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Abstract

Background: Combination HIV prevention approaches that include both biomedical and non-
biomedical interventions often hold greater promise to improve health outcomes and reduce the
risk of HIV transmission.

Objectives: Evaluate the relative properties of four leading candidate trial designs — ‘single-
factor’, ‘multi-arm’, “all-in-one’, and “factorial’ designs — for assessing individual and/or
combination prevention intervention approaches.

Methods: Monte-Carlo simulations are conducted, assuming a putative combination approach
could choose its components from two candidate biomedical interventions, i.e., Treatment-as-
Prevention (TasP) and Pre-exposure Prophylaxis (PrEP), and three candidate behavioral
interventions, i.e., linkage-to-care, counseling, and use of condoms. Various scenarios for
individual components’ effect sizes, their possible interaction, and the sample size based on real
clinical studies are considered.

Results: The all-in-one and factorial designs used to assess a combination approach and the
multi-arm design used to assess multiple individual components are consistently more powerful
than single-factor designs. The all-in-one design is powerful when the individual components are
effective without negative interaction, while the factorial design is more consistently powerful
across a broad array of settings.

Conclusions: The multi-arm design is useful for evaluating single factor regimens, while the all-
in-one and factorial designs are sensitive in assessing the overall efficacy when there is interest in
combining individual component regimens anticipated to have complementary mechanisms. The
factorial design is a preferred approach when assessing combination regimens due to its favorable
power properties and since it is the only design providing direct insights about the contribution of
individual components to the combination approach’s overall efficacy and about potential
interactions.
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Introduction

For more than two decades, several landmark clinical trials have been conducted evaluating
biomedical interventions for the prevention of incident HIV infection among at-risk
populations. Among those, in the setting of mother-to-child transmission are the evaluation
of zidovudine in the AIDS Clinical Trials Group (ACTG) 076 trial,! nevirapine in the HIV
Network for Prevention Trials (HIVNET) 012 trial, 2 antibiotics in the HIV Prevention Trial
Network (HPTN) 024 trial, 34 and the IMPAACT PROMISE Trial;® in the setting of
heterosexual and/or homosexual transmissions are Treatment-as-Prevention (TasP) in the
HPTN 052 trial, ® Pre-exposure Prophylaxis (PrEP) in the Partners PrEP, 7 CDC 4940 TDF2,
8 iPrEx, @ FemPrEP, 10 MTN 003 VOICE, 11 PROUD, 12 and iPERGAY 13 trials, as well as
evaluation of microbicides to reduce heterosexual transmission in the HPTN 035 14 and the
Microbicide Trials Network (MTN) 020 ASPIRE trial. 15 Other trials include PrEP
evaluating injectables for Pre-exposure Prophylaxis (PrEP) in MSM (HPTN 083) 16 and in
women (HPTN 084) 17 and those evaluating vaccines and monoclonal antibodies (HVTN
702, HVTN 703/HPTN 081, HVTN 704/HPTN 085 AMP, HVTN 705/HPX2008). 18-21
There have also been many trials that evaluated behavioral interventions. These include the
evaluation of behavioral interventions among men having sex with men (MSM) in the
HIVNET 015/EXPLORE trial 22 and community mobilization, mobile testing, same-day
results and post-test support for HIV in HPTN 043/Project Accept Study. 23

Even with such promise provided by the TasP and PrEP regimens, their impact on reducing
overall HIV incidence in real world settings would be compromised, for example, when
proper uptake or adherence is not achieved. Therefore, combination prevention approaches
that include both biomedical and behavioral intervention components have been advocated
24 including those targeting associated social, economic, and other structural factors, such
as the use of condoms, linkage-to-care, and HIV counseling, as resources and priorities are
increasingly shifting towards community-level interventions to reduce HIV incidence. There
is particular appeal to pursuing combination interventions having components with potential
to work synergistically to increase their potency.

While most HIV prevention trials focused on the evaluation of one intervention, more
recently, the POpART Trial (HPTN 071) conducted in Zambia and South Africa was
designed to assess a combination of universal voluntary HIV counseling and testing
provided at household level, linkage of HIV infected individuals to care and early initiation
of antiretroviral therapy (ART) for all those testing HIV-positive. 25

There is an increasing need for trials such as POpART to assess combination intervention
approaches that aim to optimize preventive and treatment efforts. 26 While such approaches
have been efficiently and effectively evaluated in other settings such as the Women’s Health
Initiative Trial, 27 challenges remain in designing and implementing combination
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intervention approaches in the HIV prevention setting. They tend to be scientifically and
logistically complex to properly design and implement. These challenges, together with
inadequate insights about the statistical properties of various designs for evaluating
combination regimens, are contributing reasons for why few trials have been conducted for
multi-component combination intervention approaches.

To gain more insight about which clinical trial design may be preferable in practice when
assessing multiple intervention approaches in HIV prevention, we chose four leading
candidate designs in this paper, and conducted extensive Monte-Carlo simulation studies to
investigate evaluate their relative performance. These four leading candidate designs are:

1. Single-factor design. Each individual prevention intervention component is
assessed in a separate, controlled randomized trial.

