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A B S T R A C T

Phase-II trials are a key stage in the clinical development of a new treatment. Their main

objective is to provide the required information for a go/no-go decision regarding a subse-

quent phase-III trial. In single arm phase-II trials, widely used in oncology, this decision

relies on the comparison of efficacy outcomes observed in the trial to historical controls.

The false positive rate generally accepted in phase-II trials, around 10%, contrasts with

the very high attrition rate of new compounds tested in phase-III trials, estimated at about

60%. We assumed that this gap could partly be explained by the misspecification of the

response rate expected with standard treatment, leading to erroneous hypotheses tested

in the phase-II trial.

We computed the false positive probability of a defined design under various hypotheses

of expected efficacy probability. Similarly we calculated the power of the trial to detect the

efficacy of a new compound for different expected efficacy rates. Calculations were done

considering a binary outcome, such as the response rate, with a decision rule based on a

Simon two-stage design.

When analysing a single-arm phase-II trial, based on a design with a pre-specified null

hypothesis, a 5% absolute error in the expected response rate leads to a false positive rate

of about 30% when it is supposed to be 10%. This inflation of type-I error varies only slightly

according to the hypotheses of the initial design.

Single-arm phase-II trials poorly control for the false positive rate. Randomised phase-II

trials should, therefore, be more often considered.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Efficacy and safety of a new treatment are evaluated during

the different phases of clinical development. Following phase

I trials, the main objective of phase II trials in oncology is to

provide information required for a go/no-go decision regard-

ing subsequent phase III trials. Phase II trials are, therefore,

a key stage in the development of a new treatment. While

they were initially designed for the evaluation of new drugs
er Ltd. All rights reserved

biostatistique et d’épidém
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given as single agents (phase IIA), they are now widely used

to assess efficacy of various medical treatments including

combination of several drugs or treatments including both

chemotherapy and radiation therapy (phase IIB).

In the early 1980s, when there were a small number of new

drugs available, the main consideration was to minimise the

false-negative rate of phase II trials, to ensure that a high

number of effective drugs would be assessed through phase

III trials. In the past decade, the number of new anticancer
.
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agents has dramatically increased, and there is now a major

concern about the very high attrition rate between phase II

and phase III trials, estimated at about 60%,1 raising the issue

of false-positive rate of phase II trials.2,3

Even though several designs have been proposed4–8

including randomised trials and bayesian approaches9–11,

non-randomised single-arm trials using a frequentist ap-

proach remain the most frequently used in oncology.2 In such

trials, the decision taken after completion of the trial is

implicitly based on the comparison of observed data to histor-

ical data, formally addressed through the null hypothesis

which is tested.

The Simon design is a sequential two-stage design specify-

ing type I and type II errors (false-positive and false-negative

rate, respectively) for defined response rates: the rate below

which the treatment would be judged ‘not promising’, p0,

and the rate above which it would be worthy of further devel-

opment, p1. These two parameters are defined a priori, from

historical data or experts’ opinion, and their choice is in prac-

tice rarely explained. We study here the impact of a misspeci-

fication of one or both prespecified response rates on the type

I and type II errors, using a Simon optimal two-stage design.

2. Methods

2.1. Decision rule in a Simon design

Five parameters need to be specified before the trial: p0 and p1,

a and b the type I and II errors, and Nmax, the maximum num-

ber of patients to be included in the trial.8

p0 is the baseline response rate expected to be observed

with a standard treatment. If the true probability of response

with the new treatment is equal to or lower than p0 (null

hypothesis H0), we wish to avoid concluding promising effi-

cacy of the new treatment. The probability a is set as the max-

imum probability of concluding efficacy of the new treatment

when the true response rate is equal to or lower than p0.

On the other hand, if the true response rate with the new

treatment is equal to or greater than p1, we wish a high (1 ) b)

probability of concluding that the efficacy of the new treat-

ment is promising. The difference D = p1 ) p0 is the effect size

you hope to observe with the new treatment.

