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Abstract

Introduction. The similarity factor f, (Moore & Flanner, 1996) remains the gold standard for assessing dissolution profile
equivalence in pharmaceutical development, biowaiver procedures, and the justification of post-approval changes. However,
the mathematical framework of this metric was conceived in the late 1990s strictly for routine quality control under
complete dissolution conditions (Q > 85 %). The international guideline ICH M13B establishes a threshold rule: dissolution
profiles with less than 10 % release are deemed comparable without mathematical evaluation, whereas profiles exceeding
10 % release require calculation of £, (or Bootstrap f)). Under non-sink conditions, typical for Biopharmaceutics Classification
System (BCS) Class Il and IV active substances in physiological media lacking surfactants, the f, metric loses sensitivity to
relative kinetic discrepancies.

Aim. To analyze the mathematical limitations of the similarity factor f, under incomplete dissolution, to perform a comparative
evaluation of f,, the difference factor f, and the Two One-Sided Tests (TOST) procedure, and to provide recommendations
for statistical evaluation of comparative in vitro dissolution test (CIDT) data within the framework of EAEU regulations and
the ICH M13B guideline.

Materials and methods. Using a critical model CIDT scenario for a poorly soluble compound with mean dissolution profiles
of the test product T=(6,0%; 10,0 %; 13,0 %; 18,0 %); and the reference product R = (11.0 %;18.0 %; 22.0 %; 30.0 %); parallel
calculations of f, and f, were performed in accordance with Annex 5 to the EEC Council Decision No. 85 dated November 3,
2016, along with an equivalence assessment on a relative logarithmic scale (TOST approach).

Results and discussion. For the analyzed dataset, the f, metric was 52.49, formally satisfying the similarity criterion (f, > 50),
despite the reference product releasing 1.7—1.9 times faster and more completely than the test product. Conversely,
calculation of the difference factor f, yielded 41.98 %, which is nearly three times higher than the regulatory threshold for
acceptable difference (f, < 15 %). The mean dissolution ratio T/R ranged between 54.55 % and 60.00 %, falling well outside
the bioequivalence acceptance interval (80.00—125.00 %). This paradox arises from the absolute dimensionality of the
Moore and Flanner metric, which is anchored to a 0—100 % scale and remains indifferent to substantial relative discrepancies
at low analyte concentrations.

Conclusion. Relying on f, within the range of incomplete dissolution (from 10% to 30—40 %) introduces substantial
regulatory and technical risks of concluding pseudo-equivalence between batches. When conducting CIDT for poorly
soluble BCS Class Il and IV compounds in physiological media without surfactants, a comprehensive statistical evaluation is
required, including mandatory calculation of f, application of TOST on a relative scale, and physiologically based pharmacokinetic
(PBPK) modeling.

Keywords: comparative in vitro dissolution testing, CIDT, similarity factor f,, difference factor f, biowaiver, ICH M13B, EEC
Council Decision No. 85, incomplete dissolution, BCS Class Il, PBPK, TOST
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Peslome

