Supplementary Materials of “Reduction in Number to Treat versus Number Needed to Treat”
Reduction in the number of patients to treat (RNT) based on binary endpoints
For randomized controlled trials (RCTs) that evaluate the response rates of the experimental treatment and the control based on binary endpoints,  is estimated as the difference of the reciprocals of the estimated response rates for the control and experimental arms,

where  and  are the estimated response rates for the experimental and control groups respectively. For the special case with  we define .
Given the significance level , we can construct the  Wald confidence interval (CI) of  by normal approximation [1],

where  is the th quantile of the standard normal distribution and 

Using the delta method [1], we can calculate the variance of the reciprocal of the estimated response rates as follows,

where  is the number of patients in arm . The  CI has the form, 

Moreover, the CI of  can be used in the hypothesis testing with
.
The null hypothesis would be rejected at the significance level  if the  CI covers zero. When the two response rates are close, the value of  would be close to zero, unlike the commonly used NNT that might yield a very large value and an unusual CI containing 

However, the normal approximation and delta method might not work well with small sample size. When sample size is small, the exact confidence interval can be calculated for better accuracy and coverage probability. Given the numbers of responses  and the total numbers of patients  in the treatment and control arms, we can calculate the Clopper-Pearson exact interval [1] of  by solving the equations,


where  and  denote the lower and upper limits of   at the significance level  for arm , respectively. By inverting the distribution function of a Beta distribution, we can obtain


where  is the cumulative density function of a Beta distribution with parameters  As a result, we can calculate the exact CIs of  and  under any confidence level and draw samples by treating  and  as quantile functions. The exact CI of  given the observed data and  can be approximated by the following steps.
1. For the -th simulation, sample  for 
2.   for 
3. .
4. The estimated lower and upper bounds of  can be approximated by the -th and -th empirical quantiles of .

Another way is to use the bootstrap percentile CI, which can be constructed as follows.
1. Obtain . 
2. For the -th simulation, , sample .
3. Compute .
4. The estimated lower and upper bounds of  can be approximated by the -th and -th empirical quantiles of .

Simulation studies were conducted to examine the performances of the Wald, bootstrap percentile and exact CIs of RNT for binary data cases under various settings of sample size, response rates in the experimental and control arms. Supplementary Table S1 presents the binary simulation results with a confidence level of 95%. 

Table S1. Binary endpoint simulation results for coverage probabilities of the Wald, bootstrap and exact confidence intervals of RNT. 
	
	
	
	CP (Wald)
	CP (Bootstrap)
	CP (Exact)