2. Factorial design. All possible combinations of multiple components are assessed
in one controlled, randomized trial.

3. Multi-arm design. Individual prevention intervention components are assessed in
one controlled, randomized trial.

4. All-in-one design. A regimen with “all’ prevention intervention components in
the experimental arm is assessed in one controlled, randomized trial.

To enhance the generalizability of results, multiple scenarios were considered to assess the
influence of the magnitude of true levels of effect, the impact of interaction between factors
and the impact of trial size.

Monte-Carlo simulation studies were conducted to investigate properties of the four leading
candidate trial designs. To enable the simulation studies to be realistic regarding prevention
intervention components that might be included in a combination prevention intervention
approach, we considered two key biomedical interventions: Pre-exposure Prophylaxis
(PrEP) uisng antiretroviral therapy (ART) offered to eligible HIV-negative participants; and
Treatment-as-Prevention (TasP) using ART offered to eligible HIV-positive participants.
Three key behavioral interventions also were considered: Linkage-to-Care (LtC),
Counseling, and Condom Use.

The relative properties of the four candidate trial designs were evaluated across a range of
settings for the true effects of the five interventions. PrEP and TasP were assumed to have
moderate and high efficacy, with corresponding hazard ratios (HR) set to be 0.56 (iPrEx
study) @ and 0.3 (HPTN 052), 28 respectively. Linkage-to-care, counseling, and consistent
condom use are common behavioral interventions that could further improve the
effectiveness when pursuing treatment-as-prevention (HIVNET 016A).2%-32 The HRs of
LtC, Counseling, and Condom Use were set to be 0.9, 0.8, and 0.7, respectively. In this
paper, this serves as the base setting, labeled Setting I, and consists of two biomedical
interventions with moderate and strong efficacies, as well as three behavioral interventions
with a range of weak efficacies.
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To gain additional insights, properties of the four candidate trial designs were assessed in
three more settings:

. In Setting lla, the effect of PrEP was reduced from HR = 0.56 to HR = 0.78,
while the other interventions retained their effects from Setting I.

. In Setting 1b, LtC and Counseling were assumed to have no effects, (i.e., HR =
1.0), while the other three interventions retained their effects from Setting I.

. Finally, in Setting 111, while the most effective biomedical intervention, TasP,
retained its full HR = 0.3 effect and the most effective behavioral intervention,
Condom Use, retained its full HR = 0.7 effect, the effect of PrEP was
meaningfully attenuated to HR = 0.9, and the LtC and Counseling interventions
were assumed to have no effects, (i.e., HR = 1.0).

In summary, Setting | represents a scenario where the five interventions have their broadest
effects; in turn, across the five interventions, there is increased heterogeneity of efficacy in
the two scenarios in Setting 11, and there is the most heterogeneity of efficacy in Setting III.
More details to describe these settings can be found in Appendix.

As discussed in the Introduction, the four leading candidate designs with control arms
having placebo (added to standard-of-care) were: ‘single-factor’, ‘two-way factorial’, ‘multi-
arm’, and ‘all-in-one’ designs. In the single-factor design, the simplest design, participants
receive either a single intervention or placebo. Participants in a factorial design receive one
of following four options: a biomedical intervention, a behavioral intervention, the
combination of that biomedical and that behavioral intervention, or neither intervention. In
the multi-arm design, participants receive one of three options: a biomedical intervention, a
behavioral intervention, or neither intervention. In the all-in-one design, participants receive
either all five behavioral and biomedical interventions or none of these interventions.

As in any combination prevention intervention approach, potential interaction may exist
between individual intervention components. In our simulation studies, the influence of
interaction between interventions was considered. For a given intervention, the presence of
another intervention could have no effect on the efficacy of that given intervention, or an
enhancing effect (i.e., a synergistic effect or “positive’ interaction), or an attenuating effect
(i.e., an antagonistic effect or “‘negative’ interaction). More details regarding the modeling of
interaction terms can be found in the Appendix.

For an intervention “package’ (defined either as a single intervention or a combination of
interventions) to be deemed to have a clinically meaningful and statistically reliable
impactful, the upper bound of the confidence interval of its estimated HR should be less than
a ‘margin’ or ‘cut-off’ that is formulated in the context of the off-target effects (i.e., safety)
as well as the costs and complexity of the delivery of that package. To be specific, the cutoff
for a given intervention package is calculated using a multiplicative factor of 0.9 for each
behavioral intervention and a multiplicative factor of 0.5 for each biomedical intervention in
that package.
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In each Monte-Carlo simulation, the sample size was set to be 5000 participants, with an
underlying constant hazard rate corresponding to a 2% annual HIV incidence in the control
arm. To explore the influence of the total amount of information, three different censoring
distributions were used that led to an average of 1.6, 4.26 and 7.2 years of follow-up (i.e., an
average of 8000, 21300 and 36000 person-years of follow-up respectively). For each design,
simulations were performed 1000 times. The analyses were based on the Cox proportional
hazards models for the primary outcome of time-to-HIV-infection, subject to censoring.
Hence, an individual efficacy is expressed by hazards ratio. For example, a hazards ratio of
0.3 for the TasP in the single-factor design means that there would be a (1-0.3)x100%. i.e.,
70%, risk reduction of HIV acquisition associated with the TasP for HIV-negative partners of
sero-discordant couples. For simplicity, we assumed that the primary analysis would be
based on the principle of intention-to-treat (ITT), and censoring would be non-informative.

