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Abstract  

Sample size determination is important in clinical trial designs. In clinical trials, one 

may wish to show that the test drug is as effective as an active control or standard treatment. 

In that case, non-inferiority test can be used to prove that the new treatment is not worse 

than standard treatment. It is frequently used than superiority test because of ethical issues 

and cost. Moreover, non-inferiority can be tested by comparing the difference between the 

new drug and the historical control with the preset margin in the presence of reliable 

historical control data. There exist sample size formulas made for single-arm non-

inferiority trials when the endpoint is mean or proportion. However, studies on single-arm 

non-inferiority trials with time-to-event endpoints have not been conducted so far.  

In this paper, we propose two sample size calculation methods required for a single-

arm non-inferiority test with a survival outcome. We derive sample size formulas by 

transforming Wu’s one-sample non-parametric superiority test and Chow's two-sample 

parametric non-inferiority test for hazard rates. Finally, we verify that the proposed 

formulas control the type 1 error rates around the nominal significance level with adequate 

power through simulation. 

According to the simulation results, the empirical power and type 1 error of the sample 

size calculation based on the one-sample non-parametric non-inferiority test fluctuated in 

diverse settings. In some cases, they have values similar to the nominal level, but in some 

cases they differ. Thus, it is recommended to use this sample size formula in appropriate 
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cases. Furthermore, the sample size formula based on the one-sample parametric non-

inferiority test showed low performance in terms of both power and type 1 error. It is 

expected to be utilized for future studies by supplementing the limitations. 

                                                                                   

Keywords: Sample size determination, Non-inferiority test, Historical control, Single-arm 

non-inferiority test 
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1. Introduction 

Determining sample size is important in clinical trials. Generally, there are several 

crucial steps when calculating sample size. The first is to state the null and alternative 

hypotheses of interest. The second is to select a test statistic. The third is to obtain the 

asymptotic distribution of the test statistic under the null and alternative hypotheses. The 

last step is to determine the minimum sample size to reject the null hypothesis with a given 

pre-specified power at an acceptable type 1 error probability and type 2 error probability. 

As one of the tests, a non-inferiority test proves that the efficacy of a new drug is not 

inferior to that of a current drug as they are not as different as the margin. This test is 

generally used when the new treatment is less expensive, easier to administer or less toxic 

than the standard treatment. Rothmann et al.(2003) suggested setting a non-inferiority 

margin to approximately half of the superiority margin with respect to the benefit of the 

standard treatment over no treatment. Thus, a non-inferiority test in phase 3 trial requires 

an approximately four times larger sample size than the typical superiority test. In order to 

reduce the cost, it might be helpful to implement the test in phase 2 in order to provide 

evidence of non-inferiority before a phase 3 trial is carried out (Jung, 2017). Additionally, 

if there is reliable historical control data, non-inferiority can be tested in a single-arm study 

to compare the new drug with the historical control.  

In PASS (Power Analysis and Sample Size Software), sample size formulas for one-

sample non-inferiority tests with mean and proportion of response are built. But it does not 

provide a formula when an endpoint is time-to-event and it has not been studied. In this 

dissertation, therefore, we propose two sample size formulas which are necessary to test 
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non-inferiority of time-to-event data in single-arm studies. 

Two existing sample size calculation procedures were used. Wu (2015) proposed a 

sample size formula that is based on a superiority test and compares cumulative hazard 

function of the historical control with that of the test drug in a single sample non-

parametrically. It uses the exact variance of one-sample log-rank test statistic under the 

alternative hypothesis. The other one proposed by Chow (2008) is the sample size 

calculation using a non-inferiority test compares parametrically hazard rates of two samples. 

It assumes that time-to-event follows an exponential distribution. We modified both of them 

to apply to single-arm non-inferiority trials of time-to-event data and derived new sample 

size formulas respectively. 

In Section 2, we provide two sample size calculations for survival data that we 

referenced. In Section 3, we suggest two sample size formulas based on non-parametric 

and parametric single-arm non-inferiority tests with time-to-event and its derivation 

procedures, modifying existing sample size formulas. Section 4 shows simulation studies 

to assess the performance of the sample size formulas we propose. In Section 5, we apply 

the suggested sample size calculation to an ongoing single-arm clinical trial. Finally, we 

discuss our results and provide conclusions in Section 6. 
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2. Sample size calculations for survival data 

2.1 Sample size calculation for the one-sample non-parametric test 

Wu(2015) suggested a sample size formula for the superiority test which is a one-

sample log-rank test when a primary endpoint is time-to-event. A one-sample log-rank test 

can be considered to design and make inference statistically for a study where it compares 

time-to-event outcome of treatment arm with that of the historical control. Let ST(x) and 

ΛT(x)  be the survival function and cumulative hazard function for the test drug, 

respectively. And let SH(x) and ΛH(x) be the survival function and cumulative hazard 

function for the historical control, respectively. The null and alternative hypotheses of 

interest can be specified as survival and cumulative hazard functions as follows: 

H0 ∶  ST(x) ≤ SH(x) vs ST(x) > SH(x) for some x 

or 

H0 ∶ ΛT(x) ≥ ΛH(x) vs ΛT(x) < ΛH(x) for some x 

Furthermore, we designate the survival function ST(x) under the null hypothesis and 

alternative hypothesis as S0(x)(= SH(x)) and S1(x)(> SH(x)), respectively. 

