
Details on the Inverted Simulations 

For all three cases we start by obtaining the Wald Statistic Z which maps to the number k of zeroes in 

the two-sided p-value (between the decimal and a 1) using the expression 

𝑍 = 𝜑−1[1 − 2 ∗ 10^(−𝑘 − 1)] 

Where 𝜑−1 is the inverse of the cumulative distribution function of the standard normal. 

Continuous Case 

For the continuous case we consider a null distribution of the reduction in BP with a mean reduction in 

BP of 5 in the standard therapy group and a standard deviation sigma of 7. A somewhat skewed 

distribution is obtained as a 25%/75% mixture of two normal distributions with means of 4 and 5.333. 

Then for the given M subjects per group two data sets are simulated under this null distribution for 

‘standard therapy’ and for the ‘new therapy’. The standard deviations SS and SN and the averages 𝑋𝑆̅̅̅̅  

and 𝑋𝑁̅̅ ̅̅
0 were computed for these null distribution-based standard and new therapy data sets. The 

difference in sample means that would yield the p-value with the k zeroes was obtained as  

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝑋𝑁̅̅ ̅̅
1 − 𝑋𝑆̅̅̅̅ = 𝑍 ∗ 𝑆𝑄𝑅𝑇 [

𝑆𝑆2

𝑀
+

𝑆𝑁2

𝑀
] 

Where 𝑋𝑁̅̅ ̅̅
1 is the sample mean we need to have when the p-value has those k zeroes. We now add the 

following to each observation in the null based new therapy data so that it now has the appropriate 

difference in sample means corresponding to the p-value.  

𝑋𝑁̅̅ ̅̅
0 − 𝑋𝑆̅̅̅̅ +  𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 

The two datasets are then plotted in a histogram with the number of bins computed by rounding up  

1 + 2 ∗ 𝑀^(1 3⁄ ) 

The distribution of the averages are overlaid on the plots and are normal distributions centered around 

group averages 𝑋𝑆̅̅̅̅  and 𝑋𝑁̅̅ ̅̅
1  with scale parameters 𝑆𝑆 √𝑀⁄  and 𝑆𝑁 √𝑀⁄ . The estimate of the percent 

chance of individual BP reductions for new therapy exceeding individual BP reductions for standard 

therapy is computed by counting the number of reductions in the standard group which are lower than 

that for each simulated subject in the new therapy group and then adding these tallies across all new 

therapy subjects. This sum is then divided by the total number of such comparisons given by M^2. The 

estimate of the percent chance of individual BP reductions for standard exceeding individual BP 

reductions for new therapy is computed in a similar manner.  

The default value 85 for the M per group in the calculator would be required to detect a difference of 

3.5 between mean reductions in BP of 5 for standard therapy and 8.5 for new therapy with 90% power 

using a two-sided 5% level test using the standard Wald Statistic based on the asymptotic normal 

distribution of the difference in averages. The difference 3.5 is half the standard deviation of 7 – having 

a difference of at least that fraction of the standard deviation is often considered meaningful.  

The next page explains the survival case in the second tab of the calculator. 

Return to the calculator at this link.  

http://resourcetepee.com/commentaries/alternative-truths-the-slag-and-smoke-of-statistics/


 

Survival Case 

 

For the survival case we consider a null exponential distribution of survival times with a median of 2 

years. This corresponds to a hazard of 0.3466.  Then for the given M subjects per group two data sets 

are simulated under this null distribution for ‘standard therapy’ and for ‘new therapy’ with a censoring 

at 7 years. The estimated value of the ratio of hazards of standard to new HR1, that would yield the p-

value with the k zeroes was obtained using the approximation to the variance of the natural logarithm of 

the hazard ratio given by a fourth of the total number of events across the two groups. The expression 

used was as follows 

𝐻𝑅1 = 𝐸𝑋𝑃[𝑍 0.5⁄ ∗ 𝑆𝑄𝑅𝑇(𝐸𝑆 + 𝐸𝑁)] 

Initial estimates ES an EN were obtained as the expected number of events within 7 years under 

medians of 2 years for standard and 2.857 for the new therapy (Hazard ratio = 0.7).  The hazards under 

the null simulations for the standard and new therapy of H1 and H20 were obtained as dividing the 

number of events ES an EN by the sum of the event and censor durations in the two groups obtained by 

the null simulation. The hazard ratio under the null simulation was obtained as HR0 = H1/H20 and a 

correction was computed as HR1/HR0. This correction is the amount you would have to multiply the 

survival times generated under the null for the new therapy to get data consistent with the estimated 

HR1 computed earlier.  