For given p0, p1 type I error a and type II error b, the Simon

design is defined by searching all possible combinations of

sample sizes and decisions rules and selecting those resulting

in the specified type I and type II errors, subject to a maximal

sample size of Nmax. Simon proposed either to minimise the
Table 1 – Description of the seven optimal Simon design scenari
and the type I and II errors are fixed to 0.10.

p0,h p1,h ah bh n1,h k1,h

0.10 0.30 0.10 0.10 12 1
0.15 0.35 0.10 0.10 19 3
0.20 0.40 0.10 0.10 17 3
0.25 0.45 0.10 0.10 14 3
0.30 0.50 0.10 0.10 22 7
0.35 0.55 0.10 0.10 20 7
0.40 0.60 0.10 0.10 18 7
expected sample size (Optimal design) or to minimise the

maximum sample size (Minimax design) under the null

hypothesis. The number of responses at the first stage s1

(resp. at the second stage, s2) follows a binomial distribution

with parameters n1, p (resp. n2, p with n2 = N ) n1), where p is

the true response rate. The type I error a is calculated under

the null hypothesis H0: p = p0 and the type II error b under a

chosen alternative H1: p = p1. The Simon design does not plan

to stop the trial at first stage for efficacy, however, in the cal-

culation of type I error you have to take into account the case

where you already observe the K responses at the first stage.

As an example, let p0 = 0.20, p1 = 0.40, a = 0.10 and b = 0.10.

The corresponding optimal and minimax designs are (n1 = 17,

k1 = 3, N = 37, K = 10) and (n1 = 19, k1 = 3, N = 36, K = 10), respec-

tively. Considering the optimal design, the trial is stopped for

inefficacy after the analysis of n1 = 17 patients, if the number

of responses is equal to or less than k1 = 3. Conversely, recruit-

ment continues to reach a total of N = 37 patients if more than

3 responses are observed among the 17 first patients. At the

end of second step, the treatment is deemed unpromising if

the total number of responses is equal to or less than K = 10

among the 37 patients, and promising otherwise. Using this

rule, the risk of falsely concluding efficacy when the true re-

sponse rate is equal to or lower than p0 = 0.20 is a = 0.0948. If

the true response rate is equal to or greater than p1 = 0.40,

then the risk of wrongly concluding inefficacy is b = 0.0967.

2.2. Calculation of the errors associated with a specified
design

In our previous example, the new treatment was deemed

unpromising if the true response rate was equal to 0.20. Let

us consider, as an example, what occurs when using the deci-

sion rule (n1 = 17, k1 = 3, N = 37, K = 10) if a shift in outcome

(due for example to a change in standard of care, staging or

to improved surgical or radiation techniques12) has lead the

true response rate with the standard treatment to 0.25. Simi-

larly, what happens if we expect a 0.45 response rate with the

new treatment? Type I and II errors can be re-calculated un-

der these new hypotheses, applying decision rule defined

according to the initial hypothesis.

Let (n1,h, k1,h, Nh, Kh) be the decision rule of an optimal Si-

mon plan corresponding to prespecified p0,h, p1,h, ah and bh.

Based on the decision rule defined in each situation, we calcu-

lated type I and II errors if the true response rates varied from

p0 = p0,h ) 0.10 to p0 = p0,h + 0.10 and from p1 = p1,h ) 0.10 to

p1 = p1,h + 0.10. We first calculated errors using an optimal
i considered. The effect size p1,h ) p0,h remains equal to 0.20,

Nh Kh Calculated a Calculated b

35 5 0.0977 0.0985
33 7 0.0962 0.0957
37 10 0.0948 0.0967
44 14 0.0967 0.0986
46 17 0.0973 0.0950
47 20 0.0938 0.0950
46 22 0.0952 0.0996
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design with fixed a = 0.10 and b = 0.10. Seven cases were con-

sidered with various p0 but a fixed expected effect size

D = 0.20 (see Table 1).

