e Not Related - No possible relationship (ie, the temporal relationship between
2408 drug exposure and the adverse event onset/course is unreasonable or
2409 incompatible, or a causal relationship to study drug is implausible)

2410 6.12.2 Documenting Adverse Events

2411

2412 All adverse events will be recorded based on their frequency, severity, and
2413 relationship to study medication in accordance with current AFRIMS/WRAIR SOP.
2414  These indices of safety and tolerability among treatment groups will be compared
2415 using each volunteer as the unit of analysis. Adverse events will be documented in
2416 the volunteer source documents and case report forms. Adverse events will be
2417 assessed and recorded by study investigators or their designees. An Investigator
2418 will review all causality and severity assessments, with final review and
2419 determination by the Principal Investigator if uncertainty remains.

2420 6.12.3 Expected Adverse Events

2421

2422  All AEs occurring during the course of the clinical trial, defined as from the moment
2423  of first antimalarial treatment administration until discharge from the study, will be
2424  collected, documented, and graded by study investigators. Symptoms present at
2425 enroliment will not be classified as AEs, but any new symptoms or signs occurring
2426  after this time would constitute adverse events.

2427

2428  For this study, AEs will include events reported by the volunteer, as well as clinically
2429 significant abnormal findings on physical examination or laboratory evaluation. A
2430 new illness, symptom, sign or clinically significant clinical laboratory abnormality or
2431 worsening of a pre-existing condition or abnormality is considered an AE. Stable
2432  chronic conditions, such as arthritis, which are present prior to clinical trial entry and
2433  do not worsen are not considered AEs.
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2434

2435 Adverse events that occur will be treated as clinically indicated where appropriate.
2436 The most likely adverse event that will occur during the study is malaria infection.
2437 Malaria infection or reoccurrence will be actively sought by the study team, and all
2438 suspected cases will be referred immediately for further evaluation and treatment as
2439 described in the protocol. It is expected that active detection and treatment by a
2440 dedicated team will lead to earlier diagnosis and initiation of appropriate therapy,
2441  potentially reducing the rate of more severe illness.

2442 6.12.4 Serious Adverse Events and Unanticipated Problems

2443 A serious adverse event (SAE) is defined as any adverse experience occurring
2444  during study participation that results in any of the following outcomes: death, a life-
2445 threatening adverse drug experience, inpatient hospitalization or prolongation of
2446  existing hospitalization, a persistent or significant disability/incapacity, or a
2447  congenital anomaly/birth defect. Important medical events that may not result in
2448 death, be life-threatening, or require hospitalization may be considered a serious
2449 adverse drug experience when, based upon appropriate medical judgment, they may
2450 jeopardize the patient or volunteer and may require medical or surgical intervention
2451 to prevent one of the outcomes listed in this definition.

2452

2453  An SAE will be defined in this study as any untoward medical occurrence regardless
2454  of cause or relationship to study drug that:

2455 e Results in death.

2456 o Is life-threatening. Any adverse experience that places the volunteer, in the
2457 view of the investigator, at immediate risk of death from the reaction as it
2458 occurred (i.e., it does not include a reaction that, had it occurred in a more
2459 serious form, might have caused death).

2460 e Requires in-patient hospitalization or prolongation of existing hospitalization
2461 (excluding any hospitalization or inpatient observation period required by the
2462 study for the period required to treat malaria and any associated co-
2463 morbidities).

2464 e Results in persistent or significant disability or incapacity.

2465 e |s a congenital anomaly/birth defect.

2466 e An event that requires urgent medical intervention to prevent permanent
2467 impairment or damage.

2468 e Important medical events that do not result in death, are not life-threatening,
2469 or do not require hospitalization may be considered serious adverse events
2470 when, based upon appropriate medical judgment, they might jeopardize the
2471 volunteer and might require medical or surgical intervention to prevent one of
2472 the outcomes listed above.

2473

WR 1877, v.2.3, 7 Sep, 2012 Page 62 of 91



Precs Wi,
e’

SR

Department of Immunology and Medicine, USAMC-AFRIMS

2474 Unanticipated Problems Involving Risks to Subjects or Others: Based on
2475 Federal regulations 45 CFR 46.103(b)(5)(i) and 21 CFR 56.108(b)(1)

2476 DEFINITION: “An unanticipated problem is defined as any incident, experience, or
2477  outcome that meets all of the following criteria:

2478 1. Unexpected (in terms or nature, severity, or frequency) given the approved
2479 research procedures and the subject population studied;

2480 2. Related or possibly related to a subject’s participation in research; and
2481 3. Suggests that the research places subjects or others at greater risk of harm
2482 (physical, psychological, economic, or social harm) than was previously
2483 known or recognized.

2484  Examples of unanticipated problems include (but are not exclusive to) exposure to
2485 HIV or other infectious disease due to an unintentional needle stick, disclosure of
2486  protected health information, occurrences of breaches of confidentiality,
2487  destruction of study records, unaccounted for study drug, etc.”

2488 An unexpected or unanticipated event involving risks to volunteers or others is one
2489 that is not described as a risk with respect to nature, severity, or frequency in the
2490 protocol and/or informed consent form. An unexpected adverse event is further
2491 defined as any adverse drug effect, the specificity or severity of which is not
2492  consistent with that which has been previously reported in the current published
2493 literature, or described in the study documents.

2494 6.12.5 Adverse Event Reporting

2495

2496 Expected adverse events will be reported on a routine basis to the responsible IRBs by
2497 the investigator as part of scheduled Continuing Review Reports as stipulated by the
2498 IRB.

2499 Serious Adverse Events should be immediately reported (within 48 hours) to the
2500 NEHCR, Cambodia National Ethics Committee for Health Research (Tel.: 855 23
2501 880-345, Fax: 855 23 880-346, E-mail: researchO3@nchads.org) as well as by
2502 telephone (301-319-9940), fax (301-319-9961) or email
2503 (wrairhspp@amedd.army.mil) to the WRAIR IRB, thru the WRAIR HSPB, that meet
2504 the following criteria as soon as the principal investigator becomes aware of the
2505 event, and then must be followed-up in writing within 10 working days from
2506 knowledge of the event:

2507 i.SERIOUS (i.e., death, a life-threatening adverse experience, inpatient
2508 hospitalization or prolongation of existing hospitalization, a persistent
2509 or significant disability or incapacity, or a congenital anomaly or birth
2510 defect [21 CFR 312.32(a)]), and

2511 ii. UNANTICIPATED (An unanticipated event is any adverse experience
2512 where the nature, severity or frequency is not identified in the
2513 investigator brochure or described in the protocol. Events which are
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2514 already cited in the investigator brochure or protocol are not
2515 unanticipated and do not have to be reported to the WRAIR IRB,
2516 except in the continuing review report), and

2517 iii. RELATED to the study design, procedures, or drug/device (possibly,
2518 probably or definitely related, or undetermined/unknown). If the
2519 adverse experience/event is clearly not related to the study drug,
2520 device, procedures, or washout process, it would not represent a risk
2521 to other subjects in the research and, therefore, does not have to be
2522 reported to the WRAIR IRB

2523 Unanticipated problems involving risks to subjects or others should be
2524  promptly report (within 48 hours of the Pl becoming aware of the problem ) by
2525 telephone (301-319-9940), fax (301-319-9961) or emalil
2526  (wrairhspp@amedd.army.mil) to the WRAIR IRB, thru the WRAIR HSPB, and
2527  then must be followed-up in writing within 10 working days from awareness of
2528 the problem.

