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Statistical Design of Clinical Trials
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Rabies infection vaccination

In 1884 Pasteur treated a 9-year old who had been
bitten 3 days earlier by arabid dog. The
treatment was completely effective. Confirmation
came from another boy who was treated within 6
days of having been bitten.
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Treatment of fulminant hepatitis

In 1971 Gocke* reported on a similar, uncontrolled
study of patients with acute fulminant viral
hepatitis. Nine consecutive, recently observed
cases, had a fatal outcome. The next case, a
young staff nurse, was given immunotherapy in
addition to standard treatment, and survived.
Four other patients, among eight given the
antiserum, also survived.

*Gocke DJ, “Fulminant hepatitis treated with serum containing antibody to Australia antigen”, N England J Med, 284:919, 1971
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Treatment of fulminant hepatitis

In a double-blind randomized trial comparing
hyperimmune antiAustalia globulin with normal
human serum globulin in patients with severe
acute hepatitis*, 19/28 (67.9%) patients
randomized to control died compared to 16/25
(64%) randomized to treatment, a statistically
nonsignificant difference .

*Gocke DJ, “Fulminant hepatitis treated with serum containing antibody to Australia antigen”, N England J Med, 284:919, 1971
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Randomized vs. Nonrandomized

In 32 studies on the use of anticoagulant theraPy

In patients with acute myocardial infarctions~,
18 used historical controls with 900 patients, 8
used nonrandomized concurrent controls with
3000 patients, 6 were randomized trials with
3800 patients.

15/18 (83%) studies with historical controls and
5/8 (63%) with nonrandomized controls showed
statistically significant results favoring
anticoagulation therapy.

*Chalmers TC et al, “Evidence favoring the use of anticoagulants in the hospital phase of acute myocardial infarction”, N England J Med, 297, 1977
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Randomized vs. Nonrandomized

Selection bias in the nonrandomized trials being
similar to the presumed true effect, could have
yielded positive answers even if the therapy had
no benefit.

Randomized control trials were of inadequate size
and therefore may have failed to find benefits
that truly existed.

*Chalmers TC et al, “Evidence favoring the use of anticoagulants in the hospital phase of acute myocardial infarction”, N England J Med, 297, 1977




Basic Study Design
RNt R R R RS
R T TR YL g 3 vt e SRR =

1=

The purpose of a clinical trial

e The major objective of a comparative trial is to
provide a precise and valid treatment comparison.

 The trial design can contribute to this objective by:
—preventing bias
—ensuring an efficient comparison

—possessing sufficient simplicity so as to
encourage participation and minimize errors.

*Chalmers TC et al, “Evidence favoring the use of anticoagulants in the hospital phase of acute myocardial infarction”, N England J Med, 297, 1977
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The 3 Components of a clinical trial

(1) Statement of problem (2)
Objective of the study (3) Choice of
response variable (4) Selection of factors
to be varied (5) Choice of levels of these
factors (fixed, random, quantitative or
gualitative)

(1) Sample Size (2) Method of
randomization (3) Mathematical Model
(4) Hypothesis (5) Blind Procedure
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The 3 Components of a clinical trial

. (1) Data collection and
processing (2) Computation of test
statistics (3) Preparation of graphics and
tables (4) Interpretation of results for the

primary investigator
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 Fundamental Point: Must have a control
group; randomization (preferred) required.

e Basic Design:

» Assemble Sample
»Assign intervention
» Apply intervention
» Follow-up

»Measure response
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Randomized Clinical Trials

 Parallel designs
* Cross-over designs
» Factorial designs

e Study of equivalency
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Two-period
Cross-over designs
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Factorial Designs

Factorial designs attempt to evaluate
two (or more) interventions
compared with control in a single
experiment.
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A Serious Problem...
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| want my
car to go
fast ... like
that onel

Factorial Designs .




What Factors Affect theSpeed’?

e e A TR, S o, Ly
b e D B T B AT, o ey i gl
=21 P I S i MY S :

Yes —

Air Holes

Factorial Designs
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Effect of Air Holes
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Factorial Designs
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Main effect of shape.
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Interaction plot (n0 mteractlon)
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Interaction plot (moderate mteractlon)
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Factorial Designs

In the Canadian transient ischemic
attack study*, aspirin and
sulfinpyrazone were compared with
placebo.

*The Canadian Cooperative study Group, “A randomized trial of aspirin and sulfinpyrazone in threatened stroke”, N England J Med, 229, 1978
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aspirin . —

Aspirin
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Sulfinpyrazone

*The Canadian Cooperative study Group, “A randomized trial of aspirin and sulfinpyrazone in threatened stroke”, N England J Med, 229, 1978
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Goal: Optimize the in vivo production
of monoclonal antibodies.

Response: Titer volume of ascites, a
fluid rich 1n antibodies.

