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Abstract 

 

This article proposes a distribution-free stepwise confidence set-based 

procedure for identification of minimum effective dose(MED) in a dose 

response study, where MED is defined as the lowest dose such that the median 

response is better than the median response of zero-dose control by a 

clinically significance difference. Nonparametric identification of minimum 

effective dose base on step-down closed testing procedure rely on p-values 

which cannot ensure a meaningful protection against incorrect decision in 

clinical trials. To improve this,we construct a new confidence interval 

procedure based on Mann-Whitney statistic incorporated into sequential 

stepwise fashion using the partitioning principle for estimating effective doses 

for identifying the minimum effective dose. We prove that our procedure 

controls the confidence level at least , the probability of not 

declaring an ineffective dose as effective. Simulations are performed to study 

the Type 1 familywise error rate for our procedure. Results show the 

procedure control the family error rate (FWER) in a strong sense for some 

configurations. A published data set example is used to illustrate our new 

procedure. 

 

KEYWORDS: Distribution-free endpoint; Minimum effective dose 

(MED);Closed testing procedure; Partitioning principle. 
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1.1 Introduction 

The problem of identifying minimum effective dose (MED) in a dose response study 

is still a challenge despite several papers proposing different statistical methodologies. 

Statistical procedures for dose finding are designed to meet regulatory requirement. 

Before a Pharmaceutical company is granted the market authorization, it must 

demonstrates that its novel drug is effective and safe up to certain pre-specified level. 

To ensure this, Food and Drug Administration (FDA) requires that pharmaceutical 

industries adhere to ICH [8] guidelines: statistical principle on clinical trials. The 

guidelines fundamentally, enforces that statistical procedures employ for dose finding 

should control the family-wise error rate (FWER) in a strong sense. It has also been 

argued in literature that, confidence intervals are clinically better than p-values. The 

claim is that P-values do not carry relevant quantitative information about the 

differences of estimating parameters under investigation. ICH requires that estimating 

of treatment effect must be accompanied by confidence interval, whenever possible..... 

In addition, International committee of medical journal Editors (ICMJE) [9] made the 

following statement in that same direction: when possible, quantitative finding and 

present with appropriate indicators of measurement errors or uncertainty (such as 

confidence intervals). Avoid relying solely on statistical hypothesis test in such as P-

values which fails to convey important quantitative information Similarly an article in 

clinical and experimental Pharmacology and physiology, Ludbrook 

[13], recommends confidence intervals approach to multiple inferences. A serious 

problem with this requirement is that, there is no established criteria for constructing 

confidence intervals in multiple comparisons procedure especially with distribution-

free endpoints. Previous formulation of MED problems in dose response studies using 

nonparametric multiple comparison procedures: Chen, [1],Chen and Jan[2],Jan and 

Shieh, [10], Sadik and Morris[17], relied on the close testing principle by Marcus et. 

al. [15]. In other words, over reliance on the P-values. However, construction of 

confidence intervals using the closed testing principle has not been flexible and in 

most cases do not yield compatible confidence intervals, this is because it is difficult 

if not impossible to be inverted, Dmitrenko et. al.[3], Westfall and wolfinger[20]. 

Meanwhile in recent times Konietschke et al. [11] emphasize the demand for 

statistical procedures in biomedical research that impose no distributional property on 

observed sample data. These situations necessitate confidence interval approach in 

nonparametric settings using the partitioning principle. Hsu and Berger [7] proposed 

stepwise confidence intervals without multiplicity adjustment for MED identification, 

also Tao et. al. [19] extended this stepwise procedure for identification of MED under 

a situation of hetero scedasticity by incorporating Stein two-stage sampling method in 

the procedure. However both procedures rely on normal assumptions, but in statistical 

practice normal procedure is seldom in doubt. We therefore extend this using 

Wilcoxon Mann-Whitney procedure and incorporating the partitioning principle in a 

stepwise manner for MED identification in nonparametric settings. Hence the paper 

focus on stepwise confidence intervals proposed by [7] in nonparametric settings. 

This article presents an extension of Hsu-Berger(1999) stepwise confidence interval 

procedures to nonparametric settings. In Section 2, we present a review of Mann-

Whitney statistics and Hsu-Berger stepwise confidence interval method, where the 
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concepts of confidence intervals directed towards a setting parametric space is defined 

which is essential for our new procedure. In section 3, we formulated and constructed 

our new stepwise confidence intervals and we also prove that our procedure control 

the FWER in strong sense when the confidence intervals for the individual 

comparisons has confidence level . Section 4, by the way of example, we analyze 

a nonparametric data sets and perform simulation studies to shed light on the fact that 

our new procedure strongly control the FWER in a strong sense. 