Assume that n subjects have enrolled during the accrual period. Let Ti(i = 1,… , n) 

and Ci(i = 1,… , n) be a failure time and a censoring time for the ith subject, respectively. 

Ti and Ci are assumed to be independent and identically distributed. And Xi = Ti ∧ Ci 

and Δi = I(Ti ≤ Ci) denote the observed failure time and failure indicator for the ith 
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subject. Then the one-sample log-rank test statistic is  

L =
O − E

√E
 

where O = Σi=1
n Δi  and E = Σi=1

n Λ0(Xi)  are the observed number of events and the 

expected number of events. As n goes to infinity, L is asymptotically distributed as the 

standard normal distribution under the null hypothesis. We can express this using counting 

process notations to find out the asymptotic properties. The failure and at-risk process are 

denoted as Ni(x) = ΔiI{Xi ≤ x} and Yi(x) = I{Xi ≥ x}, then O and E are expressed as 

below: 

O =∑∫ dNi(x)
∞

0

n

i=1

, E =∑∫ Yi(x)dΛ0(x)
∞

0

.

n

i=1

 

Therefore, the one-sample log-rank test statistic is redefined in counting process 

formulation as 

L =
W

σ̂
, 

where  

W = n−1/2∑∫ {dNi(x) − Yi(x)dΛ0(x)}
∞

0

n

i=1

 

and  
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σ̂2 = n−1∑∫ Yi(x)dΛ0(x)
∞

0

n

i=1

. 

Under the alternative hypothesis, n−1Σi=1
n Yi(x) converges to G(x)S1(x) (Fleming and 

Harrington, 1991) where G(x) is the survival distribution of the censoring time C. Thus, 

σ̂2  converges to σ0
2 = ∫ G(x)S1(x)dΛ0(x)

∞

0
. On the other hand, the exact mean and 

variance of W under the alternative hypothesis were derived by noting that EH1(O) =

nEH1(Δ) and EH1(E) = nEH1(Λ0(X)). Because we have 

EH1(Δ) = ∫ G(x)S1(x)dΛ1(x)
∞

0

= p1(= σ1
2) 

and 

EH1(Λ0(x)) = ∫ G(x)S1(x)dΛ0(x)
∞

0

= p0(= σ0
2), 

the mean of W is derived as EH1(W) = √n{EH1(Δ) − EH1(Λ0(x))} = √n(σ1
2 − σ0

2) =

√nω. Similarly, since we have  

EH1(ΔΛ0(X)) = ∫ G(x)S1(x)Λ0(x)dΛ1(x)
∞

0

= p01 

and 

EH1 (Λ0
2(x)) = 2∫ G(x)S1(x)Λ0(x)dΛ0(x)

∞

0

= 2p00, 

the exact variance of W is calculated as  
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VarH1(W) = VarH1(Δ) + VarH1(Λ0(x)) − 2CovH1(Δ, Λ0(X)) 

= p1 − p1
2 + 2p00 − p0

2 − 2p01 + 2p0p1 = σ
2. 

Since σ̂2 is consistently estimated by σ0
2, W−√nω converges to normal distribution 

with mean 0 and variance σ2 and the following is satisfied:  

W

σ̂
−
√nω

σ0
2 →  N(0,

σ2

σ0
2)  as n → ∞. 

As the null hypothesis is rejected if L < −z1−α , the power for the one-sided 

hypothesis test based on L with exact variance is given by the following equations: 

1 − β = P(L < −z1−α|H1) ≃ P(
W− √nω
σ0

< −z1−α −
√nω
σ0

|H1) 

=  P(
W − √nω

σ < −
σ0
σ z1−α −

√nω
σ |H1) 

≃ Φ(−
σ0
σ
z1−α −

√nω

σ
). 

As a result, the sample size formula for one-sample log-rank test is derived as  

n =
(σ0z1−α + σz1−β)

2

ω2
 

where σ0
2 = ∫ G(x)S1(x)dΛ0(x)

∞

0
, σ2 = p1 − p1

2 + 2p00 − p0
2 − 2p01 + 2p0p1, ω =

σ1
2 − σ0

2 and σ1
2 = p1 with p0, p1, p00, p01 are given as below: 

p0 = ∫ G(x)S1(x)dΛ0(x)
∞

0

, 
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p1 = ∫ G(x)S1(x)dΛ1(x)
∞

0

, 

p00 = ∫ G(x)S1(x)Λ0(x)dΛ0(x)
∞

0

, 

p01 = ∫ G(x)S1(x)Λ0(x)dΛ1(x)
∞

0

. 

The survival distribution of the historical control SH(x), that of the treatment arm ST(x) 

and the censoring distribution G(x) are required to be specified in order to calculate the 

sample size.  

Practically, the survival distribution of the test drug is assumed to be exponential with 

hazard rate λ0  under the null hypothesis and λ1  under the alternative. Under the 

exponential model, the survival functions are given as S0(x) = exp (−λ0x) under the null 

hypothesis and S1(x) = exp (−λ1x)  under the alternative hypothesis. Moreover, the 

hazard ratio is given as a constant HR =
λ0

λ1
 considering a proportional hazard model. 

