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ABSTRACT — Purpose: More than a decade ago the option to assess highly variable drugs / drug products by
reference-scaled average bioequivalence was introduced in regulatory practice. Recommended approaches differ
between jurisdictions and may lead to different conclusions even for the same data set. According to our
knowledge, implemented methods have not been directly compared for their operating characteristics (Type | Error
and power). Methods: We performed Monte Carlo simulations to assess the consumer risk and the clinically
relevant difference for the recommended regulatory settings. Results: In all methods for reference-scaled average
bioequivalence the Type | Error can be inflated with a consequently compromised consumer risk. Furthermore,
the clinically relevant difference could vary between studies performed with the same reference product.
Conclusions: Only average bioequivalence with fixed — widened — limits would both maintain the consumer risk
and offer an unambiguously defined clinically not relevant difference. As long as such an approach is not
implemented in regulatory practice, we recommend adjusting the level of the test a.

INTRODUCTION (CVur) of >30%, it is possible to expand the
conventional acceptance range of 80.00 — 125.00%
Comparative bioavailability studies are used in the based on the observed CVur [the EMA (1-3) the
regulatory approval process of generics, supporting WHO (4,5), Australia (6) the East African
formulation changes, developing line extensions to Community (7), ASEAN states (8) the Eurasian
approved products, and for testing of drug-drug Economic Union (9), Egypt (10), New Zealand (11),
interactions or food effects. Regulatory acceptance Chile (12), Brazil (13), the Russian Federation (14),
depends on whether the two-sided 1-2a (« Belarus (14), Canada (15)], directly widen the limits
commonly set to 0.05) confidence intervals (CI) for (member states of the Gulf Cooperation Council
the ratios of geometric least squares means for (16)], or scale the limits (the FDA (17), China (18)].
specific pharmacokinetic (PK) metrics of two In most jurisdictions (1,2,4,6-14,16) enlarging the
treatments fall completely within specific limits limits focuses on the maximum concentration (Cmax).
representing the clinically not relevant difference Recommended statistical models differ substantially
(A). The two treatments under investigation are often between jurisdictions and consequently also A and
termed the Test (T) and Reference (R) treatments, the consumer risks.
where R is the comparator. Crossover studies are
designed based on a fixed nominal ¢, assumed T/R- METHODS
ratio an_d intrg-subject coefficient of variation (CVw) In the following Greek letters denote (unknown)
to obtain a given target power (commonly between population parameters and italicised Latin letters
80 — 90%). It should be noted that from a regulatory sample estimates.
perspective the outcome of a comparative
bioava}ilgbiljty study is.dichotor_nous (passifail). In Models and hypotheses
some jurisdictions for hlghl_y varlgble dr_ugs (HV!Ds) In the next sections the concept of average
/ drug _products (H_V[_)Ps), i.e., with an intra-subject bioequivalence (ABE), scaled average
coefficient of variation of the reference product bioequivalence (SABE), average bioequivalence

with expanding limits (ABEL), and reference-scaled
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average bioequivalence (RSABE) are introduced,
where ABEL and RSABE approaches require
replicated crossover designs (i.e., at least the
reference must be administered twice) and ABE can
be analysed from a conventional 2x2x2 (i.e., two-
treatment, two-sequence, two-period) crossover
design.

For all SABE-approaches it is necessary to
estimate the within-subject variability of the
reference treatment (expressed as CVwr OF Swr). FoOr
ABEL this is performed by using the actual study
data via applying an analysis of variance (ANOVA)
of loge-transformed PK metrics for the subset of the
reference treatment with effects sequence, subject
(sequence), period. CVyr is then estimated from the
corresponding ANOVA'’s residual means squares
error (MSE) by

CV,, =100,/exp(MSE) —1 (Eq. 1)

For RSABE swr is estimated by an ANOVA via an
intra-subject contrast of the reference treatment’s
loge-transformed PK metrics and sequence as factor.

Sy =<MSE /2

It should be noted that by the FDA’s mixed-effects
model (17) the within-subject variance of both
treatments could be directly estimated.

(Eq. 2)

Average Bioequivalence (ABE)

In ABE regulatory goalposts are defined based on A.
This difference is commonly set to 20% but may be
narrower [e.g., 10% for narrow therapeutic index
drugs (1,15)] or wider [e.g., 25% (19,20)] or more for
highly variable drugs / drug products). Based on a
multiplicative model of original data, i.e., analysis of
loge-transformed data in an additive model, fixed
lower (&) and upper (&) limits of the acceptance
range are given by

6, =1-A 6,=(1-A)" (Eq.3)
Bioequivalence must be assessed by the confidence
interval inclusion approach

Ho: 2Lz {6, 6,} vs. H:6<£1<6, (Eq. 4)
R Hr
where gr and ur are the geometric least squares
means of T and R, respectively. It should be noted
that the confidence interval inclusion approach is

operationally identical to the Two One-Sided Tests
procedure [TOST (21)].

The conclusion of bioequivalence is reached if
the null hypothesis Ho in Eq. 4 is rejected at level «
(commonly fixed at 0.05) for each of the PK metrics
required in the corresponding jurisdiction.

Scaled Average Bioequivalence (SABE)

For SABE the ratio given in Eq. 4 is scaled by the
standard deviation of the reference owr and the
criterion becomes

H, Z'UT/G\NR z{6,, O,,} Vs.
& (Eq. 5)
H1:051<’UT/O-WR <0,
Hr
where the scaled limits (&1, 6») of the acceptance
range depend on conditions given by the agency (22).

Average Bioequivalence with Expanding Limits
(ABEL)

If expanding the limits is justifiable (a) based on
clinical grounds, (b) the study was performed in a
replicate design (i.e., at least the reference was
administered twice), (c) the estimated CVwr is larger
than 30% and not caused by outliers, a ‘switching
variability” owo based on a CVwo 0f 30% is defined by

oo =109, (CV.Z, +1) =0.29356. .. (Eq. 6)
leading to the regulatory constant k
k= 109.0-25) _ 4 769 (Eq. 7)
O,

wo0

The limits of the acceptance range are based on the
within-subject standard deviation of the reference
treatment syr and are estimated according to

{051 ' 052} =exp(¢k . SWR) (Eq 8)
It should be noted that there is an upper cap (uc) for
scaling, which is at 50% (1-14) or at ~57.4% (15). If
CVur exceeds the upper cap, swr in Eg. 8 must be
substituted by

Sur = 4/109, (UC® +1)

effectively limiting the expansion to 69.84 -
143.19% (1-14) or to 66.7 — 150.0% (15). See also
Figure 1 and the supplementary material Figure S1.