2529  All safety reports for events that are both serious and unexpected at a minimum will
2530 include Volunteer identification number and initials, volunteer's ages, gender and
2531 ethnicity, test article and dates of administration, signs/symptoms and severity, date
2532  of onset, date of resolution or death, relationship to the study drug, action taken,
2533  concomitant medication(s) including dose, route and duration of treatment, and date
2534  of last dose.

2535

2536  Research monitors are required to review all unanticipated problems involving risks
2537  to subjects or others, serious adverse event reports, unanticipated adverse device
2538 effects, and all subject deaths, and provide an unbiased written report of the event
2539  promptly to the NEHCR, Cambodia National Ethics Committee for Health Research
2540 (Tel.: 855 23 880-345, Fax: 855 23 880-346, E-mail: researchO3@nchads.org), and
2541 as well as by telephone (301-319-9940), fax (301-319-9961) or email

2542  (wrairhsppb@amedd.army.mil) to the WRAIR IRB, thru the WRAIR HSPB. The

2543  Research monitor will then submit written reports within 10 working days to the

2544  WRAIR IRB and to the National Ethical Committee for Health Research, Cambodia.

2545 6.12.6 Follow-up of Adverse Events

2546

2547  All AEs regardless of severity will be followed by study investigators until satisfactory
2548 resolution.  Resolution could include a classification of ongoing if the event is
2549 stabilized with no further change expected. The investigator will ensure that follow-
2550 up includes any supplemental investigations as may be indicated to elucidate the
2551 nature and/or causality of the AE or SAE. This may include additional laboratory
2552 tests or investigations, histopathological examinations, or consultation with other
2553 health care professionals.

2554
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2555  Dropout rates and reasons for dropping out will be reported. If a study volunteer
2556  withdraws from the study or if an investigator decides to discontinue the volunteer
2557  from the study because of a SAE, effort will be made to ensure the volunteer has
2558 appropriate medical follow-up.  Monitoring will continue where possible and
2559 appropriate in order to determine whether the problem prompting hospitalization has
2560 resolved or stabilized with no further change expected, or is discovered to be clearly
2561 unrelated to study drug, or progresses to death. The Investigator/clinical staff will
2562 report the follow-up for serious adverse events as noted above.

2563

2564  After discharge from the study, any treatment-related adverse events classified as
2565 “probable” or “definite” in relation the study drug, will be followed to resolution where
2566  possible. All SAEs will be followed until satisfactory resolution or until the Principal
2567 Investigator (with agreement of the research monitor) deems the event to be chronic
2568  or the volunteer to be stable.

2569

2570 A post-study AE/SAE is defined as any event that occurs after the volunteer has
2571 been discharged from the study. Investigators are not obligated to actively seek AEs
2572  or SAEs in former study participants. However, if the investigator learns of any SAE,
2573 including a death, at any time after a volunteer has been discharged from the study,
2574 and he/she considers the event reasonably related to the study, the investigator will
2575  promptly notify any IRB.

2576

2577 6.13 Criteria for Discontinuation or Withdrawal of a Subject

2578

2579  Any volunteer may be discontinued from the study at any time at the discretion of the
2580 Principal Investigator or designee, research monitor, a consulting clinical physician,
2581 or a responsible IRB if he/she feels it is in the best interest of the volunteer or if in
2582 the judgment of the investigator continuing in the study would be harmful and/or
2583 inappropriate for the volunteer (e.g. volunteers not tolerating the study treatment,
2584 development of SAEs or if a volunteer cannot be followed thereby not permitting
2585 adequate safety assessment). Any volunteer who is terminated due to an SAE or
2586 determined to have an unexpected AE will be reported to the research monitor for
2587 review. See section 6.13.1 below for pre-specified halting criteria. Any volunteer
2588 who is discontinued or who withdraws from the study will be asked to come in for
2589 clinical and laboratory assessments required to ensure volunteers safety and to
2590 complete discharge procedures.

2591

2592 The NEHCR and the WRAIR IRB will be notified when a volunteer is withdrawn from
2593 the study as part of the continuing review report, unless withdrawal is the result of an
2594  SAE.

2595

2596
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6.13.1 Halting Rules Criteria

Since primaquine administration is a onetime (45 mg) dose only, any volunteer with mild
to moderate G6PD deficiency who experiences grade 3 hemolysis after this dose of
primaquine will be monitored closely according to protocol procedures and any treated
with any necessary interventions by the study investigators and/or the research monitor
for the volunteer’s safety.

If more than 2 subjects with mild to moderate G6PD deficiency are found to have grade
3 hemolysis following treatment with primaquine for antirelapse therapy, further
treatment with primaquine will be suspended for all G6PD deficient subjects enrolled in
the study.

Volunteers observed to have sustained QTcF prolongations greater than 500ms
(grade 3) on more than one EKG study at least 15 minutes apart where this
represents a significant increase compared to screening QTcF will be evaluated by
the Principal Investigator. If it is determined that the QTcF prolongation is study-
drug related, and not due to confounding factors to include fever, tachycardia,
concomitant ingestion of other QT prolonging medications, or electrolyte
deficiencies, any remaining DHA-piperaquine treatment will be halted, and the
patient switched to an alternative drug to complete an adequate course of therapy as
described under Section 6.14, Rescue Treatment. All such cases, regardless of
relatedness, will be reported to the DSMB as described under the DSMB Chatrter,
including those who may have completed therapy prior to the observation of grade 3
QT interval prolongation (see Appendix F). All volunteers with grade 3 QT interval
prolongation will continue safety follow-up for the duration of the study.

6.14 Rescue Treatment for Malaria Infection

The requirement for rescue treatment will be based on investigator clinical judgment.
However, failure to respond adequately to DP will include the following: development
of danger signs (e.g. impaired consciousness, convulsions, respiratory distress) or
severe malaria in the presence of parasitemia; and parasitemia on Day 2 higher than
Day 1. The presence of both asexual parasitemia and fever (tympanic temperature
> 38°C) on Day 3 is not necessarily an indication for rescue treatment as long as
parasite counts continue to trend downward, and the volunteer is without danger
signs as outlined in the National Guidelines. Per protocol, volunteers will remain
under direct observation until both parasitemia and fever have cleared.

Recent AFRIMS clinical studies in this region have demonstrated that the majority of
malaria volunteers with both fever and parasitemia at 72 hours who continue their
antimalarial treatment will go on to clear parasites and fever and remain free from
recurrence up to 42 days (Noedl, 2010; and Bethell, 2011), and it is important to
capture this outcome. Treatment of volunteers who fail the primary treatment
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2641 regimen with worsening symptoms, fever, and/or parasitemia after day 4 will be
2642 given malaria rescue therapy in accordance with current National Treatment
2643 Guidelines. Volunteers who develop worsening or unexplained symptoms not
2644 otherwise attributable to malaria at any time will be evaluated for alternative
2645 diagnoses.

2646

2647  Subjects with signs of severe malaria will be excluded and referred for immediate
2648 treatment. Stable subjects with high parasitemias up to 200,000 may be treated
2649 under this protocol as with similar approved protocols in the past including WR 1396
2650 (ARC2) and WR 1737 (Prophylaxis Pilot Study). Patients presenting for treatment
2651 with parasitemias between 1,000-200,000 who are clinically stable and can take oral
2652  medications will not be excluded.