Suppose that the subjects are enrolled at a constant rate during the accrual period xa , 

followed up for xf and the censoring time follows a uniform distribution U(xf, xa + xf) 

with the survival function G(x) = 1  if x ≤ xf; =
xa+xf

xa
−

x

xa
 if xf ≤ x ≤ xa + xf; 0 

otherwise. Under the exponential survival model and uniform censoring, the mean and 

variance of the test statistic can be represented as follows: 

ω = (1 − HR) {1 −
e−λ1xf

xaλ1 
(1 − e−λ1xa)} , 
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σ0
2 = HR{1 −

e−λ1xf

xaλ1 
(1 − e−λ1xa)} , 

σ1
2 = 1 −

e−λ1xf

xaλ1 
(1 − e−λ1xa) 

where HR =
λ0

λ1
. 

 

2.2 Sample size calculation for the two-sample parametric test 

For survival analysis, comparisons of median survival times or hazard rates between 

two independent groups are common in hypotheses. Under the exponential model which is 

the simplest model for time-to-event data, the median survival time can be converted to a 

hazard rate and a hazard rate becomes a constant over time. Chow (2008) suggested a 

sample size formula by setting hypotheses of interest in the form of comparing two hazard 

rates with the margin under the exponential model. 

Under the assumption that lower hazard rates are better, non-inferiority is determined 

by concluding that the treatment hazard rate is only higher than the control hazard rate by 

the margin. The hypotheses are below: 

H0 ∶ (λT − λC) ≥ δλ vs (λT − λC) < δλ 

where λC and λT are the hazard rates of the control and the treatment group and δλ(δλ >

0) is the non-inferiority margin with respect to the difference between the hazard rates. 

The maximum likelihood estimate of a hazard rate under the exponential model is the 
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number of events divided by the sum of the study time of all the subjects. 

λ̂ =
# of events

sum of study time of all subjects
 

Let nC and nT denote the number of subjects in the control and treatment group and xa, 

xf, τ denote accrual time, follow-up time, and total time, respectively. The test statistic is 

the difference between the estimated hazard rates and the margin divided by their standard 

error, as shown below:  

Z =
(λT̂ − λĈ) − δλ

√
σ2(λĈ)
nC

+
σ2(λT̂)
nT

 

 

where  

σ2(λ̂) =
λ̂2

E(d|λ̂)
 

E(d|λ̂) = 1 +
exp(−λ̂τ) − exp (−λ̂(τ − xf))

λ̂xf
 

According to the central limit theorem, as n becomes large in the limit, √ni(λî − λi) 

follows N(0, σ2(λi)), i = C, T. 

We reject the null hypothesis at an approximate α level of significance if Z < −z1−α. 

Here, z1−α is 100(1 − α)th percentile of the standard normal curve. Thus, the power is 

calculated as 

1 − β ≃ Φ

(

 
(λT − λC) − δλ

√
σ2(λC)
nC

+
σ2(λT)
nT

− z1−α

)
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and if nC = nT = n, the corresponding sample size n is  

n =
(z1−α + z1−β)

2

((λT − λC) − δλ)
2
{σ2(λC) + σ

2(λT)}. 
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3. Sample size calculations for the one-sample non-

inferiority test  

In this section, we modified sample size formulas introduced in Section 2 in order to 

apply them to the design of our interest, testing non-inferiority in a single-arm study.  

 

3.1 Sample size calculation for the one-sample non-parametric non-

inferiority test 

Section 2.1 covered the one-sample non-parametric superiority test. Its hypothesis was 

to compare the survival rate of a test drug to that of the historical control. We revised the 

hypotheses to test non-inferiority by adding the non-inferiority margin with respect to the 

difference between the survival rates δs so that the acceptable minimum degree of the 

effect compared to ST(x) became SH(x) − δs  by subtracting δs  from SH(x) in the 

following ways: 

H0 ∶ ST(x) ≤ SH(x) − 𝛅𝐬 vs ST(x) > SH(x) − 𝛅𝐬  for some x 

or 

H0 ∶ ST(x) − SH(x) ≤ −𝛅𝐬 vs ST(x) − SH(x) > −𝛅𝐬  for some x 

Non-inferiority was considered by changing the survival rate of the historical control to the 

difference between the survival rate of the historical control and the margin, treating this 
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as the new survival function. Thus, it can reveal that the test drug is non-inferior to the 

historical control when the difference between the survival rate of the test drug and that of 

the historical control is greater than the negative margin.  

Let us set SH(x) − δs  as the survival function SH
∗ (x)  and −log{SH

∗ (x)}  as the 

cumulative hazard function ΛH
∗ (x), considering that SH

∗ (x) has only positive values. We 

designate the survival function ST
∗ (x) under the null hypothesis and alternative hypothesis 

as S0
∗(x)(= SH

∗ (x))  and S1
∗(x)(> SH

∗ (x)),  respectively. W  follows the normal 

distribution asymptotically under the alternative hypothesis with the mean √n(σ1
2 −

σ0
∗2) = √nω∗  where σ1

2 = ∫ G(x)S1(x)dΛ1(x)
∞

0
 and σ0

∗2 = ∫ G(x)S1(x)dΛ0
∗ (x)

∞

0
. 

Then, the exact variance of W is calculated as  

VarH1(W) = VarH1(Δ) + VarH1(Λ0
∗ (x)) − 2CovH1(Δ, Λ0

∗ (X)) 

= p1 − p1
2 + 2p00

∗ − p0
∗2 − 2p01

∗ + 2p0
∗p1 = σ

∗2. 

