MATH38072 EXAMINATION SOLUTION - MAY 2009
Al
0] In the context of a randomised controlled triaplein what is meant by the term
double-blind.
Solution
This is method to reduce bias in a randomised controlled trial, where neither the study participant
nor the experimenters knows which of two treatments the participant is receiving

[2 marks]
(i) Describe two ways in which a trial beidguble blind might reduce bias?
Solution

Two reasons from: It is advantageous for a trial to be double blind as knowledge of treatment
allocation may influence (i) the behaviour of the patient, (ii) the treating health professional or (iii)
the assessor of outcome. (i) For example if the patient know which treatment they are receiving it
may motivate them to default from treatment or seek alternative treatments. (i) If the treating
health professional know the allocation it may influence choice of secondary treatments. (iii) If the
outcome assessor is aware of treatment, allocation there judgement may be bias. For example if
may effect a patients self assessment if they know that they have received a placebo or standard
treatment.

[2 marks]
(i) Give an example of treatment that cannot be eveduiat adouble-blind clinical trial.

Solution
Surgery , talking and physical therapies

[1 mark]
[total mark 5]

A2.

A randomised controlled trial is being planned eonpare a new treatment (T) and with a control
treatment (C)Suppose the primary outcome measisr¢he continuous and normally distributed.
The power to demonstrate a treatmewith a two-sided two sample t-test is given by the

_rin
o2

is the sample size of each of two equal size groapd® is the cumulative density function of a

expressiom—q{za/2 J whereo is the known within treatment group standard deman

standardised normal distribution.

Suppose one wishes to detect a treatment effebtwfits and the within treatment group standard
deviation has been estimated to be 15 units, etitha power of a trial with 200 subjects in each
treatment group assuming a 5% two-sided signifiedecel.
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Solution
1=5 0=1512,=1.96

1—¢£za/2—;—£]:1—¢£1.9&%)j: l—d)( 1.9&%0% 1o(- 1.3=0( 1.37 0091

because P(~1:37)= l—CD(l.S‘)I

The power of the study is 91.5%
[6 marks]
A3

A clinical researcher has carried out a randomésedrolled trial to compare a new drug treatment
(T) with a standard drug treatment (C) for patiemith arthritis. A pain score has been recorded at
baselineljaseline) and at follow-upfollowup) on each patient with lower scores corresponding
to improved outcome. The researcher carries ogparate paired t-test analyses for each treatment
group generating the computer printed output distelow from the data

Results for group = NEW TREATMENT (T)

Paired t-test and CI: baseline — followup

N Mean St Dev SE Mean
base 35 36.53 10. 31 1.74
followup 35 32.31 12. 68 2.14
difference 35 4.22 10. 65 1.80
95% CI for mean difference: (0.56,7.87)
T-Test of nean difference = 0 (vs not = 0): T-Value= 2.34 P-value=0. 0252

Results for group = STANDARD TREATMENT (C)

Paired t-test and ClI: baseline — followup

N Mean St Dev SE Mean
base 36 36.50 10. 92 1.82
followup 36 34.01 11. 45 1.91
difference 36 2.51 10. 29 1.72
95% CI for nean difference: (-0.98,5.99)
T-Test of mean difference = 0 (vs not = 0): T-Value= 1.46 P-value=0. 1530

Because there is a statistically significant chaaigie 5% level from baseline to follow-up in
group T but not in group C, the researcher coredutat treatment T is more effective than
treatment C in treating arthritis.

0] Explain the flaw in the researcher’s conclusion.
Solution

A test of within group change does not necessarily measure the effect of treatment. The

statistically significant change observed for treatment T may not be due to drug treatment. The
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change may have occurred because the condition naturally resolves and we have no way o
knowing from these analysis whether the change for treatment T is significantly greater than that
for C. A valid statistical analyses of the benefit of the new treatment needs to compare the effect
of treatment T compared to the control treatment C. This would be tested by the hypothesis
Ho:t=0 where 1 is a measure of the difference in outcome between treatment and control.

[5 marks]

(i) Use the data from the computer printout to testtimrethere is a difference between the
treatments in terms of the reduction in depressamne followup - baseline) stating any
assumption you make .

Solution
A two-sample t-test could be carried out by comparing the mean differences for the two
treatments. This assumes that

@ patient outcomes are independent,

(i) within patient differences are normally distributed, and

(iii) equal population standard deviation for the two treatment.

For a two sample t-test

) _ 2 _ 2
T=dT;dC_wherese.(aT—ac):s\/jl,/nTH]ZnCandsz\/(nT Ds+(ne-)s

se.(aT - dC) Nc+Nc—2

The relevant data can be summarized as follows.