 

 

2 Preliminary 

2.1 Mann-Whitney Test 

To construct stepwise confidence intervals for distribution-free data sets, we review 

Mann-Whitney test (Wilcoxon Rank Sum Test) from Hollander and Wolfe [6]. 

Suppose that  are two independent samples from a 

continuous cumulative distribution function  respectively. We consider a 

location shift situation, where  are of the same shape and  

for all values  is the location shift parameter, that is 

 the median difference between the two samples. Our goal is to test the 

hypothesis that the two sample come from the same population against the alternative 

that G is stochastically larger than F and to construct a confidence intervals for this 

test: 

 

Mann-Whitney[13] defined the U statistics as: 

 

 

The confidence intervals for is based on ordered set of 

differences is denoted as  from the smallest to the 

largest. The confidence bound for , the location shift parameter according to 

Lehmann.[12] is : 

 

Where the lower confidence bound ( ) stated as: 

 

where  is the  position in the list of  increasing in 

the differences and  and is the upper α percentile of 

the null distribution of the Wilcoxon Rank Sum Statistic. Hence we propose a new 

procedure by incorporating Mann-Whitney statistic into the concept of confidence 

interval directed toward a set of parameters of interest[7]for construction of stepwise 

confidence intervals for distribution-free endpoints. 
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3 Methods 

Let representing increasing in dose levels, where 0 denote (control) 

dose. We consider a one-way layout situation and our observations are formulated 

in ANOVA model setting as follows: 

 

where be the observed efficacy response of the jth subjects in the ith group, the 

are unknown and the errors are 

continuous,independent and identically distributed random variables. In this setting, 

our main objective is to identify the minimum effective dose level producing a 

desirable effect over that of zero-dose control which is referred to as minimum 

effective dose (MED). 

We assumed that lower dose cannot be declared as effective if higher dose is not 

declared as effective. This implies any dose greater or equal to MED is effective and 

any dose less than MED is ineffective. This approach does not assume any dose 

response shape in order to control the significance level. 

 

3.1 Testing Procedure 

Let denote  the threshold value and the interval (  the pre-specified 

efficacy range, the test problem can be reformulated as follows: For any  

(substance is ineffective) 

 (substance is effective under test conditions) 

In randomized clinical trials we design experiments to make inference about 

parameter vector of interest  henceforth called the median 

effect. Our objective is to construct pairwise confidence intervals in one-way layout 

, for all such that simultaneous coverage probability is at 

least  is the median effect of the ith treatment and is the control 

treatment(placebo). We can assert inference that for our distribution-

free endpoint (Note that is the cut off values for Mann-Whitney test) if and only 

if: 

P(Reject at least one of is true)  for  

where  is a critical threshold constant predetermine by medical expert. 

Achievement of this objective would culminate to strong control of the family wise 

error rate which is a critical requirement in multiple comparison procedures. 

If the dose-response relationship is continuous, then MED should be defined as the 

minimum dose such that the median response at that dose is clinically significantly 

better than the median response of the control, that is : 

 

 

3.2 A Stepwise Confidence Intervals Procedure based on 

Mann-Whitney Statistics for Inferences of MED 

Calculate the lower limits: 
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Where  the is the upper  percentile of the null 

distribution of Wilcoxon Rank Sum Statistics and k is the total number of doses to be 

tested. 

Starting from dose the highest dose level, screen the first effective dose and 

sequentially screen doses without adjusting the α levels 

indescending manner searching for the last integer M if it exist such that 

. Hence dose level at M is estimated as . If , then 

noMED can be identified and none of the doses can be declared as effective. If 

, it implies all doses are effective. Once dose M is estimated as MED, then the 

lower confidence bound for doses  are needless and 

should not be computed. In other words, If is rejected, and is accepted then 

there is evidence that only doses are effective. This implies 

patients 

are not subjected on doses . Hence, the discernible advantage of this 

procedure is that, it reduces unnecessary early exposure of experimental units 

undergoing phase II and phase III clinical trials to possible ineffective doses of the 

drug candidate. Notice that, multiplicity adjustment is unnecessary in this stepwise 

procedure. 