To assess the population impact of the various designs in real-world settings, the Public
Health Impact (PHI) score was calculated for a given design, by taking the sum over all
selections of interventions that would be possible under that design, where each term in that
sum is the product of the probability that the set of interventions would be established to be
effective and the true hazard ratio when that set of interventions would be used. In essence,
the PHI provides the average relative reduction in the hazard that would be achieved by
using that specific candidate trial design to evaluate that specific set of interventions in the
specific clinical setting being considered.

For illustration, in the single factor design, participants receive either a single intervention or
placebo. The only possible policy recommendations based on this trial would be to
recommend the intervention or not. So, if x is the underlying HR of an intervention B, the
PHI associated with a single-factor design trial evaluating intervention B would be,

PHI = x*Pr(B wins) + 1*(1 — Pr(B wins))

More technical details of model formulation and the definition of PHI score can be found in
the Appendix. Simulations are performed in the statistical software R (v3.4.1).

Tables 1 provides results for the situation in which a trial would have 8000 person-years
follow-up and a control arm event rate of 2% per year, and where the trial would be
conducted in Setting I, where true HRs of PrEP, TasP, LtC, Counseling, and Condom Use are
0.56, 0.3, 0.9, 0.8, and 0.7, respectively. Each entry in the table is based on the results of
1000 simulated trials conducted according to a trial design specific to the rows of the table
and, for the rows corresponding to the factorial design, according to whether there is an
interaction (as specified by the columns of the table) between the two regimens being
assessed. In each of these situations, the table provides the normally distributed estimate of
the logarithm of the HR, (denoted j); the precision of that estimate that is provided by its
standard error (denoted se(4)), and the probability the trial establishes the component
regimen (or the combination in the setting of the ‘all-in-one’ design) to have a clinically
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meaningful and statistically reliable impactful, achieved when the upper bound of the
corresponding confidence interval in a simulated trial is less than the cut-off, ‘c’.

The 3 column in the ‘No interaction’ situation provides the expected result that the estimates
from the Cox proportional hazards analyses are essentially unbiased in the trial design
setting corresponding to every row of the table. In the factorial design setting, if one fits a
main effects model when there truly would be negative or positive interactions between the
component interventions, the main effects parameter being estimated would be a weighted
average of the true effect of the component intervention across the settings where the other
component intervention is or is not being delivered.

The se(p) column is very informative about the relative efficiencies of these candidate trial
designs. While the single-factor design would be quite efficient for assessment of the effect
of an individual component in the trial (in the absence of other components), the factorial
design provides very similar efficiency for the assessment of the biomedical component and
only modestly reduced efficiency for the assessment of the behavioral component, (where
this reduction results from the biomedical component’s influence in reducing the number of
events in the trial). Hence, the increased efficiency of the factorial design relative to the
single factor design is immediately apparent, nearly providing the ability to address the
effects of two component interventions for the cost of the single factor trial that addresses
the effect of only one component intervention. To provide improved intuition for these
relative results in the single factor design and factorial design settings, it is noteworthy that
the standard error of the estimate, se(g), for the effect of a component intervention is
approximated by the square root of [4/L], where L is the number of participants in each trial
having primary outcome events.

Since the multi-arm trial is sharing the events among three arms, each pairwise comparison
in that trial design setting would have approximately two-thirds the number of events of the
corresponding pairwise comparison in the fixed sample design setting.

The column for the probability of establishing effect by ruling out the relevant cut-offs does
reflect the considerable sensitivity of the all-in-one design in Setting | where all components
contribute benefits and where some are highly effective. This column also suggests that the
factorial design and multi-arm design will be more efficient than the single-factor design.
This is confirmed by Tables 2, 3 and 4. These three tables provide the Public Health Impact
(PHTI) for Settings I, 11b and 111, respectively. The results in Setting Ila are not presented
since those results are quite similar to those for Setting I1b. These tables also address the
influence of total information on the relative properties by addressing situations where
individual trials would have either 8000, 21300 or 36000 person-years follow-up on average.

The “‘column mean’ rows of Tables 2—4 provide a summary measure of the ‘average’ public
health impact of each of these candidate trial designs, by taking an average over the six
pairwise situations when one evaluates a biomedical and a behavioral intervention. In turn,
the column mean row for the single factor design gives one-half weight to the two
biomedical rows and one-half weight to the three behavioral rows.
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Discussion

The results of these simulations directly address the properties in HIV prevention research of
four candidate trial designs, were they to be implemented in specific settings where the
components or combinations would have levels of benefit that, while not yet being reliably
established, truly would be as assumed in these simulations. Importantly, the insights of
these assessments would generalize to other HIV and non-HIV clinical settings, including
present day HIV prevention research where the benefits of some prevention interventions
already have been reliably established, as discussed in the Introduction. For example, in a
setting where TasP and Condom Use would be viewed to be part of established standard-of-
care, evidence-based advances in prevention could be achieved through clinical trials in
which such standard-of-care would be provided to all study participants, with a placebo-
controlled randomization to additional components, such as vaccines, monoclonal
antibodies, PrEP or microbicides, using one of these leading candidate trial designs. In such
a setting, given the reduced rate of transmission that would be expected in this established
standard-of-care control arm, feasibility considerations would lead to even greater need for
designs are that would provide timely and reliable results in an efficient manner.