Beepenne. Qaktop nopobusa f, (Moore & Flanner, 1996) ocTaeTcA 3010TbiM CTaHAApPTOM OUEHKM Moaobua npoduneit
pacTBopeHus npu dapmMaLeBTMYecKoil pa3paboTke, mpoueaypax OGuoseliBepa U 060OCHOBaHWM MOCTPErUCTPALMOHHBIX
n3meHeHnn. OfHaKo MaTemaTnyeckas CTPyKTypa MeTPUK/ NPoeKT1poBanacb BO BTOPON NosioBrHe 1990-X rogoB NUCKAOYMTENbHO
ANA PYTUHHOrO KOHTPONA KayecTBa B YCNOBMAX NofAHOro pactesopeHua (Q > 85 %). B mexayHapogHom pykosogctee ICH
M13B (yTBepxpaeHo B aBrycte 2026 r., BCTYnuT B cuny B MapTe 2027 ropa) 3anoXeHO MoporoBoe npasuno: npodbunu c
BblcBOOOXAeHeM MeHee 10 % NpU3HAOTCA COMOCTaBUMbIMKU 6€3 MaTeMaTUUeCKoW OLEHKM, a Ana npodunen co cTeneHblo
pacTBopeHus 6onee 10 % Tpebyetca pacueT f, (unu Bootstrap f). B ycnosmax oTCyTCTBUA MpefesibHOro pacTBOpeHus
(sink conditions), xapakTepHbix ansa geicTBylowmx Bewects Il n IV knaccoB 6uodpapmaLeBTUYECKON KNAacCMbUKaLMOHHON
cnctembl (BKC) B dursmonornuecknx cpefax 6e3 NOBEPXHOCTHO-aKTVBHbIX BELWECTB, METPUKa f, TepAeT 4yBCTBUTENbHOCTb K
OTHOCUTENbHbIM KMHETUYECKMM Pa3fIMUnNAM.

Llenb. AHanu3 maTemaTMyeckmx orpaHuyeHuin daktopa nogobus f, Mpu HeMonHOM PacTBOPEHWUW, COMOCTaBuTebHaA OLEeHKa
meTpuK f, dakTopa pasnuuma f, n npoueaypbl ByX OfHOCTOPOHHMX TecToB (TOST), a Takxe BbipaboTKa pekomeHaauuin no
CTaTUCTNYECKON OLeHKe JaHHbIX TeCTa CPABHUTENbHOW KMHETUKM pacTBopeHus (TCKP) B KoHTekcTe TpeboBaHuin npasun EASC
n pykosogactsa ICH M13B.

Martepuanbl n metopbl. Ha ocHOBe KpuTuyeckoro mogenbHoro cueHapua TCKP gna manopacTBOPUMOro coefiiHeHMA CO
cpeaHnMM NpodunaMU pacTBoOpeHnsa nccnegyemoro npenapata T = (6,0 %; 10,0 %; 13,0 %; 18,0 %) n pedepeHTHOro npenapata
R=(11,0%; 18,0 %; 22,0 %; 30,0 %) nposeaeH NapannenbHbiil pacyeT meTpuk f, u f, B cootBeTcTBUM C lNpunoxeHnem N2 5 K
PeweHuto CoeTta ESK o1 03.11.2016 N° 85, a Take OLleHKa 3KBMBANEHTHOCTU C NpuMeHeHnem nogxogos TOST.

Pe3synbTaTbl 1 o6cyKaeHMne. YCTaHOBNEHO, UTO ANA aHanM3MpyeMoro Habopa AaHHbIX MeTpuka f2 cocTtaBnser 52,49, uto
dopmanbHO yaosneTsopsAeT Kputepuio nogobus (f, = 50), HECMOTPA Ha TO UTO pedepeHTHbIN nMpenapaT BbiCBOGOXAaeTCs
B 1,7—1,9 pasa nonHee u 6bicTpee nccnegyemoro. HanpoTus, pacuet daktopa pasnuuma f, gan 3HaueHne 41,98 %, yto noutw
B 3 pa3a MpeBbllaeT HOPMATMBHbIA Mopor gonycTumoro pasnuuusa (f, < 15 %). OTHoweHne CpeaHNX CTeneHel PacTBOPeHNs
T/R coctaBuno 54,55—60,00 %, yTO 3aBeJOMO BbIXOAUT 3a CTaHAAPTHble TpaHWUUbl dKBMBaneHTHocTu (80,00—125,00 %).
BblfiBNeHHbIN NMapafokc obycnoBneH abconoTHOWM pa3MepHOCTbio MeTprkn Mypa — OnaHHepa, npuBA3aHHON K 100-NpoLEeHTHON
wKane n nHandGepeHTHOM K KpaTHbIM OTHOCUTENBbHBIM PAaCXOXKAEHUAM NMPU HU3KUX KOHLEHTPaLMAX aHanuTa.

