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O’Hagan et al. [1] offer an alternate explanation for the apparent decline in efficacy over time
in vaccine and microbicide trials. They propose that the decline in efficacy observed could also
be explained by selection bias due to heterogeneity in infection risk. As those at highest risk are
infected more in the placebo arm than in the active arm, it leads to differences in the
composition of the study population in the two study arms, a phenomenon called frailty in
statistics [1].
There are several potential reasons for the apparent decline in efficacy in trials. However,
identifying one or more reasons within a trial is a challenge. Using the CAPRISA 004
microbicide trial [2] as an example, we examined three possible reasons for the observed
declining efficacy over time.
First, the decline in efficacy over time could, as suggested by O’Hagan et al.[1], be due to
frailty. Analysis of the trial data, however, did not reveal evidence of variation in the timespecific rate ratios. When the interaction between treatment arm and time (on a logarithmic
scale) was included in a proportional hazards model, the coefficient of the interaction term was
0.31 (95% confidence interval -0.19 to 0.82; P = 0.23). Given this test has limited power, failure
to reject the null hypothesis cannot be taken as evidence that there was no attenuation over
time.
Although, theoretically, frailty is a plausible explanation, it is unlikely to be the predominant
reason for the decline in efficacy over time in the CAPRISA 004 trial. Frailty is likely to have a
large impact when the incidence of disease is high [1] and/or the incidence rate difference
between the study arms is substantial. In the CAPRISA 004 trial, there were only 22 additional
infections in the placebo group, resulting in only 22 women in a group of more than 400
women, who contributed to the changing risk set in the placebo arm. This number is unlikely to
be large enough to make a substantial difference. Hence, frailty is unlikely to be the primary
driver of declining efficacy in the CAPRISA 004 study.

A second possible explanation for declining efficacy over time could be biological, for
example, increasing tenofovir resistance over time could lead to reduced efficacy. However, no
evidence of resistance to tenofovir was found in the CAPRISA 004 study, making this an
unlikely explanation for the decline in efficacy over time.
Finally, adherence to correct and consistent use of a microbicide might wane over time, leading
to lower efficacy. Adherence in the CAPRISA 004 study was assessed by participant self-report
and by counting the number of used applicators returned each month. The median number of
returned empty applicators per month was shown to decline over the first 18 months on study.
The median number of returned used applicators per month was eight in the first 6 months of
the study, six from 6 to 12 months and four from 12 to 18 months on the study. Preliminary
analysis of vaginal tenofovir concentrations demonstrates a similar decline in detectable
tenofovir over time. This offers the most plausible reason for the observed temporal declines in
efficacy.
In conclusion, we thank the authors for highlighting frailty as a potential explanation of
declining efficacy. In the CAPRISA 004 trial, where an apparent decline in efficacy is seen, we
do not find empiric evidence of frailty, but we do see evidence of declining adherence over
time.
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