(Eq.9)
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A special case is the recommendation of the Gulf
Cooperation Council (GCC 16). Instead of gradually
expanding the limits, wider limits are fixed at 75.00 —
133.33% for any CVur larger than 30% (without an
upper cap of scaling). See also Figure 1 and the
supplementary material Figure S2.

169.87
» 150.00
/ 14319
»{ 133.33
125.00 = 125.00
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e —b
£ .
o —d
a1} — e
80.00 |-= »{ 80.00
NS, > 75.00
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| , i [ 58.87
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Figure 1. BE limits: a ABE (all jurisdictions), b ABEL
(1-14), c ABEL (15), d ABE with Widened Limits (16),
e RSABE ‘implied limits’ (26).

In all jurisdictions bioequivalence must be

assessed by the confidence interval inclusion
approach according to Eg. 5. Furthermore, the point
estimate (PE) must lie within the conventional
acceptance range of 80.00 — 125.00%.
Reference-Scaled Bioequivalence
(RSABE)
The recommended approach (17,18) is outlined in
the following. If sur <0.294, evaluate the study for
ABE. Otherwise, calculate the standard error sq of the
PE

fMSE 1
Sy = —

seq n,
where MSE is the residual mean squares error, seq
the number of sequences, and n; the number of
subjects in sequence i. The regulatory limit owo is

given by 0.25 (i.e., based on a CVwo of ~25.4%),
leading to the regulatory constant & (23).

Average

(Eq. 10)

g, =109:025 _ ¢ gq957 (Eq. 11)

O,

wo0

Calculate the linearised RSABE criterion

crit=PE*—s; -6 -s2, (Eq. 12)

Calculate its approximate 95% upper confidence
bound (24).

E., = PE? —Sé"
Es = 852 'szvR

2
Cn = (|PE|+tl—a,df 'Sd) (Eq. 19
C = E, -dfgg /le—a,deR a
bound = E, —E  +

J(C,—E,) +(C,-E)

where En and Es are the estimates of the true
parameters and Sj acts as a bias correction (17, 25).

Since the distributions of E., and Es are known, their
upper confidence Cy and Cs can be calculated. If
bound < 0 and the PE lies within the conventional
acceptance range of 80.00 — 125.00%, RSABE is
accepted.

The so-called ‘implied limits’ (26) of the
acceptance range are based on the within-subject
standard deviation of the reference treatment swr and
are estimated according to

{040, } =exp(F6, -5,z) (Eq. 14)
See also Figure 1 and the supplementary material
Figure S3.

Regulatory Landscape

Table 1 gives an overview of currently implemented
methods. Following suggestions by Benet (27) ‘for
political reasons’ all implemented methods contain a
PE constraint of 80.00 — 125.00%.

In jurisdictions applying ABEL - except
(12,13) — it must be demonstrated that outliers do not
cause the high variability. It is still an open issue how
that should be done. One of the authors (HS)
suggested box plots of studentised model residuals —
as a mere joke — at a joint symposium of the
European Generic Medicines Association and the
EMA, being aware of their nonparametric nature and
the EMA’s reluctance towards robust methods. Alas,
this joke was included in the Questions & Answers
document (28) without mentioning studentised
residuals as Health Canada does (29). High variances
are commonly associated with extreme values and
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Table 1. Implemented methods.

Jurisdiction Method uc Model PK metric(s)  Outliers?
ASEAN States (8), Australia (6), Belarus (14),
East African Community (7), Egypt (10), EMA b 0
(1,2), Eurasian Economic Union (9), New Zealand ABEL 50%  ANOVA  Crax yes
(11), Russia (14), WHO (4)
Brazil (13), Chile (12) ABEL"® 50%  ANOVA  Cmax no
Cminf, C:9

b 0 min 'y L1,
EMA (3) ABEL 50% ANOVA partial AUC Y
WHO (5) ABEL"® 50%  ANOVA  Cmax, AUC! yes
Canada (15) ABEL"® 57.4% LME! AUC yes
Gulf Cooperation Council (16) GCC¢ - ANOVA  Cmax yes
Kazakhstan (14), League of Arab States (19), q
South Africa (20) ABE - ANOVA  Cna o
China CDE (18), U.S. FDA (17) RSABE © - LME] any no

& Assessment of outliers of the reference required.
b Expanded limits.

¢ Widened limits depending on CVyr.

d Fixed limits 75.00-133.33%.

¢ Scaled limits.

property of the distribution (see supplementary
material Figure S4). Hence, in jurisdictions applying
RSABE assessing the data for outliers is not
recommended (17,18).

Contrary to ABE, studies evaluated by any
variant of SABE are not bijective, i.e., only for strict
homoscedasticity (CVwr = CVur) it holds that if T is
equivalent to R, R is also equivalent to T — which
makes switching products with different variabilities
guestionable (22). Whereas the reference-scaled
model is formulated in population parameters (cer/ i,
owr), in the study only their estimates (PE, swr) are
accessible. Whereas in ABE A is fixed and hence,
known, in a particular study assessed for SABE the
realised A can be recalculated based on the lower
scaled limit

A, =100(1-6.,) (Eq. 15)
Assessment of the Type | Error
The Type | Error (TIE) is defined as the probability
of falsely rejecting the true null hypothesis, i.e.,
erroneously claiming equivalence between Test and
Reference in a PK metric of interest and the
following consideration focuses on the TIE for a PK
metric suitable for scaling. However, for a formal
claim of bioequivalence, equivalence needs to be
shown statistically significantly in all relevant PK
metrics simultaneously (30). This translates into the
consumer risk, which should not exceed the nominal
o, of the test (0.05). The maximal TIE can be assessed
by exploring the power of passing BE with a true

f Minimum concentration in steady state.

9 Concentration at the end of the dosing interval in steady state.
h Area Under the concentration-time Curve.

I AUC if the study is performed in a full replicate design.

I' Linear mixed effects.