3aknioueHne. Vcnonb3osaHne daktopa f, B MHTepBane HenonHoro pactsopeHus (oT 10% go 85 %) cosfaeT cepbesHblil
PerynaTopHbI 1N TEXHOMOTMYECKUA PUCK MPU3HAHWA MCeBAO3KBUBaNeHTHOCTU cepuin. lpu nposepgeHun TCKP ana
TpyAHOpPaCTBOPMMbIX coefinHeHuin KnaccoB Il n IV no BKC B cpepax 6e3 pob6asneHua NAB Heobxoamma KomrekcHas
CTaTUCTMYeCKas OUeHKa C obasaTenbHbiM pacyeTom daktopa f, npumeHeHnem TOST B OTHOCUTENbHONM LiKane, a Takke
dursmnonornyeckn o060cHoBaHHOIro GapmMakoKMHETUYECKOro mogenpoBaHus (PBPK).

KnioueBble cnoBa: TeCT CpaBHUTeNbHOI KMHeTKM pactBopeHus, TCKP, daktop nogobusa f,, dakTop pasnuuua f, 6uoseiisep,
ICH M13B, PeweHune CoseTa ESK N@ 85, HenonHoe pactBopeHme, BKC knacc Il, PBPK, TOST

KoHGnuKT mHTepecoB. ABTOp CTaTby — T[NaBHbI pefakTop pefKonnerum XypHana «PaspaboTka u perucTpauus
NeKapCTBEHHbIX CPEACTB» — MOATBEPXKAAET OTCYTCTBME KOHGMKTA MHTEPECOB.

Bknap aBTopoB. /. E. LloxyH — KoHLUenTyanusauua nccnefoBaHnsa, MaTeMaTMyeckoe MOAeMPOBaHNe, aHann3 perynaTopHbIX
JOKYMEHTOB, HanncaHne TeKCTa 1 yTBepXKAeHNe OKOHYaTENbHOIO BapmnaHTa CTaTbl.

Ana untuposaHna: loxuH W.E. MaTemaTuueckne u perynatopHbie orpaHuyeHusa ¢daktopa nogobua f, npu HenonHom
pacTBopeHun: aHanu3 pykosoacTBa ICH MI13B 1 nprvMeHMMOCTb anbTepHaTUBHbIX MeTpuK. Paspabomka u peeucmpauyus
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INTRODUCTION

In vitro comparative dissolution testing (CIDT) has
undergone fundamental evolution over the past three
decades: from a specialized tool for industrial quality
control (QC) of finished products to a primary surrogate
marker of in vivo therapeutic equivalence and bioavaila-
bility. In modern regulatory practice across the Eurasian
Economic Union (EAEU)', the European Medicines Agen-
cy (EMA)?, the US Food and Drug Administration (FDA)3,
and the International Council for Harmonisation (ICH)*>
CIDT outcomes serve as the foundation for:

1. Selecting biobatches prior to conducting bioequiva-
lence studies and verifying pharmaceutical develop-
ment decisions;

2. Granting biowaivers of in vivo bioequivalence stu-
dies based on the Biopharmaceutics Classification
System (BCS-based biowaiver) for Class | and Class Il
active substances;

3. Justifying additional strength biowaivers for pro-
portionally formulated product lines (including BCS
Class Il and IV substances);

4. Demonstrating the consistency of biopharmaceu-
tical performance during scale-up, manufacturing
site transfers, and post-approval modifications (the
SUPAC concept)®.

"EEC Council Decision No. 85 dated November 3, 2016
(amended on April 12, 2024). "On Approval of the Rules for
Conducting Bioequivalence Studies of Medicinal Products
within the Framework of the Eurasian Economic Union". Avai-
lable at: https://docs.eaeunion.org/ Accessed: 01.10.2026. (In
Russ.)

