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1. Consider an AB/BA cross-over trial
a) What are the main advantages and disadvantages over a parallel group trial? (3
marks)
b) What is the difference between a paired t-test and a period adjusted t-test for the
analysis of this trial? (1 mark)
c) How would the results from an analysis of variance compare to a paired t-test and
period adjusted t-test? (1 mark)
A study has been designed to assess the dose response of three doses of the new drug
at 200mg, 400mg and 800mg which will be investigated against placebo. Twenty
four patients will be randomised to one of 4 sequences in a Williams Square design
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d) Describe two aspects of the Williams Square design. (2 marks)
e) What advantage does this Williams Squared design have over a AB/BA crossover? (1 mark)
f) Due to practical constraints there can only be three periods for this design.
Construct the balanced incomplete block design (BIBD) for the treatment sequences
to which patients are to be randomised. (2 marks)
g) If we wished to compare each dose to Placebo how would a BIBD study change the
sample size compared with a design where all subjects received all treatments? (1
mark)

Table 1 gives the mean summaries for the pharmacokinetics for a study for one dose.
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Table 1- Pharmacokinetic parameters for the active treatment for 200mg
Geometric
Mean
Cmax (units)
15
T1/2 (h)
12*
AUC0-12(units)
82
AUC0-∞ (units)
118
* for T1/2 the value is an arithmetic mean
h) The T1/2 is the elimination half-life. Based on the pharmacokinetics, if this were a
single dose study what would be the minimum time between periods to allow for
washout for a cross-over study? (1 mark)
i) If the treatment were given as a repeat dose with a dosing interval of τ=12 hours,
what would be the predicted values of Cmax and AUC0-τ at steady state? (2 marks)
A dose proportionality study was undertaken to assess the dose proportionality of the
drug being developed. The results of the analysis of AUC (units) and logDose are
shown in Table 2. Both AUC and dose were log transformed for the analysis.
Table 2. Analysis of logAUC against logDose for the assessment of dose
proportionality using the Power Method
logDose

b
SE(b)
1.09 0.06

90% Confidence Interval
0.99 to 1.19

j) Estimate the AUC dose normalised ratio and associated 90% confidence interval
per doubling of dose. Comment on the results (2 marks)
k) Is there evidence to suggest from AUC that the pharmacokinetics are dose
proportional? (1 mark)

A new formulation is being developed. The within subject standard deviations on the
log scale are: 0.25 for AUC0-inf and 0.30 for Cmax. A bioequivalence study is being
planned to demonstrate bioequivalence of the new formulation to the standard
formulation. The bioequivalence criteria of (0.80, 1.25) are being used i.e. the 90%
Confidence Intervals for both AUC and Cmax must be wholly contained within the
interval (0.80, 1.25) to be able to declare bioequivalence. It is also assumed that there
is no difference between the means for the test and reference formulations ie µT/µR =1
l) What sample size would be required to demonstrate bioequivalence assuming: the
study is designed with 90% power with a one tailed Type I error rate of 5% (2 marks)
You can use the following result for the question

4

n=

2σ W2 ( Z 1− β / 2 + Z 1−α ) 2

(log e (δ )) 2
where δ is the criteria limit, Z0.90 can be taken as 1.32 and Z0.95 can be taken as 1.645.

m) If this is a replicate ABBA/BAAB cross-over study what would the sample size
be? (1 mark)
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2. In a cluster randomised trial of patient centred care in patients with newly
diagnosed Type II diabetes, one of the endpoints was the Body Mass Index at one
year. General practices were randomised so that the doctors were trained in patient
centred care (Group=1) or to Control (Group=0) . Covariates were age and Gender
(M=1, F=0). 266 patients took part.
Two analyses were done and the output is are shown below
Analysis 1
glm(formula = Bmi1yr ~ age + Gender + Group)
Deviance Residuals:
Min
1Q
Median
-12.531
-3.422
-0.704

3Q
2.884

Max
17.374

Coefficients:
Estimate Std. Error t value Pr(>|t|)
(Intercept)
34.534
2.208
15.64 < 2e-16
age
-0.111
0.037
-3.00
0.003
Gender
3.161
0.725
4.36 1.9e-05
Group
1.833
0.723
2.54
0.012
--(Dispersion parameter for gaussian family taken to be 30.6)

***
**
***
*

Analysis 2
geeglm(formula = Bmi1yr ~ age + Gender + Group, id =
praccode, corstr = "exchangeable")
Coefficients:
Estimate
(Intercept) 34.31470
age
-0.10846
Gender
3.15229
Group
1.88961
---

Std.err
Wald Pr(>|W|)
2.48866 190.121 < 2e-16 ***
0.04154
6.819 0.00902 **
0.79714 15.638 7.67e-05 ***
0.77143
6.000 0.01431 *

Estimated Scale Parameters:
Estimate Std.err
(Intercept)
30.09
3.435
Correlation: Structure = exchangeable