N d s.d.
Treatment T 35 4.22 10. 65
Treatment C 36 2.51 10. 29

N\ 2 A\ 2
S:\/(nr Ds+(n-9 _ e

Nc+Nc—2
se(d; —d;) =s¥n +1n. = 2.48¢
ro_Gode (422728} .o,

se.(dT —dc) 2.486

For a 5% size test of Hy: 0=0 vs Hy: 620, compare T with ty005(45). From statistical table tg 55(69)
= t0.025(70) =1.99. Hence there is insufficient evidence to reject the null hypothesis of no treatment
effect.

[6 Marks]

[Total mark 11]
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A4.

(i) Tabulated below are summary data for binaryconte measure from a randomised controlled
trial comparing a new treatment with a control tne@ant. Some patients randomised to the new
treatment receive the control treatment, but n@ptd randomised to the control group receive the

new treatment.

Randomised group
New
Control
Recovered after 12 weeks Received Received
New Control

Yes 116 13 128

No 9 16 25
Total 125 29 153

Calculate the point estimates of the treatmentefiénew treatment compared to control treatment
measured by the proportion of patients who havevweed after 12 weeks for

(a) anintention-To-Treat analysis

(b) aPer-Protocol analysis.
Solution

(a) Intention-To-Treat treatment effect =(116+13)/(125+29)-(128)/(153)= 0.838- 0.837=0.001
(b) Per-Protocol treatment effect =116/122-128/153= 0.928-0.837=0.091

[4 marks]

0] Drawing on the above example why latention-To-Treat analysis is preferable ter-
protocol analyses in a superiority trial.

Solution

Use of intention-to-treat biases the statistical analysis towards showing no difference between two
treatments. In a superiority trial this is a bias towards the null hypothesis. If we reject the null
hypothesis H,:0=0 based on an intention-to-treat analysis, one can feel confident that the treatment
effect is larger in patients that took the treatment. An intention-to-treat analysis is therefore
conservative in a superiority trial. In contrast a per-protocol may be biased either away from or
towards the null hypothesis depending on the characteristics of the non-compliant patients. In the
above example the Intention to treat effect is very small ( 0.1 % ) where as the per-protocol effect
is 8%. This is explained by the poor outcome in patients randomised to the new treatment but

receiving the control with only 45% recovering. An Intention-to-treat analysis may also be thought
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of as the pragmatic estimate as it estimates the effect of treatment taking account of non-

compliance.
[4 marks]
[Total marks 8]
AS5.
0] Explain the difference betweerfized effect and arandom effect meta-analysis.
Solution

The Fixed-Effect Analysis assumes that the studies all estimate the same overall effect of

treatment say € and that the departure of é from @ is due to sampling variation. The Random-

Effects Analysis assumes that the studies are sampled from a larger population of studies and that
@is a random variable.

[3 marks]

(iv)  Inthe context of meta-analysis, explain what ieméy the ternpublication bias.

Solution

Studies in which an intervention is not found to have a statistically significant effect are sometimes
never published whereas studies that demonstrate an effect may be more likely to be published.
This means that the published literature may be unrepresentative leading to bias in meta-analysis
estimates of treatment effects

[3 marks]
(V) How might one investigate publication biasrially?

Solution

Publication bias is more likely for small studies than large studies. One way of investigating
whether publication bias is present is to construct a funnel plot in which the treatment effect of
each study is plotted against the sample size. If there is no publication bias the plot will be
symmetric about the line representing the overall treatment effect. If there is publication bias, the
funnel plot will be asymmetric about this line with treatment effects in smaller studies tending to be
larger than in bigger studies. Answer will probably give a sketch graph illustration.
[4 marks]
[ Total mark 10]
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B6. In a parallel groupequivalence trial a new treatment is being compared with a control
treatmentC on a continuous outcome meastfelet Y., Y., t and i be the sample and
population means of for each treatment, andr be the known common within-treatment group
standard deviation of. Define the treatment effectr = z, — .. to be estimated byd = A
Define A =/I/n, +1/n. wheren andnc are the sample sizes in each group. Supposehibatuil
hypothesisH, :|r|2 7. is rejected if the (1) confidence interval, given toly+ z,A0, is within

the interval (7, +7g) .
(1) Show that

Pr[Reject H|7] = cp[(rE ~2,04- T)J _ cl)((—TE +2,01 - r)J
gl ol

where® is the cumulative distribution function of therstiard normal distribution.
Solution
Ho will be rejected provided d +z, Ao <7. and d -z, A0 > -1,
Hence Ho will be rejected d <7. -z, A0 andd = -7, +2 A0, which is equivalent t@ in the
range [7. -z, A0, -1 +2,A0]
Pr(Reject Hol7) = Pr(d <7, —ot, ) - Pd < -7 +oit, )

The distribution of a/a)l is non-central t-distribution. If we assume a normal approximation, d

has a distribution N(7,6°A? and replace t,.with z,.