2 European Medicines Agency. Guideline on the Investiga-
tion of Bioequivalence. CPMP/EWP/QWP/1401/98 Rev. 1/Corr**.
London: EMA; 2010. 27 p. Available at: https://www.ema.europa.
eu/en/documents/scientific-quideline/guideline-investigation-
bioequivalence-rev1_en.pdf Accessed: 01.10.2026.

3US Food and Drug Administration. Guidance for Industry:
Dissolution Testing of Immediate Release Solid Oral Dosage
Forms. Rockville: FDA; 1997. 17 p. Available at: https://www.fda.
gov/regulatory-information/search-fda-guidance-documents/
dissolution-testing-immediate-release-solid-oral-dosage-forms
Accessed: 01.10.2026.

4International Council for Harmonisation. ICH Harmo-
nised Guideline: Biopharmaceutics Classification System-Ba-
sed Biowaivers M9. Geneva: ICH; 2019. 16 p. Available at:
https://database.ich.org/sites/default/files/M9_Guideline_
Step4_2019_1116.pdf Accessed: 01.10.2026.

® International Council for Harmonisation. ICH Harmonised
Guideline: Bioequivalence for Immediate-Release Solid Oral
Dosage Forms: Additional Strengths Biowaiver M13B). Gene-
va: ICH; 2026. 18 p. Available at: https://database.ich.org/sites/
default/files/M13B_Draft%20Guideline_Step2_2025_0212_0.
pdf Accessed: 01.10.2026.

5 US Food and Drug Administration. Guidance for Indust-
ry: Dissolution Testing of Immediate Release Solid Oral Do-
sage Forms. Rockville: FDA; 1997. 17 p. Available at: https://
www.fda.gov/regulatory-information/search-fda-guidance-
documents/dissolution-testing-immediate-release-solid-oral-

The universally recognized criterion for comparing
dissolution kinetic profiles across regulatory frameworks
is the similarity factor f, proposed by James W. Moore
and Henry H. Flanner in 1996 [1]. According to current
regulatory standards, two profiles are considered equi-
valent if the calculated f, value falls between 50 and 100”%.

At the same time, the mathematical framework of
the Moore and Flanner equation and its underlying
premises were established in 1996-1997 under vastly dif-
ferent analytical circumstances. During that period, CIDT
was performed almost exclusively in QC release spec-
ification media. For poorly soluble compounds, these
media were routinely modified by adding surfactants
(such as sodium lauryl sulfate or polysorbates) or by se-
lecting extreme pH values to maintain sink conditions
(where the medium volume exceeds the drug satura-
tion solubility by at least threefold) and achieve comp-
lete dissolution (Q > 85 %) [2].

This paradigm changed substantially following the
introduction of multi-media CIDT requirements across
three aqueous physiological buffer media at pH 1.2,
4.5, and 6.8 without surfactants (surfactant addition
is strictly prohibited for BCS-based biowaivers and per-
mitted only with specialized justification for strength
biowaivers)®°. When testing low-solubility substanc-
es (BCS Class Il and IV) — such as weak acids under low
pH or weak bases in the weakly alkaline small intesti-
ne — dissolution is restricted by the thermodynamic
solubility of the active pharmaceutical ingredient (API).
As a result, the dissolution profiles of both compared
formulations reach an artificial plateau at Q << 85 %.

This issue is underscored by the harmonized inter-
national guideline ICH M13B (Bioequivalence for Immedi-

7US Food and Drug Administration. Guidance for Industry:
Dissolution Testing of Immediate Release Solid Oral Dosage
Forms. Rockville: FDA; 1997. 17 p. Available at: https://www.fda.
gov/regulatory-information/search-fda-guidance-documents/
dissolution-testing-immediate-release-solid-oral-dosage-forms
Accessed: 01.10.2026.

8 International Council for Harmonisation. ICH Harmo-
nised Guideline: Biopharmaceutics Classification System-Ba-
sed Biowaivers M9. Geneva: ICH; 2019. 16 p. Available at:
https://database.ich.org/sites/default/files/M9_Guideline_
Step4_2019_1116.pdf Accessed: 01.10.2026.