 

 

4 Result 

Proposition 1. Let the parameter of comparisons of the median differences 

 for an independent and distribution-free data where

 and be the median effect of the ith treatments and 

the control median effect respectively. Let  be vector of medians 

effect of the different observations. For any , let  be the 

confidence lower limit for , where is the value at the 

position in the list of increasing in ordered differences between the treatment 

group and the zero-dose control group and  the is the 

upper  percentile of the null distribution of Wilcoxon Rank Sum Statistics. Denote 

M, the last integer such that  if such an exist. Otherwise 

let .Then for any θ ∈ Θ, the parameter space. 

 

This proof is similar to the proof of theorem 1 of [7]. Notice that stepwise confidence 

sets for  is  for  and are directed toward

. This guarantees that, the overall coverage probability is not less than . 

The control of type 1 error rate when testing simultaneously a family of hypothesis is 

a critical issue in multiple comparisons procedures, especially in dose findings. 

Hochberg and Tamhane [5], pointed out that, the probability of one or more type1 

error rate should be kept at or less than pre-specified level . That is the 
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probability of erroneously declaring an ineffective dose as effective at a pre-specified 

level. Which is 

P( declaring an ineffective dose as effective) 

That is: 

 

As a result, we state and proof the following proposition: 

 

Proposition 2. The nonparametric stepwise inferences procedure strongly control the 

familywise error rate(FWER) at level α 

 

Proof. Let  denote any subset of  where 

 then 

P( Reject one of  is true ) 

 

 

 

Notice that the procedure stops at step mi  

 

=α 

 

 

5 An example and Simulation Study 

5.1 Data Analysis 

In our data analysis we consider an artificial data set obtained from 

Neuhauser[16]Table 3 

 

Table 1: Sample Data Set 

 

Groups Values of the response variables 

0 49 50 53 57 59 70 7178 82 85 

1 67 75 90 94 97 144 127 130 140 151 

2 60 63 66 81 98 110 128 133 144 157 

3 89 91 100 104 118 120 123 137 147 149 

 

Table 2: Inference on minimum effective dose from Table 1 

 

Median differences P-values 95% lower bound 

 0.0003626  

 0.005748  

 0.000005413  
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From Table 2, the 95% one-sided lower confidence bound for the median 

difference:  for  are respectively . These 

values form the disjoint subsets  for  the entire parameter space. 

For the purpose of illustration, let assume a predetermine clinical relevant threshold 

values λ=5. Each of the cutoff values 20,10 and 30 is greater than λ= 5. Hence we 

could claim that all the confidence intervals are statistically and clinically significant. 

We assume that higher median response means better treatment. We employ our new 

procedure in a stepwise fashion in identification of MED as follows: 

Step 1: We compare the highest dose level (group 3) with that of the zero-dose control 

(group 0). That is (Notice that ). Our 

claim is that it is significant, so we proceed to Step 2 

Step 2:We compare the dose level (group 2) with that of the zero-dose control (group 

0). That is (Notice that . We conclude 

that, it is significant, We then proceed to Step 3 

Step 3:We compare the lowest dose levels (group 1) to that of the zero-dose control 

(group 0 ). That is (Notice that . This is 

also significant. 

In summary, we have enough statistical evidence to conclude that all three doses, 

group 1, group 2 and group 3 are statistically significant and clinically relevant at pre-

specified level λ and our estimated  is group 1, which is the lowest dose level that 

is significantly and clinically better than that of the zero-dose control group. The 

result is consistent with the result obtained by [16] but the result is not compelling 

since it depends on the choice of  . 

 

5.2 Simulation Study 

Simulation studies were performed for estimating the familywise error rate for MED 

identification. To study the familywise error rate by comparing the dose response 

(DR) procedure proposed by Hsu and Berger(1999) and the new procedure (NP), we 

used various sample sizes set at . We investigated three 

types of dose-response functions, namely, the linear function, step function and 

inverted umbrella function as indicated in the Tables below. MED is estimated 

as , we also set the median value of the 

placebo at .Note that in Table 3 and Table 4 show that the FWER for sample 

size 5 for both k=4 and k=6 for identifying MED using the 

new procedure (NP) is only valid for linear configuration but otherwise for the 

remaining because most of the FWER values exceeded 

.The DR in this case is valid for all configurations because the 

FWER is less than0.05. Hence the proposed confidence set e method do not control 

the familywise error rate when the sample size is 27 for NP for some configuration. 

We consider Tables 5 and 6, for both  treatments respectively 

withthe sample size . 

