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My backgroundMy background

F EU d th OIPFormer EU assessor, managed the OIP group 
2006-2009.

Now consultant working (or worked) for agencies, 
USP WHO companiesUSP, WHO, companies.

BE trial designs, inspections, audits, fraud g p
detection (incl. algorithms), due diligence.
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Two stage approachesTwo-stage approaches

The idea is simple:
Fi t t d ll f l t E l tFirst study a small group of volunteers. Evaluate 

their data. Use the information collected in the 
first group to calculate a final sample size. 
Include the rest of the subjects. Pool the data j
and conclude.

Ingredients of such a trial:Ingredients of such a trial:
We need an initial sample size and our desired p

level of power, ultimately. 
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One basic issueOne basic issue

Aft t t d l f BE

Let me share a secret with you:
Regulators don’t like alpha’s above 5%.

E t h th dAfter one stage we can try and analyse for BE. 
Perhaps we’d stop then and there if BE is 

Except when they do. 
Jusk ask Helmut Schütz.

shown?
This type of design thus allows for sequentialThis type of design thus allows for sequential 

testing (i.e. if the first stage fails).
If we apply alpha=5% for both tests, then the 

overall alpha may be raised above 5%. p y
Therefore we may need to adjust alphas?
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Pioneered by Potvin et al 2008Pioneered by Potvin et al. 2008

An absolutely fantastic paperAn absolutely fantastic paper.
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Their brilliancyTheir brilliancy

They in invented two/three methods.
Th id d t ti ti l i l ti f kThey provided a statistical simulation framework 

for quantifying the type I errors (overall alpha), 
and the resulting power as function of the initial 
sample sizes.p

They presented the results for a range of 
scenarios from N =12 to N =60 and CV’s up toscenarios from N1=12 to N1=60, and CV s up to 
100%.

Used the 222BE work horse design.
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Potvin’s method APotvin s method A
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Potvin’s method BPotvin s method B

8



Potvin’s method CPotvin s method C
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ResultsResults
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And I thought that was greatAnd I thought that was great…
...until I read the paper and the methods again.p p g
E.g. Method B:

Based on variance
and...what…?
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Use observed or assumed GMR ??Use observed or assumed GMR ??
Observed GMR

Assumed GMR=0.95

Assumed GMR=0.95

Ob d GMRObserved GMR
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Are you saying thatAre you saying that….

If we find a stage 1 GMR of 1 89 and a CV ofIf we find a stage 1 GMR of 1.89 and a CV of 
24%, then we will happily assume GMR=0.95 
for the calculation of sample size in stage 2 (iffor the calculation of sample size in stage 2 (if 
stage 2 is needed) ??

Y !Yup !

14



“You cannot be serious!”
(John McEnroe, 1981)( , )
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UnfortunatelyUnfortunately

It turned out that my thinking (and you may well 
regard this as a pretty general statement) is notregard this as a pretty general statement) is not 
as smart as other peoples’ thinking.

Numerous people tried in

The problem is: Under the usual assumptions

Numerous people tried in
numerous ways to take

observed GMR into considerationThe problem is: Under the usual assumptions 
50% of the stage 1 observed GMRs will be 
farther from 1 than the true GMR

with no particular luck.

farther from 1 than the true GMR. 
a. The sample size grows enormouslyp g y
b. Often it cannot be calculated at all! 
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ConclusionConclusion

Two-stage trials are pretty handy when there is 
uncertainty abut the variability and we work withuncertainty abut the variability and we work with 
a fixed GMR (means: when we are certain 
about the GMR (similarity))about the GMR (similarity)).

If we are uncertain about the GMR (similarity)  
then Potvin's two stage trials have no particularthen Potvin's two-stage trials have no particular 
application.
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I will word this differentlyI will word this differently

At a time when there is “too much” uncertainty about the 
location of the metric of interest (the GMR) we cannot take ( )
a qualified decision of basis of its observation (the 
estimate).

When there is adeq ate certaint abo t the location of theWhen there is adequate certainty about the location of the 
GMR we can take a decision about it. 

This is very basically why two-stage trials don't work in theirThis is very basically why two stage trials don t work in their 
present form.
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Power example: 2 2 2 designPower example: 2,2,2-design (1 API)

NB!