When pursuing efficiency as well as reliability, the results in Tables 2—4 provide motivation
to consider alternatives to the single-factor trial design in settings where there would be
more than one new component intervention. If mechanisms of these experimental
interventions are not complementary, the simulation results indicate the ‘multi-arm design’
consistently has better properties than the single-factor design, especially in larger trials
having more events.

If mechanisms of experimental interventions are complementary, the all-in-one and factorial
designs enable assessments of efficacy when of these interventions are used in combination.
It is apparent from Tables 2—4 that factorial design is robustly superior to the single factor
design. The properties of the all-in-one design are very sensitive to the level of heterogeneity
of efficacy of the component interventions. When that heterogeneity is not large, as in Table
2, the all-in-one design has the greatest power. However, its properties are inferior when
there is considerable heterogeneity of efficacy of component interventions, as seen in Table
4,

The presence of interactions does have effects on the relative properties of the multi-arm
design and the factorial design. In all Tables 2—4, the factorial design is more sensitive than
the multi-arm design when there is no interaction, especially in smaller trials. Since the
presence of interaction has greater influence on the power of the factorial design than on the
power of the multi-arm design, the factorial design tends to be more powerful than the multi-
arm design when there is positive interaction, while the reverse is true when there is negative
interaction.

The power of the all-in-one design is meaningfully impacted by the presence of interaction,
yet that design, like the multi-arm design, does not provide insights about which

interventions experience interaction or, in turn, about the magnitude of that interaction. The
factorial design not only has favorable efficiency properties, but also is the only design that
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would be able to identify the presence of interaction and its magnitude. Importantly, it also is
the only design having the significant scientific and regulatory advantage of providing direct
insights about contributions of components.

Further research would be useful in addressing the impact of stratification in the design and
analysis, and in evaluating the properties of higher-level factorial design, such as a three-way
factorial design. It also would be of interest to explore the impact on efficiency of allowing
participants to select which factors to which they would choose to be randomized, as was
allowed in the Women’s Health Initiative that used a ‘flexible’ factorial design to evaluate
the effects of vitamins, diet and hormone replacement therapy. 27

Conclusion

When the main interest is in assessing each individual intervention component, the single-
factor and multi-arm designs provide important design options, as they are simple and
straightforward, although multiple trials may have to be performed. If participants would be
eligible for more than one experimental intervention component, the multi-arm design would
provide increased statistical and operational efficiency in comparisons with the control arm
and would also provide important insights about the head-to-head comparisons of the
experimental arms.

When there is interest in combining individual component regimens anticipated to have
complementary mechanisms, alternatives to the single-factor design are needed. The all-in-
one design has high power when the efficacies of the individual component interventions are
consistently high, but not necessarily so when some components are rather ineffective or
there are negative interactions.

The factorial design is more robustly powerful than the all-in-one design over a broad array
of settings. It also has improved efficiency relative to the multi-arm design, even though the
total number of events when using the factorial design would be reduced by the
simultaneous use of more than one experimental intervention. The factorial design is the
only trial design that provides insights about the interaction of intervention effects, which
would be of considerable clinical importance in guiding decisions about whether to make
simultaneous use of the experimental interventions. Unlike the all-in-one design, the
factorial design also provides important clinical and regulatory insights about the
contributing effects of individual interventions when the combination of those interventions
has been established to be efficacious. Based on these considerations, it is a preferable trial
design when there is interest in regimens based on combinations of individual components.

These conclusions about the favorable properties of factorial designs, based on consideration
of HIV prevention research, could be generalized to other research settings, such as the
COVID-19 pandemic where combinations of interventions also would be of interest. In the
COVID-19 setting, factorial designs could provide reliable insights in a timely manner about
the safety and efficacy of urgently needed prevention and therapeutic combination regimens.
Further, their insights about the contribution of component interventions would be invaluable
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to the feasibility of achieving the wide scale implementation of effective COVID-19
interventions.
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Appendix

Interaction

We further consider scenarios which involve interaction between the effects of the
biomedical and the behavioral intervention. We consider three different scenarios of
interaction

1. No interaction: When the mitigating effects of the biomedical and behavioral
interventions on HIV transmission are multiplicative, or that there is no
interaction between their effects when used in a combination therapy.

2. Positive interaction: There is a positive interaction between the effects of a
biomedical and behavioral intervention when they are used in a combination
therapy. Throughout the simulation study, the positive interaction scenarios are
created by the rule that in presence of a biomedical intervention, the effect of the
behavioral intervention is squared. In Design D, when all five interventions are
present, only the effect of the behavioral intervention Condoms is squared in the
positive interaction scenario.