	20
	0.1
	0.2
	0.835
	0.903
	0.982

	
	0.2
	0.2
	0.975
	0.949
	0.981

	
	0.3
	0.2
	0.980
	0.933
	0.975

	
	0.3
	0.4
	0.990
	0.940
	0.974

	
	0.4
	0.4
	1.000
	0.956
	0.970

	
	0.5
	0.4
	0.989
	0.941
	0.970

	
	0.5
	0.6
	0.985
	0.940
	0.972

	
	0.6
	0.6
	0.998
	0.956
	0.972

	
	0.7
	0.6
	0.983
	0.939
	0.972

	
	0.7
	0.8
	0.976
	0.939
	0.980

	
	0.8
	0.8
	0.992
	0.949
	0.981

	
	0.9
	0.8
	0.949
	0.923
	0.981

	100
	0.1
	0.2
	0.947
	0.944
	0.965

	
	0.2
	0.2
	0.990
	0.953
	0.963

	
	0.3
	0.2
	0.969
	0.947
	0.964

	
	0.3
	0.4
	0.968
	0.947
	0.962

	
	0.4
	0.4
	0.969
	0.954
	0.963

	
	0.5
	0.4
	0.962
	0.942
	0.958

	
	0.5
	0.6
	0.968
	0.954
	0.969

	
	0.6
	0.6
	0.964
	0.955
	0.963

	
	0.7
	0.6
	0.961
	0.949
	0.964

	
	0.7
	0.8
	0.959
	0.947
	0.966

	
	0.8
	0.8
	0.954
	0.953
	0.962

	
	0.9
	0.8
	0.953
	0.944
	0.961

	200
	0.1
	0.2
	0.953
	0.947
	0.962

	
	0.2
	0.2
	0.972
	0.956
	0.964

	
	0.3
	0.2
	0.958
	0.944
	0.958

	
	0.3
	0.4
	0.958
	0.947
	0.959

	
	0.4
	0.4
	0.964
	0.956
	0.962

	
	0.5
	0.4
	0.958
	0.947
	0.959

	
	0.5
	0.6
	0.954
	0.946
	0.958

	
	0.6
	0.6
	0.956
	0.956
	0.961

	
	0.7
	0.6
	0.958
	0.952
	0.962

	
	0.7
	0.8
	0.952
	0.945
	0.958

	
	0.8
	0.8
	0.955
	0.956
	0.964

	
	0.9
	0.8
	0.951
	0.946
	0.960

	500
	0.1
	0.2
	0.951
	0.946
	0.954

	
	0.2
	0.2
	0.960
	0.954
	0.956

	
	0.3
	0.2
	0.952
	0.944
	0.953

	
	0.3
	0.4
	0.951
	0.949
	0.955

	
	0.4
	0.4
	0.955
	0.954
	0.957

	
	0.5
	0.4
	0.953
	0.952
	0.957

	
	0.5
	0.6
	0.951
	0.950
	0.955

	
	0.6
	0.6
	0.955
	0.954
	0.957

	
	0.7
	0.6
	0.950
	0.947
	0.953

	
	0.7
	0.8
	0.950
	0.947
	0.954

	
	0.8
	0.8
	0.953
	0.954
	0.958

	
	0.9
	0.8
	0.948
	0.946
	0.956


CP represents coverage probability;  is the sample size;  and  are the true response rates for the experimental and control groups, respectively.

When sample size is large (), all the three types of CIs perform well with the coverage probabilities (CPs) close to the nominal level 95%. With small () or moderate (n=100) sample size, the exact CI might be too conservative, especially for small sample size (CPs over 97%). The bootstrap percentile approach can provide appropriate interval estimates for RNT, except for the scenario with small sample size ( and extreme event rates for the experimental and control arms (. The Wald CI suffers from violation of asymptotic properties of the normal approximation and delta method, which cannot provide accurate interval estimates even with several moderate sample size scenarios. According to the performances of three discussed CIs, with very small sample size (less than 40) and response rates close to 0 or 1, one should choose the exact CIs which can maintain CPs. With large enough sample size (more than 200), the Wald CI can be used to save computational cost. Otherwise, the bootstrap percentile CI should be considered.

RNT based on survival endpoints
For RCTs with survival endpoints, RNT can be computed from the estimated survival probability at a specified time point  of clinical interest. Let  and  denote the Kaplan-Meier estimated survival probabilities at time  for the experimental and control groups, respectively. Then,
and the corresponding  CI has the form,

where  and  are the corresponding variances.

To capture the entire profile of the treatment effect over time, the restricted mean survival time (RMST) can be used to evaluate the mean survival time truncated up to a specified time point  [2-4]. The RMST up to time  is equal to the area under the survival curve  from 0 to ,

and its estimate  can be easily obtained by plugging in the Kaplan-Meier estimate . The estimate of  is defined as

where  and  are the estimated RMSTs up to  in the experimental and control arms, respectively. The  CI of  can be constructed as

where


The  CI of the  can be calculated by


With small sample size, the Wald CI may be narrow and fail to maintain the coverage probability. In such cases, we can approximate the bounds of CI for time-to-event data via a perturbation-resampling method [5]. For the observed time-to-event data , where  is the event time,  is the censoring time and  is the number of observations of arm  for . The following steps can be used to estimate the CIs of RNT based on survival rates and RMSTs.
1. Given observations and for the -th simulation,  generate ; generate .
2. Calculate  and for the prespecified time point  based on weighted time-to-event data which uses  and as weights.
3. Calculate  and .
4. The estimated lower and upper bounds of  and  are approximated by the -th and -th empirical quantiles of  and , respectively.