As a result, the power is  

1 − β = P(L∗ < −z1−α|H1) ≃ Φ(−
σ0
∗

σ∗
z1−α −

√nω∗

σ∗
) 

and its sample size formula is derived as  

n =
(σ0
∗z1−α + σ

∗z1−β)
2

ω∗2
 

where σ0
∗2 = ∫ G(x)S1(x)dΛ0

∗ (x)
∞

0
, σ∗2 = p1 − p1

2 + 2p00
∗ − p0

∗2 − 2p01
∗ +
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2p0
∗p1,  ω

∗ = σ1
2 − σ0

∗2 and σ1
2 = p1 with p0

∗ , p1, p00
∗ , p01

∗  are given as below: 

p0
∗ = ∫ G(x)S1(x)dΛ0

∗ (x)
∞

0

, 

p1 = ∫ G(x)S1(x)dΛ1(x)
∞

0

, 

p00
∗ = ∫ G(x)S1(x)Λ0

∗ (x)dΛ0
∗ (x),

∞

0

 

p01
∗ = ∫ G(x)S1(x)Λ0

∗ (x)dΛ1(x)
∞

0

. 

Therefore, in order to calculate the sample size, the survival distribution of the test drug 

ST(x) and the historical control SH(x), the non-inferiority margin δs and the censoring 

distribution G(x) are needed. 

When the censoring time is uniformly distributed as U(xf, xa + xf); such that, G(x) =

1 if x ≤ xf; =
 xa+xf

xa
−

x

xa
 if xf ≤ x ≤ xa + xf; 0 otherwise, p0

∗ , p00
∗ , p1, and p01

∗  are 

calculated by numerical integrations as follows: 

p0
∗ = ∫ S1(x)λ0

∗(x)dx +
1

xa
∫ (τ − x)S1(x)λ0

∗(x)dx,
τ

xf

xf

0

 

p00
∗ = ∫ S1(x)Λ0

∗ (x)λ0
∗(x)dx +

1

xa
∫ (τ − x)S1(x)Λ0

∗ (x)dx,
τ

xf

xf

0

 

p1 = HRp0
∗ , 

p01
∗ = HRp00

∗  

where HR =
log (S1(x))

log (S0(x))
 is the hazard ratio. 
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3.2 Sample size calculation for the one-sample parametric non-inferiority 

test 

The sample size formula in Section 2.2 relates to a two-sample parametric non-

inferiority test under the exponential model. In the single-arm design, it is not appropriate 

to use the formula developed for a two-sample comparison. Because the variance is 

incorrectly estimated, the p-value from the two-sample non-inferiority test would be invalid. 

Thus, we need to construct a formula with a modified variance considering one sample.  

Let λT be a hazard rate of the test drug, λH be a hazard rate of the historical control 

and δλ(δλ > 0) be a non-inferiority margin with respect to the difference between the 

hazard rates. The hypotheses of interest are below: 

H0 ∶ (λT − λH) ≥ δλ  vs (λT − λH) < δλ 

Here, we only considered the variance of the hazard rate in the test group to reflect the 

variability of the test drug. Thus, the test statistic is  

Z =
(λT̂ − λH) − δλ

√σ
2(λT̂)
n  

 

and it is approximately normally distributed. We reject the null hypothesis at approximate 

α level of significance if Z < −z1−α. Here, z1−α is the 100(1 − α)th percentile of the 

standard normal curve. Therefore, the power is  
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1 − β ≃ Φ

(

 
(λT − λH) − δλ

√σ
2(λT)
n

− z1−α

)

  

and the sample size formula is derived as 

n =
(z1−α + z1−β)

2

((λT − λH) − δλ)
2 σ

2(λT) 

where σ2(λT) =
λ2

E(d|λT)
 and E(d|λT) = 1 +

exp(−λTτ)−exp(−λT(τ−xf))

λTxf
. 
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4. Simulation 

We conducted Monte Carlo simulation studies to evaluate the performances of the 

sample size formulas we proposed in Section 3. We considered whether the calculated 

sample sizes can control type 1 error to a nominal level and the power to a pre-specified 

value. The parameter sets for each simulating trial are shown in Table 1 and Table 2. 

Table 1. The parameter set for the one-sample non-parametric non-inferiority test 

Parameters Values 

SH 0.9 

ST 0.90, 0.92, 0.94, 0.96 

δs 0.06, 0.08, 0.10 

κ 0.5, 1, 2 

(xa, xf) (3, 5) 

 

Table 2. The parameter set for the one-sample parametric non-inferiority test 

Parameters Values 

λH 0.1 

λT 0.11, 0.10, 0.09, 0.08 

δλ 0.02, 0.025, 0.03 

κ 1 

(xa, xf) (3, 5) 
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4.1 Sample size calculation for the one-sample non-parametric non-

inferiority test  

The specific time to analyze, accrual time and follow-up time were set to x = 5, xa =

3 and xf = 5, respectively. The survival probability of the historical control at a specific 

time was set to SH = 0.9 and that of the test drug was set to ST = (0.90, 0.92, 0.94, 0.96). 

The non-inferiority margin was set to δs = (0.06, 0.08, 0.10). Given the nominal type 1 

error rate α = 0.05 and power of 1 − β = 90%, the sample sizes were calculated by the 

formula introduced in Section 3.1 for each scenario. Five thousand samples were generated 

for the calculated sample size, and the empirical type 1 error and power were estimated. 

