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Why can the Type I Error (TIE) be inflated?

• Implemented Scaled Average Bioequivalence are frameworks

• Limits are random variables dependent on the study’s variance

• Drugs may be misclassified (if observed CVwR > true CVwR)

ABEL RSABE
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TIE in SABE as implemented

ABEL (EMA and others) RSABE (FDA ‘implied limits’)

2-sequence 4-period full replicate design, CVwT = CVwR

TIEemp at CVwR 30%; n 24: 0.0804, n 120: 0.0838 TIEemp at CVwR 30%; n 24: 0.1335, n 120: 0.2418
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The FDA’s ‘desired consumer risk model’

Type I Error assessed at

• 0.8000 or 1.2500 if swR ≤ 0.25

• exp(±k ⋅ swR) if swR > 0.25

Davit et al. Implementation of a Reference-

Scaled Average Bioequivalence Approach

for Highly Variable Generic Drug Products

by the US Food and Drug Administration.

AAPS J. 2012; 14(4): 915–24.

https://doi.org/10.1208/s12248-012-9406-x

Section ‘Controversies’
» Results of simulations conducted

by members of the HV Drug Working

Group support the position that using

a cutoff value of 0.294 for swR maintains

an acceptable [sic] type I error rate relative

to FDA’s desired consumer risk model. «
TIEemp at CVwR ≈ 25.396% (swR 0.25);

n 24: 0.0663, n 120: 0.0501
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Alternatives for ABEL: Iteratively adjusted α7

Molins et al.10 Ocaña et al.13

2-sequence 4-period full replicate design, CVwT = CVwR (evaluation for the EMA’s ABEL)

TIEemp at CVwR 30%: 0.0500 � TIEemp at CVwR 30%; n 24: 0.0430, n 120: 0.0456 �
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RSABE, modified ABEL: Leveling-off Limits4

• Unconstrained scaling

in RSABE

• Discontinuity swR 0.294 

• For ABEL a sigmoidal

function with inflection

at 40% was proposed4

• Esthetically more

appealing…

• Larger inflation of

the TIE in the red

areas and less in

the blue areas
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Desperate Attempts…

• First paper showing an

inflated TIE published

already in 20091 (before

[sic] SABE was imple-

mented by agencies)

• Methods6–13,15 have

been proposed to

reduce the TIE

• All but one6 failed to

resolve the problem

completely
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Conclusions (ABEL)

• The upper cap of expansion lacks a scientific rationale

• 50% introduced due to reservations of one member state

• Health Canada’s ≈57.38% likely only to give a ‘nice’

maximum expansion of 67.7 – 150.0%

• If removed, no issues with the TIE (like in RSABE); controlled 

by the inherent conservatism of the TOST and PE-constraint

• Iteratively adjusted Howe-ABEL6 controls the TIE

• Compromises power → larger sample sizes required

• Leveling-Off approaches4,15 are problematic

• With the original even more inflation of the TIE than in ABEL

• At low CVwR always inflated TIE
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Conclusions (RSABE)

• The FDA’s RSABE is beyond repair

• The (correct) TIE is more than twice as large as with ABEL

• Correlation of the TIE with the sample size

• Assessing the TIE via the ‘desired consumer risk model’
is a mere magician’s trick
I do not agree with Davit et al. (2012) that it

»maintains an acceptable TIE rate«
(6.63% with 24 subjects in a full replicate design)

• The decision of equivalence (i.e, whether the upper bound
of the linearized criterion is non-negative or not) is 
incomprehensible for physicians 

• If swR < 0.294 (ABE-branch) in a partial replicate design,
the model is over-specified and may not converge
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Suggestion for Harmoni ation

• ABEL

• Should be acceptable for all PK metrics in all jurisdictions

• The upper cap of expansion should be removed

• Biased-corrected Howe-LO15 and exact9 with iteratively 

adjusted α6,7 are promising – control the Type I Error

with less loss in power than other methods

• RSABE should be abandoned in favor of a variant of

ABEL controlling the Type I Error

• Heresy

• Full replicate studies mandatory for the originator (Les Benet, Bio-

International, Munich 1994); alternatively regulators could collect 

and exchange CVwR of studies → PSGs

• Fixed limits, replicate designs not needed, TIE always controlled14

s

z
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Thank You!
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Assessment of the consumer risk in SABE

Empirical Type I Error simulated under the Null, i.e., at exp(±k ⋅ swR)
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