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Summary of changes in the SAP throughout its life cycle

Version Date Summary of Changes

V1.0 March 13, 2015 | NA

V2.0 Oct 15, 2015 Added more details on the statistical methods.

V3.0 March 5, 2016 | The SAP underwent a major revision as the study design
changed from a group sequential design to a conventional
study with one final look, and downsized from a 3-site study
to one site.

V4.0 Jan 30, 2017 Addressed the comments from the DSMB statistician,;
removed the community effect component from the study.

V4.1 Jan 10, 2018 Added a more detailed explanation on what the sample size
requirement (54 households per cluster) was based on. The
sample size did not change; only that more details were
provided.

V5.0 Sep 8, 2018 Addressed the comments from study PIs on the SAP, and the
statistician from the DSMB statistician.

V5.1 Feb 7, 2019 Correction of typos before finalization.

(this version)
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1  Objectives

Primary Objective

To evaluate the protective efficacy (PE) of spatial repellent (SR) against first-time malaria

infection.

Secondary Objectives

1. To evaluate the protective efficacy (PE) of SR against overall (first-time and recurrent) malaria
infections.

2. To evaluate the effect of SR on mosquito human contact using human biting rate (HBR) as an
indicator.

3. To investigate the relationships between the reduction in first-time and overall malaria
infection and mosquito HBR.

Tertiary Objectives

1. To evaluate the effect of SR on mosquito survival and population age structure using parity
rate as an indicator.

2. To evaluate the effect of SR on mosquito infectivity using sporozoite positivity rate as an
indicator.

3. To investigate the relationships between the reduction in first-time and overall malaria
infection and mosquito parity rate and sporozoite positivity rate.

4. To investigate the effect of SR on HBR, parity rate, and sporozoite positivity rate by mosquito
species (anopheline and culicine).

5. To evaluate the safety of the SR product in human subjects.

2  Hypotheses

Primary Hypothesis

Hpy: SR does not reduce the first-time malaria hazard rate compared to placebo (PBO).

Hj: SR reduces the first-time malaria hazard rate compared to PBO (first-time malaria hazard ratio
between SR and placebo is < 1; expected hazard ratio is 70% or expected PE is 30%).
Secondary Hypothesis
Estimation:
1. The hazard ratio of SR versus PBO on overall malaria infections will be estimated.
2. The change in the mosquito HBR in SR relative to PBO will be quantified.
3. The relationship between the reduction in first-time and overall malaria hazard rates and the
decrease in mosquito HBR will be quantified.
3 Endpoints
e The primary endpoint is the time to first-time malaria infection collected from the follow-up
period post randomization with intervention.
e The second endpoints include:
e Overall malaria infections during intervention follow-up period.
e Entomological endpoint: mosquito HBR.
e The tertiary endpoints include:

e Other entomological endpoints including mosquito parity rate and sporozoite positivity
rate.
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e First-time and overall malaria infections diagnosed by microscopy during intervention
follow-up period.
e Safety measures (the frequency of adverse events/AEs and serious adverse events/SAEs)
during baseline and intervention follow-up periods.
4  Study Design
The study design is a cluster-randomized, double-blind, placebo-controlled clinical trial with 12
clusters per intervention arm (SR and PBO). Fifty-four households are recruited within each cluster
(factoring in a 20% loss-to-follow-up rate during intervention). At least one child aged from <6 to 59
months old from each household is recruited for active screening every 4 weeks for malaria infection
during the follow-up period.
5 Population for analysis
The intention to treat (ITT) analysis is the primary analysis approach for both the primary and
secondary objectives. The ITT population includes the first recruited kid from each recruited
household that has at least one blood sample post randomization. If a recruited subject comes from a
household used for entomological data collection, that subject will be not used in the ITT analysis.
The per-protocol (PP) analysis is included as a supplementary analysis for the primary and secondary
objectives. The PP population includes the subjects from the ITT population that are treated following
the specifications of the study protocol without major protocol deviations. In addition, the following
rules are applied to deal with the subjects who experience events listed as such.

