Medical Statistics (MATH38071) Solutions Exercise Sheet 9

(Crossover Trials)

1. An AB-BA crossover trial compares the effect of two drugs, A and B, to preventing gastric bleeding in
patients taking pain relieving medication. Eighteen patients are allocated to the sequence A then B and
nineteen to the sequence B then A.

(i) The statistical output below gives the results of a two-sample t-test of the difference in outcome
between period 2 and period 1 for each patient for the two sequences. Is the difference between

treatments A and B statistically significant?

Two-sample t test with equal variances

| Obs Mean Std. Err Std. Dev [95% Conf. Interval]
_________ +____________________________________________________________________
A then B] 18 1.35 .3511964 1.49 .6090404 2.09096
B then A| 19 -.36 .31429906 1.37 -1.020319 .3003189
_________ +____________________________________________________________________
diff | 1.71 4702031 . 755437 2.664563
diff = mean(B then A) - mean (A then B) t = 3.6367
Ho: diff = 0 degrees of freedom = 35
Ha: diff < O Ha: diff !'= 0 Ha: diff > 0
Pr(T < t) = 0.9990 Pr(|T| > |t|l) = 0.0009 Pr(T > t) = 0.0004
Solution

Diff = mean(B then A) - mean(A then B) estimates twice the treatment effect of treatment B compared to
treatment A. The result of the test H, :,u,‘iB = ,ugA is the same as H, : 7 =0, so there is a statistically

significant difference between the two treatments with p=0.0009.

(i) What is the point estimate and the confidence interval of the treatment effect of B compared to A?
Solution

The analysis estimates twice the treatment effect of treatment B compared to treatment A.
Hence the point estimate and 95% confidence interval of the effect of treatment B compared to A are

obtained by halving the values in the output, giving the treatment effect as 0.85 (95% C.l. 0.38 to 1.33).

(iii) Assuming that high scores correspond to a better outcome, which treatment is better?
Solution

The point estimate of the effect of drug B as compared to drug A is 0.86. Since higher scores correspond to

a worse outcome this suggest that drug B is not as effective as drug A.
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2. If Y.j is the response for the ith subject during period (j =1, 2), we define a model for an AB-BA

1
crossover trial as follows:

Yo=pu+& +é&,

for a patient in sequence AB in period 1,

Yo=pu+r+¢+& +¢, for a patient in sequence AB in period 2,

Yy=pu+7+é +s,

Y,=u+¢+&+e,

for a patient in sequence BA in period 1,

for a patient in sequence BA in period 2,

where uis the mean for the sequence AB in period 1, 7 is the treatment effect, ¢ is the period effect, fi

is a random variable representing patient i with mean zero and variance o5, and & is the error term for

patient j in period j assumed to be normally distributed with mean zero and variance O'j .

(i) Define ¢, =Y;, —Y, forsequence ABand C, =Y, —Y,, for sequence BA. Let C,;and C;, be the

T G,
sample means for sequences AB and BA. Show that E [%J =q.

Solution

Substitution from the model above gives

E[clie AB]=E|(u+r+g+&+e)-(u+&+g)| .

= E[(r+¢+gu)+(gij )]

Since E[sij}zo, E[Ci|ieAB]:r+¢.

Similarly, E[Ci lie BA] = E[(T+€i1)—(¢+8i2):| =7—¢.

2.6 neE[clicAB]

E[Cy|=E| <& =7+¢

r]AB r]AB
Similarly
E[Can]=7—¢

C.y —C

Hence E| 22—P~ |=¢

2
(ii) From the computer output in question 1 estimate the period effect.
Solution

C., —C C,, —C
Since E[%} = ¢, the period effect can be estimated by —&—=24
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The analysis in the print-out is based on d, =Y,, —Y,; . Suppose JAB and CTBA are the sample means of d,
for the two sequences.
Therefore T, = 0,5 =1.35 and Ty, =—dg, = —(—0.36)=0.36 .

i T Ty _1.35-0.36

Hence ¢ = > =0.495

(iii) Test the null hypothesis, H, : ¢ =0.
Solution
Since ¢3 is the difference of two independent sample means one can test H, : ¢ =0 by a two sample t-test.