2653 6.15 Criteria for Study Termination

2654

2655 See section 6.13 above for individual participation and/or study drug halting and
2656 termination. If more than 3 volunteers are determined to have sustained grade 3
2657  QTcF interval prolongation attributable to study drug by the DSMB, the DSMB may
2658 recommend that the study be halted. The Investigators may terminate the study at
2659 any time if it is determined that continuing the study would pose an undue risk to the
2660 safety of volunteers.

2661

2662 If more than 2 subjects with mild to moderate G6PD deficiency are found to have
2663 grade 3 hemolysis following treatment with primaquine for antirelapse therapy,
2664  further treatment with primaquine will be suspended for all G6PD deficient subjects
2665 enrolled in the study. However, the overall study will not be halted, and study visits
2666  for all volunteers other than primaquine dosing for those with G6PD-deficiency will
2667  continue for all volunteers as scheduled.

2668

2669 6.16 Quality Control and Quality Assurance

2670
2671 AFRIMS maintains approved SOPs/SSPs that govern QC/QA procedures that will be
2672  followed during the course of this study.
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2673
2674 ( STATISTICAL METHODS

2675 7.1 Statistical Procedures

2676

2677 Because this is a surveillance study, data will be analyzed on a continuous basis
2678  with generation of an annual report to the National Malaria Control Program of

2679 results. This study aims to monitor efficacy of a 3-day fixed-dose course of DHA-
2680 piperaquine for uncomplicated P. falciparum malaria over a three year period along
2681 the Thai-Cambodia border. Any loss of efficacy, clinical or parasitologic, or increase
2682 in molecular determinants of drug resistance, will be crucial for updating or adjusting
2683 national malaria treatment guidelines by the CNM. A sub-analysis for overall 42-day
2684  efficacy of DP as compared to DP/PQ will also be performed. The potential reduction
2685 in gametocytes by a onetime dose of primaquine is exploratory in nature and

2686  statistics will be descriptive in nature. See Section 8 for detailed data analysis

2687  procedures.

2688

2689 Volunteers developing malaria will randomized to either 45mg single dose
2690 primaquine or no primaquine treatment on day 3. Effects on the sexual stage
2691 gametocytes will be explored using a combination of light microscopy, PCR
2692 genotyping to distinguish early and late stage gametocytes, and a mosquito
2693 membrane feeding assay to determine malaria oocyst prevalence in the mosquito.
2694 There are no statistical assumptions or power calculations for this analysis as it
2695 remains exploratory — little data is available on which to develop assumptions.

2696

2697 7.1.1 Sample Size Estimation

2698

2699 The statistical analysis of 42-efficacy of the 3-day course of DP will be based around
2700 a 1-sample proportion (proportion that fail treatment). The primary end-point for
2701 sample size purposes will be 42 day efficacy of DP for uncomplicated P. falciparum.
2702 Each year, approximately 50 subjects will be enrolled over the 3 year period (total n
2703 estimated at 150 evaluable subjects). If the point estimate for 42 day efficacy is
2704 94%, the 95% confidence interval for the annual estimate of true efficacy will be
2705 approximately 89-97% (n = 150).

2706

2707  Approximately 150 evaluable volunteers, 50 during each year of the study, will be
2708 enrolled. This is felt to be an appropriate target enrolilment based on early
2709 epidemiologic data gathered from existing passively collected government sources,
2710 and small active case detection exercises conducted during site assessment
2711 activities indicate that the malaria attack rate will average 5-10% per month.
2712 Estimates of treatment cure rates and 95% Cls (exact) will be reported on at least an
2713 annual basis until the surveillance activity ceases or changes substantially (eg, a
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2714 new first-line ACT is introduced, and there is no longer an interest by Cambodian
2715 authorities in monitoring DHA-piperaquine efficacy).
2716

2717 7.1.2 Randomization and Stratification

2718

2719  All volunteers enrolling with P. falciparum or mixed infection malaria will receive 3
2720 days of DP therapy but then will be randomized into the two open label treatment
2721 arms using block randomization with a block size of two. Data may be stratified
2722  post-hoc based on demographic and/or other variables, but stratification is not part
2723  of the primary analysis.

2724

2725 7.1.3 Populations for Analysis

2726

2727  All volunteers with a diagnosis of uncomplicated malaria who receive at least one
2728 dose of test article during the Treatment Study will be included in the efficacy
2729 database for Primary Endpoint analysis (Intention to Treat). The per protocol
2730 analysis population will include all those volunteers who completed the full
2731 prescribed treatment course of DHA-piperaquine as well as 42 day follow-up.
2732 However, volunteers lost to follow-up that do not complete 42 days worth of
2733 assessments will be excluded from the per protocol efficacy analysis, but included in
2734 a modified intention to treat analysis. All volunteers with at least one follow-up
2735 assessment will be included in the safety analysis, pharmacokinetic analysis, and
2736 MSP-1 antibody titer analysis. All parasitologic data will be included in the
2737 parasitologic analysis. The safety analysis database will include those volunteers in
2738 the set of randomized volunteers who receive at least one dose of study drug.

2739

2740 7.1.4 Deviations from the Statistical Plan

2741

2742  Major deviations from the statistical plan such as changes in treatment regimens or
2743 number of enrollees along with the reasons for the deviations, will be described in
2744  protocol amendments, the complete statistical plan, the clinical study report, and/or
2745 any combination of these, as appropriate.
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2746 8 DATA ANALYSIS

2747 8.1 General Considerations — Data Analysis

2748

2749 Planned data analyses are as follows.

2750 (1) Assessltest the efficacy (recurrence rates at 42 days) of a 3-day course of DP
2751 as compared to DP followed by one time dose of PQ

2752

2753 (2) Determine the effect of onetime dose of primaquine on presence of

2754 gametocytemia and transmissibility of infection to Anopheles mosquitoes

2755

2756  Primary endpoint treatment efficacy is defined as PCR-corrected parasitological cure
2757 of malaria at 42 days after starting therapy. Efficacy against all blood stage malaria
2758 infection will also be classified according to WHO malaria treatment outcome
2759 classifications adapted for the purposes of clinical research (WHO 2009) as a
2760 secondary endpoint. Note however that clinical management of these individuals will
2761 be based on the best clinical judgment of the investigators and informed by current
2762  National Treatment Guidelines in Cambodia (see Appendix A).

2763 8.2 Efficacy Study Analysis
2764

Treatment Outcome Symptoms and Signs

Early treatment failure - Development of danger signs or severe malaria on days
1-3 in the presence of parasitemia.

- Parasitemia on day 2 higher than the day 0 count
irrespective of temperature.

- Parasitemia on day 3 with tympanic temperature >38.0°C.
- Parasitemia on day 3 that is >25% of the count on day 1.

Late treatment failure:
- Late clinical failure - Development of danger signs or severe malaria after day
3 in the presence of parasitemia, without previously
meeting any of the criteria of ETF.

- Presence of parasitemia and tympanic temperature
>38.0°C (or history of fever) on any day from days 4-42,
without previously meeting any of the criteria of ETF.

Late parasitological - Presence of parasitemia on any day from days 7-42 and
failure tympanic temperature <38.0°C, without previously meeting
any of the criteria of ETF or LCF.

Adequate clinical and - Absence of parasitemia on day 42 irrespective of
parasitological response tympanic temperature without previously meeting any of the
criteria of ETF, LCF or LPF.