9EEC Council Decision No. 85 dated November 3, 2016
(amended on April 12, 2024). "On Approval of the Rules for
Conducting Bioequivalence Studies of Medicinal Products
within the Framework of the Eurasian Economic Union". Avai-
lable at: https://docs.eaeunion.org/ Accessed: 01.10.2026. (In
Russ.)

%nternational Council for Harmonisation. ICH Harmonised
Guideline: Bioequivalence for Immediate-Release Solid Oral
Dosage Forms: Additional Strengths Biowaiver M13B). Gene-
va: ICH; 2026. 18 p. Available at: https://database.ich.org/sites/
default/files/M13B_Draft%20Guideline_Step2_2025_0212_0.

dosage-forms Accessed: 01.10.2026.

pdf Accessed: 01.10.2026.
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ate-Release Solid Oral Dosage Forms: Additional Strengths
Biowaiver)'. The guideline establishes a formal threshold
rule: if drug release across all media is below 10 %, pro-
files are considered similar automatically without ma-
thematical evaluation. If release exceeds 10 %, calcu-
lation of £, (or Bootstrap f, under high variability) is man-
datory.

The objective of this study was to analyze the
mathematical limitations of the similarity factor f, wi-
(Q>10%, but
Q < 85 %), demonstrate false equivalence using a mo-
del dataset, compare f2 with alternative metrics (diffe-
rence factor f,, TOST criteria), and establish recommen-
dations for sponsors and regulatory assessors during
CIDT dossier review within the EAEU.

thin the incomplete dissolution region

MATHEMATICAL BASIS AND GENESIS
OF THE MOORE AND FLANNER EQUATION

The similarity factor f, represents a logarithmic trans-
formation of the sum of squared discrepancies between
two profiles:

f, =50-log,,

n -0,5
10 =50‘|og1{[1+1Z(Rr—T,)ZJ ‘100},
1< 3 n=
T+—Y"(R.-T,)
ns m

where n is the number of standardized sampling time
points; R and T, are the mean percentages of drug dis-
solved from the reference (R) and test (T) products at
time point t relative to the nominal content.

The regulatory acceptance threshold f,> 50 is deri-
ved from an empirical consensus: profiles are conside-
red similar if the mean absolute difference across all
observation points does not exceed 10% [1, 3]. If R -T| =
=10 %, at all points, the mean squared error (MSE) is:

MSE =12(1 0)* =100.
t=1

Substituting MSE = 100 into equation (1) yields:

100

V101

f, =50-Ig[(1+100)*° -100] = 50- |g[ ] ~50-19(9.95) ~ 49.99 ~ 50.0.

!International Council for Harmonisation. ICH Harmonised
Guideline: Bioequivalence for Immediate-Release Solid Oral
Dosage Forms: Additional Strengths Biowaiver M13B). Gene-
va: ICH; 2026. 18 p. Available at: https://database.ich.org/sites/
default/files/M13B_Draft%20Guideline_Step2_2025_0212_0.
pdf Accessed: 01.10.2026.
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The underlying mathematical paradox lies in the fact
that equation (1) operates on an absolute 0—100 %
scale. The metric calculates Euclidean distance in ab-
solute percentage space and remains indifferent to the
baseline concentration against which the deviation
occurs:

e Under complete dissolution, when reference drug
release is R.=100 %, and test drug release is
T.=90%, an absolute difference of 10 % corres-
ponds to a relative difference of:

[100-90|
100

-100 % =10.0 %.

This difference is minor and typically translates
to clinical bioequivalence for C__ and AUC within the
standard 80,.00-125.00 % boundaries.
¢ Under incomplete dissolution, when reference pro-

duct release reaches an equilibrium plateau at

R,=11.0 % and test product release is T.= 6.0 %, the

absolute difference is only A=5.0%. Equation (1)

calculates (R, -T)>=25 and yields a passing simila-

rity outcome (f,>50). In relative terms, however,
the test product releases:
6.0

—— =100 % =54.5 %.
11.0

Thus, the test product dissolves at almost half the
rate and extent of the reference product (7/R = 0.55).