Pr(Reject Ho|7) :q)((TE _UAZH)_TJ—CD((_TE +UAza)—rJ

gl o/

[Book Work]

[5 marks]

(i) Show that the sample size required in each tredtgrenp to demonstrate equivalence with

a power (18) is
2

_ 20 2
n="-(z,+2,,)
TE

Solution

-0/ - —7_+ 0/ —
Using Pr(Reject Hol7) =& (re ~0Az,)-7 —® (-1 +olz,)-1
oA gl

Under the alternate hypothesis 7=0, so the power
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1-B=®(r./oA~2,)-P (-1 /oA +2,)

Since ®(~1./0A+2,)=1-®(7./0A ~z,)it follows that
1-B=20(r./0A~-27,)-1

Rearrangement gives
1-B/2=®(r. /oA~ 2,).
Since ¢_1(1—,8/2) =Zz,, itfollows that z,, :T—j— z,.
o
Hence % =z,%t2Z,,

: . 2
Assuming equal sample size ny=nc=n, then A = _[—.
n

Hence \/g :TEE(Z” + zﬁ/z).

Rearrangement gives
2

n= %(Za + zﬁ,z)zas required.
[Book Work]
[8 marks]

(iii) Suppose the interval [-2,2] is to be used as thgg@f equivalence and the within treatment group
standard deviation has been estimated to be 4erdme the sample size per group required to
obtain 90% power.

Solution

2

20 2
n="-(z,+2,,)
Z-E

Substitution with =2 0=4 and a=0.05 [3=0.1.
From table z,= z005=1.645 and zp,= Z(05=1.645

Substitution gives

)2 _2x Vi

2
nzzriz(za+zﬁ,2 == (1.645¢ 1.64%° = 86.5

E
Therefore the minimum sample size is 87 in each group.

[4 marks]

(iv)  Explain why patient compliance to treatment is ipatarly important in an equivalence
trial.

Solution

If patients do not comply with treatment or switch treatments in a clinical trial the outcome for the

treatment groups will tend to closer together than if patients complied with treatment. In a
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superiority trial this is a bias against rejecting the null hypothesis, whilst in an equivalence trial this
is a bias towards the alternative hypothesis. Hence poor compliance in an equivalence trial can
undermine the conclusion that two treatments have equivalent efficacy

[3 marks]
[total 20 marks]

B7

(1) () In a trial comparing a new treatment (T) witlke@ntrol treatment (C) the outcome
measure is binary. Suppose that the number of sseseén each of the two treatment groups

of sizeny andnc arerrandrc with probability parametersrand 7z , respectively.

- T -r _
Consider the odds ratio definedye\sM estimated byy:M. Using the

1= )7, (nT_rT)rC

2
x=E[X]

approximate relationshigar | f (x) |0 f'(x)__ . Var[x] show that the variance of the log

of the odds ratio i¥ar [log, | O t 1 1, 1

+ :
g n(1-7%) e n(-71)
" . 1 1 1 1
Hence, show thatar [log, 7] can be estimated by + +— 4+ .
CON L St C FOR | Sl 15

Solution
i(In d j: (l_ﬂ). ! > and Var(ﬂ):—ﬂ(l_ﬂ).
de\ 1-m m @-n n

Then using approximation,

Var(ln i Jz{i(lnij}Var(n)=;:i+ ! :
@-n dmr\ 1-71 nz@-7) nm n@-n)

Var In{M} =Var(lniJ+Var[ln T j
Hence -7z )7 1-m 1-71,

1 1 1 1
= + + +
NG n(-77) nem no(1-7%)

Replacing observed cell frequencies rr, rc , nr.rrand ne.re for N7z, N7z, N, (1—77T)and

ne (1-77.) gives .t 1, 1

I = I NIl

[8 marks]
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A randomised controlled trial is carried out to gare a new vaccine with a placebo for the
prevention of pneumonia. At 12 months follow-usitecorded whether pneumonia has

occurred for each subject . The results are sumathiizthe table below broken by two age

groups.
Age Group 65-74 years (A) >75 years (B)
Treatment Vaccine Placebo Vaccine Placebo
Pneumonia Yes 25 75 66 100
No 5975 5925 3934 3900
" 6000 6000 4000 4000

Estimate the odds ratio of pneumonia infection fmcome as compared to placebo for each
age group.