3. Negative interaction: There is a negative interaction between the effects of a
biomedical and behavioral intervention when they are used in a combination
therapy. Throughout the simulation study, the negative interaction scenarios are
created by the rule that in presence of a biomedical intervention, the effect of the
behavioral intervention is reduced to 0. In Design D, when all five interventions
are present, only the effect of the behavioral intervention Condoms is reduced to
0 in the negative interaction scenario.

Detailed interaction scenarios

Following our discussion on the interaction scenarios in the main text, we provide a more
detailed formulation of these scenarios below:

1. Formulation of the Interaction scenarios in two factor designs (Designs B
and C). Let us now consider a Biomedical intervention (Bi) with underlying
Hazard Ratio (HR) x and a Behavioral intervention (Be) with underlying HR y.
We note the Hazard Ratio for the combination of these two interventions in
different interaction scenarios below:

. No interaction: HR of the combination therapy, HR = xy.
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. Positive interaction: HR of the combination therapy, HR = xy?.
. Negative interaction: HR of the combination therapy, HR = x.
2. Formulation of the Interaction scenarios in Design D. Let the specific Hazard

Ratios for the two Biomedical interventions, TasP and PrEP be respectively x;
and x,. Similarly let the specific Hazard Ratios for the three Behavioral
interventions, LtC, Counseling and Condoms be respectively yy, y and y3. We

now note the Hazard Ratio for the combination of these five interventions in
different interaction scenarios below:

. No interaction: HR of the combination therapy, HR = x;xoy1y2y3 .
. Positive interaction: HR of the combination therapy, HR = x;x2y1y2y3.
. Negative interaction: HR of the combination therapy, HR = xyx7y1y2.

Detailed HR settings

1. Setting | (Robust Benefit):In the first setting we consider, each intervention has
a meaningful underlying efficacy. Hazard ratio (HR) for PrEP is set at 0.56
(following the results of the iPrEx study [Grant RM et al (2010)]) and that for
TasP is set at 0.3 (following the results of HPTN 052), while the hazard ratios of
the three behavioral interventions, namely LtC, Counseling and Condoms Use
are respectively set at 0.9, 0.8 and 0.7 respectively. So, while the biomedical
interventions are highly effective, the behavioral interventions are only
marginally effective, LtC being the least effective among them. Condoms Use,
on the other hand is the most effective, and is associated with a 30% risk
reduction in HIV acquisition. Under Design A, each intervention is evaluated
separately in a randomized clinical trial. Under Design B, a pair of a biomedical
and a behavioral intervention are evaluated in a two-factor randomized factorial
trial, while in Design C, one biomedical only arm and one behavioral only arm is
evaluated against the placebo-control arm. In both these Designs, which
simultaneously consider two interventions for their evaluation and subsequent
implementation, the efficacy of a combination therapy that implements both of
them depends on the underlying interaction scenario. In the no interaction
scenario, the efficacy of the combination is just the product of their individual
efficacies. For example, the hazard ratio of a combined regimen of PrEP and
Condoms Use is given as 0.56x0.7=0.392 in this scenario. In the positive
interaction scenario, the efficacy of such a combination therapy is given by the
product of the efficacy of the biomedical intervention with and that of the
behavioral squared. Hence, the hazard ratio of a combined regimen of PrEP and
Condoms Use in this scenario will be equal to 0.56x0.72=0.2744. On the other
hand in the negative interaction scenario, the efficacy of such a combination
therapy is given just by the efficacy of the biomedical intervention alone, such
that the hazard ratio of a combined regimen of PrEP and Condoms Use in this
scenario is just equal to the HR of PrEP alone, 0.56. Under Design D, one arm
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receives all five interventions, while the other arm receives none. Just like
Designs B and C, the efficacy of the combination of all five therapies in Design
D will depend on the underlying interaction scenario. Again, in the no interaction
scenario, the efficacy of the combination therapy is the product of their
individual efficacies, that is, HR = 0.56x0.3x0.9x0.8x0.7 ~ 0.0847. In the
positive interaction scenario, the efficacy of such a combination therapy is given
by the product of the squared efficacy of the Condoms Use with the efficacy of
each of the two biomedical and two remaining behavioral interventions, that is,
HR = 0.56x0.3x0.9x0.8x0.72 ~ 0.0593. In the negative interaction scenario, the
efficacy of such a combination therapy is given by the product of the efficacy of
each of the biomedical and behavioral interventions, except for Condoms Use,
that is, HR = 0.56x0.3%0.9x0.8 ~ 0.1210.

Setting Il (Several ineffective): In the second setting we consider here, several
of the behavioral interventions are ineffective, and PrEP also has only a marginal
effect on the risk of HIV acquisition. Hazard ratio for PrEP is set at 0.7 here,
while that for TasP is 0.3. Two of the behavioral interventions, LtC and
Counseling, have hazard ratios equal to 1, while that of Condoms Use is still 0.7.
As mentioned before, the efficacy of a combination therapy of two interventions
(one biomedical and one behavioral), pertinent to Designs B and C, will depend
on the interaction scenario. In the no interaction scenario, the underlying hazard
ratio of a combined regimen of PrEP and Condoms Use is given as 0.7x0.7=0.49.
In the positive interaction scenario, the hazard ratio of such a combined regimen
will be equal to 0.7x0.72=0.343. On the other hand, in the negative interaction
scenario, it will be just equal to 0.7. In Design D, in the no interaction scenario,
the hazard ratio of the combination therapy is given as,
HR=0.7x0.3x1x1x0.7=0.147. In the positive interaction scenario, the hazard
ratio is equal to 0.7x0.3x1x1x0.72=0.1029, while in the negative interaction
scenario, it is given as, HR=0.7x0.3x1x1=0.21.