Under EAEU regulations (Annex 5 to EEC Council
Decision No. 85)? in contrast to FDA guidance and ICH
M13B, calculation of the difference factor f, remains
mandatory:

Zl Rr - Tt |
t=1 .
2R
t=1

f= 100. )

Equation (2) incorporates the cumulative sum of re-
ference values 2R, in the denominator, scaling the abso-
lute difference against the total extent of dissolution as
a weighted relative parameter. The criterion for profile
equivalence according to EEC Council Decision No. 85
is an f, value between 0 and 15 %.

2EEC Council Decision No. 85 dated November 3, 2016
(amended on April 12, 2024). "On Approval of the Rules for
Conducting Bioequivalence Studies of Medicinal Products
within the Framework of the Eurasian Economic Union". Avai-
lable at: https://docs.eaeunion.org/ Accessed: 01.10.2026. (In
Russ.)
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MATERIALS AND METHODS

To illustrate this issue and mathematically compare
these metrics, a typical CIDT scenario for BCS Class Il
and IV compounds in a solubility-limited medium was
simulated (e.g., a weak base in pH 6.8 phosphate buffer
without surfactants).

Model experiment conditions.

1. Number of sampling time points: n=4 (t=10, 15,

20,30 min);

2. Test product profile (7):

18.0 %);

3. Reference product profile (R):

22.0 %; 30.0 %);

4. Differences between profiles: R -T >0, across all

(6.0 %; 10.0 %; 13.0 %;

(11.0 %; 18.0 %;

points, with absolute deviations of 5.0%, 8.0 %,

9.0 % and 12.0 %.

This dataset meets all qualifying criteria of ICH M13B:
1. Drug release for both products exceeds the 10 %

threshold (at the final sampling point), preclu-

ding automated declaration of similarity without
calculation;

2. Neither profile exhibits an asymptote above 85 %,
requiring inclusion of all four points in statistical
calculations'?;

3. Coefficients of variation (CV) conform to regulatory
requirements (<20 % for the early 10-minute point
and <10 % for remaining points), permitting direct
evaluation using mean profiles.

Calculations of f, and f, were performed using equa-
tions (1) and (2). Equivalence was additionally evaluated
using Two One-Sided Tests (TOST) on a multiplicative
(logarithmic) scale — standardly applied in evaluating
in vivo bioavailability parameters (C . AUQ) [4] — with
acceptance boundaries of 80.00-125.00% (to simplify
demonstration, comparisons were performed on mean
values without incorporating variability at each samp-
ling point).

"EEC Council Decision No. 85 dated November 3, 2016
(amended on April 12, 2024). "On Approval of the Rules for
Conducting Bioequivalence Studies of Medicinal Products
within the Framework of the Eurasian Economic Union". Avai-
lable at: https://docs.eaeunion.org/ Accessed: 01.10.2026. (In
Russ.)

2 International Council for Harmonisation. ICH Harmonised
Guideline: Bioequivalence for Immediate-Release Solid Oral
Dosage Forms: Additional Strengths Biowaiver M13B). Gene-
va: ICH; 2026. 18 p. Available at: https://database.ich.org/sites/
default/files/M13B_Draft%20Guideline_Step2_2025_0212_0.
pdf Accessed: 01.10.2026.

RESULTS AND DISCUSSION

Calculated statistical metrics for the model dissolu-
tion profiles are summarized in Table 1.

Stepwise evaluation of the similarity factor f.:
1. Sum of squared differences:

lZ(Rr ~T.) 314 _7gs,
n 4

2. Radical expression:

1+78.5=79.5.