We conducted simulations to examine the performances of the Wald and perturbation-resampling CIs based on survival rates and RMSTs with results shown in Supplementary Table S2. With regard to the event time distributions for the experimental and control arms, we considered Weibull distributions with different shape and scale parameters. For each scenario, we set the study ending time to be 1 and assumed the censoring distribution be an exponential distribution for which the rate parameter was chosen to yield a 15% non-administrative censoring rate. The RNTs based on survival rates and RMSTs were calculated at 

Table S2. Survival endpoint simulation results for coverage probabilities of the Wald, perturbation-resampling confidence intervals of  and .
	 
	Weibull(
	
	

	
	Experimental
	Control
	CP (Wald)
	CP (Resampling)
	CP (Wald)
	CP (Resampling)

	20
	(0.8,0.5)
	(1,0.5)
	0.999
	0.934
	0.985
	0.932

	20
	(1.5,0.5)
	(1,0.5)
	0.998
	0.940
	0.985
	0.934

	20
	(1,1)
	(1,0.5)
	1.000
	0.935
	0.966
	0.933

	20
	(0.8,1)
	(1,1)
	0.994
	0.933
	0.964
	0.933

	20
	(1,1)
	(1,1)
	1.000
	0.935
	0.971
	0.931

	20
	(1.5,1)
	(1,1)
	0.981
	0.943
	0.966
	0.938

	20
	(0.8,2)
	(1,2)
	0.956
	0.928
	0.952
	0.932

	20
	(1,1)
	(1,2)
	1.000
	0.935
	0.948
	0.933

	20
	(1.5,2)
	(1,2)
	0.935
	0.947
	0.951
	0.942

	100
	(0.8,0.5)
	(1,0.5)
	0.971
	0.946
	0.958
	0.946

	100
	(1,1)
	(1,0.5)
	0.973
	0.944
	0.954
	0.948

	100
	(1.5,0.5)
	(1,0.5)
	0.970
	0.950
	0.959
	0.946

	100
	(0.8,1)
	(1,1)
	0.972
	0.947
	0.952
	0.945

	100
	(1,1)
	(1,1)
	0.971
	0.946
	0.956
	0.947

	100
	(1.5,1)
	(1,1)
	0.959
	0.947
	0.951
	0.943

	100
	(0.8,2)
	(1,2)
	0.956
	0.951
	0.951
	0.945

	100
	(1,1)
	(1,2)
	0.971
	0.945
	0.952
	0.944

	100
	(1.5,2)
	(1,2)
	0.945
	0.950
	0.947
	0.949

	500
	(0.8,0.5)
	(1,0.5)
	0.953
	0.949
	0.950
	0.947

	500
	(1,1)
	(1,0.5)
	0.953
	0.946
	0.949
	0.946

	500
	(1.5,0.5)
	(1,0.5)
	0.952
	0.946
	0.947
	0.944

	500
	(0.8,1)
	(1,1)
	0.957
	0.951
	0.949
	0.946

	500
	(1,1)
	(1,1)
	0.955
	0.948
	0.948
	0.947

	500
	(1.5,1)
	(1,1)
	0.952
	0.946
	0.947
	0.944

	500
	(0.8,2)
	(1,2)
	0.951
	0.949
	0.948
	0.945

	500
	(1,1)
	(1,2)
	0.955
	0.950
	0.948
	0.946

	500
	(1.5,2)
	(1,2)
	0.954
	0.950
	0.951
	0.949


CP represents the coverage probability;  is the sample size; Weibull( represents the Weibull distribution with scale  and shape ; RNTs based on survival rates and RMSTs were evaluated at .