T/R-ratio (éb) at the limits of the acceptance range (&
or &). Whereas for ABE the limits are fixed and
hence, an analytical solution for power exists, both
ABEL and RSABE are frameworks, where the null
hypothesis is generated in face of the data (the
decision whether to scale or not depends on the
observed variability of the reference, application of
the PE constraint and — for ABEL — the upper cap of
scaling). Therefore, a sufficiently large number of
studies must be simulated, where power is obtained
by the fraction of studies passing BE with a true & at
the scaled limits of the acceptance range (&1 or &2).
Monte Carlo simulations were performed
based on the ‘key statistics’, i.e., based on the fact
that swr follows a y*-distribution with n — 2 degrees
of freedom and & follows a lognormal distribution
(31). Since both distributions are skewed to the right,
the probability of a misclassification at CVur = 30%
and & = 1.25 is slightly larger than 50% (see
supplementary material Figure S5). Two-sequence
four-period fully replicated studies with balanced
sequence groups of 24, 36, and 48 subjects were
simulated under homoscedasticity (true CVwr
CVur = 20-65%) in the R (32) package PowerTOST
(33, functions power.scABEL and power.RSABE).
For each combination one million studies were
simulated according to the respective conditions of
the regulatory frameworks using the pseudo-random
number generator Mersenne-Twister (34) with a
fixed seed of 123456 to support reproducibility.
Simulations were performed at the respective upper
boundary of the equivalence range (although due to
the symmetry in log-scale similar results are obtained
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for the lower boundary). Due to the positive
skewness of CVwr and &, the upper boundary
represents generally the worst-case scenario. Based
on the binomial test an empiric TIE rate above
0.05036 is considered statistically significant
inflated. The standard error SE of the empiric TIE is

calculated by /0.5-TIE,,, /10° . The settings of &%

dependent on CVyr Or Swr are given in Table 2.

Table 2. Monte Carlo settings according to each
framework. In all simulations the PE constraint was

observed.
Method Setting
6, =1.2500 if CV,, <0.30
/;SB)EL = g, =exp(k-s,z) ifCV,, {>0.30, <uc}
G, =exp(k-S,z) ifCV . >uc
6, =1.2500 if CV,, <0.30
GCC (16 .
a0 g —13333 if CV,. >0.30
RSABE 6, =1.2500 if s,z <0.294
‘implied .
limits’ (26) 0, =exp(b,-s,r) ifs,, >0.294
RSABE
‘desired 6, =1.2500 ifs,; <0.25
consumer R
risk model’ 90 = exp(@s : SWR) if Swr > 0.25
(26)
RESULTS

Like every estimate, CVyr carries some degree of
uncertainty (depending on the sample size). Hence, a
drug / drug product might be falsely classified as
highly variable and vice versa. Even more so, the
scaled limits might be wider or narrower than the
ones based on the true — but unknown — CVur
(Table 3).

Table 3. Parametric 95% confidence interval of CVyr.

CVur?@ nb=24 n®=36 nb=48
20 154—- 286 16.1-26.4 16.6 — 25.3
25  192- 359 20.1-33.1 207317
30  230- 434 241-399 24.838.2
35 26.8—- 51.0 28.0-46.8 28.8 —44.7
40  305- 588 31.9-539 329 514
45  341- 668 358-610 36.9_58.1
50 378- 751 39.6-68.3 40.8 — 65.0
55  414- 835 43.4-75.8 447 -71.9
60 449- 923 472-834 48.6—79.0
65  48.4-101.3 50.9-91.2 52.5_86.2

@ True CVwr in percent.
b Sample size.

As seen in Figure 2 and Table 4, in ABE the
consumer risk is strictly controlled, i.e., the TIE never
exceeds nominal . Since TOST is not a most
powerful test (30), for high CVur together with
relatively low sample sizes, it becomes conservative
(Figure 2a).

Sample size
36

48

20 30 40 50 60

0.20
0.15
0.10
0.05

r 0.20
r 0.15
r 0.10
0.05

empiric Type | Error
1 1 |

0.20
0.15
0.10 1
0.05 1 --dager--mmrs

T T T LI
20 30 40 50 60

CVur (%)

Figure 2. Empiric Type | Error. a. ABE (all jurisdictions),
b. ABEL (1-14), c. ABEL (15), d. ABE with widened
limits (16), e. RSABE ‘implied limits’ (26), f. RSABE
‘desired consumer risk model” (26).

Due to potential misclassification in ABEL,
i.e., if the limits are expanded based on the observed
CVur — although based on the true CVwr the drug /
drug product is not highly variable — the TIE is
inflated with a maximum at the switching CVyr of
30%. With increasing CVwr the TIE decreases to a
minimum at the upper scaling cap and then increases
again, although never exceeding nominal « even for
extremely high CVwr (Figure 2b and c). The
maximum TIE increases only slightly with the
sample size (Table 4).

Due to the discontinuity of the limits at CVyr
30% of the GCC’s approach, a misclassification has
a substantially larger impact on the TIE than in
ABEL for any CVur <30%. However, for any CVur
>30% the method controls the consumer risk
(Figure 2d). The maximum TIE shows a strong
dependency on the sample size (Table 4).

RSABE with ‘implied limits’ (26) shows a
large inflation of the TIE at CVwr <30% — which can
be more than twice than with ABEL. For any CVur
>30% the method becomes extremely conservative
thus controlling the consumer risk (Figure 2e). The
maximum TIE shows a dependency on the sample
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size, which is larger than with ABEL but smaller than
the one of GCC (Table 4).

Table 4. Maximum empiric Type | Error.

Method CVur ® nb® TIE® SE¢
ABE any any 0.0500 0.000158
24 00804  0.000200
ABEL (1-14) 30.000 36 00819  0.000202
48 00823  0.000203
24 00841  0.000205
ABEL (15) 30.000 36 00846  0.000206
48 00846  0.000206
24 01493  0.000273
GCC (16) 30.000 36 01931  0.000311
48 02324  0.000341
o 24 01335 0.000258
ﬁiﬁ?%g‘phed 30000 36 0153  0.000277
48 01708  0.000292
RSABE “desired 24 0.0663 0.000182
consumer risk model’ 25.396 36 0.0629 0.000177
(26) 48 00600  0.000173

% True CVyr in percent.

® Sample size of a 2-sequence 4-period fully replicated design.
¢ Empiric TIE obtained in 1 million simulations.

Standard Error of empiric TIE.

RSABE assessed with the ‘desired consumer
risk model’ (26) shows a moderate inflation of the
TIE with its maximum at CVwr ~25.4% (i.e., at Swr =
0.25; Figure 2f). The maximum TIE shows a
moderate dependency on the sample size, where
contrasting to the other methods the TIE decreases
with the sample size (Table 4).