2765

WR 1877, v.2.3, 7 Sep, 2012 Page 70 of 91



L(-c::‘-\
e

{

S

Department of Immunology and Medicine, USAMC-AFRIMS

2766 Efficacy at Day 42 will be based on microscopy of thick/thin blood films by expert
2767  microscopists blinded as to treatment allocation and clinical data of each volunteer
2768 following AFRIMS SOP. The primary endpoint (cure) for the treatment portion of the
2769 study is defined as non-recurrence of malaria (within 42 days) following treatment as
2770 detected by PCR-corrected microscopy. Cure rates (exact 95% ClIs) will be
2771 calculated. Fisher’'s exact test (two-sided) will be used to test the null hypothesis of
2772 no difference in cure (fail) rates. A p-value < 0.05 (two-sided) will be considered
2773  statistically significant. As supporting analysis, a log- rank test will be performed to
2774 compare time to treatment failure in the two treatment regimens. The efficacy
2775 analyses will be done for the intent to treat and per protocol population.

2776

2777 Demographic, epidemiological, and laboratory data will be summarized at baseline
2778 and for any data collected at follow-up. Appropriate univariate statistics will be
2779 calculated to summarize and compare the range, location (means, medians, etc),
2780 and variability of numerical data. Geometric means will be calculated for antibody
2781 titer data, and all non-normally distributed data. Graphical summaries (e.g. box plots,
2782  histograms) will be used to describe and compare distributions of numeric variables.
2783 Frequency tables will be used to summarize distributions for discrete data.
2784 Confidence limits (95%) for means, geometric means and proportions will be
2785 calculated.

2786

2787  All clinical and laboratory data related to secondary endpoints (Section 5.2) will be
2788 summarized and compared in the two regimens. T-tests and chi-square tests will be
2789 used to assess the statistical significance of differences in two means (possibly log-
2790 transformed) or proportions. Confidence limits (95%) for means, geometric means
2791 and proportions will be calculated. Time to event data (e.g. fever and parasite
2792 clearance time) will be summarized using Kaplan-Meier plots. The log-rank test will
2793 be used to assess the statistical significance of difference between treatment
2794 groups. The time required to achieve a reduction in parasite density of 50%, 90%,
2795 and to undetectable levels will be analyzed using Cox proportional hazard modeling.
2796  Curve fitting will be used to interpolate results for calculation of parasite clearance
2797 and parasite density reductions

2798

2799 8.3 Pharmacokinetic Analysis

2800

2801 Drug levels (piperaquine) at each of the time points will be expressed as means and
2802 95% confidence intervals if the data are normally distributed, and compared using
2803 parametric tests. If not normally distributed they will be expressed as medians and
2804 the range and interquartile range given. Comparison will be by non-parametric tests.
2805 Standard pharmacokinetic parameters including Cmax, Tmax, T12 and AUC will be
2806 calculated using WinNonLin and/or other appropriate microcomputer software
2807 packages. Exploratory analyses will be undertaken to describe the relationship
2808 between plasma concentration and the effect of DP treatment on pharmacodynamic
2809 variables over time. If the data allow, an attempt will be made to characterize the
2810 relationship using modeling.
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2811 8.4 Parasite drug resistance in vitro

2812

2813  For in vitro data from patients with P. falciparum infections, inhibitory concentrations
2814 at 50% (IC50) and 90% (1C90), the principal measures of drug sensitivity, will be
2815 estimated by non-linear regression analysis of the raw data obtained from the ELISA
2816 plate reader or the liquid scintillation counter (Noedl 2002). ICs and other
2817 continuous variables will be summarized using geometric means with 95%
2818 confidence intervals. Comparison of activity will be done by comparing individual ICs
2819 by Mann Whitney U-test analysis. Comparison of results obtained using different
2820 methods will be done by correlation analysis and Bland-Altman plots (Bland and
2821  Altman 1995).

2822

2823 8.5 Molecular Markers of Parasite Resistance

2824  For studying genetic markers of resistance and population genetics of malaria in
2825 Cambodia, parasite DNA extracted from human white blood cell-depleted blood
2826 samples and filter paper blood spots will be subjected to genotyping using various
2827 platforms including but not limited to direct DNA sequencing, next-generation DNA
2828 sequencing, real-time PCR, other molecular biology tools and DNA and RNA chip
2829 technologies, to identify specific parasite variants or genetic loci associated with
2830 resistance. Parasite DNA will also be extracted from the mosquitoes used in the
2831 membrane feeding assay and will be subjected to similar genetic and molecular
2832 testing. RNA stabilized on blood spots will be used to assess stage-specific asexual
2833 and sexual parasite gene expression.

2834

2835 The exact methods of testing and assays used may vary from what is outlined here
2836 as technologies in genetics and genomics are rapidly advancing. Two primary
2837 analyses will be performed as part of this study; however, additional studies of
2838 parasite drug resistance and population genetics may be conducted using these
2839 samples and the techniques outlined above. The two primary analyses will include:
2840 1) studying the transmissibility of drug resistant parasites from humans to
2841 mosquitoes and 2) evaluating for within-host selection of drug resistance.

2842

2843 1) Transmissibility of genetic variants will be assessed from all volunteers regardless
2844 of PQ or placebo receipt. Using Massively Parallel Pyrosequencing (MPP) the
2845 complete distribution of parasite variants (including their frequency) in samples can
2846 be determined. Thus the progress of specific variants through the transmission
2847 cycle to the mosquito can be followed to determine if any selection or genetic
2848  Dbottlenecking occurs. For each volunteer, parasite DNA extracted from blood
2849 samples, mosquito midguts and mosquito salivary glands collected at specified time
2850 points will be PCR-amplified using primers specific for the central variable region of
2851 merozoite surface protein 2 (msp2) and the drug resistance gene pfmdrl. As the
2852  starting material from the midguts and salivary glands will be limited, whole genome
2853 amplification (WGA) will be conducted prior to amplicon preparation. Fidelity of
2854 genome amplification will be verified using analysis of 20 microsatellite markers on
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2855 the original genomic and amplified DNA. Depending on the yield of WGA, only
2856 amplicons from individual mosquitoes with high oocyst loads may be able to be
2857 generated. Initially, individual mosquitoes will be sampled, and the number of
2858 variants within each mosquito will be compared to the mosquito lot for each
2859 volunteer. After this type of sampling is done on a few prototype patients, all
2860 mosquitoes fed on each patient will likely be combined and the whole lot analyzed
2861 for better yield and cost-saving/efficient purposes. The amplicon libraries will be
2862 sequenced using the 454 sequencer at the Microbiome Core Facility located at the
2863  University of North Carolina (UNC). A goal of 2,000 reads per sample will allow
2864  detection of variants as low as 2.5% of the parasite population with high precision.
2865 Data analysis will be done using a new bioinformatic pipeline for haplotype building
2866 developed at UNC. Changes in parasite diversity may also be evaluated using
2867 microsatellite  mapping, linkage disequilibrium  calculation,  phylogenetic
2868 characterization, and other molecular analyses as developed on isolated parasites
2869 from both human and mosquito.

2870

2871 2) Within-host selection for drug resistance will be evaluated using similar
2872  techniques as described above (MPP) to track genetic variants longitudinally during
2873 the course of treatment. An increase in the relative frequency of one variant
2874 compared to a second after one replicative cycle would suggest that the one over-
2875 represented was more fit in the presence of drug and therefore may be more drug
2876 tolerant. Additional analysis of these tolerant phenotype parasites by genomics tools
2877 (e.g. NGS, DNA and RNA chips) may help identify novel loci in the genome
2878 associated with drug resistance. In order to do this, selection coefficients for variants
2879 up-selected by DHA and/or piperaquine based on in vitro resistance profiles will be
2880 defined. Using data on parasite density and change in parasite frequency, selection
2881 coefficients will be determined. This will be the first time these will be determined in
2882 vivo. We will also model the in-host dynamics of selection of DHA resistant
2883  parasites in vitro using culture adapted parasites.