This initial computation of HR1 used expectations for ES and EN. We can now use the ratio transformed 

new therapy data to update the number of events EN, recompute HR1 with this EN and the number of 

events ES in the null simulation of the standard therapy group and recompute EN. We repeat this 

process twice to get stable values for EN and HR1. The reported hazard ratio in the calculator is the 

reciprocal of HR1 and represents the ratio of hazards of new therapy to standard. This inverted ratio is 

the one usually presented. 

The two estimates on ordering of individual survivals on the two therapies are derived in a similar 

manner to that for the continuous data. We use the simulations of survival times before the censoring is 

applied to compute these estimates.  

The default value of 176 for the M per group in the calculator would be required to detect a hazard 

reduction of 30% in the hazard of an event in the new therapy compared to standard therapy (a hazard 

ratio of 0.7) with 90% power using a two-sided 5% level test using the log rank statistic. Hazard ratios of 

at most 0.7 or less are usually considered worth testing.  

The next page explains the binomial case in the third tab of the calculator. 

 

 

Return to the calculator at this link. 
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Binomial Case 

 

For the binomial case we consider a null distribution of the proportion P responding of 0.5. Then for the 

given M subjects per group the number of responders for standard therapy XS was obtained as random 

outcome from a binomial distribution with M Bernoulli trials with a probability of 0.5 of responding. 

Then an initial estimate of the value of the ratio of the odds of responding to new therapy to the odds of 

responding to standard therapy, corresponding to the p-value with the k zeroes, is obtained using the 

standard error SE of the natural logarithm of the odds ratio as 𝑂𝑅1 = 𝐸𝑋𝑃[𝑍 ∗ 𝑆𝐸]. The initial 

computation uses a crude estimate of the standard error given by  

𝑆𝐸 = 𝑆𝑄𝑅𝑇[2 (𝑀 ∗ 𝑃 ∗ (1 − 𝑃))⁄ ] = 𝑆𝑄𝑅𝑇[2 (𝑀 ∗ 0.25)⁄ ] 

Then we calculate the sample proportion responding  𝑃�̂� = 𝑋𝑆 𝑀⁄  for standard therapy and compute 

the odds of response for standard therapy as 𝑂𝑆 = 𝑃�̂� ∗ (1 − 𝑃�̂�). Then an initial estimate of the odds 

of responding for new therapy is given by 𝑂𝑁 =  𝑂𝑅1 ∗ 𝑂𝑆. This can then be used to compute the 

sample proportion responding to the new therapy as  𝑃�̂� = 𝑂𝑁 (1 + 𝑂𝑁)⁄ . This can then be used in a 

more accurate estimate of the standard error given by 

𝑆𝐸 = 𝑆𝑄𝑅𝑇 [1 (𝑀 ∗ 𝑃�̂� ∗ (1 − 𝑃�̂�)) + 1 (𝑀 ∗ 𝑃�̂� ∗ (1 − 𝑃�̂�))⁄⁄ ] 

This is followed by an update of the odds ratio 𝑂𝑅1 = 𝐸𝑋𝑃[𝑍 ∗ 𝑆𝐸], the odds of responding to new 

therapy ON, the proportion 𝑃�̂� responding to new therapy, the standard error SE and odds ratio 

corresponding to the p-value.  We repeat this process twice to get stable values for 𝑃�̂� and OR1. The 

number responding to new therapy XN is obtained by multiplying the proportion 𝑃�̂� by M and 

rounding. The calculator provides two proportions and a difference in proportions corresponding to a p-

value.  

The estimate of the percent chance of individual responses in the new therapy arm being better than 

individual responses for standard therapy is obtained as [XN*(M-XS)]/M^2. The estimate of the percent 

chance of individual responses in the standard therapy arm being better than individual responses for 

new therapy is [XS*(M-XN)]/M^2. The estimate of the percent chance of individual responses in the 

standard therapy arm being the same as individual responses for new therapy is  

[XS*XN + (M-XS)*(M-XN)]/ M^2 

Finally, the estimate of the percent chance of individual responses in the standard arm being the same 

or better than individual responses for new therapy is the sum of the last two estimates above. 

The default value of 230 for the M per group in the calculator would be required to detect a difference 

of 15% between the proportion responding to standard therapy of 50% versus a proportion of 65% 

responding to new therapy (an odds ratio of 1.86) with 90% power using a two-sided 5% level test using 

the Wald Statistic based on the asymptotic normal distribution of the log odds ratio. Differences in 

proportions of at least 15% or more are usually considered worth testing.  

 

Return to the calculator at this link. 
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