Figure 3 illustrates the A_ obtained in 500 simulated

two-sequence four-period fully replicated studies.
Based on the true CVwr, A would be 22.77 and
25.38% for ABEL, and 26.17 and 29.10% for
RSABE. However, based on the observed CVwr and
the expanded limits in the simulated studies the

ranges of A_are for ABEL 20.00 — 29.13% (CVur =

35%) and 20.00 — 29.05% (CVwr= 40%). For
RSABE the ranges are 20.00 —35.56% (CVuwr = 35%)

and 20.00 — 40.23% (CVur = 40%). By chance A,

can be as large as 30.16% for ABEL and theoretically
unlimited for RSABE.

To summarise, all approaches for reference-
scaled average bioequivalence currently
implemented in jurisdictions may not control the
consumer risk — even if RSABE is assessed by the
‘desired consumer risk model’ (26) under a liberal
condition of 0.055 (35). In the authors’ opinion the
‘desired consumer risk model’ is no more than a
mathematical prestidigitation, as products are not

approved according to its conditions but the ones of
the applicable guidance (17).

40 - J40 40 5 40

35 - 35

A (%)

KNS T B %

25

20 -

35 40 35 40
Vg (%) CVir (%)

Figure 3. A, in 500 simulated studies with CVyr = 35 and
40%, & = 0.90 powered to >80%. Left panel ABEL (n =
34 and 30), right panel RSABE (n = 28 and 24).

e Box plot: The lower edge of the box represents the 25™
percentile (or first quartile), the upper edge of the box
represents the 75" percentile (or third quartile) and the
line within the lower edge and the upper edge of the box
indicate the median. The distance from the lower edge to
the upper edge of the box represents the interquartile
range (IQR). A whisker is drawn above the 75%
percentile to the largest data value that is less or equal to
the value that is 1.5xIQR above the 75" percentile. Any
data value larger than that is marked as a moderate
outlier (yellow dots). A whisker is drawn below the 25%
percentile to the smallest data value that is less or equal
to the value that is 1.5xIQR below the 25™ percentile.

o Jitter plot: The values are plotted as dots along the y-axis,
and the dots are then shifted randomly along the x-axis
preventing the dots to overlap.

Ilustrative example

We assessed Area Under the Curve (AUC) data from
(36) in the R (32) package replicateBE (37) and
Phoenix WinNonlin (38) by the EMA’s variant of
ABEL (ANOVA) applicable for the WHO, the
GCC'’s variant of ABEL, Health Canada’s variant of
ABEL (mixed-effects model), and the FDA’s
RSABE. In all approaches the study passed BE. For
the WHO’s and Health Canada’s approaches the
empiric TIE was significantly inflated, whereas for
the GCC’s and the FDA’s approaches it was
controlled (Table 5).

DISCUSSION

One should be aware that bioequivalence was never
a scientific theory in the Popperian sense but an ad
hoc solution to a pressing problem in the 1970s (39,
40). The commonly assumed A of 20% is arbitrary
(as any other). Apart from case reports dealing with
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Table 5. Result of the illustrative example evaluated with different approaches. CVur, limits, CI, PE, and A, in percent.

A

Approach Method  CVur Limits Cl bound PE A, TIE
WHO (5) ABEL 3556  76.93-129.99  101.75-117.46 - 109.33  23.07 0.0643"
GCC (16) ABEL 3556  75.00-133.33  101.75-117.46 - 109.33 25.00 0.0459
Canada (15) ABEL 3556  76.93-129.99  101.69-117.57 - 109.34 23.07 0.0651"
US.FDA(17) RSABE 35.40 - - -0.05552  109.78 26.41 0.0232

* Significantly inflated.

narrow therapeutic index drugs (41-43), no problems
are evident switching between the originator and
generics (and vice versa) in terms of lack of efficacy
or compromised safety, providing decades of empiric
evidence that the concept is sufficient in practice
(44).

A larger A of 30% for Crax Was suggested (45-
48) and a wider acceptance range even for the AUC
acceptable ‘in exceptional cases’ (45,48). Many
products were approved in Europe according to such
more liberal rules. However, the observation that the
consumer risk in reference-scaled average
bioequivalence is compromised is not new (22,23,
49-59). It is not surprising that the Type | Error can
be inflated, since in the current approaches A is
undefined and the conclusion whether a product
passes or fails is based on the within-subject
variability of the reference treatment realised in the
same study. Consequently, the regulatory goalposts
become random variables and each study sets its own
rules, awarding ones with high variability.

Well known examples where a pre-test inflates
the Type | Error is assessing variance homogenicity
(60) and testing for a sequence effect in BE (61). The
current situation can be regarded as selecting the final
statistical model based on intermediate data-
dependent decisions —where up to three decisions are
possible in the respective frameworks also utilizing
unblinded treatment information. In such situations
multiplicity concerns could arise where the influence
on the overall Type | Error is difficult to assess (62,
section 5.3) but were shown to lead to an inflation of
the overall Type | Error (22,23,49-59). To ensure
compliance with the International Conference on
Harmonisation (ICH) guideline E9 (63) regarding
adjustment for multiplicity (e.g., section 5.6, which
states that ‘adjustment should always be considered
and the details of any adjustment procedure or an
explanation of why adjustment is not thought to be
necessary should be set out in the analysis plan’) the
level of the test should be adjusted accordingly.
Various methods have been proposed to address this

topic (52-56,58,59). Among those approaches, two
do not entirely control the Type | Error (52,56), one
requires the assumption that the observed CVur is the
true one (53), two require abandoning the PE
constraint (54,55), one is computationally intensive
(58), some require a modification of the regulatory
approach of ABEL (52,54,55,58), and others lead to
a substantial loss in power (52,59). Consequently
(56,59) are considered being acceptable within the
current regulatory frameworks and do not require
additional assumptions as those just requiring a lower
test level to be specified. There are no reasons to
object employing an apparently more conservative
«, as 0.05 is a recommendation and an applicant free
to select a lower one.

In addition, the realised A cannot be
recalculated without access to the study report and is
therefore unknown to physicians, pharmacists, and
patients — representing another disadvantage of
scaling approaches as it limits the possibility to make
an informed decision.

Furthermore, since biopharmaceutical
technology improves, it is not uncommon that
CVur < CVur. For this reason, we recommend
performing pilot studies in a fully replicated design,
which allows the sample size of the pivotal study to
be estimated taking different variances into account,
potentially requiring lower sample sizes. If the pilot
study is performed in a partial replicate design one
must assume homoscedasticity, which in such a case
leads to a larger — ethically and economically
questionable — pivotal study.