2884

2885 These samples may be used in the future to address other issues related to drug
2886 resistance and parasite genetic structure in Cambodia. For example, microsatellite
2887 analysis could help determine the genetic origin of any novel resistance loci (or
2888 known resistance loci) identified in the parasites during the trial. In this case, the
2889 heterozygosity and variance in allele size could be calculated, as well as the number
2890 and frequency of alleles at each microsatellite locus. He and Fst would be calculated
2891 between all pairs of clusters as previously described (Vinayak, 2010). Finally,
2892 genetic analysis may also be conducted at AFRIMS (Immunology) and/or WRAIR
2893 (Malaria Research Program) including, but not limited to, assessment of gene copy
2894 numbers of pfcrt (chloroquine resistance), pfdhfr (folate resistance), pfmdrl (multi-
2895 drug resistance), and pfcytbcl (atovaquone resistance), and other markers as
2896  appropriate.

2897

2898

2899
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2900 8.6 Safety Analysis

2901

2902 The overall safety and tolerability of DHA-piperaquine treatments will be assessed
2903 throughout the study by evaluating adverse events and the following additional
2904  safety variables:

2905

2906 e Clinical laboratory tests (liver function, renal function, and hematology)
2907 e Vital signs

2908 e Physical exam findings

2909 e Cardiac safety as determined by electrocardiogram (EKG)

2910

2911 For continuous variables, descriptive statistics (n, mean, standard deviation, median,
2912 minimum and maximum) will be provided. For categorical variables, volunteer count
2913 and percentage will be provided. Descriptive summaries of serious adverse events,
2914  volunteer discontinuations due to adverse events, and potentially clinically significant
2915 abnormal values (clinical laboratory or vital signs) will also be provided. EKG
2916 findings will be analyzed, including corrected QTc intervals using Bazett's and
2917 Fridericia’s formulae. Adverse events will be attributed to the treatment regimen
2918 corresponding to the last dose administered.

2919

2920 Adverse events (AE) will be expressed as percentages and compared with chi-
2921 square tests. AE rates are expected to be small and the study is not powered to
2922 detect differences in AE rates. Because of the large number of statistical tests, p-
2923 values will not be used to assess “statistical significance”, but to flag differences in
2924  AE rates. Differences in AE rates will be flagged if p < 0.05 and identified as possibly
2925 clinically important if p < 0.01. Correlations between clinical and laboratory
2926 parameters will be explored and represented graphically. Other exploratory analyses
2927 may be carried out.

2928

2929 8.7 Interim Analysis

2930
2931 Results will be analyzed on a continuous basis.
2932
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2933

2934 9 ETHICAL CONSIDERATIONS

2935

2936 The investigator will ensure that this study is conducted in full conformity with the
2937 International Conference for Harmonization Good Clinical Practice (ICH-GCP)
2938 regulations and guidelines, whichever affords the greater protection to the volunteer.
2939

2940 9.1 Informed Consent

2941

2942  Freely given informed consent will be obtained from every volunteer prior to study
2943 participation. Informed consent will take place before any study specific procedure,
2944  prior to the initiation of non-routine study-related tests, and prior to administration of
2945  study drug. Signed and dated, informed consent will be obtained from each

2946 volunteer in accordance with GCP and with local regulatory and legal requirements.
2947 The completed informed consent form must be retained by the investigator as part of
2948 the study records and a copy will be provided to study volunteers. The investigators,
2949 or a person designated by the investigators, will fully inform the volunteer of all

2950 pertinent aspects of the study including the written information giving approval by the
2951 IRBJ/IEC. Neither the investigator, nor the trial staff, will coerce or unduly influence a
2952  volunteer to participate or to continue to participate in the study.

2953

2954 In obtaining and documenting informed consent, the investigators will comply with
2955 the applicable regulatory requirement(s), and will adhere to GCP. Prior to the
2956 beginning of the study, the investigators will have the IRB/IEC's written
2957 approval/favorable opinion of the written informed consent form and any other
2958  written information to be provided to volunteers.

2959

2960 The written informed consent form and any other written information to be provided
2961 to volunteers will be revised whenever important new information becomes available
2962 that may be relevant to the volunteer's consent. Any revised written informed
2963 consent form, and written information will receive the IRB/IEC's approval/favorable
2964  opinion in advance of use. The volunteer will be informed in a timely manner if new
2965 information becomes available that may be relevant to the volunteer’s willingness to
2966 continue participation in the study. The communication of this information will be
2967 documented. This may be accomplished by repeating the consent process with the
2968 revised consent form with attention given to the changes, or it may be done using an
2969 addendum consent that states the revision or new information. The new document
2970 will be signed, placed in the study record, and a copy given to the volunteer. New
2971 volunteers enrolled in the study will be consented with the most recent approved
2972  consent form.

2973

2974 9.2 Volunteer Identification and Confidentiality

2975

2976  All personal study volunteer data collected and processed for the purposes of this
2977 study will be managed by the investigators and his/her staff with adequate

WR 1877, v.2.3, 7 Sep, 2012 Page 75 of 91



L(-c::‘-\
e

{

S

Department of Immunology and Medicine, USAMC-AFRIMS

2978 precautions to ensure the confidentiality of those data, and in accordance with
2979 applicable national and/or local laws and regulations on personal data protection.
2980 Volunteers will not be identified in any presentation of the results.

2981

2982  This study will not involve the collection of data on sensitive matters such as sexual
2983  behavior or criminal activities. No HIV or human genetic testing will be performed on
2984 any samples collected during this study other than to assess G6PD genotypes and
2985 hemoglobin typing. This protocol does not involve audio or videotaping of research
2986 volunteers. All volunteer records and CRFs will be carefully designed to limit the
2987 personal information to be acquired to that which is essential. Data that could reveal
2988 a volunteer’s identity will be stored in files accessible only to authorized staff. As
2989 early as feasible, the data will be coded to remove identifying information.

2990

2991 9.3 Data Management

2992 The database generated by this study will contain information collected through
2993 CRFs and laboratory data It will be created in collaboration with the AFRIMS
2994  Department of Epidemiology and Surveillance (EDS). Clinical and laboratory data
2995 pertaining to drug efficacy will be managed by AFRIMS Immunology and Medicine
2996 using guidelines and data management tools developed by the World Wide
2997  Antimalarial Research Network (WWARN). WWARN was constructed based on the
2998 need for a comprehensive, global surveillance system “to identify new foci of
2999 [artemisinin] resistance, develop tools to track its spread and provide to the malaria
3000 community the information needed to contain resistance.... WWARN has built a
3001 secure web-based platform that allows researchers to share data on the drug
3002 responses of individual patients or parasites, which are transformed into comparable
3003 standard formats” (www.wwarn.org). See Appendix D for the WWARN database
3004 recommendations and analyses. WWARN also uses the WHO Guidelines for drug
3005 efficacy analysis listed in Section 8.1. Data management (source, CRFs etc) for
3006 elements information not collected according to WWARN guidelines will be
3007 developed by AFRIMS Immunology and Medicine. Parasitological data will also be
3008 contributed to a central database at WRAIR and shared with partner labs. No
3009 individually identifiable information will be included in the database, and the
3010 database will be password protected to limit access to the data.