Since the two sequences are independent

Var |:¢] = %Var [Cs —Con] = %(Var [Coe | +Var [, ]) = %(Var [JAB ] +Var I:CTBA})
1 -
:ZVar[dAB —dBA}

Therefore SE [&] = % SE [JAB - d_BA] :

A CAB CBA _ _ 0 99
Hence T, = —2 - — =Sl _ 29 5105487,
E] lseltn -] Sl -Cu] 04702

For a 5% level two-sided test on considers tosss(v)where v =N, +Ng, —2=18+19—-2=35. From tables

tozs (35) = 2.0301. Since |T,| > 2.0301, we reject the null hypothesis, and so there is evidence of a period

effect.

(iv) Comment on the results of (ii) and (iii).

Solution

There was a statistically significant period effect of 0.495, which was statistically significant (p<0.05). The
period effect is positives suggesting that the level of gastric bleeding increased over the course of the trial

irrespective of treatment.

3. What is a washout period and why might it be important to have one in a cross-over trial?

Solution

A washout period in a crossover trial is a break between treatments to prevent the effect of one treatment

being carried forward into the next stage of treatment.

Suppose there are two treatment A and B in the trial. If the effect of treatment A on B is different to the the
effect of treatment B on A then one has a carryover effect that biases the estimate of the treatment effect

It may be important to have a washout period to prevent a carryover effect.
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4. Arandomized controlled crossover trial is planned to investigate the effect of substitution of butter by
margarine in the diet of patients with high cholesterol. A 0.5 units reduction in cholesterol is

considered to be a clinically important difference.

(i) Estimate the sample size required for the cross-over trial if the standard deviation of the

differences is 1.5 units, assuming a power of 80% and a 5% two-tailed significance level.
Solution

In a crossover trial sample size is determined by the expression for the total sample size

V=%, 5]

For a two-tailed 0.05 level test Z,, = Z; 455 =1.96
For power (1-8) equal to 80% then 2, =2,, = 0.84.
7=05, o,=15

1.5%

0.5°

Applying the formula N = (1.96+O.84)2 =9x2.8% =70.56 suggesting a minimum sample size of 71

in total.

5. The relative efficiency of a crossover trial compared to a parallel group trial can be defined by
_Var|[fpe |

RE = .
Var 7 |

. d,,—d
(i) Consider the model for an AB-BA crossover trial defined in Q2. For 7., = % show that

2
Var[z. |= 025 (iJriJ

nAB nBA

Solution

) 2.4 2.4,
Var [fCT]:Va{dAB—;dBA}:% Var| €28 | Var| A =%(Var[di](i+in

nAB nBA nAB nBA

2
Now Var[d;]=Var[e, |+Var[g,] =207 . substitution gives Var[7.; | = &(i+ij
2 nAB nBA
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(ii) A parallel group trial corresponds to the first period of an AB-BA crossover trial from which a

treatment effect can be estimated by 7pg; = Yga (1) — Vs (1) , where ¥, (1)and Vg, (1) are the

V o) _ 2 2 1
sample means of Y,, for each sequence. Show that Var [TPGT ] = (JB +0. ) n—+n— .
AB BA

Solution

Var[y,|=Var[¢& +¢&,]=Var[& |+Var[& | =0 + o7
Var [fPGT ] =Var [VBA (1) Ve (1)] =Var [VBA (1)] +Var [YAB (1)] by independence of groups.

) _ZA;yu 1 L
Var[ ¥, (1)|=Var| =2 =—Var[yi1]=n—(O'B+O'g)

nAB nAB AB

Hence Var [fPGT]z(aé +a§)(i+i].

r-]AB r]BA

2
(iii) Hence, show that RE = 2[1+ G—ZJ .
o

&

Solution

2

£

) 11
Var[ e | (o5 +07) N Mo
RE = Petd = B __BAs - 2£1+ O-Bj as required.