5.1 Subjects who moved to a new house during the intervention follow-up period and not used as

replacement

For a subject who moved to a different house within the same cluster, that subject will be included in
both the ITT and PP analyses. The household characteristics will be updated at the time the subjects
moved. For a subject who moved to a different cluster due to reasons not related to the treatment
assignment, the data from the subject before moving will be included in the ITT analysis. The data
before and after moving from the subject will be included in the PP analysis, but both the treatment
information and the baseline household characteristics will be updated at the time the subjects moved.

5.2 Subjects who were hospitalized for serious complicated illness (e.g. chronic illness), died,
dropped out, or missed scheduled visits due to reasons not related to the malaria outcome or
intervention during the follow-up period

For subjects that fall under this category, the available data from the subjects (up to the time point
when the subjects were hospitalized, died, or dropped out; data from the scheduled visits that the
subjects did not miss) before the loss-to-follow-up will be included in both the ITT and PP analyses
(see Section 6.4 of the SAP for more details).

5.3 Subjects who did not receive (complete) intervention due to travelling outside, mis-application
or partial application of the product

For the ITT analyses, these subjects will be included as is. For the supplementary PP analysis, “travel
outside” (Y or N; an individual-level covariate) and the product application rate in each household
(expected to be close to 100%) will be included as covariates if the data are not overly imbalanced
between the Y and N categories for “travel outside”, and there is practically/clinically meaningful
variation in the product application rate across households and clusters.

5.4 Replacement subjects

Replacement subjects are defined as subjects who were recruited into the study and cleared of
parasites with radical cure at a time point after intervention to replace initially recruited loss to follow
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up (LTFU) subjects to maintain minimum cohort numbers. If the replacement occurs in the baseline
period or before the first scheduled visit of the subjects who they replace, then the data from the
replacement subjects will be included in the primary analysis. Data from replacement subjects will
not be included in the primary analysis for PE if the replacement of the original subject (from the
same cluster) occurred after the original subject he/she replaced has least one blood sample after
randomization. However, a supplementary analysis will be performed that includes the replacement
subjects.

6 Definition of new malaria infection

Following a true positive malaria screening, whether the next positive malaria infection, either
during active or passive screening, is a new infection or just a remnant or a carryover from the
previous malaria infection depends on the time lapse between the two malaria infections, and
whether and when the first malaria is treated.

e If the second malaria infection occurs beyond 3 weeks from the treatment date of the first
malaria, then the second malaria infection will be regarded as a new infection; otherwise, it
will not be regarded as a new infection.

e If there is no treatment for the first infection, and the second malaria infection occurs beyond
3 weeks from the first malaria infection with at least negative active screening between the two
positives, then it will be regarded as a new infection; otherwise, it will not be regarded as a
new infection.

The positive diagnosis that cannot be treated as a new infection will be re-coded as negative before
any the following statistical analysis on malaria infection (baseline, first-time infection, overall
malaria infection) is applied.
7  Statistical Methods
7.1 Primary endpoint (ITT Population)
The primary hypothesis on PE against first-time malaria infection will be tested by comparing the
hazard rates of the first-time malaria infection between SR and PBO upon the completion of the
study in the ITT population. The complementary log-log (cloglog) regression model
log (—1log(1 — Oyjic)) = Por + x%icB + 2. will be applied 4], 6 j;, is the discrete time hazard
rate of subject i from household j in cluster k at time ¢, and x; j;; contains visit (as a categorical
predictor), the individual-level (age, gender), household-level (number of doors, open eaves Y or
N, wall type), and cluster-level (baseline incidence rate, cluster population size, intervention
group) covariates. First-order interactions terms will also be included in the model if deemed
scientifically or statistically relevant. If the data are extremely unbalanced in a categorical
covariate (e.g., 99% households had the same type of walls) or if a non-ignorable portion of the
subjects have missing values on a covariate (due to missing at random/MAR or missing completely
at random/MCAR), that covariate may be excluded in the model. z, ~ N(0,0%) is the random
effect at the cluster level respectively.