3011

3012 The database will be created and managed at AFRIMS by EDS and stored on a
3013 limited access server. To ensure consistency across antimalarial drug efficacy
3014 studies, WWARN has listed common variables to be captured for all studies. Such
3015 data should include: unique identifier code (UIC), pertinent demographic data,
3016 treatment group assignment, parasitologic data such as but not limited to
3017 parasitemia, gametocytemia, speciation etc, volunteer clinical data and safety
3018 laboratory test results. Additional data collected for study completeness will also be
3019 included in this database (i.e., past medical history, vital signs etc).

3020
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3021 Volunteer names will also be added to the Volunteer Registry Database as required
3022 by the US Army Medical Research and Materiel Command (USAMRMC) whenever
3023 human volunteers are used in research studies. This database is maintained only for
3024 volunteer safety and will be kept in a secure location at USAMRMC in Fort Detrick,
3025 MD. The purpose of the database is to allow the investigators and/or MRMC
3026 regulatory officials to contact volunteers who have participated in US Army
3027 biomedical research studies in the event that new information becomes available
3028 that could potentially affect volunteer health and/or safety. It is the policy of
3029 USAMRMC that data sheets are to be completed on all volunteers patrticipating in
3030 research for entry into the U.S. Army Medical Research and Materiel Command
3031 Volunteer Registry Database. The information to be entered into this confidential
3032 database includes name, address, adverse events which may occur during study
3033 participation, study name, and dates. The intent of the database is twofold: first, to
3034 readily answer questions concerning an individual's participation in research
3035 sponsored by the USAMRMC; and second, to ensure that the USAMRMC can
3036 exercise its obligation to ensure research volunteers are adequately warned (duty to
3037 warn) of risks and to provide new information as it becomes available. The
3038 information will be stored at the USAMRMC for a minimum of 75 years. The only
3039 other documents to include individually identifiable information will be the
3040 identification log, a source document that will remain securely stored with other
3041 source documents at CNM. No individually identifiable volunteer information will
3042 otherwise be transported, transmitted or otherwise removed from Cambodia with the
3043 exception of information required for the VRD which will be stored at USAMRMC HQ
3044  as outlined above.

3045

3046 9.4 Risk to Volunteers and Precautions to Minimize Risk

3047

3048 The main risks to individual volunteers as a result of study participation beyond
3049 those related to the clinical diagnosis and treatment of malaria include:

3050

3051 e Adverse effects from treatment with antimalarials. DHA-piperaquine has been

3052 adopted as the first line antimalarial agent by the National Malaria Control
3053 Program in Cambodian (CNM). The study is designed in part to evaluate the
3054 safety and tolerability of a standard 3-day regimen of DHA-piperaquine
3055 Piperaquine can cause prolonged QT interval, however, other large regulated
3056 clinical trials submitted to the European Medicines Agengy (see Section 3.3)
3057 showed that DP at the doses used in this study did not cause a clinically
3058 significant prolongation of the QT interval. In AFRIMS trial WR 1849, it was
3059 found that a 2 day compressed course of therapy caused significant QTcF
3060 prolongation, and the study was halted with recommendations to use the
3061 standard 3 day course, and to avoid giving piperaquine to patients within 3 hours
3062 of a meal (see Section 3.3). In this study, EKG monitoring will take place with
3063 oversight from a Cardiac Data Safety Monitoring Board (see Appendix F, DSMB
3064 Charter). Protocol safety criteria have been modified in accordance with those
3065 used in protocol WR 1737 (AFRIMS Malaria Cohort and Treatment Study,
3066 conducted 2010-2011) to account for and control the potential confounding
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3067 effects of malaria on the electrocardiogram due to fever and tachycardia. The
3068 other potential antimalarials used in this study will all be prescribed in accordance
3069 with the study protocol and current national treatment guidelines. In general,
3070 potential medications used to treat malaria are well tolerated. Volunteers will be
3071 followed by a trained team of clinical malaria researchers with particular attention
3072 to potential side effects, and study treatment will be directly observed.
3073 Volunteers in this study will be followed up more closely and for longer duration
3074 by a dedicated study team, and will have an enhanced level of care compared to
3075 malaria volunteers receiving standard of care in Cambodia (non-DOT and more
3076 limited follow-up visits).

3077

3078 e Phlebotomy can cause discomfort and pain at venipuncture sites. Volunteers will
3079 be counseled to return to the clinic if local infection is suspected. The total
3080 volume of blood drawn in this study for volunteers will be up to approximately
3081 ~111 ml over 42 days. The maximum draw on any day will be on Days O of
3082 treatment when ~36 ml will be drawn. Subjects treated for recurrences of malaria,
3083 or treated for severe malaria will have additional blood drawn for study-mandated
3084 laboratory procedures and for appropriate clinical management if warranted.
3085 Volunteers with G6PD deficiency who are referred for primaquine therapy will
3086 have an additional ~12-16 mL drawn during treatment with primaquine therapy to
3087 monitor for potential hemolysis.

3088

3089 Risks associated with confidentiality: There is also the risk of a breach in
3090 confidentiality; however precautions will be taken to minimize this risk. All study
3091 communications, lab samples, and documents will be identified by a study code.
3092 These documents will not contain any study subject names or identifiable
3093 information. The volunteers who agree to be screened will be first assigned a
3094 unique screening code. If the volunteer is found to be eligible, they will be assigned
3095 a unique subject identification code upon enrollment. The lab samples sent to
3096 reference labs as described will contain only subject code. Study information and
3097 records will be maintained in a secure storage facility in Phnom Penh, Cambodia.
3098

3099 Although there is little or no risk in G6PD-normal patients, primaquine has the
3100 potential to induce hemolytic anemia in G6PD-deficient patients, particularly when
3101 given as a anti-relapse course (14 days). Both qualitative and quantitative testing for
3102 G6PD deficiency using FDA-approved test kits will be performed on all subjects to
3103 reduce the chances of misdiagnosis. Quantitative testing will be performed, and
3104 results will be calculated based on same-day hemoglobin values from the complete
3105 blood count. Severe deficiency (WHO Class | or 1) will be defined as 10% or less of
3106 the lower limit of normal activity (in G6PD activity units per gram of hemoglobin)
3107 established for the quantitative assay system. Subjects with severe deficiency will
3108 not be enrolled. Subjects with mild to moderate (Class lll, IV or V) deficiency will be
3109 enrolled and may be randomized to receive the onetime dose of primaquine. While
3110 only a single dose of 45mg primaquine will be administered to volunteers for this
3111  study, careful monitoring of blood counts will occur. A CBC will be obtained at
3112 enroliment with repeat CBC on day 3 following the primaquine dose. Additional CBC
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3113 monitoring will be performed if the hematocrit drops more than 10% post-dose with
3114 repeat CBCs on day 7 and day 14 after enrollment. The experience from the
3115 previous study (WRAIR 1737) conducted in Cambodia by AFRIMS in collaboration
3116 with RCAF demonstrated that there were no severe adverse events due to G6PD
3117 deficiency seen in any volunteer who received 45mg of primaquine for 8 weeks. As
3118 described in Section 3.5, only 2 volunteers had drops in the hematocrit of greater
3119 than 10% which resolved without incident.

3120

3121 Risks associated with pregnhancy: Both malaria and artemisinin antimalarials given
3122  during the first trimester can have deleterious effects on the developing fetus;

3123 therefore, pregnant women are excluded from the study. Female volunteers will
3124  have urinary pregnancy tests performed at screening, at any time of recrudescence
3125 and at the last follow-up visit (day 42 or alternate day determined by the investigator
3126 if participation is extended for receipt of antimalarials).