The perturbation-resampling CIs of  and  yield accurate CPs close to the nominal level 95% regardless of sample sizes and event time distributions. The Wald CIs might be too conservative (CPs larger than 0.97) with small sample size, especially for . The standard errors of Kaplan-Meier survival rates are usually computed on the log or complementary log-log scale and then obtained by the delta method. The asymptotic normality of  after such complex transformation may not hold without adequate sample size.

Detailed estimates and 95% CIs of  and  for Examples 2 to 4
Table S3. Estimates and 95% CIs of  and  for the S0226 trial [6].
	Time (years)
	          (Wald)
	    (Resampling)
	

	1
	0.03 [-0.21,0.26]
	0.03 [-0.22,0.27]
	125.82 [12.23 to  to 15.17]

	2
	0.74 [-0.03,1.50]
	0.74 [-0.03,1.58]
	14.60 [7.30 to 10526]

	3
	2.52 [0.69,4.35]
	2.52 [0.89,4.60]
	10.84 [6.62 to 29.85]

	4
	5.89 [1.69,10.09]
	5.89 [2.32,11.42]
	11.22 [7.19 to 25.54]

	5
	9.04 [1.99,16.08]
	9.04 [3.36,18.67]
	12.94 [8.19 to 30.83]

	6
	7.28 [-0.03,14.59]
	7.28 [0.92,16.94]
	20.00 [10.79 to 136.2]

	7
	9.04 [-1.28,19.37]
	9.04 [0.22,23.49]
	24.18 [12.27 to 829.2]

	8
	7.27 [-5.75,20.29]
	7.27 [-5.02,25.74]
	44.48 [16.56 to  to 64.89]

	9
	9.46 [-7.67,26.60]
	9.46 [-6.77,36.36]
	43.86 [16.57 to  to 67.87]

	10
	35.11 [-42.67,112.9]
	35.11 [1.06,996.22]
	23.64 [11.92 to 1497]



Table S4. Estimates and 95% CIs of  and  for the urgent versus early endoscopy trial [7].
	Time (days)
	          (Wald)
	 (Resampling)
	

	5
	0.012 [-0.021,0.045]
	0.012 [-0.022,0.047]
	86.00 [23.58 to  to 52.20]

	10
	0.000 [-0.042,0.042]
	0.000 [-0.043,0.043]
	 [26.49 to  to 26.49]

	15
	-0.017 [-0.063,0.028]
	-0.017 [-0.066,0.028]
	-64.50 [40.23 to  to 17.90]

	20
	-0.022 [-0.072,0.028]
	-0.022 [-0.074,0.028]
	-51.60 [41.70 to  to 15.94]

	25
	-0.027 [-0.08,0.026]
	-0.027 [-0.083,0.026]
	-43.00 [45.93 to  to 14.64]

	30
	-0.027 [-0.082,0.027]
	-0.027 [-0.085,0.027]
	-43.00 [43.77 to  to 14.42]



Table S5. Estimates and 95% CIs of  and  for the urgent versus early endoscopy trial [7].
	Time (days)
	        (Wald)
	 (Resampling)
	

	5
	0.006 [-0.015,0.028]
	0.006 [-0.015,0.029]
	172.0 [37.79 to  to 67.41]

	10
	0.008 [0.019,0.036]
	0.008 [-0.018,0.037]
	125.9 [29.85 to  to 56.77]

	15
	0.004 [-0.027,0.035]
	0.004 [-0.028,0.036]
	286.7 [30.95 to  to 39.47]

	20
	-0.002 [-0.036,0.032]
	-0.002 [-0.035,0.035]
	-543.2 [35.75 to  to -26.28]

	25
	-0.006 [-0.042,0.031]
	-0.006 [-0.042,0.031]
	-198.5 [33.50 to  to 25.49]

	30
	-0.009 [-0.047,0.030]
	-0.009 [-0.048,0.031]
	-127.9 [37.49 to  to 23.64]




Table S6. Estimates and 95% CIs of  and  for the prophylactic cranial irradiation trial [8].
	Time (years)
	           (Wald)
	 (Resampling)
	