3. Rootand reciprocal:

\79.5=89163= _100_ =11.2154.
8.9163

4. Logarithm and result:

log,, (11.2154) = 1.04982
f,=50-1.04982 = 52.49

Because f,>50 (f,=52.49), a sponsor operating
under ICH M13B or FDA guidance could claim in vitro
dissolution profile similarity. For an additional strength
biowaiver, a regulatory authority relying exclusively on
f, would approve the application without in vivo clinical
verification.

Stepwise evaluation of the difference factor f,
demonstrates a conflicting result:

1. Sum of absolute differences:

4
>'|R ~T,|=5.0+80+9.0+12.0=34.0%.

t=1

2. Sum of reference values:

4
D R.=11.0+180+22.0+30.0=81.0%.

t=1
3. Final difference factor:

£, =220 100 %= 41.98 %.
81.0

An f value of 41.98 % exceeds the regulatory
threshold (f1 <15 %) almost threefold. Ratios of dissol-
ved substance between products T and R across time
points are:

®  Point 10 min: 6.0/11.0 = 54.55 %;

e  Point 15 min: 10.0/18.0 = 55.56 %;

e Point 20 min: 13.0/22.0 = 59.09 %;

® Point 30 min: 18.0/30.0 = 60.00 %.
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Table 1. Comparative evaluation of dissolution profile equivalence metrics under incomplete dissolution

Ta6nuua 1. CpaBHMTeNbHAsA OLeHKa METPUK SKBNBaNeHTHOCTU Npoduneil pacTBOPeHUs NPV HEMOJIHOM BbICBO60XKAEHUN

Regulatory
Analyzen::tz:ir:meter/ Calculated value aiﬁ;’::?::e Statistical outcome Biopharmaceutical interpretation
. PacuetHoe . CraTucrnyeckoe BuodapmauesTnyeckas
AHanunsnpyembin PerynatopHbin
3HaueHue . 3aK/o4YeHmne MHTepnpeTauus
napametp / MeTpuka KpuTtepui
npuemnemMocTu
Similarity factor £, Metric insensitivity to relatlvg discrepan-
. cy due to absolute delta scaling
(Moore & Flanner) Pass (Equivalent)

52,49 50<f <100 «Cnenota» MeTPUKN K OTHOCUTENIbHOMY
®akTop nopobus f2 2 SKBUBaNeHTHbI (Pass) ACXOKICHMIO 33 CUeT BUKCAL a6Co-
(Moore & Flanner) P ',q 4

NIOTHOW AenbTbl
Difference factor f Normalization to release sc.alg 3R, re-
. ! . . veals unacceptable 42 % deviation
(EAEU Decision No. 85) Fail (Non-equivalent)
41,98 % 0<f<15% .n | HopMunpoBKka Ha macwitab BbicBOOGOXAae-
MakTop pasnuuus f, ! HeskeusaneHTHbI (Fail)
1 HUA YR BbiABNAeT HeponycTmoe 42%-e
(PeweHnme N 85) !
pacxoxpeHue
. . Test product releases APl almost twice
Dissolution extent )
ratio (T/R) Fail (Non-equivalent) as slow and incompletely as reference
.| 54,55—60,00% | 80,00—125,00 % .\ | iccnepyembiii npenapat BbicBOGOXAAET
OTHOLLEeHMe cTeneHewn HeskBuBaneHTHblI (Fail)
ADC noutn B 2 pasa Me[JyIEHHee U Xyxe
pactBopeHus (T/R)
opurmHaTopa

Tabnuua npefocTaBneHa aBTopamu
The table was provided by the authors

The mean dissolution ratio of the test product re-
lative to the reference product is 58.02 %. Biopharma-
ceutically, if this behavior persists in vivo within the
proximal intestine (dissolution limitation under non-sink
conditions), the test product would provide systemic
exposure (C__ and early AUC), roughly half that of
the reference product, leading to failed bioequivalence
invivo [4, 5].