3127

3128

3129 9.5 Alternatives to Test Article (or Research Treatment)

3130

3131 Volunteers may elect not to participate in the study, and receive standard medical
3132 care for malaria which currently includes 2-3 days of non-DOT therapy with an
3133 artemisinin-piperaquine or an artesunate-mefloquine combination.

3134

3135 9.6 Benefits to Volunteers

3136

3137 Volunteers will benefit from the increased vigilance provided by the study team and
3138 will also benefit from directly observed malaria treatment and careful follow-up by a
3139 trained study team. There are no other direct benefits to volunteers from
3140 participating in this study. The study will benefit the community as a whole by
3141 providing up-to-date information on drug resistance and treatment regimen efficacy
3142  which will be provided to Cambodia National Malaria Control Program (CNM).

3143

3144 9.7 Risks to Study Personnel and Precautions to Minimize Risk
3145

3146 There are no additional anticipated risks to study personnel as a result of study
3147 participation. AFRIMS SOPs on occupational health and safety will be adhered to at
3148 all times, and all staff certified at the appropriate level. Universal precautions will be
3149 observed at all times when handling biological specimens.

3150

3151 9.8 Risks to the Environment

3152

3153 None.

3154

3155

3156
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3157 9.9 Financial Incentives to Volunteers

3158

3159 Compensation will be provided throughout the study, and volunteers will be
3160 compensated for all study visits completed if they leave the study prior to completion.
3161 The estimated compensation for completion of the trial will be approximately 20,000
3162 Cambodian Riel (approximately US $5 depending on current exchange rates) per
3163 follow up visit including screening and enrollment, and unscheduled visits.
3164 Volunteers will also receive this same amount of compensation on a daily basis
3165 while hospitalized. This compensation takes into consideration lost earnings (for
3166 civilian dependent beneficiaries), meals and incidentals arising from participation,
3167 and discomfort from phlebotomy. Compensation provided in the study will be
3168 outlined in the Informed Consent Document which will be the definitive document
3169 detailing volunteer compensation throughout the study. Any future changes in
3170 compensation made to IRB-approved Informed Consent Document will supersede
3171 the details provided in this section.

3172

3173 9.10 Medical Care for Injury or lliness

3174

3175 In accordance with DoDI 3216.02, appropriate language has been included within the
3176 informed consent addressing Research Related Injury. Medical care in case of
3177 research-related injury on either an emergency or routine basis will be provided free
3178 of charge according to local standard of care by qualified medical personnel at the
3179 appropriate facility. Volunteers will not receive additional compensation for injury
3180 beyond medical care. Volunteers will be encouraged to discuss this issue with the
3181 principal investigator before they enroll in this study. This medical care provision
3182 does not constitute a waiver or release of volunteer’s legal rights. Adequate
3183 provision for RRI will be included as part of the contractual agreement with the
3184 National Center for Parasitology, Entomology and Malaria Control.

3185

3186

3187
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3188 10 ADMINISTRATIVE PROCEDURES

3189

3190 10.1 Institutional Review Board

3191

3192 The protocol and informed consent documents will be provided for the review and
3193 approval to all IRBs having jurisdiction over the study prior to implementation. The
3194  protocol will require scientific review and approval by the committee at AFRIMS.
3195 The protocol will be sent to the University of North Carolina IRB for non-human
3196 subjects research determination. The protocol will undergo ethical review and
3197 require approval by the U.S. Army Medical Research and Materiel Command Office
3198 of Research Protection Human Research Protection Office (USAMRMC ORP
3199 HRPO), WRAIR IRB, the National Ethics Committee for Health Research IRB# 1
3200 (NECHR) (FWA# 00010451, IRB # 00003143). All amendments to IRB approved
3201 documents must be submitted for review and approval by all applicable institutional
3202 review boards prior to implementation. The WRAIR HSPB will report protocol
3203 actions to the USAMRMC ORP HRPO as per their current SOP (i.e. UWZC-636 or
3204 equivalent), as appropriate.

3205

3206 10.2 Protocol Amendments

3207

3208 Any change or amendment to the protocol affecting study volunteers, study
3209 objectives, study design, study procedures, or significant administrative aspects will
3210 require a formal amendment to the protocol. Such amendment will be submitted to
3211 the WRAIR IRB and NECHR for review and approval prior to implementation.

3212

3213 Administrative changes to the protocol are corrections and/or clarifications that have
3214 no effect on the way the study is to be conducted. Such administrative changes will
3215 be submitted to the WRAIR IRB and NECHR for review and approval prior to
3216 implementation.

3217

3218 The Informed Consent Form and protocol related documents will be revised to reflex
3219 the changes of the amendment as appropriate, and will also be reviewed and
3220 approved with the amendment.

3221

3222 Continuing Review:

3223 Continuing review reports will be submitted at intervals designated by the WRAIR
3224 IRB (or IRB of record) and a final and/or closeout report in accordance with 32 CFR
3225 219 and Army regulations. The continuing review and final and/or closeout reports
3226  should be submitted to the NECHR and to the WRAIR IRB, thru the WRAIR HSPB
3227  (wrairhspb@amedd.army.mil).

3228

3229 If the continuing review is not approved by the NECHR and WRAIR IRB by the
3230 anniversary date, all protocol activities must stop at that site until such time as the
3231 approval is obtained. A copy of the approved continuing review report and
3232  supporting documentation, along with IRB approvals will be submitted to the WRAIR
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3233 HSPB for processing before review by the WRAIR IRB as soon as these documents
3234 become available. Review and approvals by the NECHR, are subject to their policies
3235 but must be performed at least annually.

3236

3237 10.3 Study Medication Accountability

3238

3239 Test article will be purchased commercially and will be maintained securely in a
3240 locked cabinet by the study team at all times until administered. The study team will
3241 maintain a log documenting test article administration.

3242

3243 10.4 Disposition of Data

3244

3245 All data will be retained according to ICH guidelines by the Investigators for 5 years
3246 at AFRIMS office in Cambodia. The case report forms and a copy of the final report
3247  will be stored in an access-controlled place in the contracted archives of AFRIMS.
3248

3249 10.5 Access to Source Data/Documents

3250

3251 The investigators, research monitor, and other study personnel assigned from
3252 National Center for Parasitology, Entomology and Malaria Control (CNM) and their
3253 respective representatives are authorized access to the study data as part of their
3254  duties and part of their responsibility to protect human volunteers in research. The
3255 investigators, research monitor, members of the WRAIR IRB, representatives of the
3256 U.S. Army Medical Research and Materiel Command (USAMRMC), representatives
3257  of regulatory agencies, and other government agencies are authorized access to the
3258 study data as part of their duties and part of their responsibility to protect human
3259 volunteers in research.

3260

3261 10.6 Certification of Translation (where applicable)

3262

3263 Investigators will provide documentation that the foreign language version of the
3264 consent form is an accurate translation. Documentation of translation will be

3265 provided along with the English and foreign language version of the consent forms.
3266 Translations of study documents must be approved by the appropriate approving
3267 authority for accuracy and completeness of translation. Use the CMD-QP-003-F1,
3268 Translation Verification Form or a similar document (e.g. memorandum).