To summarise, the lack of harmonisation of
statistical approaches might lead — in the hypothetical
situation of submitting the same study to different
agencies — to acceptance in one jurisdiction and
rejection in others (57), where in addition regulatory
agencies regrettably — apart from one anecdotal
report (64) — pay little attention the potentially
increased consumer risk which is only controlled
with average bioequivalence with fixed limits. For
HVD(P)s ABE with fixed wider limits was
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acceptable for the EMA until 2010 (45) and is
currently recommended in Kazakhstan (14), by the
League of Arab States (19), and in South Africa (20).

The ICH (63) takes control of the Type I Error
seriously, which is e.g., reflected in the FDA’s
guidance on adaptive designs (65) and consequently,
this should be also the case in the field of
bioequivalence. Already at the Biolnternational 92
Benet (66) proposed in a keynote that 1) innovators
should perform replicate studies as part of the new
drug application and 2) provide information on intra-
and inter-subject measures of extent and rate of
bioavailability in the PK section of the package
insert. A way out of the dilemma of compromising
the consumer risk and lack of harmonisation would
be to collect the estimated variabilities, pool them
after weighting for the sample size, and obtain a
better estimate of the true CVur (22, 67) which is
considered to be a feasible administrative task as
reference-scaling methods are applied for more than
a decade, an abundance of data exists on the
regulatory side, where free exchange of information
between major agencies is already performed in the
field of inspections and approval of biologic
products / biosimilars. Likewise, fixed widened
limits in product-specific guidances could be
published. It would also be possible to develop
overarching guidances for entire classes of HVD(P)s,
e.g., proton pump inhibitors or bisphosphonates.
Such an approach was already discussed at a
Biolnternational conference (68). Then the
conventional ABE model could be employed in
subsequent studies (regardless of whether in a
replicate or a conventional 2x2x2 crossover design),
where A is unambiguously defined, and the consumer
risk would always be controlled at <5%.

As long as such an approach is not
implemented in regulatory practice, we recommend
that 1) regulatory agencies should ask the sponsor to
include the A, in the corresponding prescribing
information to ensure that stakeholders are able to
make an informed decision and 2) to specify methods

in the protocol to adjust « (56,59) to be in conformity
with ICH E9 (63).

CONCLUSIONS

In all methods for Reference-scaled Average
Bioequivalence the Type | Error can be inflated. The
realised A varies between studies performed with the
same  reference  product. Only  Average
Bioequivalence with fixed — widened — limits would

both maintain the consumer risk at the 0.05 nominal
level and offer an unambiguously defined A.
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whose statistical properties are essentially unknown. Hence, the test
assuming the normal distribution of log.-transformed data is not correct in
the strict sense.
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Fig. S5. Illustrative example of skewed distributions. One million simulations
with true CVyg = 30% and 6, = 1.25 (n = 24).
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Fig. S6. One million simulations of studies in a two sequence, four period full replicate design (n = 48), assessment for ABEL (uc = 50%). True CVyr =
20— 45% — 0o = 0o, (solid lines). If applicable, upper PE-constraint 1.25 (dashed line). Y-axis in log-scale. Red dots represent studies which failed BE
(null hypothesis correctly accepted), blue dots represent studies which passed BE (null hypothesis falsely rejected). Empiric Type | Error = number of
passing studies / 108, significance limit of the binomial test 0. 050360.
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R-script to reproduce Table 3

OOoONOUVTARWNR

B i
# Parametric 95% confidence interval of CvwR based on #
# the chi2-distribution of its associated variance. #
R R
11brary(PowerTOST) # at Teast v1.1-0 (2013-02-08)

<- seq(24L, 48L, 12L)
CVWR <- seq(20L, 65L, 5L)
txt <- "95% confidence intervals of CcvwR\ndependent on the sample size.\n"
tmp <- data.frame(n = rep(n, each = Tength(CvwR)), CVWR = CVwR,

lo = NA_real_, hi = NA_real_)
for (i in l:nrow(tmp)) {
tmp[i, 3:4] <- round(100*cvcL(cvV = tmp$CcvwR[i] / 100, df = tmp$n[i] - 2,

; alpha = 0.05, side = "2-sided"), 1)

tmp <- reshape(tmp, direction = "wide", idvar = "CvwR", timevar =
res <- data.frame(CvwR = CVwR, n.24 = NA_real_, n.36 = NA_real_, n.
for (i in seqg_along(cv)) {
res$n.24[i] <- sprintf("%5.1f \u2013 %5.1f", tmp[i, 2], tmp[i, 3]
res$n.36[i] <- sprintf("%5.1f \u2013 %5.1f", tmp[i, 4], tmp[i, 5]
res$n.48[i] <- sprintf("%5.1f \u2013 %5.1f", tmp[i, 6], tmp[i, 7]

"n"
48 = NA_real_)
)
J

)
names(res)[2:4] <- pasteO(" n=",n
cat(txt); print(res, right = FALSE, row.names = FALSE)

Should give:

95% confidence intervals of CvwR
dependent on the sample size.

CVWR n = 24 n = 36 n = 48

20 15.4 - 28.6 16.1 - 26.4 16.6 - 25.3
25 19.2 - 35.9 20.1 - 33.1 20.7 - 31.7
30 23.0 - 43.4 24.1 - 39.9 24.8 - 38.2
35 26.8 - 51.0 28.0 - 46.8 28.8 - 44.7
40 30.5 - 58.8 31.9 - 53.9 32.9 - 51.4
45 34.1 - 66.8 35.8 - 61.0 36.9 - 58.1
50 37.8 - 75.1 39.6 - 68.3 40.8 - 65.0
55 41.4 - 83.5 43.4 - 75.8 44.7 - 71.9
60 44.9 - 92.3 47.2 - 83.4 48.6 - 79.0
65 48.4 - 101.3 50.9 - 91.2 52.5 - 86.2

R-script to reproduce Table 4 (and sample sizes up to 144)

