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Focus: the MIRA Trial. Are Latex Diaphragms and Gel Protective Against HIV?

Overview

Motivation: In randomized, controlled trials of new HIV prevention methods,
the Intent to Treat (ITT) analysis may not answer the most important public health questions,

fective secondary intervention: intensive condom counseling in both study arms.

We present a method:requiring more asumptions han the T for answorin some of thee

public health questions. We focus on the MIRA trial, which investigates the effectiveness

of a female-controlled barrier method, the latex diaphragm, in preventing HIV acquisition among women

due to an

Background: the MIRA Trial (Methods for Improving Reproductive Health in Africa)

« Two arm, randomized, controlled trial, in South Africa and Zimbabwe
« Primary intervention: diaphragm and gel provision to diaphragm arm (ot to control arm)
+ Secondary Intervention: Intensive condom provision and counseling given to both arms,
« Main Outcome: HIV inft
« Trial is not blinded
* Motivating Question: What is effectiveness of providing diaphragms and gel

for women who cannot get their partners to use condoms?

The Intent to Treat (ITT) Estimate May Not Answer Most Important Public Health

Question

Vst mporan Pblc Helth Quesions
Whatis the effectiveness of providing study produet in an environment of country-level standard condom
counseling? (also, in environment of no condom counseling?)

2. How does providing study product alone compare to consistent condom use alone in reducing HIV transmission?
How does providing the study product alone compare to unprotected sex, in terms of isk of HIV infection?

The effectiveness (as measured by I-relative risk of HIV infection) of a study product in an environment of intensive
condom counseling may be quite different from its effectiveness in an environment of country-level standard
condom counscling.

Therefore, the Intent to Treat Estimator (ITT) may not answer questions
secondary intervention: intensive condom counseling

3 above, if tral is done in environment of
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lllustration of Reason A (continued)
‘The second hypothetical randomized trial is carried out in an environment of intensive condom counseling: for simplicity,

assume the following: 75% of the subjects in both arms of this trial adhere to the study product, the product is 20'
protective against HIV infection, and condoms are 80% protective. This information is depicted below, whereHl]
represents patients who adhere to the study product, and( ] represents subjects who use condoms. The relative risk of
infection in this hypothetical trial is RR = 106/80 = 1.33. This is quite different from the RR=0.85 in the frst
hypothetical trial, in which no condom counseling was given. Note that in unblinded trials with secondary interventions,
even under the null hypothesis that the study product has no effect, even for large sample sizes there may be a large
difference in infection rates between the two arms (for example, due to differential condom use between the arms).

_[Blstuay proguct (or placebo) users | condom users
Hypothetical Randomized Trial 2: Intensive Condom Counseling Given
Non-adherers (25%) Adherers (75%)

Treatment
Arm

50 infections. 40 Infections. 8 Infections 8 Infections
Control
Arm

50 infections 10 Infections 10 Infections 10 Infections

llustration of Reason B for why a study product could be more (or less) -mnv-, depending on
whemer the product is given in an

nseling.
Consider the folowing two hypothtical randomized rals: Th fs il i caried ut inan envronmen of no condom
counseling: for simpliciy. assume the following: 75% o the subjects n both arms of ths rial adhere to the study
product, the product is 209% protective against HIV infection, and no one in the trial uses condoms. This information is
depicted below, mcm. represents patients who adhere to the study product. The relative risk of infection is RR
170200 = 0.85. In the second hypothetical randomized trial, both arms are given intensive condom counseling, and
ol those whoadhers  the man study product (- nncmbnc\dc) have thei condon s affctd by s cousling

Raasons effectiveness may be different in environment of Imenslva condom
vs. of try-level standard condom

s of intensive condom counseling may be different for treatment arm and

Reason A: In trials without blinding, effe
control arm.

Reason B. Even in trials with blinding (e.g. microbicide trials), effects of intensive condom counseling may be different
for those who adhere to assigned treatment and those who don'’

Reason C. Intensive condom counseling may itself affect adherence to assigned treatment

llustration of Reason A
Consider the following two hypothetical randomized trials: The firsttrial i carried out in an environment of no condom
mseling; for simplicity, assume the following: 75% of the subjects in both arms of this tril adhere to the
study product, the product is 20% protective against HIV infection, and no one in the trial uses condoms. This
information is depicted below, wherdJ] represents patients who adhere to the study product. In this scenario, the
relative risk of infection is RR = 170/200 = 0.85.