3269

3270 10.7 Protocol Deviations

3271

3272 A significant deviation occurs when there is non-adherence to the IRB approved
3273  protocol that has the potential to effect the rights and welfare of the research
3274 participant, to increase the risk to the research participant, to change the
3275 willingness of the research participant to continue participation, or to compromise
3276 the integrity of the study data in such a way that the study objectives cannot be
3277 achieved. Significant deviations must be reported promptly to the WRAIR IRB,
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3278 within 48 hours of becoming aware of the event, and recorded in the study
3279  deviation log.

3280

3281  Significant deviations should be promptly report (within 48 hours of the PI
3282 becoming aware of the deviation) by telephone (301-319-9940), fax (301-319-
3283 9961) or email (wrairhspp@amedd.army.mil) to the WRAIR IRB, thru the WRAIR
3284 HSPB, and then must be followed-up in writing within 10 working days from
3285 awareness of the deviation.

3286

3287  All other deviations (minor) will be recorded in the study deviation log and
3288 provided as part of the continuing review report.

3289

3290 10.8 Compliance Inspections

3291

3292  For reporting pending compliance inspections: Notice of compliance inspections will
3293 be immediately reported to the WRAIR Division of Human Subjects Protection by
3294 telephone (301-319-9940), fax (301-319-9961) or email
3295 (wrairhspb@amedd.army.mil), the local IRB, and the USAMRMC Office of Research
3296 Protections upon knowledge of a pending compliance inspection by any
3297 governmental agency concerning clinical investigation or research.

3298

3299 10.9 Publication Policy

3300

3301 Results of this study will be presented in scientific forums orally and in written
3302 publications in scientific journals. No identifying information for any of the volunteers
3303 in the study will be included in any presentation of data or photographs. Publications
3304  will be submitted as per Command review policy.

3305

3306 10.10 Responsibilities of Study Personnel

3307

3308 All named personnel are fully qualified to perform the following assigned roles. The
3309 Principal Investigators will ensure that all assigned personnel maintain required
3310 trainings, licensures and certifications throughout the study. All duties will be
3311 performed in accordance with GCP Guidelines.

3312

3313 The Principal Investigators will be responsible for all aspects of the study to include:
3314  Protocol design to include all related documents (such as the consent form, case
3315 report form, standard operating procedures, etc); supervision and monitoring of
3316 research staff; protocol compliance and QA/QC plan execution; timely and accurate
3317 reporting of AEs (including SAEs) to IRBs and management of the respective
3318 organizations as outlined in the protocol. Pls will also be responsible for clinical and
3319 scientific aspects of the study to include volunteer care, data analysis, interpretation
3320 and manuscript preparation; continuing review and final study reports and
3321 publication. PIs will liaise with study personnel from the different organizations listed
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3322 as well as local authorities. All duties will be performed in accordance with GCP
3323  Guidelines.

3324

3325 The Associate Clinical Investigators will be responsible for multiple aspects of the
3326 study to include: Protocol design to include all related documents (such as the
3327 consent form, case report form, standard operating procedures, etc); supervision
3328 and monitoring of research staff; protocol compliance and QA/QC plan execution;
3329 timely and accurate reporting of AEs (including SAEs) to IRBs and management of
3330 the respective organizations as outlined in the protocol. Als will also be responsible
3331 for clinical and scientific aspects of the study to include volunteer care, data analysis,
3332 interpretation and manuscript preparation; continuing review and final study reports
3333 and publication. Als will liaise with study personnel from the different organizations
3334 listed as well as local authorities.

3335

3336 The Associate Laboratory Investigators will be responsible for multiple aspects of
3337 laboratory analysis during or arising from the study to include depending on their
3338 respective disciplines: method development; assay design; development of standard
3339 operating procedures; storage and shipment of samples (where required); data
3340 analysis and interpretation; manuscript preparation; supervision and monitoring
3341 technical staff in the conduct of procedures based on levels of established training
3342 and expertise.

3343

3344  Clinical and Laboratory Research Coordinators will be responsible for coordinating
3345 procedures in the field and laboratory to include informed consent, screening and
3346 enroliment; study procedures including SOP/SSP instruction and adherence;
3347 coordinating the conduct of laboratory procedures; in addition to other duties as
3348 assigned by the investigators for which they are qualified.

3349

3350 If military volunteers are screened for the study, an ombudsman independent of the
3351 study team will serve as independent advocates for subject welfare, and be present
3352 during informed consent sessions. Ombudsmen will also serve as witnesses during
3353 the informed consent process. They will also be available to subjects by telephone
3354 and/or on request to communicate questions or concerns to the investigative team.
3355 One or more ombudsmen will be selected from the civilian community or from the
3356 RCAF as long as they are outside the chain of command of subjects being recruited.
3357 In cases of military ombudsmen, they will have sufficient rank and authority to permit
3358 an independent unbiased determination of subject welfare. For issues that cannot
3359 be resolved by the investigators, the ombudsmen will report the matter to the
3360 research monitor.

3361

3362 The research monitor will be responsible to ensure that the monitoring of study
3363 volunteers from a medical perspective has been done appropriately, to review and
3364 report all serious and unexpected adverse events, and to verify that medical care is
3365 provided for any such events should they occur and the events is reported to the
3366 IRBs.

3367
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3368 The Clinical Study Monitor will be responsible for regular monitoring of data
3369 collection and procedures to ensure that the human volunteer protections, study
3370 procedures, laboratory, and data collection processes are of high quality and meet
3371 GCP/ICH and regulatory guidelines; and correspond with IRBs as required.

3372

3373 Consultants may assist the study team with protocol design, data analysis,
3374 interpretation and manuscript review and preparation. Consultants will not have
3375 contact with volunteers or their individually identifiable information. Consultant
3376 laboratory investigators from outside institutions may analyze de-identified study
3377 specimens which are labeled with subject ID; no subject identifiable information will
3378 be provided. In each case, performing laboratory consultants will obtain permission
3379  from their respective IRBs and provide this to the IRBs of record.

3380

3381 10.11 Responsibilities of the Research Monitor

3382

3383 In accordance with the DoD Directive (DoDD) 3216.02, all studies determined to be
3384  greater than minimal risk [as defined by 32 CFR 219.102(i)] require an independent
3385 DoD research monitor. The name of the research monitor is included in the protocol
3386 and the curriculum vita has been provided. Note that the DOD definition of a
3387 research monitor differs from the industry definition.

3388

3389 The research monitor for this study is a qualified physician, other than the Principal
3390 Investigator, not associated with the protocol, who is able to provide medical care to
3391 research volunteers for conditions that may arise during the conduct of the study,
3392 and who will monitor the volunteers during the conduct of the study. Research
3393  monitors shall promptly report discrepancies or problems to the IRB. They shall have
3394 the authority to stop a research study in progress, remove individual subjects from a
3395 study, and take whatever steps are necessary to protect the safety and well-being of
3396 research subjects until the IRB can assess the research monitor's report. The
3397 WRAIR IRB is responsible for ensuring that the individual is appropriately qualified to
3398 servein this role.

3399

3400 The research monitor is required to review all unanticipated problems involving risk
3401 to subjects or others, serious adverse events and all subject deaths associated with
3402 the protocol and provide an unbiased written report of the event. At a minimum, the
3403 research monitor must comment on the outcomes of the event or problem and in
3404 case of a serious adverse event or death, comment on the relationship to
3405 participation in the study. The research monitor must also indicate whether he/she
3406 concurs with the details of the report provided by the principal investigator. Reports
3407 for events determined by either the investigator or research monitor to be possibly or
3408 definitely related to participation and reports of events resulting in death must be
3409 promptly forwarded to the USAMRMC ORP HRPO.
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