Setting 111 (Intermediate 1): The third setting we consider here, referred to as
the first of two intermediate settings, is very similar to Setting 1, except that the
efficacy of PrEP is attenuated somewhat from Setting 1. Hazard ratio for PrEP is
set at 0.78 here, while that for TasP continues to be 0.3. Similarly, the behavioral
interventions, LtC, Counseling, and Condoms Use have hazard ratios equal to
0.9, 0.8 and 0.7 respectively. Again, the efficacy of a combination therapy of two
interventions, one biomedical and the other behavioral, will depend on the
interaction scenario. In the no interaction scenario, the hazard ratio of a
combined regimen of PrEP and Condoms Use will be equal to 0.78x0.7=0.546.
In the positive interaction scenario, the hazard ratio of the combined regimen of
PrEP and Condoms Use will be equal to 0.78x0.72=0.3822. On the other hand, in
the negative interaction scenario, its hazard ratio will be equal to 0.78. In Design
D, in the no interaction scenario, the hazard ratio of the combination therapy is
given as, HR=0.78x0.3x0.9x0.8x0.7~0.1180. In the positive interaction
scenario, it is equal to 0.78x0.3x0.9x0.8x0.72~0.0826, while in the negative
interaction scenario, it is given as, HR=0.7x0.3%0.9x0.8~0.1685.
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4. Setting IV (Intermediate 2): In the last setting we consider here, also the
second of two intermediate settings we have here, is somewhat similar to both
Setting 1 and 2. The efficacies of the biomedical interventions remain the same
as Setting 1, that is, PrEP and TasP have respective hazard ratios of 0.56 and 0.3.
Similarly the hazard ratio of Condoms Use is still 0.7. In fact, the hazard ratios of
TasP and Condoms Use stay the same across these four settings. However, like
Setting 2, LtC and Counseling have no contribution to reduction in the risk of
HIV, and both have hazard ratio equal to 1. For a combination therapy of one
biomedical and one behavioral intervention, when there is no interaction, the
hazard ratio of a combined regimen of PrEP and Condoms Use will be equal to
0.56x0.7=0.392. In the positive interaction scenario, the hazard ratio of the
combined regimen of PrEP and Condoms Use will be equal to
0.56x0.72=0.2744. In the negative interaction scenario, it will be equal to 0.56.
In Design D, in the no interaction scenario, the hazard ratio of the combination
therapy is given as, HR=0.56x0.3x1x1x0.7=0.1176. In the positive interaction
scenario, the hazard ratio is equal to 0.56x0.3x1x1x0.72~0.0823, while in the
negative interaction scenario, it is given as, HR=0.56x0.3x1x1=0.168.

To assess and compare the population impact of a specific design in assessing one or more
of these interventions in real-world settings, we calculate its Public Health Impact (PHI)
score as a weighted sum of the underlying efficacies associated with each of the specific
interventions or their combinations. In this section, let’s consider a Biomedical intervention
(Bi) with underlying Hazard Ratio (HR) x and a Behavioral intervention (Be) with
underlying HR y, and define the PHI score for each of the designs under different interaction
scenarios.

1. Design A (Single factor). Let p; be the probability that Bi is selected for real-

world implementation from a trail employing design A. Then the PHI score for
the trial involving the Biomedical intervention Bi is given as PHI = px + (1 — p).
Let p, be the same for the behavioral intervention Be. Then the PHI score for the

trial involving the Behavioral intervention Be is given as PHI = py + (1 — p).

2. Design B (Factorial). Let p; 1 be the probability that only Bi is selected for real-

world implementation from a trial employing design B in interaction scenario

€ (noint, pos, neg), Where ‘noint’ denotes no interaction, ‘pos’ denotes positive
interaction, and ‘neg’ denotes negative interaction. Similarly let p; 1 be the
probability that only Be is selected and let p3 1 be the probability that both Bi and
Be are selected in scenario 1. Then the PHI scores for a design B trial involving
both interventions under different interaction scenarios are given as:

° No interaction: PHI = P1, nointX + P2, nointy + P3, nointXy +
(1 — P1,noint — P2, noint — P3, noint) .
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Table 1.