OoONOOUVTARWN R

HRHHHHHBHHHARRH AR R R H AR RS RRH
# Empiric Type I Error at the #

# CvwR of maximum inflation. #
HHAHBHARHHBH AR HRH AR HRFH AR AR AR
Tibrary(PowerTOST) # At least v1.5-3 (2021-01-18) for GCC
design <- "2x2x4" # 2-sequence 4 period full replicate
n <- seq(24L, 144L, 12L) # Sample size
cv <- c(rep(0.30, 5 * length(n)), rep(sech(O 25), length(n))) # True CVwR
methods <- c("ABE", # ABE (alTl jurisdictions)
"ABEL1", # ABEL (EMA and others)
"ABEL2", # ABEL (Health Canada)
"ABEL3", # ABEL (GCC)
"RSABE1", # RSABE ('implied T1imits')
"RSABE2'") # RSABE ('desired consumer risk model')

result <- data.frame(method = rep(methods, each Tength(n)),
reg = c(rep(NA 1en?th(n
rep("EMA' ength(n)),
rep("HC", length(n)),
rep("GCC", Tength(n)),
rep("FDA", 2 * Tength(n))),
[aY CV, swR = CV2se(CV), n =n, U = 1.25,
TIE NA_real_, SE = NA_real_, signif =" no "
1imit <- binom.test(0.05 * le6L, le6L, a1ternative = "less")$conf.int[[2]]
<- txtProgressBar(0, 1, O, width = , style = 3)
for (i in 1l:nrow(result)) {
if (result$method[i] == "ABE") { # A1T1 jurisdictions (exact, no simulations)
result$TIE[i] <- power.TOST(CV = result$cv[i], n = result$n[i], design = design,
theta0 = result$uli])

}
if (result$method[i] == "ABEL1") { # EMA and others
result$u[i] <- SCABEL(CV = result$cv[i], regulator = resu1t$reg[1])[["upper"]]
result$TIE[i] <- power.scABEL(CV = result$cv[i], n = result$n[i], desi design,
) thetaO = result$u[i], regulator = result reg[1], nsims = le6L)
if (result$method[i] == "ABEL2") { # Health Canada
result$uli] <- SCABEL(CV = result$cv[i], regulator = resu1t$reg[1])[["upper"]]
result$TIE[i] <- power.scABEL(CV = result$cv[i], n = result$n[i], design = design,

theta0 = result$u[i], regulator = result$reg[i], nsims = le6L)

296-3s



Supplements: J Pharm Pharm Sci (www.cspsCanada.org) 25, 285-296, 2022

if (result$method[i] == "ABEL3") { # Gulf Cooperation Council

result$uli]

<- SCABEL(CV = result$cv[i], regulator =
result$TIE[i] <- power.scABEL(CV = result$cv[i], n =
theta0 = result$u[i], regulator =

re

result$reg[i]) [["upper"]]
sult$n[i], design = design,
result$reg[i], nsims

1
if (result$method[i] == "RSABE1l") { # FDA 'implied limits'

result$uli]

<- SCABEL(CV = result$cv[il,

regulator =

result$reg[i]) [["upper"]]

result$TIE[i] <- power.RSABE(CV = result$cv[i], n = result$n[i], design = design,
theta0 = result$ul[i], regulator = result$reg[i], nsims

}
if (result$method[i]

it (result$swr[1] <= 0.25) {
result$ul[i] <- scABEL(CV = result$cv[i], regulator =

} else {

result$u[i] <- exp(result$swr[i] * Tog(1l.25) / 0.25)

"RSABE2") { # FDA 'desired consumer risk model'

result$reg[i]) [["upper"]]

result$TIE[i] <- power.RSABE(CV = result$cv[i], n = result$n[i], design = design,

theta0 = result$u[i], nsim

}
setTxtProgressBar(pb, i / nrow(result))

}
result$signif[result$TIE > sign.limit] <-

s = le6L)

yes
result$se <- sqrt(0.5 * result$TIE / 1le6)
result$se <- sprintf("%.6f", result$se)
ABE. idx <- which(result$method == "ABE")
ABEL1.idx <- which(result$method == "ABEL1")
ABEL2.idx <- which(result$method == "ABEL2")
ABEL3.idx <- which(result$method == "ABEL3")
RSABE1l.idx <- which(result$method == "RSABE1l")
RSABE2.idx <- which(result$method == "RSABE2")
result$cv <- sprintf("%.3f%%", 100 * result$cv)
result$TIiE <- sprintf("%.4f", result$TIE)
result$method[ABE.idx[1]] <- "ABE (all jurisdictions)"
result$method[ABE.idx[-1]] <= ""
result$method[ABELL.idx[1]] <- "ABEL (EMA and others)"
result$method[ABELL.idx[-1]] <- ""
result$method[ABEL2.idx[1]] <- "ABEL (Health cCanada)"
result$method[ABEL2.idx[-1]] <- ""
result$method[ABEL3.idx[1]] <- "ABEL (GCQ)"
result$method[ABEL3.idx[-1]] <- ""
result$method[RSABEL.idx[1]] <- "RSABE (\u2018implied 1imits\u2019)"
result$method[RSABEL.idx[-1]] <- ""
result$method[RSABE2.1dx[1]] <- "RSABE (\u20l18desired consumer risk model\u2019)"
result$method[RSABE2.idx[-1]] <- ""
result <- result[, -c(2, 4, 6)]
names(result) [2:6] <- c("™ cwwr", " n", " TIE", " SE", "sign.™)
print(result, row.names = FALSE, right = FALSE)
Should give:
method CVWR n  TIE SE sign.
ABE (all jurisdictions) 30.000% 24 0.0500 0.000158 no
30.000% 36 0.0500 0.000158 no
30.000% 48 0.0500 0.000158 no
30.000% 60 0.0500 0.000158 no
30.000% 72 0.0500 0.000158 no
30.000% 84 0.0500 0.000158 no
30.000% 96 0.0500 0.000158 no
30.000% 108 0.0500 0.000158 no
30.000% 120 0.0500 0.000158 no
30.000% 132 0.0500 0.000158 no
30.000% 144 0.0500 0.000158 no
ABEL (EMA and others) 30.000% 24 0.0804 0.000200 vyes
30.000% 36 0.0819 0.000202 yes
30.000% 48 0.0823 0.000203 vyes
30.000% 60 0.0827 0.000203 yes
30.000% 72 0.0831 0.000204 vyes
30.000% 84 0.0836 0.000204 vyes
30.000% 96 0.0834 0.000204 yes
30.000% 108 0.0839 0.000205 vyes
30.000% 120 0.0838 0.000205 vyes
30.000% 132 0.0843 0.000205 vyes
30.000% 144 0.0840 0.000205 vyes

le6L)

le6L)
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ABEL (Health Canada) 30.000% 24 0.0841 0.000205 vyes
30.000% 36 0.0846 0.000206 vyes
30.000% 48 0.0846 0.000206 vyes
30.000% 60 0.0852 0.000206 vyes
30.000% 72 0.0851 0.000206 vyes
30.000% 84 0.0855 0.000207 vyes
30.000% 96 0.0855 0.000207 vyes
30.000% 108 0.0855 0.000207 vyes
30.000% 120 0.0855 0.000207 vyes
30.000% 132 0.0857 0.000207 vyes
30.000% 144 0.0857 0.000207 vyes

