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Disclamer 

This presentation reflects the views of the speaker and should not be
construed to represent ANVISA’s views or policies.

ANVISA has reviewed EMD Compound A case data (Report, Version
3.0 – Jun, 2022) only under the scope of the PBBM colaborative study.

Data and considerations discussed with company (Nov/2022) were
also included as appropriate.



o EMD Compound A is a hydrochloride salt

o BCS IV (low solubility, low permeability)

o Used for the treatment of certain cancers

o Posology: 500 mg once daily, under fed conditions

o To increase exposure of EMD Compound A, it contains the
drug in its micronized form.

A – Identification of model objective

Q1 Does the report clearly 
describe the background 
and the intended model 
application/ objective? 
(i.e.: context of use, 
question of interest?) 

REGULATORY QUESTION: “Does the Agency agree that the acceptance criteria for the drug

substance particle size distribution (D10, D50, D90) of EMD Compound A can be justified on the

basis of the PBBM approach, or does the PBBM only qualify for supportive data?”



Proposed specifications
based on PBBM*

D10 1.5-6.0μm

D50 6.5-26μm

D90 16-64μm

*Based on 500mg TF2 formulation data

o Current specs: results of clinical studies, DS batch release
data and manufacturability of the drug product

o Formulation used as reference in PBBM: TF2

o Market formulation: TF3 

o TF2 and TF3 formulations are bioequivalent (BE study was 
conducted)

o Manufacturing process: dry granulation, followed by tablet 
and coating. 

A – Identification of model objective

Further details on TF2 and TF3 formulations and manufacturing 
differences would be informative.



B – Model Development

Which clinical studies were used for 
model building? 

o IV formulation and solution studies

o Solid formulation (tablet or capsule)
were not used for model building (for
PSA and validation)

Batches used for parameterizing API and 
formulation for model building described 
on the report annex 

Q2 Is the strategy on model 
development described 
(preferably through flow 
chart or in step wise 
write) up? 



B – Model Development

Fit-for-purpose model: mechanistic absorption model (ACAT)
and 2-compartments disposition

o IV bolus of tracer dose of 14C-labelled EMD Compound A to 6
healthy volunteers with a mean body weight of 81.6Kg

Q4 Is PBBM model structure explained?



B – Model Development

Pre-systemic metabolism: % of hepatic FPE (obtained based on calculated IV clearance / liver blood flow
as system default fed or fasted) + % of intestinal FPE (arbitrarily attributed as half of hepatic FPE).

Which is known about EMD Compound A elimination and gut metabolism based on in vitro data?

o Total clearance can be considered as equal to the hepatic clearance (urinary clearance <14%)

o Mass balance study: Fa 85%, F = 72%. With BA = Fa * Fg * Fh, and assuming a Fg of 95% and Fh of 90%,
BA and Fa can be correctly back calculated.

o Limited contribution to CYP3A to EMD Compound A (DDI itraconazol), the 5% gut metabolism are
deemed to be reasonable, although arbitrary/ not mechanistic.

o Pgp efflux transport were not considered in the model (expected to be saturated at 500mg and no in
vivo impact based on DDI results).

Parameter sensitivity analyses (PSA) would be informative.

Hepatic FPE Intestinal FPE

Fed 10% 5%

Fasted 12% 6%

Q4 Is PBBM model structure explained? Q9 Are the model assumptions clearly stated?



B – Model Development

Q9 Are the model assumptions clearly stated?

Q5 Are all drug model parameters enlisted, 
referenced, and justified where needed?



B – Model Development



B – Model Development

SOLUBILITY:

o Hydrochloride hydrate salt: decreased solubility in the 
presence of chloride ion.

o Chloride ions ubiquitous in human body, concentration 
approximately 90mM and 180mM in jejunal fluids*

o Deemed more biorelevant to directly apply solubility 
values measured in presence with 100mM NaCl 

* Fuchs, A., & Dressman, J. B. (2014). doi:10.1002/jps.24183

Media without chloride: EMD Compound A is a low-
solubility drug and has pH-dependent solubility
(slightly soluble at a pH 4.5 and practically insoluble
at pH 1.2 and 7.4 The approach for modeling common 

ion effect is appropriate/ justified? 



B – Model Development

PKA AND SOLUBILITY FACTOR:

o pKa value was not obtained experimentally, instead 
it was fitted to match the measured in vitro solubility 
in the pH range between pH 1.0 and 6.8

o The resulting pKa value was approx. 4  and solubility 
factor 2.562

o pKa predicted by ADMET predictor was approx. 9

Would experimentally measured 
pKa be necessary? 

Could a PSA be supportive? 



B – Model Development

PERMEABILITY:

- Papp from Caco2 experiment (using
cyclosporine A, Pgp inhibitor)

- GastroPlus built-in Papp-Peff conversion
tool was used

- Peff estimated: 1.74 x 10-4cm/s

Estimated Peff is adequate or would PSA 
support adopting a lower value? 



B – Model Development

PRECIPITATION: 

predictions in fed state with 
precipitation time default 

(900s) for OS 100mg and TF2 
tablet 500mg

PSA varing precipitation time

Based on drug properties, 
experimental precipitation 

results would be 
informative.



B – Model Development

LYSOSSOMAL TRAPPING:

For 100mg oral solution: 

o Observed Tmáx for OS: 6h

o Predicted with bottom-up PBBM: 2-3h 

o Dissolution, precipitation and low passive 
permeability excluded as root causes

o Fraction unbound in enterocytes: fitted 
from 100% to 3% (fed simulations)

Based on drug properties (LogP and pKa), 
lysosomal trapping is expected.