We extended this approach by computing type I error for

various designs with: (i) D = 0.20 or D = 0.15, (ii) optimal or

minimax design, (iii) b = 0.10 or b = 0.05 and (iv) a = 0.10 or

a = 0.05. For each combination of these parameters, seven de-

signs have been defined, for an initial p0,h varying from 0.10 to

0.40, all other parameters remaining unchanged. All these

plans are detailed in Webtable 4, given in appendix. The max-

imal sample size varies from 33 (optimal design, p0,h = 0.15,

D = 0.20, ah = 0.10, bh = 0.10) to 137 (optimal design,

p0,h = 0.30, D = 0.15, ah = 0.05, bh = 0.05). We then calculated

the mean a of the seven plans for each combination of the dif-

ferent parameters, and for a misspecification of the p0,h rate

varying from 0 to +0.10.
3. Results

3.1. Example

Applying the decision rule of the previous example, type I er-

ror equals 0.0948 if p0 = 0.20 but reaches 0.284 if p0 = 0.25,

meaning that there is more than 28% risk of concluding

promising efficacy if the true response rate with the new

treatment is lower than or equal to 0.25, which is much higher

than the accepted type I error of 0.10.

Conversely, if the true response rate p1 is equal to 0.45 in-

stead of 0.40, type II error equals 0.032, quite lower than the

fixed type II error of 0.10. Thus, with an effect size similar

to that defined (D = 0.20), a misspecification of )0.05 leads to

a major increase of type I error while type II error decreases.

A misspecification of +0.05 in both parameters p0 and p1 con-

versely leads to major decrease of the power (type II error

equals to 0.2357 instead of 0.10).

3.2. Variation of the error rates according to the shift in
expected response rate

Fig. 1 represents the variation of a according to the error on p0

for various optimal designs with fixed a = 0.10, b = 0.10 and an
R
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Fig. 1 – Variation of a according to p0 value
expected effect size D = 0.10, each curve corresponding to one

of the designs described in Table 1. The X axis represents the

true response rate of the null hypothesis. The central value is

the initial p0,h specified in the design: moving to the right of

the axis corresponds to an underestimation of the p0 rate,

moving to the left corresponds to an overestimation of this

rate. The Y axis represents the calculated type I error.

As expected, an under-estimation of p0 leads to higher

type I error, and an over-estimation leads to smaller type I er-

ror. Even a small error for p0, for instance +0.05 misspecifica-

tion, induces an average increase of approximately 0.20 in

type I error: it is approximately 0.30 when the design specifi-

cation was controlled at 0.10. As illustrated in Fig. 1, the in-

crease of type I error varies only slightly according to the

initial null hypothesis: it reaches 0.355 if p0 = 0.15 while we

specified p0,h = 0.10 in the initial plan and 0.222 if p0 = 0.45

while we specified p0,h = 0.40.

Likewise, Fig. 2 represents the variation of b according to

the error on p1. A misspecification of +0.05 in p1 leads to a bet-

ter power, when a misspecification of )0.05 induces a major

loss of power.

3.3. Generalisation

As detailed in Tables 2 and 3, the inflation of the type I error is

very similar between optimal and minimax designs for the gi-

ven parameters. This inflation is slightly lower in the mini-

max design although the maximal sample size is lower.

When the fixed type II error is reduced from 0.10 to 0.05, the

misspecification of the initial parameters has an even larger

impact on type I error despite the increased sample size.

For an error of +0.05 on p0, the mean type I error is equal to

0.288 when using an optimal design with a type II error of 0.10

and an effect size of 0.20, compared to 0.272 with the mini-

max design, all other parameters remaining unchanged. This

mean type I error rates increase to 0.319 if the type II error is

fixed to 0.05, and to 0.369 if the expected effect size is equal to

0.15.

Comparing the mean actual type I error to that specified

initially, the inflation related to the misspecification of p0 is

quite similar whether type I error is initially fixed to 0.10 or

0.05 (mean error equals to 0.354 and 0.281 respectively).
p0,h p0,h + 0.05 p0,h + 0.10

, for p1,h ) p0,h = 0.20, and ah = bh = .010.



Table 2 – Mean calculated a over the seven Simon designs obtained for a given effect size and a given b, and for an initially
fixed a = 0.10. N corresponds to the range of sample size observed in the seven designs.