No Interaction Negative Interaction Positive Interaction
i Se(/}) Pr(U95<c) g Se(/}) Pr(U95<c) i se(,}) Pr(U95<c)
Single-factor Design
PrEP | -0.597 | 0.188 0.003
TasP | —-1.226 | 0.236 0.609
LtC | —-0.108 | 0.164 0.021
Counseling | -0.227 0.17 0.099
Condom | —0.353 | 0.176 0.283
Factorial Design
PreP | -0.583 | 0.193 0.002 -0.532 0.19 0 -0.633 | 0.196 0.006
+LtC | -0.111 | 0.185 0.022 -0.072 | 0.183 0.013 -0.149 | 0.187 0.036
Prep | -0.577 | 0.198 0.001 -0.474 | 0.192 0.001 -0.672 | 0.204 0.019
+Counseling | -0.223 | 0.191 0.083 -0.138 | 0.187 0.038 -0.3 0.196 0.143
PrEP | -0.588 | 0.204 0.006 -0.424 | 0.194 0 -0.72 0.213 0.021
+Condom | -0.363 | 0.199 0.25 -0.218 | 0.191 0.079 -0.477 | 0.206 0.431
TasP | —-1.225 | 0.242 0.593 -1.174 | 0.238 0.529 -1.276 | 0.247 0.658
+LtC | -0.111 | 0.204 0.031 -0.086 | 0.203 0.024 -0.136 | 0.205 0.041
TasP | -1.217 | 0.248 0.562 -1.111 | 0.238 0.398 -1.312 | 0.258 0.691
+Counseling | -0.249 0.21 0.102 -0.191 | 0.207 0.051 -0.298 | 0.213 0.134
TasP | —-1.222 | 0.255 0.55 -1.055 | 0.239 0.305 -1.359 | 0.269 0.729
+Condom | -0.364 | 0.218 0.221 -0.267 | 0.212 0.126 -0.438 | 0.223 0.325
Multi-arm Design
PrepP | -0.601 | 0.232 0.007
|LtC | -0.101 0.2 0.018
Prep | -0.587 | 0.231 0.007
|Counseling | -0.221 | 0.208 0.083
PreP | -0.595 | 0.231 0.012
|Condom | -0.366 | 0.216 0.221
TasP | —-1.238 | 0.292 0.449
|LtC | -0.114 | 0.202 0.032
TasP | —-1.233 | 0.291 0.452
|Counseling | -0.22 0.208 0.074
TasP | -1.212 | 0.288 0.409
|Condom | —0.365 | 0.216 0.007
All-in-one Design
All-in-one | -2581 | 3059 | 0506 | -2155 [ 035 | o015 | -30a1 [ 2206 [ 0750
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*

Underlying HRs of PrEP, TasP, LtC, Counseling, and Condom Use are 0.56, 0.3, 0.9, 0.8, and 0.7, respectively. The trials had 5,000 participants,
an annual event rate of 2%, and 1.6 years average follow-up. The ‘cut-off’ to be ruled out to establish a clinically meaningful and statistically
reliable impactful is denoted ‘c’
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Public Health Impact of Setting 1*

No Interaction Negative Interaction Positive Interaction
8000 21300 36000 8000 21300 36000 8000 21300 36000
PYST PYs PYs PYs PYs PYs PYs PYs PYs
.95 Cl .95 Cl .95 Cl .95 Cl .95 Cl .95 ClI .95 Cl .95 Cl .95 ClI
Single-factor Design
PrEP 0.999 1.000 1.000
TasP 0.574 0.320 0.300
LtC 0.998 0.997 0.997
Counseling 0.980 0.958 0.936
Condom 0.915 0.800 0.743
ColMean TT 0.875 0.789 0.771
Factorial Design
PreP+LtC 0.997 0.998 0.997 0.999 0.999 0.999 0.994 0.994 0.992
PrEP+Counseling 0.983 0.964 0.942 0.992 0.991 0.989 0.963 0.917 0.874
PrEP+Condom 0.923 0.830 0.755 0.976 0.955 0.929 0.862 0.726 0.689
TasP+LtC 0.583 0.318 0.300 0.628 0.340 0.301 0.536 0.308 0.298
TasP+Counseling 0.595 0.321 0.286 0.716 0.412 0.315 0.498 0.280 0.252
TasP+Condom 0.573 0.293 0.237 0.762 0.497 0.357 0.425 0.200 0.163
ColMean 0.776 0.621 0.586 0.846 0.699 0.648 0.713 0.571 0.545
Multi-arm Design
PrEP|LtC 0.995 0.997 0.997 0.995 0.997 0.997 0.995 0.997 0.997
PrEP|Counseling 0.981 0.968 0.952 0.981 0.968 0.952 0.980 0.968 0.952
PrEP|Condom 0.929 0.848 0.788 0.930 0.849 0.788 0.929 0.848 0.788
TasP|LtC 0.684 0.375 0.310 0.685 0.376 0.311 0.684 0.374 0.309
TasP|Counseling 0.677 0.381 0.294 0.681 0.389 0.306 0.674 0.374 0.284
TasP|Condom 0.674 0.351 0.246 0.686 0.39%4 0.310 0.666 0.321 0.201
ColMean 0.823 0.653 0.598 0.826 0.662 0.611 0.821 0.647 0.588
All-in-one Design
All-in-one 0.537 0.123 0.088 | 0.846 | 0.541 | 0.328 | 0.286 | 0.060 | 0.059

*
Underlying HRs of PrEP, TasP, LtC, Counseling, and Condom Use are 0.56, 0.3, 0.9, 0.8, and 0.7, respectively.