Blue: T/R=0.95, CV=30%. At N=52 power is 90%.
Red: T/R=0.90, CV=30%. At N=52 power is 65% ! N>100 
needed for 90% power.
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Numerous potential variations to p
Potvin's theme

T t t i l ith t d t tTwo-stage trials with two mandatory stages.
Two-stage trials with futility rulesTwo stage trials with futility rules.
Two-stage trials based on parallel designs.
...and more.
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Fuglsang 2014Fuglsang 2014 
AAPS Journal Journal, Vol. 16, No. 4, July 2014
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Fuglsang 2014Fuglsang 2014 
AAPS Journal Journal, Vol. 16, No. 4, July 2014

“On comparison of the results obtained here withOn comparison of the results obtained here with 
the results published by Potvin et al., sample 
sizes e g the average sample sizes aresizes, e.g., the average sample sizes, are 
actually somewhat lower with method E as 
compared to method C at GMR=0 95 when thecompared to method C at GMR=0.95 when the 
variation is relatively high and the initial sample 
i i l ti l l ”

Blah blah blah.
Leads to a discussion of pilot trials.

Isn't a two-stage trial just a smart way tosize is relatively low.”Isn t a two stage trial just a smart way to
do a pilot trial with subsequent pivotal trial?
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Question 
You conduct a 2,2,2-BE pilot study (N=20, say) to 

learn about comparative product performance 
before doing a pivotal trial.g p

Result:You get a GMR estimate of 0.840 and an 
apparent CV 0 287 (28 7%)apparent CV=0.287 (28.7%). 
[Implies: The 90% CI is 72.0%-98.0% for this 
il t]pilot]

Question: Would you do a pivotal trial with yourQuestion: Would you do a pivotal trial with your 
formulation? 

If yes, which CV and point estimate would you 
use to calculate pivotal sample size?
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Question cont'd
Result:You get a GMR estimate of 0.840 and an 

apparent CV=0 287 (28 7%)apparent CV=0.287 (28.7%). 
[Implies: The 90% CI is 72.0%-98.0% for this 
pilot]pilot]

If we use GMR=0.84 then we need N=414 to get g
80% power at CV=0.287 (2,2,2-design).

If we use GMR=0 90 then we need N=72 to getIf we use GMR=0.90 then we need N=72 to get 
80% power at CV=0.287.

If we use GMR=0.95 then we need N=36 to get 
80% power at CV=0 28780% power at CV 0.287.

What's your proposal?
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Question #3

If th fi t t i l i bi i i l tIf the first trial is bioinequivalent, 
should we just stop (and fail)?should we just stop (and fail)?
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A simple pilot/pivotal trial pairA simple pilot/pivotal trial pair
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A more complex pairA more complex pair
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The usual methodologyThe usual methodology

I looked at CV's from 0.1 and upwards.
1 000 000 i l ti i- 1.000.000 simulations per scenario.

- with and without allowing BE at first trialwith and without allowing BE at first trial.
- with and without using the observed PE from the 

first trial. If the observed PE was not used, the 
default value of 0.95 was used as in Potvin.

- with and without differentiating between a failed 
first trial and a bioinequivalent frist trial (failure iffirst trial and a bioinequivalent frist trial (failure if 
inequivalent).

29



Three important conclusionsThree important conclusions

- Type I errors easily get inflated if we allow 
conslusion of BE twice at alpha=5%conslusion of BE twice at alpha=5%.

- Sample size often skyrockets when we use the 
observed GMR from the first trial for planning of 
the second trial.

- It is not possible to identify a method that 
consistently gives relatively high power and lowconsistently gives relatively high power and low 
type I error rate while keeping the sample size 

l ti l l h GMR i t t ll d trelatively low when GMR is not controlled to 
0.95 or better.  
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It meansIt means

- I don't know how to properly and practically 
apply a pilot trial and use its information if theapply a pilot trial and use its information if the 
purpose involves acquiring knowledge of the 
GMR for any purposeGMR for any purpose.
-When to reformulate vs. when to execute a pivotal 

trial.
- Pilot trial are reasonable if we know we controlPilot trial are reasonable if we know we control 

the GMR or just wish to know the CV.
(B P i ' 2 d i b b )- (But Potvin's 2-stage design may be better)
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Thanks for listening.Thanks for listening.
Please get in touch!

anfu@fuglsangpharma comanfu@fuglsangpharma.com
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