Error on p0 D = 0.20 D = 0.15

b = 0.10 b = 0.05 b = 0.10 b = 0.05

Optimal Minimax Optimal Minimax Optimal Minimax Optimal Minimax

N=33–47 N=35–42 N=40–62 N=33–55 N=50–88 N=40–73 N=66–107 N=55–96

0.000 0.096 0.092 0.093 0.095 0.099 0.096 0.098 0.096
0.005 0.110 0.105 0.109 0.110 0.118 0.114 0.119 0.117
0.010 0.125 0.119 0.127 0.127 0.139 0.134 0.144 0.139
0.015 0.142 0.135 0.146 0.146 0.161 0.155 0.170 0.165
0.020 0.160 0.151 0.166 0.165 0.186 0.179 0.200 0.193
0.025 0.179 0.169 0.188 0.187 0.213 0.204 0.232 0.223
0.030 0.199 0.188 0.212 0.209 0.242 0.231 0.266 0.255
0.035 0.220 0.208 0.237 0.233 0.272 0.260 0.302 0.290
0.040 0.242 0.228 0.263 0.258 0.303 0.290 0.340 0.326
0.045 0.264 0.250 0.290 0.284 0.336 0.322 0.379 0.363
0.050 0.288 0.272 0.319 0.311 0.369 0.354 0.419 0.402
0.055 0.312 0.296 0.348 0.339 0.403 0.387 0.459 0.441
0.060 0.337 0.320 0.377 0.368 0.438 0.421 0.499 0.480
0.065 0.362 0.344 0.407 0.397 0.473 0.455 0.539 0.519
0.070 0.388 0.369 0.438 0.426 0.507 0.489 0.578 0.558
0.075 0.414 0.394 0.468 0.456 0.541 0.523 0.616 0.596
0.080 0.440 0.420 0.498 0.485 0.575 0.557 0.652 0.632
0.085 0.466 0.446 0.528 0.515 0.607 0.590 0.687 0.668
0.090 0.492 0.471 0.558 0.544 0.639 0.622 0.720 0.701
0.095 0.518 0.497 0.587 0.573 0.669 0.653 0.751 0.733
0.100 0.543 0.523 0.616 0.601 0.698 0.683 0.779 0.763
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Fig. 2 – Variation of b according to p1 value, for p1,h ) p0,h = 0.20, and ah = bh = 0.10.
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It is noticeable that a larger sample size does not reduce

this inflation. For example, for an error of +0.05 on p0, the

mean a is 0.2984 for the design corresponding to the smallest

maximal sample size, and 0.3313 for the design with the larg-

est maximal sample size. Simply stated, using more patients

to test the wrong hypothesis does only increase the likelihood

of an erroneous conclusion.

4. Discussion

The conclusions drawn here can be generalised to any of the

many proposed single arm designs based on comparisons

with historical data. The decision rules upon which these
trials are based depend on fixed parameters, especially the re-

sponse rates p0 and p1, which are derived from historical data.

Their choice appears often subjective and questionable: when

planning a new trial, it is frequent to receive different propos-

als for p0 and p1 according to the interviewed experts.

The estimation of the response rates provided by historical

data may not be valid for the current clinical practice, due to

patient selection or shift in the outcomes. This shift can be

due for example to a change in stage classification, imaging,

standard of care or to improvements in surgical or radiation

areas. Moreover, the population considered in the actual trial

may differ from the population on which the historical rate

was based: different ages, performance status, known or



Table 3 – Mean calculated a over the seven Simon designs obtained for a given effect size and a given b, and for an initially
fixed a = 0.05. N corresponds to the range of sample size observed in the seven designs.