PE is estimated by (1 — exp(ﬁ)) X 100%, where 8 is the estimated regression coefficient

associated with the treatment group, and exp(f) is the estimated hazard ratio (HR) between SR
and placebo, with a 90% confidence interval (CI) based on the Wald test (90% CI is obtained
instead of 95% CI as the primary hypothesis is one-sided). The cloglog model is a proportional
hazard model and thus HR does not depend on time ¢. The null hypothesis of PE = 0% is equivalent

to § = 0, which will be tested by the Wald’s test z = 3 /s, where s is the estimated standard error
of B. It will be concluded that SR reduces the first time malaria hazard rate compared to placebo
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ifz < zyo5 = —1.645 (as the primary hypothesis is one-sided); otherwise, the study does not
have enough evidence to suggest that SR reduces the first time malaria hazard rate compared to
placebo at a one-sided significance level of 5%.

The Kaplan-Meier (KM) curves on the first-time malaria infection per cluster will be provided for
the SR and PBO arms respectively.

Also noted is that the active screening of malaria occurs every 4 weeks and the passive screening
occurs in between two active screenings only when a subject experiences a fever. It is possible
there are only a few passive screenings upon the completion of data, leading to data imbalance
between the odd-numbered visits (the active screening) and the even-numbered visits (the passive
screening). To deal with this problem if it occurs, we will apply the following approach. If the
passive screening in a visit is negative on malaria, then that data point will be removed as it
contains no additional info on malaria or time at risk on top of the active screenings before and
after it. If the passive screening is positive, then the passive positive will be assigned to either the
active screening visit immediately before the passive screening or after, whichever is closer to the
passive screening in time. The same approach will be applied to the analysis of overall malaria
infections in Sec 7.2.

7.2 Secondary endpoints (ITT Population)
PE of SR protection against the overall malaria infections

The second endpoint on PE of SR protection against the overall malaria infections will be
estimated by comparing the hazard rates of overall malaria infections between SR and PBO upon
the completion of the study in the ITT population. The cloglog regression model log (— log(l —
ijit)) = Bot + XijieB + Zk + Zjy Will be applied 4. 6, is the discrete time hazard rate of
subject i from household j in cluster k at visit ¢, and x; j;; contains visit, the individual-level (age,
gender), household-level (number of doors, open eaves Y or N, wall type), and cluster-level
(baseline incidence rate, cluster population size, intervention group) covariates. First-order
interactions terms will also be included in the model if deemed scientifically or statistically
relevant. If the data are extremely unbalanced in a categorical covariate (e.g., 99% households had
the same type of walls vs 1% that didn’t) or if a non-ignorable portion of the subjects have missing
values on a covariate (due to MAR or MCAR), that covariate may be excluded in the model.
z, ~ N(0,0%) and Zjao~ N (O, 02) are the random effects at the cluster and individual levels
respectively. PE against the overall malaria infections is estimated by (1 — exp(ﬁ)) X 100%,
where f3 is the estimated regression coefficient associated with the treatment group, and exp(f) is
the estimated hazard ratio (HR) between SR and placebo, with a 90% CI based on the Wald test.

Entomological effects of SR

The entomological data are collected in a subset of 12 randomly selected clusters. Clusters will be
stratified by treatment arm to ensure balanced recruitment (6 clusters in each treatment group with
4 households per cluster). The endpoints in the entomological analysis include daily mosquito
HBR (number of mosquitos caught during the 12-hr interval overnight), daily parity rate and daily
sporozoite positivity rate (among the mosquitos caught during the 12-hr interval overnight),
measured every 2 weeks. The time profile plots of each of entomological endpoints will be
obtained over the intervention follow-up period.

An appropriate statistical model will be identified after examining the distributional characteristics
of the HBR data, which is likely to be a (zero-inflated) Poisson distribution or a (zero-inflated)
negative binomial distribution if there is over-dispersion. The covariates in the model for analyzing
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HBR will include the fixed effects of intervention group, the interaction between treatment and
location of collection (inside or outside), visit (as categorical), baseline incidence rate, baseline
vector count, cluster population, and random effects for household nested within cluster and for
cluster. Statistically significant and relevant interaction terms will also be included in the models.
The ratio between SR and placebo in HBR will be estimated, and the %change in HBR by SR is
given by (1-HBR ratio)x100%.