For example, let consider Table 5, where k=4 the, and the linear decreasing median 

response configuration . We infer that 
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 i  and the familywise error rate (FWER) are 0.0132 

for DR procedure and 0.0178 for NP procedure respectively. 

 

Table 3: Estimated FWER for 

 

 

      

Linear Function 4, 3, 2, 1 

5, 4, 2, 1 

5, 4, 3, 1 

5, 4, 3, 2 

1 

1.5 

2 

2.5 

3 

3 

3 

3 

0.0208 

0.0216 

0.0215 

0.0235 

0.0307 

0.0308 

0.0311 

0.0293 

Step Function 1, 0, 0, 0 

2, 1, 1, 1 

3, 2, 2, 2 

4, 3, 3, 3 

1 

1.5 

2 

2.5 

1 

1 

1 

4 

0.0589 

0.0666 

0.0584 

0.0539 

0.0775 

0.0734 

0.9764 

0.0752 

Inverted umbrella 3, 2, 1, 2 

5, 4, 1, 4 

5, 4, 2, 4 

7, 6, 2, 6 

1 

1.5 

2 

2.5 

4 

4 

4 

4 

0.0415 

0.0411 

0.0480 

0.0480 

0.0570 

0.0560 

0.0545 

0.0522 

 

Table 4: Estimated FWER for 

 

 

      

Linear Function 

 

6, 5, 4, 3, 2, 1 

6, 5, 4, 3, 1 0 

6, 5, 4, 3, 2, 0 

6, 5, 4, 2, 1, 0 

1 

1.5 

2 

2.5 

5 

4 

4 

3 

0.0207 

0.0217 

0.0224 

0.0205 

0.0283 

0.0288 

0.0346 

0.0293 

Step Function 

 

5, 4, 3, 3, 4, 4 

5, 4, 3, 3, 3, 3 

5, 4, 2, 2, 2, 2 

5, 4, 1, 1, 1, 1 

3 

3 

3 

2 

4 

4 

4 

4 

0.0580 

0.0216 

0.0219 

0.0243 

0.0692 

0.0288 

0.0346 

0.0293 

Inverted umbrella 6, 5, 4, 2, 3, 4 

6, 5, 4, 2, 3, 5 

6, 5, 2, 3, 4, 5 

6. 5, 3, 2, 3, 5 

1 

1.5 

2 

2.5 

4 

4 

3 

3 

0.0219 

0.0417 

0.0415 

0.0402 

0.0328 

0.0525 

0.0572 

0.0561 
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Table 5: Estimated FWER 

 
 

      

Linear Function 

 

4, 3, 2, 1 

5, 4, 2, 1 

5, 4, 3, 1 

5, 4, 3, 2 

1 

1.5 

2 

2.5 

3 

3 

3 

3 

0.0132 

0.0129 

0.0155 

0.0134 

0.0178 

0.0186 

0.0195 

0.0193 

Step Function 

 

1, 0, 0, 0 

2, 1, 1, 1 

3, 2, 2, 2 

4, 3, 3, 3 

1 

1.5 

2 

2.5 

1 

1 

1 

2 

0.0377 

0.0365 

0.0320 

0.0350 

0.0474 

0.0476 

0.0493 

0.0465 

Inverted umbrella 3, 2, 1, 2 

5, 4, 1, 4 

5, 4, 2, 4 

7, 6, 2, 6 

1 

1.5 

2 

2.5 

2 

2 

2 

2 

0.0246 

0.0269 

0.0248 

0.0263 

0.0336 

0.0369 

0.0334 

0.0354 

 

Table 6: Estimated FWER for α= 0:05; k = 6; n0 = n1 = n2 = n3 = n4 = n5 = n6 = 30; 

= 0 

 

      

Linear Function 
 

6, 5, 4, 3, 2, 1 
6, 5, 4, 3, 1 0 

6, 5, 4, 3, 2, 0 

6, 5, 4, 2, 1, 0 

1 
1.5 

2 

2.5 

5 
4 

4 

3 

0.0157 
0.0137 

0.0152 

0.0147 

0.0183 
0.0197 

0.0161 

0.0216 

Step Function 
 

5, 4, 3, 3, 4, 4 
5, 4, 3, 3, 3, 3 

5, 4, 2, 2, 2, 2 

5, 4, 1, 1, 1, 1 

3 
3 

3 

2 

3 
3 

2 

2 

0.0066 
0.0028 

0.0027 

0.0035 

0.0089 
0.0026 

0.0035 

0.0032 

Inverted umbrella 6, 5, 4, 2, 3, 4 
6, 5, 4, 2, 3, 5 

6, 5, 2, 3, 4, 5 

6. 5, 3, 2, 3, 5 

1 
1.5 

2 

2.5 

4 
4 

4 

3 

0.0135 
0.0251 

0.0251 

0.0201 

0.0194 
0.0348 

0.0328 

0.0319 

 

