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Trial sequential analysis



When a meta-analysis is subjected to repeated statistical
evaluation, there is an exaggerated risk that “naive” point
estimates and confidence intervals will yield spurious
inferences. In a meta-analysis, it is important to minimize the
risk of making a false-positive or false-negative conclusion.
There is a trade-off between the risk of observing a false-
positive result (type I error) and the risk of observing a false-
negative result (type II error). Conventional meta-analysis
methods (eg, in RevMan) also do not take into account the
amount of available evidence. Therefore, we examined the
reliability and conclusiveness of the available evidence using
trial sequential analyses (TSA).41–43 The DerSimonian–Laird
(DL) method was used because this is most often used in
meta-analytic practice and was also used in the primary
meta-analysis.30

The TSA was used to calculate the required information size
(IS) to demonstrate or reject a relative reduction in the risk
(RRR) of death in the ivermectin group, as found in the
primary meta-analysis. We assumed the estimated event
proportion in the control group from the meta-analysis
because this is the best and most representative available
estimate. Recommended type I and II error rates of 5% and
10% were used, respectively (power of 90%),43 powering
the result on the effect observed in the primary meta-
analyses. We did not identify any large COVID-19 trials
powered on all-cause mortality, so powering on some



external meaningful difference was not possible. Any small
RRR is meaningful in this context, given the scale of the
pandemic, but the required IS would be unfeasibly high for
this analysis if powered on a small difference. The only
reliable data on ivermectin in its repurposed role for
treatment against COVID-19 will be from the primary meta-
analysis. Therefore, assuming it does not widely deviate from
other published systematic reviews, a pragmatic decision
was therefore made to power on the pooled meta-analysis
effect estimate for all-cause mortality a priori. This is more
reflective of a true meaningful difference. We used a model
variance-based estimate to correct for heterogeneity. A
continuity correction of 0.01 was used in trials that reported
zero events in one or both arms. The required IS is the
sample size required for a reliable and conclusive meta-
analysis and is at least as large as that needed in a single
powered RCT. The heterogeneity corrected required IS was
used to construct sequential monitoring boundaries based
on the O'Brien–Fleming type alpha-spending function for the
cumulative z-scores (corresponding to the cumulative meta-
analysis),43 analogous to interim monitoring in an RCT, to
determine when sufficient evidence had been accrued.
These monitoring boundaries are relatively insensitive to the
number of repeated significance tests. They can be used to
further contextualize the original meta-analysis and enhance
our certainty around its conclusions. We used a two-sided
test, so also considered futility boundaries (to test for no



statistically significant difference) and the possibility that
ivermectin could harm. Sensitivity analyses were performed
excluding the trial of Fonseca,44 which was a cause of
substantial heterogeneity (but retained in the core analysis
because it was at low risk of bias). Its removal dramatically
reduced I2 and D2 (diversity) estimates, thus reducing the
model variance-based estimate to correct for heterogeneity.
Two further sensitivity analyses were performed using 2
alternative random effect models, namely the Biggerstaff–
Tweedie (BT) and Sidik–Jonkman (SJ) methods.43

All outcomes have been assessed independently by 2 review
authors (T.D. and A.B.) using the GRADE approach,45 which
ranks the quality and certainty of the evidence. The results
of the TSAs will also form part of the judgment for the
primary all-cause mortality outcome. The results are
presented in a summary of findings table. Any differences in
judgments were resolved by discussion with the wider
group. We used Cochrane Effective Practice and
Organisation of Care guidance to interpret the evidence.46
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