The model for parity rate will be the (zero-inflated) Poisson distribution or a (zero-inflated)
negative binomial distribution with the daily porous mosquitos s as the outcome and the daily HBR
as the offset, and the same set of covariates as those used in the model for analyzing HBR. The
model for the sporozoite positivity rate will be similar to the parity rate with the change of outcome
variable to daily mosquitos with positive sporozoite. Note that if the data on parity and sporozoite
positivity are highly unbalanced (e.g., 99% nulliparous or 99% negative sporozoite), then the
model might lead to unstable estimates or the model might not even converge. In such cases, only
summary statistics will be provided.

Relationship between epidemiological and entomological endpoints for anopheline mosquitos

To explore the relationship between the epidemiological and the entomological endpoints for
putative malaria mosquitos, a similar model as the cloglog models used to address the primary
hypothesis for the first-time malaria infection and the secondary endpoint for the overall malaria
infection will be applied to the epidemiological and entomological data in the 12 clusters from
which the entomological data are collected. Besides the covariates and random effects specified in
each case, the model will also include a variable that captures the entomological information. For
HBR, the measurement to be paired with a malaria diagnosis in an individual is average daily HBR
taken within 7 to 28 days before the diagnosis over the two-week period and over the 4 sentinel
households in the same cluster to which the individual belongs to. The regression coefficient
associated with the covariate log(HBR) quantifies the change in the hazard rate on the log scale,
given one unit increase in log(HBR). In addition, a similar model but with the interaction between
treatment and log(HBR) will also in run. The regression coefficient associated with the interaction
term approximately quality the change in PE with one unit increase in log(HRB) (that is, how HBR
affects the PE). For parity rate and sporozoite positivity rate, as long as there is enough data
collected on these two endpoints and they not highly unbalanced (e.g., 99% mosquitos caught are
nulliparous or sporozoite negative), the relationship between the malaria hazard rate and those two
will also investigated in a similar fashion as for HBR. Supplementary analysis

Per-Protocol population

The primary and secondary analyses laid out in Sections 6.1 and 6.2 for the first-time infection,
the overall infections, and the examination of relationship between the ento- and epi- endpoints
will also be carried out in the PP population with some modification on the covariate list in the
cloglog models. Specifically, for the PP analysis, “bednet usage” in the last 24 hrs (Y or N), “travel
outside” (Y or N; an individual-level covariate), and the product application rate in each household
(expected to be close to 100%) will be included as covariates if the data are balanced between the
Y and N categories on these two covariate, and there is practically/clinically meaningful variation
in the product application rate across households and clusters.

A supplementary analysis on the PE against the first-time infection and overall infections will be
performed by including the replacement subjects in the model if the replacement occurs after the
first scheduled visit of the original subjects who they replace. If replacement subjects have been
under intervention exposure, the analysis will assume the previous exposure does not affect the
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time to the first-time infection. If replacement subjects come from the same households as the
original subjects, the random effects z;;,~ N (O, 0#) that account for the within-household
correlation will be included.

Incidence rate

The first-time and overall malaria incidence rates per person-year during the whole intervention
follow-up will be calculated by cluster for the SR and the PBO arms respectively. The first-time
malaria incidence rate is defined as the ratio of the number of first-time malaria cases during the
whole study vs sum of the time to event/time at risk (in year) across the individuals within the
same cluster, and the overall malaria incidence rate is defined as the ratio of the number of new
malaria cases during the whole study vs sum of the time to event/time at risk (in year) for each of
the new cases across the individuals within the same cluster.

Since the active screenings of malaria incidences are either every 4 weeks (active screening) with
passive screening taken between two active screenings if fever is reported, the actual time for
contracting malaria is unknown (interval censored). Therefore, the mid-point between two
consecutive screenings will be used as the time at risk for a malaria event that occurs in the latter
screening. The average per-person-year first-time and overall malaria incidence rates in the SR
and the PBO arms, and the incidence ratios between the two will be calculated, together with the
coefficients of variation in both arms on both incidence endpoints.