When it came to evaluating empirical power, we generated the failure time T from the 

exponential and Weibull distribution with shape parameter κ = 0.5, 1, 2  and scale 

parameter ρ =
x

{−log(ST(x))}
1/𝜅  

(=
x

{−log(S1(x))}
1/κ 
)  under the alternative hypothesis. 

Because the probability density function of the Weibull distribution is defined as f(x) =

κ

ρ
(
x

ρ
)
κ−1

exp {− (
x

ρ
)
κ
} and survival function is S(x) = exp {−(

x

ρ
)
κ
}, a scale parameter 

can be expressed as ρ =
x

{−log (S(x))}1/κ  
. The observed accrual time A was generated 

from the uniform distribution U(0, xa) and the censoring time C was generated from the 

uniform distribution U(xf, xa + xf)  to consider administrative censoring. No random 

censoring was assumed. If T > C or A + T > τ, the observation was treated as censored. 

Therefore, the final observed failure time can be expressed as X = min (T, C, τ − A). In 

order to estimate the power, we calculated the probability that the lower bound of the 95% 

CI for ST is greater than SH − δs. 
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When it came to evaluating empirical type 1 error, we generated the failure time T 

from the exponential and the Weibull distribution with shape parameter κ = 0.5, 1, 2 and 

scale parameter ρ =
x

{− log(SH(x)−δs)}
1/𝜅  

(=
x

{−log (S0(x))}
1/κ  

) under the null hypothesis. 

C and X are defined the same as the above conditions. We estimated the empirical type 1 

error through the probability that the lower bound of the 95% CI for ST is greater than 

SH − δs. The confidence intervals were estimated by the Kaplan-Meier estimator and the 

Greenwood estimator. 

The simulation result is shown in Table 3. We confirmed that the sample sizes 

decreased as the non-inferiority margin became larger. With increasing ST, the sample 

sizes decreased for the fixed margin. The simulation result showed that when the clinical 

effectiveness of the test drug was the same as that of the historical control, the empirical 

power and type 1 error were smaller than the nominal level. The empirical power and type 

1 error were changed in the same direction and fluctuated around the nominal level without 

any pattern. In some cases, they have values similar to the nominal level, but in some cases 

they differ. Furthermore, better performance was given when the shape parameter was less 

than or equal to 1 than when it was greater than 1. This could be because the exact variance 

was underestimated when the shape parameter κ  was greater than 1. The additional 

simulation results from when the survival rate of the historical control was less than 0.9 are 

presented in Supplementary Tables S1–S2. 
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Table 3. Sample size, empirical power and type 1 error with nominal power of 90% 

and type 1 error 0.05 based on the one-sample non-parametric non-inferiority test when 

SH is 0.9 

Distribution 𝐒𝐓 𝛅𝐬 𝐧 𝟏 − 𝛃 𝛂 

Weibull 

(ρ, κ = 0.5) 

0.90 

0.06 

246 0.855 0.039 

0.92 129 0.852 0.039 

0.94 76 0.913 0.064 

0.96 48 0.948 0.105 

0.90 

0.08 

148 0.844 0.038 

0.92 89 0.900 0.056 

0.94 57 0.865 0.043 

0.96 38 0.924 0.071 

0.90 

0.10 

101 0.869 0.036 

0.92 66 0.914 0.062 

0.94 45 0.947 0.093 

0.96 31 0.959 0.106 

Exponential 

(ρ, κ = 1) 

0.90 

0.06 

218 0.806 0.038 

0.92 115 0.873 0.059 

0.94 68 0.879 0.062 

0.96 42 0.902 0.082 

0.90 

0.08 

132 0.830 0.050 

0.92 79 0.821 0.039 

0.94 51 0.912 0.084 

0.96 34 0.944 0.121 

0.90 0.10 90 0.816 0.037 
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0.92 59 0.895 0.077 

0.94 40 0.906 0.076 

0.96 28 0.856 0.052 

Weibull 

(ρ, κ = 2) 

0.90 

0.06 

172 0.733 0.044 

0.92 90 0.819 0.070 

0.94 53 0.775 0.063 

0.96 33 0.811 0.083 

0.90 

0.08 

104 0.761 0.047 

0.92 62 0.764 0.054 

0.94 40 0.770 0.058 

0.96 27 0.861 0.101 

0.90 

0.10 

71 0.720 0.036 

0.92 47 0.818 0.072 

0.94 32 0.858 0.095 

0.96 22 0.618 0.045 

Note: Values within a range of 1 − β = 0.9, plus or minus 0.03 and α = 0.05, plus or 

minus 0.02 are highlighted in bold. 
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4.2 Sample size calculation for the one-sample parametric non-inferiority 

test  

The accrual time and the follow-up time were set to xa = 3 and xf = 5, respectively. 

The hazard rate of the historical control was set to λH = 0.1 and that of the test drug was 

set to λT = (0.11, 0.10, 0.09, 0.08) . The non-inferiority margin was set to δλ =

(0.02, 0.025, 0.03) . The sample sizes for each set were determined by the proposed 

formula in Section 3.2, given the nominal type 1 error rate α = 0.05 and power of 1 −

β = 90%. Five thousand iterations were conducted for data generation. 