ABEL (GCC) 30.000% 24 0.1493 0.000273 vyes
30.000% 36 0.1931 0.000311 vyes
30.000% 48 0.2324 0.000341 vyes
30.000% 60 0.2621 0.000362 vyes
30.000% 72 0.2664 0.000365 vyes
30.000% 84 0.2668 0.000365 vyes
30.000% 96 0.2670 0.000365 vyes
30.000% 108 0.2684 0.000366 yes
30.000% 120 0.2683 0.000366 yes
30.000% 132 0.2689 0.000367 vyes
30.000% 144 0.2688 0.000367 vyes

RSABE (‘implied Timits’) 30.000% 24 0.1335 0.000258 vyes
30.000% 36 0.1536 0.000277 vyes
30.000% 48 0.1708 0.000292 vyes
30.000% 60 0.1871 0.000306 vyes
30.000% 72 0.2006 0.000317 vyes
30.000% 84 0.2134 0.000327 vyes
30.000% 96 0.2245 0.000335 vyes
30.000% 108 0.2336 0.000342 vyes
30.000% 120 0.2418 0.000348 vyes
30.000% 132 0.2494 0.000353 vyes
30.000% 144 0.2551 0.000357 vyes

RSABE (‘desired consumer risk model’) 25.396% 24 0.0663 0.000182 yes
25.396% 36 0.0629 0.000177 yes
25.396% 48 0.0600 0.000173 vyes
25.396% 60 0.0576 0.000170 yes
25.396% 72 0.0557 0.000167 yes
25.396% 84 0.0542 0.000165 yes
25.396% 96 0.0532 0.000163 yes
25.396% 108 0.0523 0.000162 vyes
25.396% 120 0.0517 0.000161 yes
25.396% 132 0.0514 0.000160 yes
25.396% 144 0.0508 0.000159 vyes

R-script to reproduce the example

OWoeNOUVTA WN R

HEHAHARHARARHAHA BRI R
# AUC data from Reference (36) were evaluated in the R-package replicateBE v1.1.3 #
# (ABEL: WHO, GCC) and Phoenix winNonlin v8.3.4 (ABEL: HC, FDA: RSABE). #
###################################################################################
Tibrary(PowerTOST) # at least v1.5-3 (2021-01-18)
data <- data.frame(subject = c(rep(lL:2L, each = 4), rep(3L, 2), rep(4L:13L, each = 4),
rep(15L:26L, each = 4), rep(27L, 2), rep(28L:40L, each = 4),
rep(42L:50L, each = 4), rep(52L:57L, each = 4)),
period = c(rep(1L:4L, 2), 1L:2L, rep(lL:4L, 10), rep(lL:4L, 12),
1L:2L, rep(lL:4L, 13), rep(lL:4L, 9), rep(lL:4L, 6)),
sequence = c(rep("RTRT", 4), rep("TRTR", 4), rep("RTRT", 2), rep("TRTR", 4),
rep("RTRT", 8), rep("TRTR", 12), rep("RTRT", 4), rep("TRTR", 4),
rep("RTRT", 4), rep("TRTR", 4), rep("RTRT", 4), rep("TRTR", 4),
rep("RTRT", 8), rep("TRTR", 8), rep("RTRT", 4), rep("TRTR", 8),
rep("TRTR", 8), rep("TRTR", 6), rep("RTRT", 8), rep("TRTR", s
rep("RTRT", 4), rep("TRTR", 8), rep("RTRT", 8), rep("TRTR", 12),
rep("RTRT", 8), rep("TRTR", 8), rep("RTRT", 4), rep("TRTR", 4),
rep("RTRT", 4), rep("TRTR", 4), rep("RTRT", 12), rep("TRTR", 4),
rep("RTRT", 8), rep("TRTR", 8), rep("RTRT", 4)),
treatment = NA_character_,

N
-/

AUC = c(812.6, 1173.7, 889.1, 620.1, 216.3, 338.0, 502.8, 398.6, 545.1, 542.9,
632.6, 520.0, 716.7, 860.4, 400.0, 223.8, 173.7, 289.7, 102.1, 185.3,
42.0, 88.3, 596.0, 659.3, 543.8, 662.9, 402.4, 359.8, 590.8, 444.3,
456.7, 378.4, 477.5, 407.9, 304.5, 351.5, 520.2, 335.7, 500.7, 323.0,
416.3, 525.1, 176.1, 710.7, 409.5, 645.5, 160.6, 218.0, 170.1, 124.6,
562.4, 490.4, 504.7, 675.9, 756.0, 606.8, 477.4, 626.8, 207.5, 271.6,
173.7, 240.5, 571.3, 705.2, 619.0, 633.6, 511.9, 549.7, 388.2, 141.0,
124.0, 91.9, 113.3, 59.5, 536.1, 595.2, 445.5, 521.5, 239.7, 265.1,
445.9, 433.2, 609.6, 371.6, 511.3, 432.7, 449.9, 860.4, 606.8, 577.2,
192.5, 220.1, 233.1, 227.0, 764.4, 508.8, 757.8, 449.4, 151.9, 194.8,
568.1, 321.1, 338.3, 403.6, 735.6, 634.5, 1244.2, 641.9, 429.1, 391.8,
316.9, 335.1, 307.4, 481.8, 346.6, 369.7, 409.0, 514.6, 763.1, 406.5,
271.0, 221.0, 296.5, 463.7, 292.9, 431.0, 448.5, 267.8, 217.2, 332.2,
103.0, 127.5, 290.8, 208.6, 243.7, 489.7, 297.2, 502.0, 320.4, 334.3,
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163.8, 232.1, 636.9, 434.9, 368.3, 292.6, 446.1, 222.3, 193.7, 202.8,
255.2, 244.3, 534.1, 243.1, 418.4, 441.9, 355.1, 415.2, 382.7, 334.0,
102.0, 282.5, 245.6, 286.2, 320.5, 233.9, 331.7, 260.5, 223.6, 645.4,
349.0, 507.4, 504.5, 289.9, 550.7, 244.2, 615.8, 732.1, 620.9, 665.2,
898.4, 924.9, 398.3, 828.3, 410.4, 329.2, 449.4, 442.1, 237.0, 505.0,
496.3, 580.6, 332.4, 273.6, 525.3, 293.3, 185.2, 222.9, 182.1, 194.1,
246.9, 620.9, 678.3, 752.2, 235.4, 190.4, 318.3, 248.4, 180.6, 174.7,
102.9, 117.0))
for (i in l:nrow(data)) { # extract treatments from sequences and periods
treatments <- unlist(strsplit(data$sequence[i], split = ""))
data$treatment[i] <- treatments[data$period[i]]
nsims <- le6bL # number of simulations for emp1r1c Type I Error
sign.limit <- binom.test(0.05 * nsims, n = nsims, alternative = "less)$conf.int[[2]]
txt <- paste0("significance Timit based on the binomial test for ",
formatc(leGL digits = 0, b1g mark "), " simulations = ",
sprintf("%. 6" sign. 11m1t), "An'
method <- c("ABEL (wWHO)", # ANOVA (EMA 'Method A")

