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Abstract
The use of a Kaplan–Meier (K–M) survival time approach is generally considered appropriate to report
antimalarial efficacy trials. However, when a treatment arm has 100% efficacy, confidence intervals may not
be computed. Furthermore, methods that use probability rules to handle missing data for instance by
multiple imputation, encounter perfect prediction problem when a treatment arm has full efficacy, in which
case all imputed values are either treatment success or all imputed values are failures. The use of a survival K–
M method addresses this imputation problem in estimating the efficacy estimates also referred to as cure
rates. We discuss the statistical challenges and propose a potential way forward.
The proposed approach includes the use of K–M estimates as the main measure of efficacy. Confidence
intervals could be computed using the binomial exact method. p-Values for comparison of difference in
efficacy between treatments can be estimated using Fisher’s exact test.We emphasize that when efficacy rates
are not 100% in both groups, the K–M approach remains the main strategy of analysis considering its
statistical robustness in handling missing data and confidence intervals can be computed under such
scenarios.

Key words: efficacy; intention to treat; Kaplan–Meier; missing data; multiple imputation

1. Background

Randomized controlled clinical trials are often used to assess treatment efficacy or to compare efficacy
between treatment groups (Montori & Guyatt, 2001). The procedure involves randomizing participants
to the different treatments and then follow up the participants for a set period of time. At the end of the
study period, the efficacy of the treatment is determined. Efficacy is defined as the proportion
(or percentage) of subjects that have a treatment success out of the total population exposed to the
treatment arm.

There are many ways of analyzing and reporting efficacy data. The main outcome measures include
the risk differences, which are simply the differences in the efficacy proportions; the odds ratios; the risk
ratios and the hazard ratios (Magder, 2003; Mukaka et al., 2016). In order to allow for comparisons with
previous studies, it is important that the measures of effect are consistent with existing literature and/or
comply with the requirements of regulatory authorities. It is common practice to use survival models to
report cure rates, especially in antimalarial efficacy trials (Dahal et al., 2019). The main advantage of the
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survival methods is that they can handle missing data without completely discarding the subject that for
which data missing. Thus, this approach increases the precision of the estimates (Dahal et al., 2017). In
this way subjects that are lost to follow up; withdraw consent; represent with and retreated for reinfection
and/or different malaria species, still contribute to the estimation of treatment efficacy up to themoment
of being censored in the Kaplan–Meier (K–M) survival analysis. The analysis of data involves both the
univariate analyses and themultivariable analyses. TheCox Proportional Hazardsmodel is often used for
the multivariable analysis to complement the K–M method which is mainly used for the univariate
efficacy estimates. The univariate estimates of efficacy are often justified in randomized trials considering
that randomization balances both known and unknown confounders among the treatment groups.

The efficacy estimates can easily be obtained as proportions along with the confidence intervals using
the binomial exact calculation method. This method works for both 0% efficacy and 100% efficacy. The
main shortfall of the proportion approach is that it fails to handle censored outcomes, that is, observation
with partial information about the outcome. For this reason the use of the K–M method becomes
appealing.

2. Statistical analysis dilemma

When efficacy of a treatment is 100% or 0%, there are statistical challenges with other approaches such as
the survival K–Mmethod. For example, the confidence intervals cannot be computed if the survival K–M
methods are used to estimate cure rates from the treatment with 100% efficacy as is the case with p-values.
The absence of the confidence intervals and p-values make it difficult to perform a hypothesis test
comparing two or more treatment groups. For this reason, we need an alternative method for computing
the confidence intervals and the corresponding p-values while still reporting the K–M estimates of
efficacy which help in preserving sample size through censoring of individuals with incomplete follow-up
information.

Let S tð Þ be the survival function that can be used to estimate the cure rates, then the 95% confidence
interval (that is commonly used) is given by (Collett, 2004)

bS tð Þexp � 1:96
ln Ŝ tð Þ� s�eŜ tð Þ

h i
, (1)
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is the standard error of the survival probability, S tð Þ, at any

time t, tk≤t< tkþ1, n j is the number of participants who are at risk at time j, d j are the number of
events (treatment failures) observed between time j�1 and j.

When there are no failures, then survival probability S tð Þ is 1 and lnS tð Þ becomes 0.With full efficacy,
substituting lnS tð Þ= ln(1)= 0 in the expression (1) above, 1:96

ln Ŝ tð Þ, results in undefined confidence interval

as 1:96
0 is undefined. Furthermore, when there are no failures, the standard error of the survival

probability, S tð Þ which is given by S tð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPk
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reduces to zero. Hence, the confidence interval

for the cure rate estimated by the K–M may not be computed when either there is full efficacy or zero
efficacy in the study sample.

In order to illustrate the advantage of using the survival K–Mmethod, we consider its application in
the Intention to treat (ITT) analyses. In the ITT analysis, all subjects randomized to a specific treatment
arm are included into the analysis, irrespective of whether or not the subjects encounter any of competing
events such as reinfection, were lost to follow up or withdraw consent. In the per protocol analysis
subjects that presented with a reinfection, were lost to follow up or withdraw consent, are excluded. In
malaria trials specifically, the incidence of ‘competing events’ can be considerate. For instance, in high
transmission areas reinfection rates could be as high as 25%.
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For the ITT analysis, a potential approach for dealing with missing data is to perform multiple
imputation (MI), use the inverse probability weighting (IPW) or the doubly robust-IPW (DR-IPW)
method (Machekano et al., 2008). In this approach the outcome of the subjects that encountered
‘competing events’ is predicted based on the outcome of the subjects that reached the endpoint (either
completion of follow up or treatment failure). However, if treatment efficacy is 100% or 0% there is a
perfect prediction problem for the outcome, and all subjects with missing outcomes will be imputed as
treatment success or treatment failure, respectively. This is where the use of survival K–M method to
estimate the efficacy is an important tool. It immediately addresses the need to worry with imputing
outcomes for those participants that have missing data, hence helps in preserving the sample sizes for the
ITT principle.