Factorial Designs




Antibody Production Experiment

Antibody secreting cells grown in mice.

Initial radiation treatment to produce partial
Immunosuppression and promote cell growth.

Further immunosuppression achieved by
Injecting Pristane (Prime 1).

Mice t
Might

nen injected with cultured cells.

e accompanied by further Pristane

Injection (Prime 2).

Five mice used at each condition to assure
reliable assay of ascites.




Antibody Production Experiment

Factor

Radiation Dose

Prime 1 Time

Prime 1 Dose

# Cells Injected
Cell Growth State

Prime 2




Antibody Production Experiment
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Antibody Production Experiment

Rad = 250 = Rad = 500




Antibody Production Experiment




Antibody Production Experiment




Antibody Production Experiment

Estimated Effects and Coefficients for Y (coded units)

Term  Effect Coef
Constant 62.75
RD -81.25 -40.62
PT 37.53 18.76
PD -13.95 -6.98
C -1.80 -0.90
GS 38.23 19.11

RD*PT  -26.22 -13.11
RD*PD  -14.20 -7.10
RD*C  -26.55 -13.28
RD*GS -28.03 -14.01

| RD*P2  34.43 17.21 |
PT*C  -12.17 -6.09

| PT*GS 3225 16.12 |
RD*PT*C  2.08 1.04

oee w20 Fgctorial Designs |
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Antibody Production Experiment




Antibody Production Experiment

4 (5 )2"%&




Antibody Production Experiment

Rad = 250 Rad = 500




Antibody Production Experiment

Factorial Designs




Antibody Production Experiment

Factorial Fit: Y versus RD, GS, P2

Estimated Effects and Coefficients for Y (coded units)

Term Effect
Constant
RD

GS

-81.25
38.22
Vi ()

-28.03
34.43

RD*GS
RD*P2
GS*P2
RD*GS*P2 -1.80

S=43.2072 R-Sq=77.11%

Coef
62.75
-40.62
19.11
/]

-14.01
17.21

-26.55 -13.28

-0.90

SE Coef T P
10.80 5.81 0.000
10.80 -3.76 0.006
10.80 1.77
10.80 -1.30 0.231
10.80 1.59 0.150
10.80 -1.23 0.254
10.80 -0.08 0.936

R-Sq(adj) = 57.07%

Analysis of Variance for Y (coded units)

Source

Main Effects

2-Way Interactions

3-Way Interactions

Residual Error
Pure Error

Total

DF SeqSS AdjSS AdjMS F P
3 39586.8 39586.8 13195.6 7.07 0.012
3 10701.5 107015 3567.2 1.91 0.206
1 130 130 13.0 0.01 0.936
8 14934.9 14934.9 1866.9

8 14934.9 14934.9 1866.9

15 65236.1

Factorial Designs
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Basic Study Design

Study of Equivalency

In the classical clinical trials we aim to show
that a new treatment is better than others.
In an equivalence trial we aim to show that
there are no clinically significant
differences in the effects of two or more
treatments. We could not reasonably
expect that two treatments will have
exactly the same effects but we could
expect that any difference between the
effects would not be clinically significant.




Basic Study Design

Study of Equivalency

We need to define an indifference
Interval: the maximum difference
between effects which we would
regard as clinically insignificant.




Basic Study Design

Study of Equivalency

We need to define an indifference interval:
the maximum difference between effects
which we would regard as clinically
Insignificant.

For the purpose of designing a trial and
calculating the necessary sample size the
expected true difference should be less
than the indifference interval.




The Randomization Process

Randomization tends to
produce study groups
comparable with respect
to known and unknown
risk factors, removes
Investigator bias in the
allocation of participants,
and guarantees that
statistical tests will have
valid significance levels.




The Randomization Process

 Fixed allocation randomization

Simple randomization

Blocked randomization

Stratified rano

omization

 Adaptive randomization

Baseline adaptive randomization

Response adaptive randomization




The Randomization Process

Fixed allocation randomization

Allocation is assigning the intervention with

a pre-specified, usually fixed, probability.
Three methods are practiced:

eSimple: use random number generator
Blocked: randomize in block of size 4, 6 or 8

eStratified: blocked randomization within
stratum




The Randomization Process

Adaptive randomization

Adaptive procedures change the allocation
probabilities as the study progresses. Two
approaches are prevalent:

Baseline adaptive: adjust allocation
probability so that probability is higher for
group with fewer participants

Response adaptive: uses information on
participant response to intervention.




Blindness

A clinical trail should, ideally, have a double
blinded design to avoid potential

problems of bias during data collection
and assessment. In studies where such a
design is impossible, a single blinded
approach and other measures to reduce
potential bias are favored.




Blindness

 Unblinded (open) trials
e Single-blinded trials

e Double-blind trials

e Triple-blind trials