AB nBA

(iv) Starting from the formula for the sample size of a parallel group trial with two equal size arms,

20
show that the total sample size for a cross-over trialis N, = —2‘9(20/ + Zﬂ)
T 2

Solution

For a parallel group trial, the sample size per arm is given by

2

202(2 +z)( tes). H the total le si '46(2 +z)
see notes). Hence the total sample size is —— .
% B 2'2 % B

2
T

n=

The difference of the means for the two sequences estimates twice the treatment effect. The

variance of the difference Var [d, ] =207 . Hence

MATH38071 5



Ne = 4(X2)a(67 ) Zij(z%”ﬂ)

(v) Starting from the formula for a parallel group trial show that the total sample size for a parallel
4(0'§ + o"f ) 2
group trial is Npgp :—(Z +1 ) .
72 % B
Solution

4 2
The total sample size for a parallel group trial is ( / ) Since Var[y,l] GB +O'

erefore N 4(0‘§+G§) 2
T =——7\z,,+12
erefore Npgr = ( % ﬂ)
(vi) Hence, show that —= Neg =RE
C
2 2
NPGT :4(O-B+O-5) 2 1+=28 02 =RE
N 2(0‘5) o’

(vii) What is the implication of the relative efficiency for the sample size of patients for a cross-over

trial as compared to a parallel group trial?
Solution

It has been shown in (vi) that the relative efficiency is the ratio of the sample sizes. Given that the RE is

likely to be large in circumstance where one might conduct a cross-over trial, this implies that cross-over

trials will tend to be much smaller assuming other design parameters(z’, a,,B) are equal. For example

when o =257 the relative efficient was 6, which implies that the sample size of a cross-over trial will be

1/6 of the corresponding parallel group trial.

6. A randomized controlled crossover trial is used to assess whether thyroxin treatment is effective in
patients with symptoms of hypothyroidism. Patients have been randomised to either placebo then
thyroxin (PT) or thyroxin then placebo(TP). The table below summarizes the sample mean and

standard deviation (s.d.) of the free thyroxin (pmol/l) in the blood.
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Period 1 Period 2 Period 2 — Period 1
Sequence N
Mean s.d. mean s.d. mean s.d.
PT 16.1 6.3 19.2 6.9 3.1 3.4 20
TP 18.4 6.4 18.3 7.2 -0.1 35 20
(i) Using the model defined by question 2 estimate (a) o"f and (b) O'; from the summary data above.
Solution

(a) From question 5 Var [di] = 20‘5 . Var [di]can be estimated by the pooled sample variance of the

treatment differences s .

g _ (Mo =18, +(np —1)Sy, _19x3.5° +19x3.47
Npr +Npp —2 38

=11.905

2 =
Hence o"f :11-92 =5.9525.

(b) From above Var [yil] = Gé +G§ . Var [yil] can be estimated by the pooled sample variance of the
(n-1).87+(n,-1)s; 6.42+6.3°

Ni+n2—2

period 1 data, say §% =

=40.325.

2
Hence o2 =% — S% = 40.325-5.9525 = 34.3725.
(i) Hence estimate the relative efficient (RE) of a cross-over trial design compared to a parallel group
design for this treatment comparison.

Solution

2
RE=2/1+22 |= 2(1+ %J —13.5489
o 5.9525

&

(iii) What is the implication of the result of (ii) for the sample size of patients of a future cross-over trial

comparing these two treatments as compared to that for a parallel group trial comparing the same
treatment?

Solution

It has been shown in Q5 (vi) that the relative efficiency is also the ratio of the sample sizes. Based on this
data the ratio of the sample size for a parallel group trial to a crossover trials is therefore approximately

13.5. Hence for trials comparing the same treatments the sample size of a crossover trial can be much

smaller than a parallel group trial.
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