 

Table 7: Estimated FWER for α = 0.05; k = 4; n0 = n1 = n2 = n3 = n4 = 35; = 0 

 

      

Linear Function 

 

4, 3, 2, 1 

5, 4, 2, 1 

5, 4, 3, 1 

5, 4, 3, 2 

1 

1.5 

2 

2.5 

3 

3 

3 

3 

0.0034 

0.0055 

0.0055 

0.0068 

0.0081 

0.0078 

0.0071 

0.0093 

Step Function 

 

1, 0, 0, 0 

2, 1, 1, 1 

3, 2, 2, 2 

4, 3, 3, 3 

1 

1.5 

2 

2.5 

1 

1 

1 

2 

0.0179 

0.0176 

0.0185 

0.0161 

0.0235 

0.0227 

0.0224 

0.0223 
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Inverted umbrella 3, 2, 1, 2 

5, 4, 1, 4 

5, 4, 2, 4 

7, 6, 2, 6 

1 

1.5 

2 

2.5 

2 

2 

2 

2 

0.0119 

0.0111 

0.0099 

0.0100 

0.0137 

0.0159 

0.0176 

0.0168 

 

Table 8: Estimated FWER for _ = 0.05; k = 6; n0 = n1 = n2 = n3 = n4 = n5 = n6 = 

35; = 0 

 

      

Linear Function 

 

6, 5, 4, 3, 2, 1 

6, 5, 4, 3, 1 0 

6, 5, 4, 3, 2, 0 

6, 5, 4, 2, 1, 0 

1 

1.5 

2 

2.5 

5 

4 

4 

3 

0.0065 

0.0049 

0.0069 

0.0054 

0.0080 

0.0092 

0.0090 

0.0085 

Step Function 

 

5, 4, 3, 3, 4, 4 

5, 4, 3, 3, 3, 3 

5, 4, 2, 2, 2, 2 

5, 4, 1, 1, 1, 1 

3 

3 

3 

2 

3 

3 

2 

2 

0.0144 

0.0052 

0.0060 

0.0072 

0.0227 

0.0082 

0.0086 

0.0087 

Inverted umbrella 6, 5, 4, 2, 3, 4 

6, 5, 4, 2, 3, 5 

6, 5, 2, 3, 4, 5 

6. 5, 3, 2, 3, 5 

1 

1.5 

2 

2.5 

4 

4 

4 

3 

0.0082 

0.0108 

0.0103 

0.0133 

0.0091 

0.0158 

0.0164 

0.0164 

 

 

5 Discussion 

To conform our theoretical result, Monte Carlo simulations were conducted to study 

the Type 1 family-wise error rate. We compared our new procedure (NP) with the DR 

procedure proposed by Hsu and Berger (1999) for FWER study. For illustration 

purposes, a published data set example was used for identification of MED employing 

the new procedure(NP). 

Wilcoxon and Mann-Whitney statistics is sensitive to sample size, for this reason we 

varied the sample sizes from  in our study. As demonstrated in the 

simulation studies for identification of MED under multivariate normal distribution, 

the study indicated that in general sense DR perform better in controlling FWER than 

the NP for all configurations for sample sizes . In fact, NP failed to control 

FWER for step, and inverted umbrella configurations for the MED investigations. The 

DR performance was similar to NP for linearly response configurations in controlling 

FWER for sample .The simulation results suggested that 

although NP outperform DR after , it is overly conservative in controlling the 

FWER. Finally if the normal assumption is not violated then the DR procedure is 

recommended, however in a situation of unknown distribution endpoints the NP 

should be used instead especially when the sample size . 
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6 Conclusion 

In randomized clinical trials, a procedure that gives meaningful guarantee against 

incorrect decision is preferred, a confidence interval procedure does that, previous 

nonparametric approach for MED identification based on closed testing procedure 

which relied on P-values failed in this direction. Therefore the proposed procedure is 

feasible for confidence interval approach for identifying MED when normal 

assumptions are not tenable in drug formulation investigations. 
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