"ABEL (GCC)". # ANOVA
"ABEL (HC) ", # mixed-effects model
"RSABE (FDA)") # ANDA guidance

regulator <- c("EMA", "Gcc", "HC", "FDA")

result <- data.frame(method = method, regulator = regulator,
CVwWR = c(rep(0.355648, 3), 0.353968),
L = NA_real_, U = NA_real_,
Tower = c(rep(1.017529, 2), 1.016937, NA_real_ ),
upper = c(rep(1.174621, 2), 1.175704, NA_real_),
PE = c(rep(1.093257, 2), 1.093257, 1.097784),
Delta.r = NA_real_
bound = c(rep(NA_rea]_, 3), -0.0555212),
BE = "fail", TIE = NA_rea1 , signif =""

stringsAsFactors = FALSE) # last Tine requ1red only for R <4.0

for (i in seq_along(method)) {
if (method[i] == "ABEL (wWHO)") {

result[i, 4:5] <- scABEL(CV =_result$CvwR[i], regulator = regulator[i])
result$pelta.r[i] <- 1 - result$L[i]
if (result$lower[i] >= result$L[i] & result$upper[i] >= result$ul[i] & # check CI inclusion
result$PE[i] >= 0.80 & result$PE[i] <= 1.25) # check PE constraint
result$BE <- "pass"
result$TIE[i] <- power.scABEL(CV = result$Cvwr[i], n = 54, design = "2x2x4",
thetal = resu1t$U[1], regu]ator = regulator[i], nsims = nsims)
if (result$TIE[i] > 1imit) result$signif[i] <- # check significant TIE

if (method[i] == "ABEL (GCO)") {

result[i, 4:5] <- scABEL(CV = result$CcwwrR[i], regulator = regulator[i])
result$pelta.r[i] <- 1 - result$L[i]
if (result$lower[i] >= result$L[i] & resu1t$upper[1] >= result$uli] & # check CI inclusion
resu1t$PE[1] >= 0 80 & result$PE[i] <= 1.25) # check PE constraint
result$BE <- "pass"
result$TIE[i] <- power.scABEL(CV = result$CvwR[i], n = 54, design = "2x2x4",
thetal = resu1t$U[1], regu]ator = regulator[i], nsims = nsims)
if (result$TIE[i] > T1imit) result$signif[i] <- "* # check significant TIE

}
if (method[i] == "ABEL (HC) ") {

result[i, 4:5] <- scABEL(CV = result$CwwR[i], regulator = result$regulator[i])

result$pelta.r[i] <- 1 - result$L[i]

if (result$lower[i] >= result$L[i] & resu1t$upper[1] >= result$u[i] & # check CI inclusion
resu1t$PE[1] >= 0.80 & resuTt$PE[i] <= 1.25) # check PE constraint

result$BE <- "pass"
result$TIE[1] <- power.scABEL(CV = result$CvwrR[i], n 54, design = "2x2x4",
il, regu1ator = regulator[i], nsims = nsims)

thetal = resu1t$U[
if (result$TIE[i] > 1imit) result$signif[i] <- "* " # check significant TIE

%f (method[i] == "RSABE (FDA)") {

result[i, 4:5] <- scABEL(CV = result$CwwR[i], regulator = regulator[i])
result$pelta.r[i] <- 1 - result$L[i]
if (result$bound[i] <= 0 & # check bound
result$PE[i] >= 0.80 & result$PE[i] <= 1.25) # check PE constraint
result$BE <- "pass"
result$TIE[i] <- power.RSABE(CV = result$CwwR[i], n = 54, design = "2x2x4",
thetaO = result$uli], regu1ator = regulator[i], nsims = nsims)

if (result$TIE[i] > T1imit) result$signif[i] <- "* # check significant TIE
1
result <- result[, -which(names(resu1t) "regulator")]
result$CvwrR <- sprintf("%.2f%%", 100 * resu1t$CVwR)
result$L <- sprintf("%.2f%%", 100 * result$L)
result$u <- sprintf("%.2f%%", 100 * result$u)

result$lower <- sprintf("%.Zf%%", 100 * result$lower)
result$upper <- sprintf("%.zf%%", 100 * result$upper)
result$PE <- sprintf("%.2f%%", 100 * result$PE)
result$pelta.r <- spr1ntf("7.2f//" 100 * result$pelta.r)
result$bound <- s1gn1f(resu1t$bound 4)

result$TIE <- s1gn1f(resu1t$TIE 3)

result[1:3, 9] <- "\u20

result[4, 5:6] <- “\u2013 "
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121 cat(txt); print(result, row.names = FALSE)

Should give:
Significance 1imit based on the binomial test for 1,000,000 simulations = 0.050360.
method  CvwR L U Tower upper PE Delta.r bound  BE TIE signif
ABEL (WHO) 35.56% 76.93% 129.99% 101.75% 117.46% 109.33% 23.07% - pass 0.0643 *
ABEL (GCC) 35.56% 75.00% 133.33% 101.75% 117.46% 109.33% 25.00% - pass 0.0459
ABEL (HC) 35.56% 76.93% 129.99% 101.69% 117.57% 109.33% 23.07% - pass 0.0651 *
RSABE (FDA) 35.40% 73.59% 135.89% - - 109.78% 26.41% -0.05552 pass 0.0232
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