Analysis of the relationship between incidence rate and entomological endpoints

We will also examine the relationship between first-time and overall malaria incidence rates per
person-year with the entomological endpoints. Toward that end, we will aggregate the incidence
rate as well as the entomological endpoints every 4 week. Specifically, the first-time infection
incidence rate will be calculated as the number of first-time infections every 4 week divided by
the sum of time at risk across all the subjects for first-time infection during that period by cluster,
and the overall infection incidence rate will be calculated as the number of new infections every 4
week divided by the sum of time at risk across the subjects or new infections during that period by
cluster. The HBR to be matched with the incidence rates will a weighted average of the HBR
collected over a 6-week period as depicted in the table below.

Week -2 -1 0 1 2 3 4
malaria incidence

weights of the | Wk 4 incidence
HBR data to be | Wk 3 incidence
matched with | Wk 2 incidence
incidence rates | Wk 1 incidence
overall 13123 1 1 231173
Scatter plots of the first-time and new malaria incidence rates versus HBR will be plotted.
Appropriate models might also be adopted to examine the relationship between HBR and malaria
incidence rates. Similar analysis will be applied to analyze the relationship between incidence rate
vs parity rate, and vs sporozoite positivity rate, respectively, if sufficient data on parity and
sporozoite positivity are collected.

VCAG’s review comments

Per VCAG’s review comments, a supplementary analysis on the first-time infection and the overall
infections will be also performed by removing all the baseline covariate from the cloglog models
presented Sec 6.1 and 6.2 and only keeping “intervention group” as the only covariate in addition
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to visit (as a categorical predictor). The hazard ratios between SR and PBO will be provided, along
with 90% Cls.

AEs and SAEs
AEs and SAEs will be tabulated and documented.
7.3 Handling of missing data

Per protocol, the subjects are screened actively on their malaria status (the outcome) every four
weeks.

e If a subject missed one or more scheduled visits, the subject will have missing values on the
outcome that can be regarded as ignorable missingness.

e If a subject drops out study due to reasons unrelated to the SR product and/or malaria
infection, then the missing observations from the subject can be regarded as ignorable
missingness.

In both cases, all available data from the subject will be included in the primary and secondary
analysis, without employing any specific technique to deal with the data.

If a non-ignorable portion of the subjects have missing values on a covariate (due to missing at
random or missing completely at random), that covariate maybe may be excluded in the model.

7.4 Interim analysis
No formal interim analysis will be performed in this study.
7.5 Analysis of baseline data

The per-person-year first-time and overall malaria incidence rates from the 24 recruited clusters
will be calculated. Since the malaria incidences are collected periodically, the mid-point between
two visits will be imputed as the time at risk for a new malaria infection. The average incidence
rate across clusters will be calculated, together with the coefficient of variation.

8 Software

Software used will be SAS for Windows, Version 9.4 or higher (SAS Institute, Cary, NC, USA)
and Rstuduo Version 1.0.143 or higher (RStudio, Inc, Boston, MA, USA).

9 Sample Size Determination

The sample size determination on the required number of households per cluster is based on the
hazard rate comparison in the proportional hazards regression model 2% 21, The required number
of events is 417 to reach 80% power in testing the primary hypothesis, assuming a 1-sided type 1
error rate = 5%, true PE = 30%, and between-cluster coefficient of variance (CV) of baseline
hazard rate = 25% (corresponding to a design effect of ~2.15). With 12 clusters per treatment, 2-
month accrual with 22 months follow/up (a 2-year study), and an assumed baseline hazard rate of
0.3 per person year, then the required sample size is 45 households per cluster. Factoring in a 20%
loss to follow-up rate, the total sample size required in terms of the number of households is 54
households per cluster.
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Appendix

L.