The K–M Survival estimates, MI, IPW and DR-IPW strategies work optimally in scenarios where
efficacy is not 100% or 0%. When analyzing data with 100% or 0% efficacy, the analysis and reporting of
such data results in a significant statistical dilemma whenmissing outcome data exists. We focus on how
to address this problem when applying the K–M method to estimate the cure rates.

3. Here is a hypothetical example: Data simulation and analysis results

The data was simulated in excel (Supplementary appendix) and imported into Stata 16 for analysis.
Hypothetically, 200 participants are randomized into two arms of a Malaria efficacy trial. The primary
endpoint is defined as the day 42 PCR corrected efficacy. The data set for demonstration was simulated as
follows. A set of 100 individuals containing four variables ID, treatment (0 or 1), outcome (0 = success,
1 = failure) and time which was day of outcome measurement were simulated for one arm. There are no
failures in this treatment arm with 100 individuals by the end of the trial follow-up period. The outcome
variable was recorded as a 0 for all individuals in this arm. Another set of 100 individuals was simulated as
the second treatment arm. In this arm, there are five failures with three individuals failing at days 14, 21,
35 respectively and two individuals failing at day 28 (Supplementary appendix). As shown in Table 1,
treatment 0, the K–Mestimate of the day 42 cure rate (with 95%CI) is 95.0% (88.4%, 97.9%). On the other
hand, in treatment 1, the K–M estimate of the day 42 cure rate is not estimated because the cure rate is
100%.

Table 1. Day 42 efficacy estimates by treatment group using the Kaplan–Meier survival method

.sts list, by (treatment)

failure _d: outcome

analysis time _t: time

Time Beg. total Fail Net lost Survivor function Standard error [95% confidence interval]

Treatment = 0

14 100 1 0 0.99 0.01 0.93 1.00

21 99 1 0 0.98 0.01 0.92 1.00

28 98 2 0 0.96 0.02 0.90 0.98

35 96 1 0 0.95 0.02 0.88 0.98

42 95 0 95 0.95 0.02 0.88 0.98

Treatment = 1

42 100 0 100 1 – – –

Note: The analysis was done in Stata 16.
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4. Proposed analysis approaches

The following may be plausible ways of addressing this analysis dilemma: (a) In order to address the
problem faced when using the K–M for samples with 100% cure rate, we could report the K–M efficacy
estimates as the main measure to be reported. Since the K–M estimates will be 100%, it remains true that
efficacy estimate from the K–Mwill be exactly the same as that of the simple proportion. Therefore, the
binomial exact confidence intervals provide valid confidence intervals for the K–M cure rates. Thus, the
K–M efficacy estimate could be reported together with the binomial exact confidence interval. The
advantage of this is that the binomial exact methods can be used to obtain the confidence intervals for the
efficacy when the cure rate is 100% or 0%.

Now if we go back to the hypothetical study above and use the binomial exact method to get the day
42 cure rates, the efficacy is 100% 95% (96.4%, 100%) for treatment 1, (Table 2).

Our recommendation would be to use this approach asmuch as possible. (b) The second approachmay
be to use the K–M method to estimate efficacy without associated confidence intervals as the confidence
intervals cannot be computed. Comparisons based on p-values may be performed using the different
variations of the Logrank test. The unfortunate thing about this second approach is that uncertainty of the
efficacy estimates is not reflected due to missing confidence intervals. In addition, the Logrank test is not
robust in this case for the reasons given above compared to using Fisher’s exact test.

5. Discussion

Analysis of binary outcome data to compare the outcome between treatment arms is often problematic
when one or both of the arms have either 100% or 0% success rate. When the outcome of interest is time
to event, there are mathematical and computational challenges associated with computation of both the
p-values and the confidence intervals for the difference in hazards. Hence, reporting of the results from
such a study becomes complicated as the comparisons would bemade descriptively without a supporting
statistics.

A potential quick solution is to alter the outcome of one or more of the subjects to either failure or
success in case of 100% and 0% efficacy, respectively. However, such a solution does not recognize the fact
that sample treatment efficacy was in fact 100% or 0% in the participants that were assessed. Thus, such a
solution prohibits researchers from making correct inferences. We suggest that when the cure rate is
100% (or 0%), the K–M estimates could still be calculated and presented as the K–M. This helps in
retaining the original sample size by censoring individuals that are only partially observed. Once the cure
rates have been estimated using the K–Mmethod, the confidence could be calculated using the binomial
exact method. Authors should be transparent by clearly stating this in the statistical analysis plan as well
as providing relevant footnotes in the manuscripts on that has been reported and the reasons for
reporting those measures.

This approach will be helpful because the inferences will be backed up by statistical evidence. Routine
has been just to describe the results when there is this type of dilemma. Thus, article will therefore provide
guidance when the cure rate is 100% (or 0%) and data is analyzed as time to event.

Table 2. Day 42 efficacy estimates by treatment group using the binomial exact calculation method

.cii proportions 100,100

Variable Obs. Proportion Standard error

Binomial exact

[95% confidence interval]

100 1 0 0.9637833 1a

Note: The analysis is done in Stata 16.
aOne-sided, 97.5% confidence interval.
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6. Conclusion

Use of theK–Mmethod to estimate efficacy lands into analysis problemswhen treatment has full efficacy.
When the cure rate is 100%, the K–M estimates could still be calculated and presented as the K–M
estimates preserves the sample size by censoring individuals that are only partially observed. The
confidence could be calculated using the binomial exact method.
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