Solution

Substituting the observed cell frequencies
o« Ta(Nea=Tea) _ 25% 5952 0
A (=)t 5975 75

o _ T (Nee ~Tea) _ 66 3900 _
® (N —rg)les 3934 100

332

654

[3 marks]
(i)  Test the hypothesis thabHA= )5 vS Hi: Ja#)swherejs and ) are the odds ratios for
vaccine as compared to placebo in the younger lled age groups respectively.
Solution
This can be tested using the test statistic
__log.yy=log. Ve _ log, ¥, — log. y5
" SE[log, 7, - log, /4] \/Var [log, /] +Var [ log, /]
From (i)\7ar[|ogef/]:i+ r 11
=k T Nl
To- log. ¥, ~10g. e
- \/ 1 1 1 1 1 1 1 1
4+ +——+ S +——+
o a=™ e Tea Mea=lea e Mg 7he feg Neg Tl

log, 0.332- log 0.654 _ —0.678 _-0.678 241

1 1 1 1 1 1 1 1 +/0.07910 0.2812"
4+ +—+ + +
25 5975 75 5925 66 3934 100 3900

From normal distribution tables p= 0.015.
Hence we can reject the null hypothesis

[7 marks]
(iv)  What do you conclude regarding the effectivenesh@¥accine in subjects over 75 years as
compared to subjects between 65 and 74 years.
Solution
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There is evidence that the vaccine is more effective in younger subjects than older
subjects.
[2 marks]
[Total mark 20]

B8.
For an AB/BA crossover trial a model for a contina@utcomey; of thei™ patient in thé™ period

can be written as

Yo =H+O+E +E, for a patient in sequence AB in period 1,
Y, ={+p+y+& +eE, for a patient in sequence AB in period 2,
Y, = U+E +E, for a patient in sequence BA in period 1,
Y, =U+t0+@+é +e, for a patient in sequence BA in period 2.

wherep is the mean for the sequence BA in periodis,the treatment effect of A relative to @,
is the effect of the second period relative tofttst, yis the carryover effect is a random variable
representing patiemwith mean zero and variancg? andg; is the error term for patientin

periodj assumed to be normally distributed with mean aebvariances?. Let d. =y, -y, and

let ds, 1,g. dgs and i, be the sample and population means of these foresegs AB and BA

respectively.

0] Explain what is meant by the tewarryover effect and give an example of how the
carryover effect might occur in a crossover trial.

Solution

The effect of treatment in the first period of a cross-over trial may carry over to the second period.

If there is a difference in the carryover for the two drug sequences then this is the called the

carryover effect. This might occur if one drug remains in the body for longer after completion of

treatment than the other drug. [4 marks]

(i) In a crossover trial the treatment effées estimated by3' :(aBA— aAB) / 2. Show that

this will be biased if there is a carryover effect.
Solution
For sequence AB d, =Yy,-Yy,=@-0+y+&,-&,
Zdi ZE[di] ZE[¢_5+V+5}2_5}1]

Therefore E[JAB] =E iDgB = iDABn = 108 - =g+y-0
AB AB AB

For sequence BA d =Yy,-Y,=@+0+¢&,-&,

Therefore E[aBA] =@p+o
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Hence E[é‘] = E{@} = 5_Z
2 2

So the treatment effect is biased by y2.
[Book Work]

[4 marks]

(iii) Leta =y, +Y, anda,,, 4a: , 35, anduy,, be the sample and population means for
sequences AB and BA respectively. Show tfdl,; —a,,|= .

Solution
For sequence AB
A=Y, +Y, = 2U+P+O+V+28 +£,+€,
Therefore
E[aAB] - E[Z,U+¢+5+y+2{i t&, +£il] =2u+@+o+y
For sequence BA
A=Y, +Y,=2U+P+I+ 2% +£,+€,
E[aBA] = E[2ﬂ+¢+5+2{i té&, +£i1] =2u+@+o
Subtraction gives E[a,; —8,,] = yas required .

[4 marks]

(iv) The test statistid, ,defined asT, =M, has been suggested as a test of the
SE[aAB - aBA]
hypothesis It y= 0 vs H:y#0. What is the limitation of this as a test forrgarer effect
in a crossover trial? 3 What are the implicatiohthis for the design of crossover trials?

Solution

The advantage of a crossover trial is that the between subject variance o7, which is
generally larger than the within subject variance o7, is removed from the test of the
treatment effect. The weakness of the T, test of carryover effect is that éE[éAB —a_tBA]

includes the between subject variance oZ. The statistical test T, will therefore have low

power in the circumstance when such a test might be used. [3 marks]

The implication of this for the design of crossover trials is that they are usually only
advisable in circumstance where the possibility of a carryover effect can be discounted for
scientific reasons or by virtue of the design.

[3 marks]
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(v) How one might prevent a carryover effect in a ranged controlled crossover to compare
two medications?

Solution

One way of preventing a carryover effect is to have a “washout period” between the two

treatments to allow any residual effect of the first treatment to be eliminated before starting

the second treatment.
[2 marks]

[Total marks 20]
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