T
Person-years.

TTIn single-factor design, half weight is given to the biomedical rows and half weight to the three behavioral rows.
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No Interaction

Negative Interaction

Positive Interaction

8000 21300 36000 8000 21300 36000 8000 21300 36000
PYST PYs PYs PYs PYs PYs PYs PYs PYs
.95 Cl .95 Cl .95 ClI .95 Cl .95 ClI .95 Cl .95 Cl .95 Cl .95 ClI
Single-factor Design
PrEP 0.999 1.000 1.000
TasP 0.574 0.320 0.300
LtC 1.000 1.000 1.000
Counseling 1.000 1.000 1.000
Condom 0.915 0.800 0.743
ColMean TT 0.879 0.797 0.782
Factorial Design
PreP+LtC 0.998 1.000 1.000 0.998 1.000 1.000 0.998 1.000 1.000
PrEP+Counseling 0.999 1.000 1.000 0.999 1.000 1.000 0.999 1.000 1.000
PrEP+Condom 0.923 0.830 0.755 0.976 0.955 0.929 0.862 0.726 0.689
TasP+LtC 0.560 0.312 0.301 0.560 0.312 0.301 0.560 0.312 0.301
TasP+Counseling 0.584 0.326 0.301 0.584 0.326 0.301 0.584 0.326 0.301
TasP+Condom 0.573 0.293 0.237 0.762 0.497 0.357 0.425 0.200 0.163
ColMean 0.773 0.627 0.599 0.813 0.682 0.648 0.738 0.594 0.576
Multi-arm Design
PrEP|LtC 0.997 1.000 1.000 0.997 1.000 1.000 0.997 1.000 1.000
PrEP|Counseling 0.997 0.998 1.000 0.997 0.998 1.000 0.997 0.998 1.000
PrEP|Condom 0.929 0.848 0.788 0.930 0.849 0.788 0.929 0.848 0.788
TasP|LtC 0.683 0.376 0.310 0.683 0.376 0.310 0.683 0.376 0.310
TasP|Counseling 0.683 0.390 0.307 0.683 0.390 0.307 0.683 0.390 0.307
TasP|Condom 0.674 0.351 0.246 0.686 0.3%4 0.310 0.666 0.321 0.201
ColMean 0.827 0.660 0.608 0.829 0.668 0.619 0.826 0.656 0.601
All-in-one Design
All-in-one 0.813 0.475 0.243 0.977 | 0.956 | 0.940 0.548 | 0.111 | 0.082

*
Underlying HRs of PrEP, TasP, LtC, Counseling, and Condom Use are 0.56, 0.3, 1.0, 1.0, and 0.7, respectively.

T
Person-years.

A . L . . . .
In single-factor design, half weight is given to the biomedical rows and half weight to the three behavioral rows.
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No Interaction

Negative Interaction

Positive Interaction

8000 21300 36000 8000 21300 36000 8000 21300 36000
PYST PYs PYs PYs PYs PYs PYs PYs PYs
.95 Cl .95 Cl .95 ClI .95 Cl .95 ClI .95 Cl .95 Cl .95 Cl .95 ClI
Single-factor Design
PrEP 1.000 1.000 1.000
TasP 0.574 0.320 0.300
LtC 1.000 1.000 1.000
Counseling 1.000 1.000 1.000
Condom 0.915 0.800 0.743
ColMean TT 0.879 0.797 0.782
Factorial Design
PreP+LtC 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
PrEP+Counseling 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
PrEP+Condom 0.914 0.807 0.735 0.981 0.975 0.957 0.823 0.710 0.700
TasP+LtC 0.560 0.312 0.301 0.560 0.312 0.301 0.560 0.312 0.301
TasP+Counseling 0.584 0.326 0.301 0.584 0.326 0.301 0.584 0.326 0.301
TasP+Condom 0.573 0.293 0.237 0.762 0.497 0.357 0.425 0.200 0.163
ColMean 0.772 0.623 0.596 0.814 0.685 0.653 0.732 0.591 0.578
Multi-arm Design
PrEP|LtC 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
PrEP|Counseling 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
PrEP|Condom 0.934 0.850 0.789 0.934 0.850 0.789 0.934 0.850 0.789
TasP|LtC 0.683 0.376 0.310 0.683 0.376 0.310 0.683 0.376 0.310
TasP|Counseling 0.683 0.390 0.307 0.683 0.390 0.307 0.683 0.390 0.307
TasP|Condom 0.674 0.351 0.246 0.686 0.3%4 0.310 0.666 0.321 0.201
ColMean 0.829 0.668 0.609 0.831 0.668 0.619 0.828 0.656 0.601
All-in-one Design
All-in-one 0.995 0.990 0.996 1.000 | 1.000 | 1.000 0.906 | 0.711 | 0.499

*
Underlying HRs of PrEP, TasP, LtC, Counseling, and Condom Use are 0.9, 0.3, 1.0, 1.0, and 0.7, respectively.

T
Person-years.

A . L . . . .
In single-factor design, half weight is given to the biomedical rows and half weight to the three behavioral rows.
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