Link = identity

Estimated Correlation Parameters:
Estimate Std.err
alpha 0.02323 0.04361
Number of clusters:
38
Maximum cluster size: 18
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a) Explain the difference in the two analyses and why one of them is incorrect (2
marks)
b) Describe what sort of model is being used in the second analysis and the
assumptions it makes(2 marks)
c) Explain the term ‘exchangeable’ in the second analysis (1 mark)
d) Contrast the residual standard deviations in the two analyses.(2 marks)
e) What is the ICC for these data? Is this a reasonable result? (2 marks)
f) Explain what the analyses show in term of whether the intervention was effective
and contrast the two analyses (4 marks)
g) Explain how the covariates affect BMI. Is a 50 year old woman in the control
group expected to be obese at the end of the study? (BMI>30 kh/m2) (2 marks)
h) If σW=0.25σB, what is ρ, the intracluster correlation coefficient? (2 marks)
i) If we were planning a new trial, with an ICC of 0.02, and for a non-clustered trial
we needed 200 patients per arm, for a 80% power and 5% significance, for a given
effect size how many practices do we need to recruit in a cluster trial with same
parameters. Assume we can expect to get the same number per practice as in the
example.(3 marks)
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3. A trial of a new drug for the acute treatment of head injury is being planned in an
Emergency Department setting. Many of the patients arriving are quite ill (some
unconscious). The primary efficacy outcome is improvement in the patients’ quality
of life at 1 month.
For a continuous variable the standardised effect size is SES=δ/σ and for a binary
variable SES=δ/√(π1(1- π1)+ π2(1-π2)) where δ is the difference in means for Normal
data or proportions for binary and π1 and π2 are the proportions in each group.
For 80 % power and 5% two sided significance, use n per arm =16/SES2 and for 90%
power use n per arm 21/SES2

a) What are the ethical considerations in recruiting patients into the trial? (1 mark)
b) If a mean improvement of 5 units is required for the trial with an anticipated
population standard deviation of 20 units what is the evaluable sample size per arm
(for 90% power and two sided significance levels of 5%)? If 15% of patients are
expected to have dropped out at 3 months what sample size would be required to
ensure sufficient numbers of patients? (2+1 marks)
c) The investigator reports that due to budget constraints the maximum sample size
can only be 300 patients recruited per arm to ensure a sufficient number evaluable.
What impact does this new sample size have on the power assuming again 15% of
patients are not in the trial at 3 months? (2 marks)
Note for the remaining questions take the sample size to be 300 patients recruited per
arm to ensure a sufficient number evaluable.
d) There is to be safety monitoring of the trial. Due to the mechanism of the drug the
Serious Adverse Events are anticipated to occur within 48 hours of treatment.
Efficacy will be also assessed with O’Brien-Fleming rules for the efficacy
assessments at the interim analyses. There will be 3 interim analyses. Comment on
the effect these efficacy analyses will have on the evaluable sample size and why
there is an effect. (2 marks)
e) The randomisation is 1-to-1 and a sample size re-estimation is undertaken halfway through the trial. The total variance observed in the trial is 395 (units) estimated
from the two groups combined. What is the estimate of the evaluable sample size
now? (3 marks)
f) A key secondary outcome is the proportion of patients who have responded well to
treatment as assessed by a physician. It is anticipated that 70% of patients on the
placebo arm will respond while 80% on the test drug are anticipated to respond. For a
8

two sided level of statistical significance at 5% is the current trial big enough if a chisquared test was used in the analysis? (3 marks)
g) In the trial above explain the terms: an adverse event, a suspected adverse reaction,
a serious adverse event and a suspected unexpected serious adverse reaction. (4
marks)
h) Explain the terms GCP and ICH-E9. (2 marks)
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4) A researcher is planning a clinical trial to compare a new treatment to standard
treatment for colorectal cancer. The endpoint is time to death. They have looked at
four recently published trials on the standard treatment in this disease, two doubleblind and two non-blinded studies, and estimate the median time death to be 12
months.
a) Give three factors the researcher should consider when using these published data
to estimate the median time to death on standard? (3 marks)
The researcher thinks the new treatment will extend the median time to death by 25%
and is planning a clinical trial to investigate this.
b) Using the formula below, determine the number of events required to test this
hypothesis with 5% 2-sided type I error α and 90% power (1-β). Note in formula
θ=loge(hazard ratio) (2 marks)

E=

(eθ + 1) 2 ( Z 1−α / 2 + Z 1− β ) 2
(eθ − 1) 2

≈

4( Z 1−α / 2 + Z 1− β ) 2

θ2

Assuming: a median time to death on the standard treatment of 12 months, the new
treatment will extend the median time to death by 33% , exponential time to death,
uniform accrual of patients over a 12 month recruitment period and a minimum 12
month follow-up period.
c) For each of standard and new treatments, calculate the approximate probability of
death (π) over the trial period (i.e. 12 months accrual (A) with entry rate λ plus 12
months minimum follow-up (F). Further, using an appropriate average, calculate the
approximate probability of death across both treatment groups. (3 marks)

Note π ≈ 1 − e

⎛ A
⎞
− λ ⎜ + F ⎟
⎝ 2
⎠

d) Find the number of patients required to recruit into the trial. (2 marks)
e) Recruitment to the trial takes 4 months longer than expected. The researcher
approaches you to ask what is the implication of this. Assuming uniform accrual of
patients over the now extended recruitment period, what do you advise?
i) Retain minimum follow-up at 12 months as planned,
ii) Increase minimum follow-up from 12 months,
iii) Decrease minimum follow-up from 12 months.
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If ii) or iii), estimate by how much the minimum follow-up should be increased or
decreased. Show your workings. (4 marks)

f) You ask to see the patient entry time data and the following is provided

The continuous line represents the best fit truncated exponential distribution to patient
!! !!"

entry times, 𝑎, where 𝑓 𝑎 = !!! !!"

and γ captures the extent of departure from

uniform accrual.
Prove that the expected entry time, 𝐸(𝑎), is

!

!! !!"

− !!! !!" . (5 marks)
!

g) Further, given that γ = -0.1 and that the approximate probability of an event over
the trial follow-up period 𝜋 is ≈ 1 − 𝑒 !! !!!!! ! , does this information alter your
response to (e) and, if so, in what way? (4 marks)
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