We generated the failure time T from the exponential distribution with parameter λT 

under alternative hypothesis to estimate power. The probability density function of 

exponential distribution is f(x) = λ exp(−λx) and survival function is S(x) = exp(−λx). 

Observed accrual time A  was uniformly generated from U(0, xa) . If T ≤ τ − A , the 

event was treated as observed and the observed failure time was X = min (T, τ − A). We 

only considered administrative censoring not random censoring. The empirical power was 

estimated by the probability that the upper bound of the 95% CI for λT was greater than 

λH + δλ. Here, the hazard rate was estimated by the number of events divided by the sum 

of the study time of all subjects.  

For evaluating empirical type 1 error, the failure time T was generated from the 

exponential distribution with parameter λH + δλ  under the null hypothesis. The other 

settings were the same as the above. To estimate the empirical type 1 error, we calculated 

the probability that the upper bound of the 95% CI for λT was greater than λH + δλ. 
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Likewise, the confidence intervals were estimated by the Kaplan-Meier estimator and the 

Greenwood estimator.  

The simulation result showed that the sample sizes were reduced as the margin 

increased for the fixed hazard rates (See Table 4). As the hazard rate of the test drug 

decreased, the calculated sample sizes decreased for the fixed margin. Plus, this sample 

size formula tended to be fairly underpowered and conservative overall. Similar results 

were given when the hazard rate of the historical control had different values (See 

Supplementary Tables S3–S4). 
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Table 4. Sample size, empirical power and type 1 error with nominal power of 90% 

and type 1 error 0.05 based on the one-sample parametric non-inferiority test when λH is 

0.1 

Distribution 𝛌𝐓 𝛅 𝐧 𝟏 − 𝛃 𝛂 

Exponential 

(ρ = λ) 

0.11 

0.02 

2038 0.820 0.022 

0.10 450 0.837 0.020 

0.09 175 0.826 0.017 

0.08 85 0.813 0.014 

0.11 

0.025 

906 0.837 0.023 

0.10 288 0.825 0.017 

0.09 129 0.836 0.018 

0.08 67 0.812 0.013 

0.11 

0.03 

510 0.836 0.020 

0.10 200 0.825 0.017 

0.09 99 0.837 0.014 

0.08 55 0.802 0.011 

Note: Values within a range of 1 − β = 0.9, plus or minus 0.03 and α = 0.05, plus or 

minus 0.02 are highlighted in bold. 
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5. Application 

We applied two proposed sample size calculation procedures to the following ongoing 

single-arm non-inferiority clinical trial example. Starting from January 2021, Gangnam 

Severance Hospital has been conducting a single-arm, multicenter, prospective study 

designed to validate the clinical effectiveness of repeat-SLNB conducted in patients with 

ipsilateral breast tumor recurrence among patients who had previously undergone breast 

conservation and sentinel lymph node biopsy for unilateral primary breast cancer. The goal 

is to prove non-inferiority of re-SLNB(repeated Sentinel Lymph Node Biopsy) compared 

to ALND(Axillary Lymph Node Dissection) regarding 5-year disease free survival.  

 

5.1 Sample size calculation for the one-sample non-parametric non-

inferiority test  

We supposed that subjects were accrued for three years(xa = 3) and followed up for 

five years(xf = 5). No subject was lost to follow-up and the censoring distribution G(x) 

was the uniform distribution on [xf, xa + xf] . The 5-year DFS in patients undergoing 

ALND and re-SLNB were SH = 0.93 and ST = 0.89, respectively. We wanted to detect 

non-inferiority of the SLNB v. the ALND with 1 − β = 90%  of power by the non-

inferiority α = 5%  log-rank test with margin δs = 0.08 . Therefore, under the 

exponential assumption(κ = 1), 487 subjects were required for the trial according to the 

following: 
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n =
(1.64σ0

∗ + 1.28σ∗)2

ω∗2
≈ 487 

where σ0
∗ = 0.442,   

σ∗ = √0.140 − 0.1402 + 2 ∗ 0.020 − 0.1962 − 2 ∗ 0.047 + 2 ∗ 0.196 ∗ 0.140 = 0.386 

and ω∗ = 0.140 − 0.196 = −0.055. 

 

5.2 Sample size calculation for the one-sample parametric non-inferiority 

test  

A five year study(xf = 5) was contemplated with a three year, uniform accrual(xa =

3). No loss to follow-up was assumed. As the estimate of the hazard rates were converted 

from the 5-year survival probabilities under an exponential survival distribution, the 

obtained hazard rates of the ALND group and the re-SLNB group were λH = 0.0145 and 

λT = 0.0233, respectively. The non-inferiority margin was set as δλ = 0.01. The type 1 

error was specified as α = 5% and the power was specified as 1 − β = 90%. Therefore, 

23,002 subjects were required in this design, as shown below:  

n =
(1.64 + 1.28)2

((0.0233 − 0.0145) − 0.01)
2 σ

2(λT) ≈ 23002 

where σ2(λT) =
λT
2

E(d|λT)
=
0.02332

0.140
= 0.0039.  
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6. Conclusion and discussion 

We suggested two new sample size formulas for single-arm non-inferiority trials with 

survival outcomes. The proposed formula in Section 3.1 was based on a one-sample non-

inferiority log-rank test with respect to the hazard ratio. The proposed formula in Section 

3.2 was based on the one-sample non-inferiority Wald-type Z test with respect to the 

difference between the hazard rates.  