	1
	0.13 [-0.22,0.49]
	0.13 [-0.24,0.50]
	25.20 [6.84 to  to 14.98]

	2
	0.41 [-0.49,1.31]
	0.41 [-0.50,1.37]
	21.69 [6.79 to  to 18.15]

	3
	1.35 [-0.27,2.96]
	1.35 [-0.14,3.29]
	12.16 [5.71 to  to 93.90]

	4
	1.20 [-0.98,3.38]
	1.20 [-0.96,3.82]
	20.42 [7.37 to  to 26.44]

	5
	0.97 [-1.76,3.69]
	0.97 [-1.89,4.15]
	33.92 [8.96 to  to 18.97]

	6
	0.90 [-2.25,4.05]
	0.90 [-2.48,4.51]
	43.81 [9.79 to to 17.71]

	7
	0.74 [-2.72,4.20]
	0.74 [-3.02,4.61]
	60.25 [10.64 to  to 16.44]

	8
	3.01 [-2.21,8.23]
	3.01 [-1.91,9.74]
	22.50 [8.59 to  to 36.37]

	9
	3.90 [-3.12,10.92]
	3.90 [-2.37,13.77]
	24.13 [9.13 to  to 37.48]

	10
	5.38 [-2.92,13.69]
	5.38 [-1.59,18.08]
	19.67 [8.47 to  to 60.67]



Table S7. Estimates and 95% CIs of  and  for the prophylactic cranial irradiation trial [8].
	Time (years)
	         (Wald)
	 (Resampling)
	

	1
	0.03 [-0.09,0.15]
	0.03 [-0.09,0.16]
	52.56 [11.48 to  to 20.40]

	2
	0.12 [-0.11,0.34]
	0.12 [-0.11,0.34]
	25.25 [8.60 to  to 26.98]

	3
	0.23 [-0.10,0.56]
	0.23 [-0.11,0.56]
	18.68 [7.63 to  to 41.56]

	4
	0.31 [-0.12,0.75]
	0.31 [-0.11,0.76]
	18.09 [7.60 to  to 47.65]

	5
	0.38 [-0.16,0.91]
	0.38 [-0.16,0.93]
	19.08 [7.84 to  to 44.11]

	6
	0.42 [-0.23,1.06]
	0.42 [-0.24,1.07]
	20.87 [8.23 to  to 38.98]

	7
	0.44 [-0.31,1.19]
	0.44 [-0.30,1.22]
	23.19 [8.66 to  to 34.13]

	8
	0.49 [-0.35,1.34]
	0.49 [-0.35,1.36]
	24.02 [8.87 to  to 34.00]

	9
	0.58 [-0.37,1.53]
	0.58 [-0.41,1.56]
	23.66 [8.97 to  to 37.13]

	10
	0.67 [-0.39,1.73]
	0.67 [-0.35,1.76]
	23.21 [9.05 to  to 41.15]




[image: ]
Figure S1. NNT vs RNT (Wald CIs) for the S0226 trial [6]. (A) Kaplan-Meier estimates of progression-free survival curves for the fulvestrant plus anastrozole therapy and anastrozole therapy alone; (B) NNTs and RNTs calculated from survival rates with their 95% CIs. 
[image: ]
Figure S2. NNT vs RNT (Wald CIs) from the urgent versus early endoscopy trial [7]. (A) Kaplan-Meier estimates of overall survival curves for the urgent endoscopy and early endoscopy groups; (B) NNTs and RNTs calculated from the survival rates with their 95% CIs; (C) NNTs and RNTs calculated from RMST with their 95% CIs.
[image: ]
Figure S3. NNT vs RNT (Wald CIs) for the prophylactic cranial irradiation trial [8]. (A) Kaplan-Meier estimates of disease-free survival curves for the prophylactic cranial irradiation (PCI) and observation groups; (B) NNTs and RNTs calculated from the survival rates with their 95% CIs; (C) NNTs and RNTs calculated from RMST with their 95% CIs.
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