Error on p0 D = 0.20 D = 0.15

b = 0.10 b = 0.05 b = 0.10 b = 0.05

Optimal Minimax Optimal Minimax Optimal Minimax Optimal Minimax

N=35–66 N=33–54 N=49–79 N=41–67 N=66–110 N=55–94 N=80–137 N=70–119

0.000 0.050 0.046 0.048 0.046 0.049 0.047 0.042 0.047
0.005 0.060 0.055 0.058 0.056 0.062 0.059 0.055 0.061
0.010 0.071 0.065 0.071 0.067 0.077 0.073 0.071 0.077
0.015 0.084 0.077 0.085 0.080 0.095 0.090 0.090 0.096
0.020 0.098 0.089 0.102 0.095 0.115 0.108 0.112 0.119
0.025 0.114 0.104 0.120 0.112 0.138 0.129 0.137 0.144
0.030 0.131 0.119 0.140 0.130 0.164 0.153 0.165 0.173
0.035 0.150 0.136 0.162 0.151 0.192 0.179 0.196 0.204
0.040 0.170 0.154 0.185 0.173 0.222 0.207 0.230 0.239
0.045 0.192 0.174 0.211 0.196 0.255 0.238 0.266 0.276
0.050 0.215 0.194 0.238 0.222 0.290 0.270 0.304 0.315
0.055 0.239 0.217 0.266 0.248 0.326 0.304 0.344 0.356
0.060 0.264 0.240 0.296 0.277 0.363 0.340 0.386 0.399
0.065 0.291 0.264 0.327 0.306 0.401 0.377 0.428 0.442
0.070 0.318 0.290 0.359 0.336 0.440 0.415 0.470 0.486
0.075 0.346 0.316 0.392 0.368 0.479 0.453 0.513 0.529
0.080 0.375 0.343 0.425 0.400 0.518 0.492 0.554 0.572
0.085 0.404 0.371 0.459 0.432 0.556 0.530 0.595 0.614
0.090 0.434 0.399 0.492 0.465 0.593 0.568 0.634 0.655
0.095 0.463 0.427 0.525 0.498 0.629 0.605 0.672 0.693
0.100 0.493 0.456 0.558 0.530 0.663 0.641 0.707 0.729
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unknown molecular sub-types, etc. Even if the two popula-

tions are comparable, there is still variability around the his-

torical response rate due to statistical estimation.2,12,13 In

some cases, one can even face the complete absence of his-

torical data, due to the rarity of the disease, the new defini-

tion of the subset of patients to be treated with a targeted

drug, or the use of a new primary endpoint. Despite these

considerations, in the common single-arm approach, one

specific decision rule is defined, based on a single null

hypothesis. This rule is then used throughout the trial and

the results are described in terms of estimation of the re-

sponse rate, compared to fixed initial hypotheses, ignoring

the high uncertainty surrounding the pre-stated hypotheses.

As we have demonstrated, a misspecification of these

design parameters could lead to uncontrolled type I and II er-

rors, whatever the specified hypotheses tested. An under-esti-

mation of p0 (historical rate) induces an increased type I error,

when an over-estimation of p1 implies a loss of power. Even a

small error in the choice of the initial parameters has a major

impact on the results, whatever the choice of the design (opti-

mal or minimax), the fixed parameters (a, b, D) or the sample

size.

In this context, randomised phase II trials, in which a

control group is treated with a standard treatment appear

attractive, as they reduce the potential bias resulting from

inter-trial variability when historical controls are used.2 In a

recent article, Tang et al. compared the errors rates between

single-arm and randomised phase II trials.12 They showed

that two factors highly influence type I and II errors in

single-arm trials: a misspecification of the p0 rate and a

change in the patient population. Thus, in single-arm studies,
type I error can reach 48% instead of the pre-specified 20%

when considering both a change in patients selection and a

shift in the true response rate from the historical data,

whereas it remains closed to 20% in randomised designs.

The two main objections to the use of randomised phase II

trials are the increased number of patients it implies,12 and

the fact that it would resemble a phase III trial.3 This last

criticism is not justified, since randomised phase II trials still

differ from phase III trials on several points: the type I and II

errors in phase II trials are usually higher (around 10% or

20%), the patients included in the study are not necessarily

representative of the target population, and the end-points

generally differ between phase II and phase III. Concerning

the higher number of patients to be included compared to a

single-arm study, this is an unavoidable consequence of the

fact that the hypothesis tested in the single-arm trial can

never be verified in practice to be valid. Randomised phase

II trials will be very cost-effective if they prevent ineffective

treatments being taken forward to large, and very costly,

phase III trials that will be negative. Moreover, one could

imagine that a positive randomised phase II study could

evolve towards a phase III trial.14

The impact of the choice of the tested hypothesis must be

carefully considered when planning a single arm phase II

trial. As the result of such trials can be biased, the use of ran-

domised phase II design should be more often considered.
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