We conducted a simulation study which included various settings of the survival rate 

or hazard rate of the historical control, that of the test drug and its margin. We assessed the 

performance of the proposed sample size calculation methods. The sample size calculation 

based on the single-arm non-parametric non-inferiority tests performed better than the 

single-arm parametric non-inferiority tests in general. Because it presented good 

performance in certain settings, it is recommended to use the proposed formulas in 

appropriate cases. However, it should be used with caution in the event that type 1 error is 

too large. Sample size calculation method based on the single-arm parametric non-

inferiority test was considerably underpowered and conservative. In the application 

examples in Section 5, estimated sample sizes based on two proposed formulas gave 

different results. This is because the margin for the difference between the two hazard rates 

and the hazard ratio could not be matched equally. The reason why the sample size was 

calculated in large in Section 5.2 may be to satisfy the pre-specified power because the 

sample size formula tended to be underpowered. 

There are several limitations to this study. Using the difference between the survival 
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rate of the historical control and its margin as a survival function may cause problems. W 

in the one-sample log-rank test may not have the properties of normal approximation 

because there is a negative interval when the margin is subtracted from the survival function, 

which is not a complete survival function. Moreover, in the process of deriving the power 

of the single-arm parametric non-inferiority test, we did not consider the variance under 

the alternative hypothesis separate from the variance under the null hypothesis. Thus, a 

restricted MLE of the hazard rate will be able to be studied, considering the parameter space 

under the alternative hypothesis in future. Besides, we considered uniform accrual and 

administrative censoring in this study, but a general accrual pattern and random loss to 

follow-up can be explored in future studies. 

Nevertheless, given that the sample size formula is required when calculating the 

sample size in the single-arm non-inferiority design with a survival endpoint, these 

suggestions are meaningful. It is expected that they will be referenced in future research 

through statistical supplementation. 
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7. Supplementary  

S1. Sample size, empirical power and type 1 error with nominal power of 90% and type 1 

error 0.05 based on the one-sample non-parametric non-inferiority test when SH is 0.7 

Distribution 𝐒𝐓 𝛅𝐬 𝐧 𝟏 − 𝛃 𝛂 

Weibull 

(ρ, κ = 0.5) 

0.70 

0.06 

482 0.839 0.034 

0.72 269 0.840 0.030 

0.74 171 0.848 0.037 

0.76 117 0.873 0.045 

0.70 

0.08 

277 0.838 0.033 

0.72 176 0.852 0.038 

0.74 121 0.848 0.038 

0.76 88 0.858 0.043 

0.70 

0.10 

181 0.844 0.034 

0.72 125 0.862 0.041 

0.74 91 0.869 0.042 

0.76 69 0.859 0.035 

Exponential 

(ρ, κ = 1) 

0.70 

0.06 

437 0.783 0.026 

0.72 244 0.813 0.032 

0.74 154 0.786 0.031 

0.76 106 0.819 0.036 

0.70 

0.08 

252 0.795 0.027 

0.72 160 0.793 0.032 

0.74 110 0.803 0.034 

0.76 80 0.806 0.032 
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0.70 

0.10 

165 0.797 0.032 

0.72 114 0.830 0.040 

0.74 83 0.842 0.044 

0.76 63 0.837 0.040 

Weibull 

(ρ, κ = 2) 

0.70 

0.06 

363 0.695 0.027 

0.72 202 0.732 0.040 

0.74 128 0.741 0.038 

0.76 88 0.724 0.034 

0.70 

0.08 

210 0.755 0.040 

0.72 134 0.770 0.047 

0.74 92 0.732 0.033 

0.76 67 0.758 0.036 

0.70 

0.10 

139 0.757 0.040 

0.72 95 0.747 0.036 

0.74 69 0.761 0.035 

0.76 53 0.815 0.055 

Note: Values within a range of 1 − β = 0.9, plus or minus 0.03 and α = 0.05, plus or 

minus 0.02 are highlighted in bold. 
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S2. Sample size, empirical power and type 1 error with nominal power of 90% and type 1 

error 0.05 based on the one-sample non-parametric non-inferiority test when SH is 0.8 

Distribution 𝐒𝐓 𝛅𝐬 𝐧 𝟏 − 𝛃 𝛂 

Weibull 

(ρ, κ = 0.5) 

0.80 

0.06 

386 0.816 0.033 

0.82 212 0.835 0.033 

0.84 132 0.844 0.040 

0.86 89 0.892 0.051 

0.80 

0.08 

225 0.867 0.041 

0.82 141 0.864 0.043 

0.84 95 0.883 0.050 

0.86 68 0.913 0.062 

0.80 

0.10 

149 0.824 0.029 

0.82 101 0.868 0.040 

0.84 73 0.886 0.047 

0.86 54 0.872 0.043 

Exponential 

(ρ, κ = 1) 

0.80 

0.06 

346 0.800 0.034 

0.82 190 0.796 0.033 

0.84 118 0.816 0.042 

0.86 79 0.872 0.056 

0.80 

0.08 

202 0.822 0.041 

0.82 127 0.794 0.036 

0.84 86 0.862 0.057 

0.86 61 0.863 0.053 

0.80 
0.10 

134 0.839 0.048 

0.82 91 0.809 0.034 
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0.84 65 0.856 0.050 