Applying non-parametric bootstrap analysis (Boot-
strap f)) [6, 7] does not resolve this issue. Bootstrapping
estimates confidence intervals around f, based on ob-
served variance. Given low intra-batch variability, the
90 % confidence interval remains centered near 52.49
(e.g., 50.4—54.2), and the lower boundary continues to
exceed 50.0, reinforcing a false-positive conclusion.

This indicates a methodological vulnerability in the
ICH M13B guideline™:

!International Council for Harmonisation. ICH Harmonised
Guideline: Bioequivalence for Immediate-Release Solid Oral
Dosage Forms: Additional Strengths Biowaiver M13B). Gene-
va: ICH; 2026. 18 p. Available at: https://database.ich.org/sites/
default/files/M13B_Draft%20Guideline_Step2_2025_0212_0.
pdf Accessed: 01.10.2026.
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e The 10 % cutoff is arbitrary. Products with 9 % disso-
lution are accepted without mathematical testing,
while products with 11% and 18 % dissolution are
assessed via f, which yields false similarity due to
100 % scale compression.

® The f, metric functions reliably only when profiles
plateau above 85 % (complete dissolution), where a
10 % absolute deviation corresponds to an acceptab-
le 10—12 % relative difference.

e In regions of incomplete dissolution (10% to 85 %),
f, displays systemic overestimation of profile similarity.
In this context, EAEU regulations (Annex 5 to Deci-

sion No. 85)* provide an advantage by retaining f,. Be-

cause f, normalizes by cumulative reference release, it

maintains sensitivity across low concentration ranges.
2EEC Council Decision No. 85 dated November 3, 2016

(amended on April 12, 2024). "On Approval of the Rules for

Conducting Bioequivalence Studies of Medicinal Products
within the Framework of the Eurasian Economic Union". Avai-

lable at: https://docs.eaeunion.org/ Accessed: 01.10.2026. (In
Russ.)
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To address these limitations when evaluating poor-

ly soluble compounds (BCS Class Il and IV), a stepwise
statistical strategy should be implemented:

1.

Under incomplete dissolution (Q < 85 %), f, should
not serve as the sole criterion for equivalence;
Calculation of f, should be required (with acceptan-
ce criterion f, <15 %) when dissolution is incomple-
te and variability criteria are satisfied;

In cases of incomplete dissolution accompanied by
high release variability, point-by-point equivalence
should be evaluated on a relative scale using 90 %
confidence intervals for T/R ratios (modified TOST
with 80.00—125.00 % boundaries), or alternative ac-
ceptable statistical approaches should be used [1, 8];
In critical cases, the biopharmaceutical relevance of
in vitro differences should be evaluated using phy-
siologically based pharmacokinetic (PBPK/PBBM)
modeling (e.g., PK-Sim or GastroPlus) [9, 10] to trans-
late dissolution profiles into simulated human plas-
ma concentration curves and assess virtual bioequi-
valence.

CONCLUSION

1.

The similarity factor f, has an inherent mathemati-
cal limitation: because it operates on an absolute
percentage scale (0—100 %), it loses sensitivity to
relative profile differences under incomplete disso-
lution (Q > 10 %, but Q < 85 %).

In the evaluated model dataset with profiles
T=1(6.0%; 10.0 %; 13.0 %; 18.0 %) and R=(11.0 %;
18.0%; 22.0%; 30.0%), f, yields a passing result
(f,=52,49 > 50), concealing an approximate twofold
deficit in release rate and extent (T/R = 58 %).

The international guideline ICH M13B contains a me-
thodological vulnerability by relying exclusively on
f, (or Bootstrap f) for profiles exhibiting dissolution
above 10 %.

The regulatory framework of the EAEU (Annex 5 to
Decision No. 85), which permits parallel use of f1,
provides a more discriminating standard: in the
evaluated scenario, f, was 41.98 %, rejecting false
equivalence.

For BCS Class Il and IV substances in media without
surfactants, relying solely on f, should be replaced
by comprehensive statistical assessment, includ-
ing f1, relative TOST analysis, and predictive PBPK
modeling.
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