[Wlstudy Product (or placebo) Users

Hypothetical Randomized Trial 1: No Condom Counseling Given RR:170/200=0.85

Non-adherers (25%) Adherers (75%)
Treatment
Arm
50 infections 40 Infections 40 Infections 40 Infections
Control
Arm
50 infections 50 Infections 50 Infections. 50 Infections

below, assuming cond of HIV infection in the
second hvpo!lmucﬂnnd»mwcd trial is RR=74/80~ 093 in the environment o( ‘ntensive condom counseling, the study
product is less effective. In a similar scenario, but in which condom counseling influences primarily those who don’t
use the study pr ndua to use condoms, the study product would be more effective in an environment of intensive
condom counsel

[Wstudy Product (or placebo) users

Hypothetical Randomized Trial 1: No Condom Counseling Given
Non-adherers (25%) Adherers (75%)

Treatment
Arm

50 infections. 40 Infections 40 Infections. 40 Infections

Control
Am

50 infections. 50 Infections. 50 Infections 50 Infections.

RR:170/200=0.85

[Wstudy Product (or placebo) users 4 condom users

Hypothetical Randomized Trial 2: Intensive Condom Counseling Given
Non-adherers (25%) Adherers (75%)

Treatment
Arm

50 infections. 8 Infections 8 Infections 8 Infections

Control
Arm

50 infections. 10 Infections 10 Infections 10 Infections.

RR:74/80=0.93

We want o estimate the effect of diaphragm provision, at a set level of condom use.
We call this the direct effect of treatment assignment.
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Estimating Direct Effects: Adjusting for a Mediator (condom use)

DIRECT EFFECT

Direct Effect Definition, in terms of Counterfactuals

fer 3 condom use categories: never users (¢=0). sometimes users (c=1/2), always users (¢=1)
The DietEfict s deined 1 e probability of HIV infection for those given diaphragms and gel, were their
condom use set a frequency ¢, divided by the probability of HIV infection for those not given diaphragm and
gel, were their condom use also set at frequency c.

Estimation of Direct Effects
When there are no confounders of the effect of condom use on HIV mfccuon the direct effect of treatment arm
assignment on HIV status, for condom use set at level c.
PGHIV Pasiiv | Am = Disphagn, Condon s =) / PGV l‘owvvc\/\vm Conol,Condor Use =
d , therg ct on HIV status, such as
amber of pariners and STI . Some such confounders may be causil mlcrmcdmc\ meaning they are
fluenced by treatment arm assignment; for example, diaphragm use, depicted in the causal diagram below, is a

However

One cannot use s-m-gh«nnwd regression to estimate direct effects in the presence of causal intermediates, such as

Diaphrags
cousal sy one o e o

the above causal diagram, since controlling for diaphragm use would leave out an important
capture, while not controlling for diaphragm use would expose one t

mcasured confoundin of e et of condo se on HIV st Onc opton forcotimatig dirs

e prescnc af causlimermediates i 0 use an invers pobabily of reatment weightd (PTW) csimatr.

Inverse Probability of Treatment Weighted (IPTW) Estimator of Direct Effect

Inthe MIRA i ofthe efetivenes of e diphragns in prevning HIV,for the oint reament sting gnoring
longitudinal data, which can be handled by a similar, but more complicated. IPTW estimator), the
estmatr s givenbelow, where R rprsents (andrized) e assgnmen,C represens condom e W
represents HIV status, D represents diaphragm use, and W represents baseline confounders. P(CIR.D.W) is the
estimatd probslty of condom use being at frequency ¢, given arm assignment R, diaphragm use D, and
baseline confounders W. We assume cach subject has 50% probability of being assigned to either arm.

li UR, =r,C,=c,H,=1}
P(C=c|R=r,D=D,W=W,)/2

i

n

Here, the direct effect of arm assignment on HIV outcome s the ratio;

Assumptions Needed for IPTW to be a Consistent Estimator of Direct Effect

The IFTW couk e biased i sy of the fllowing ol

here are unmeasured cnmo\ dcm e charactei cuv!mnlc partners). Note: one advantage of randomized

study cts: There cannot be
2. The models forcondomuse o hasnd o IV i ot coesty pecren
3 dom use and/or confounders: missing data values not missing at random

4. hw.mum Trestment Assignment Vilaton: Very Low o very high probailty of condom e given
specific values of past covariates and past condom use.

k factors other than condom use.
els of condom counseling.

Also, note that if intensive condom counseling affects diaphragm adherence or HIV
then the direct effects estimates will not generalize to environments with different le

Conclusions

Because the intent (o treat (ITT) estimate of diaphragm effectiveness doesn’t answer the questions of most public health
importance for the MIRA trial, we propose a direet effects analysis to answer the following questions

How does rovidingdispagns and g aone compars o consistent condom use o educing HIV trsmisson?

How docs d gel al w0 ccted sex, in terms of isk of HIV infection?

These methods can be used in other elinicaltrial of new HIV prevention methods,in which th effectiveness of the
new method may be affected by intensive condom counseling.
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