0.86 48 0.876 0.062 

Weibull 

(ρ, κ = 2) 

0.80 

0.06 

280 0.711 0.031 

0.82 153 0.730 0.037 

0.84 95 0.741 0.044 

0.86 64 0.826 0.064 

0.80 

0.08 

164 0.697 0.031 

0.82 103 0.778 0.045 

0.84 69 0.795 0.057 

0.86 49 0.756 0.045 

0.80 

0.10 

110 0.727 0.036 

0.82 74 0.753 0.040 

0.84 53 0.779 0.052 

0.86 39 0.827 0.063 

Note: Values within a range of 1 − β = 0.9, plus or minus 0.03 and α = 0.05, plus or 

minus 0.02 are highlighted in bold. 
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S3. Sample size, empirical power and type 1 error with nominal power of 90% and 

type 1 error 0.05 based on the one-sample parametric non-inferiority test when λH is 0.2 

Distribution 𝛌𝐓 𝛅𝛌 𝐧 𝟏 − 𝛃 𝛂 

Exponential 

(ρ = λ) 

0.21 

0.02 

5102 0.843 0.026 

0.20 1184 0.835 0.021 

0.19 488 0.833 0.021 

0.18 253 0.835 0.019 

0.21 

0.025 

2268 0.817 0.020 

0.20 758 0.835 0.022 

0.19 358 0.807 0.020 

0.18 200 0.830 0.018 

0.21 

0.03 

1276 0.835 0.021 

0.20 527 0.836 0.020 

0.19 274 0.831 0.021 

0.18 162 0.824 0.014 

Note: Values within a range of 1 − β = 0.9, plus or minus 0.03 and α = 0.05, plus or 

minus 0.02 are highlighted in bold. 
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S4. Sample size, empirical power and type 1 error with nominal power of 90% and 

type 1 error 0.05 based on the one-sample parametric non-inferiority test when λH is 0.3 

Distribution 𝛌𝐓 𝛅𝛌 𝐧 𝟏 − 𝛃 𝛂 

Exponential 

(ρ = λ) 

0.31 

0.02 

9550 0.841 0.025 

0.30 2260 0.824 0.018 

0.29 949 0.834 0.019 

0.28 504 0.835 0.019 

0.31 

0.025 

4245 0.830 0.022 

0.30 1446 0.827 0.021 

0.29 698 0.839 0.021 

0.28 398 0.828 0.020 

0.31 

0.03 

2388 0.818 0.021 

0.30 1005 0.837 0.022 

0.29 534 0.835 0.019 

0.28 323 0.815 0.016 

Note: Values within a range of 1 − β = 0.9, plus or minus 0.03 and α = 0.05, plus or 

minus 0.02 are highlighted in bold. 
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 국 문 요 약 

  

생존 자료의 단일군 비열등성 시험을 위한 연구 대상자 수 산출 

 

 연구 대상자 수의 결정은 임상시험 설계 시 중요하다. 임상시험에서 시험약이 

활성 대조군 또는 표준 치료만큼 효과적임을 보여주고 싶을지도 모른다. 이 경우에, 

비열등성 검정을 사용하여 새로운 치료가 표준 치료보다 나쁘지 않음을 증명할 수 

있다. 이는 윤리적인 문제와 비용 때문에 우월성 검정보다 자주 사용된다. 또한, 

신뢰할 수 있는 과거 대조군 자료가 있는 경우 비열등성은 신약과 과거 대조군의 

차이를 사전 설정된 마진과 비교하여 검정될 수 있다. 평가 변수가 평균이거나 

비율인 경우 단일군 비열등성 시험에 대한 만들어진 연구 대상자 수 계산식들은 

존재한다. 그러나 평가변수가 사건이 일어날 때까지 걸린 시간인 단일군 비열등성 

시험에 대한 연구 대상자 수 산출 연구는 현재까지 수행되지 않았다.  

 본 논문에서는 종속변수가 생존 형태인 단일군 비열등성 검정에 필요한 두 가지 

연구 대상자 수 산출 방법을 제안한다. Wu의 비모수적 일표본 우월성 검정과 Chow의 

모수적 이표본 비열등성 검정을 각각 변형하여 연구 대상자 수 식을 도출한다. 

마지막으로 제안된 식들이 시뮬레이션을 통해 적절한 검정력을 가지고 제 1종 오류를 

명목 유의수준 안에서 통제하는지 검증한다.  
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 시뮬레이션 결과에 따르면, 일표본 비모수적 비열등성 검정을 기반으로 한 연구 

대상자 수 계산식의 경험적 검정력과 제 1종 오류는 다양한 설정에서 변동하였다. 

일부 경우에는 명목 수준과 유사한 값을 갖지만 일부 경우에는 차이가 있었다. 

따라서 적절한 경우에 본 연구 대상자 계산식을 사용하는 것을 권장한다. 또한 

일표본 모수적 비열등성 검정을 기반으로 한 연구 대상자 수 계산식은 전반적으로 

검정력과 제 1종오류 측면에서 모두 낮은 성능을 보였다. 이는 한계를 보완함으로써 

향후 연구에 활용될 것으로 예상된다.  

                                                                                   

핵심되는 말 : 연구 대상자 수 결정, 비열등성 검정, 과거 대조군, 단일군 비열등성 

검정 

 

 