Would a PSA of fu,ent be needed to justify 
the % chosen? 

Which other factors could (partially) 
explain the late Tmax? 



B – Model Development

Luminal dissolution:

Johnson dissolution model (for oral solution 
used in model building) 

and 

API PSD (d10, d50 and d90 values for tablets 
and capsules, used in model validation and 
application). 

In vitro dissolution data of drug product were

not incorporated in PBBM for solid oral

formulations.

Is this an acceptable approach? 

Q5 Are all drug model parameters enlisted, referenced, 
and justified where needed?

Q9 Are the model assumptions clearly stated?

Q7 Is there acceptable justification for the approach 
selected for inputting dissolution data into the model 

(direct input vs. Z factor vs. P-PSD, etc.)



C – Model Validation
First in human: 
- Fed state, capsule, micronized, 30mg, 60mg, 

100mg,130mg , 145mg, 175mg, 215mg, 300mg, 315mg, 

400mg, 500mg, 700mg, 100mg, 1400mg

- Fed state, tablet, micronized, 500mg

- Fasted state, capsule, non-micronized, 30mg, 60mg, 

115mg, 230mg

Simulation set-up:

o Single individual: no population simulations or vBE 
studies conducted  

o Simulation length: matched the respective clinical 
study (24h-504h, long t1/2 ) 

o Prandial state: fed or fasted using default 
Gastroplus physiologies

Relative BA:
-Fed state, tablet, micronized, 5x100mg

-Fed state, tablet, micronized, 500mg (TF2)

Food effect and relative BA:
- Fed and fasted state, both capsule and tablet, 

micronized, 30mg

Absolute and relative BA and mass balance:
-Fed state, tablet, fine micronized, 100mg

-Fed state, tablet, micronized, 100mg, 5x100mg

- Fed state, capsule, micronized, 500mg

BE TF3 vs. TF2 and food effect TF3 and TF2:

-    Fed state, tablet, micronized, 500mg (TF2)  
- Fasted, tablet, micronized, 500mg (TF2)

- Fed state, tablet, micronized, 2x250mg (TF3)

Population simulations and vBE comparison
to the reference PK dataset (500 mg TF2)
would be necessary to support intended
model application.

 A non-BE study/ arm would be needed?

Q10 Is the virtual clinical trial or single simulation
appropriate and does model analysis provide

simulation design details? 



C – Model Validation

Company conclusion on validation: 

Validation dataset covered relevant doses 
(100mg, 250mg and 500mg), particle size 
(micronized) and prandial state (fed).

PK of the commercial formulation TF3 was 
predicted well.



C – Model Validation

Graphical results of validation would 
be desired to all datasets.

Are the validation metrics and 
acceptance criteria adequate? 

Should all validation datasets results 
comply with the more stringent 

acceptance criteria? 

Q11 Does the analysis demonstrate that the proposed
PBBM is appropriate for the modelling purpose or

question asked for the drug product and study
population and is robust enought to respond to

perturbations in uncertain parameters? 



E – Model application

Applying 0.1-fold to 2-fold varied d10,d50, 
d90 of TF2 reference batch

 Keeping the constant d10/d50/d90 ratio

Q13 Does model analysis presente the results using the
validated PBPK/PBBM to address the study question

using tables, graphs, and text where appropriate? 

d10 d50 d90

TF2: study 
of Dataset 4

3 13 32

TF2: study 
of Dataset 5

4.8 14 31

TF3: study 
of Dataset 5

3.8 11 23



E – Model application

Model 
application 

aimed only for 
500mg dose

Fed state

540h



E – Model application

Are results valid for TF3 formulation? 

Or application is limited to reference TF2 
formulation? 



Summary & Conclusions

o Relevant uncertainties on key input
parameters (mainly pKa, solubility,
lysosomal trapping);

o Major concern on model development
strategy (direct incorporation of API PSD
instead of formulation attribute);

o Lack of variability on results due the use
of single simulations during model
validation and application;

o Results directly applicable only to TF2 PK
results in study [10] and d10,d50, d90
ratio of that API batch

REGULATORY QUESTION: “Does the Agency

agree that the acceptance criteria for the drug

substance particle size distribution (D10, D50,

D90) of EMD compound A can be justified on the

basis of the PBBM approach, or does the PBBM

only qualify for supportive data?”

SUPORTIVE DATA 

Q14 For the intended application of PBBM, is there a need to
define safe space and if yes, is safe space adequately

demarcated? 

Q15 Do the results support the intended model application and
arguments (e.g., dissolution specification, biowaiver, etc) as 

proposed by the modelers? 



Possible approaches

o Obtaining experimental results for pKa, solubility on the physiological pH range
without NaCl or with varied amounts of NaCl

o Build a link (IVIVR/IVIVC) between API PSD and drug product in vitro dissolution data

o Appropriately include in vitro dissolution data as model input data for drug product

o Ideally, validate the model with clinical PK data of a non-bioequivalent drug product
batch (preferentially due to variation in API PSD)

o Include population simulations in the validation and application steps of the model,
with adequate representation of WSV/ BSV, instead of using only average simulations

o Define safe space for API PSD
 

For considering this PBBM as conclusive evidence for setting
clinically relevant API PSD specifications, which refinements
would be necessary in model building and validation steps?



Thank you for the 
attention!

luiza.borges@anvisa.gov.br

Anvisa

SIA Trecho 5 - Área especial 57 - Lote 200 -

CEP: 71205-050 - Brasília - DF

www.gov.br/anvisa
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