Mock Tables and Figures

Figure 1: flow diagram of progress of clusters and individuals (From Campbell (2010): Consort
2010 statement: extension to cluster randomized trials)

Enrolment

Allocation

Follow-up

Analysis

Assessed for eligibility (n=No of clusters)

J

Excluded (n=No of clusters):
Not meeting inclusion criteria (n=No of clusters)
Declined to participate (n=No of clusters)
Other reasons (n=No of clusters)

Randomised (n=No of clusters)

1

Allocated to intervention (n=No of clusters):
Received allocated intervention (n=No of
clusters, average cluster size, variance of
cluster sizes)
Did not receive allocated intervention, give
reasons (n=No of clusters, average cluster
size, variance of clustersizes)

i

Lost to follow-up, give reasons (n=No of
clusters, average cluster size, variance of
cluster sizes)

Discontinued intervention, give reasons
(n=No of clusters, average cluster size,
variance of cluster sizes)
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Analysed (n=No of clusters, average cluster
size, variance of cluster sizes)

Excluded from analysis, give reasons (n=No
of clusters, average cluster size, variance of
clustersizes)

;

Allocated to intervention (n=No of clusters):
Received allocated intervention (n=No of
clusters, average cluster size, variance of
cluster sizes)
Did not receive allocated intervention, give
reasons (n=No of clusters, average cluster
size, variance of cluster sizes)

$

Lost to follow-up, give reasons (n=No of
clusters, average cluster size, variance of
cluster sizes)

Discontinued intervention, give reasons
(n=No of clusters, average cluster size,
variance of cluster sizes)

$

Analysed (n=No of clusters, average cluster
size, variance of cluster sizes)

Excluded from analysis, give reasons (n=No
of clusters, average cluster size, variance of
cluster sizes)



Table 1: Summary on baseline covariates
SR Placebo

Individual level

age (mean + SD, n)
gender (% of boys, n)
household level

Baseline spray (Yes%, n)

house wall type (%, n)
house roof type (%, n)
open eaves (Yes%, n)
floor height (mean £+ SD, n)

# of windows (meant SD, n)
# of doors (meant SD, n)

Cluster level

Cluster size (meant SD, n)

Baseline incidence rate (meant SD, n)

Table 2: Protective Efficacy (PE) of SR against 1%-time infection

Baseline # of # of hazard ratio PE
Treatment incidence rate households | events” (95% CI) | (95% CI)
SR
placebo

# 1%t-time infection
Baseline coefficient of variation (CV) of incidence ate: xxx%
A similar table will be provided for overall infections

Table 3: Effects of SR compared to blank on the HBR, parity rate, sporozoite positivity rate

Mean (95% CI) Ratio (95% CI)
EndeIHt SR Blank SR vs. blank
HBR
Parity rate Only if model-based
sporozoite positivity rate analysis is performed
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Figure 2: Kaplan Meier Curves for SR and PBO on 1%'-time malaria infections
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Figure 3: time profile of estimated HBR (time unit is every 2 weeks)
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Some sample SAS and R procedures used in the analysis

Note the final codes for KM curves and estimation if PE could differ slightly from the sample
codes below, which are meant to demonstrate the main procedures/commands in R and SAS to
run the those two types of analyses rather than to be followed strictly.

a) KM curves for each cluster. Some sample codes are given below.

library(interval)
fit<-icfit (Surv(left,right, type="interval2")~treatment, data=malaria)

plot (fit)

b) For estimating the PE of SR against first-time and overall malaria infection

SAS procedure PROC glimmix with the cloglog link. Each subject will have multiple
rows, one for each visit. The statement random will be included to take account of the
dependency of the subjects from the same cluster. Some sample codes are given below.
proc glimmix data=malaria;

class gender visit Local Subject ID treatment open eave wall type
cluster;

model malaria (event='l')= visit age first follow up gender
number doors open eave wall type treatment baseline incidence
cluster size /dist=binary solution link=cloglog;

random int / subject=cluster;
estimate 'treatment' treatment 1 -1 /alpha=0.1 cl exp;
ods output estimates=treatdiff;

run;
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