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Dissolution
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Dissolution in
laboratory

Gold standard with “challenges”
Very slow method
Solvents required

Large run-to-run variability
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Dissolution profile

Collected data
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Weibull model
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What influences dissolution? Dumare, M. Gerduccl, T M, Welworth, M.. o

Formulations: Surrogate Models and Real-
time Release. AAPS J 27,115 (2025).
https://doi.org/10.1208/s12248-025-01102-0

Batch level properties
Drug substance parameters (e.g. Granule Particle size distribution)

Process parameters (CQAs, CPPs setpoints or average measurements)

Tablet level properties

DS Content via PAT
Some IPCs (tablet weight, hardness, thickness)

Dissolution as response

Local level properties
IPCs (tablet weight, hardness, thickness)
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Predictive dissolution
model

J&J



Workflow

Principle

Considerations
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+ New CM Process

Randomize‘ Experiment
Orthogonalize Design * Legacy Product Conversion to CM
Blocking ——

* Legacy Product RTRT Conversion

Factorial vs

Split-Plots Parameter Selection
Parameter Ranges
Scale

Process Model Statistical . .

driven by design\* S . F'ararr!eter Criticality :Cntena

. . . * Bayesian vs Frequentist Model
relating dissolution Model
to CPPs

Multivariate response

Population Average Q:

Batch and Tablet & Surrogate < * Single Time Point

level correlations Model « Complete Dissolution Profile
Conditional Regression / 3-parameter Weibull

to construct surrogate

model

Shi Z., Altan S. et al. (2023)

Predictive In-Vitro Dissolution for Real-
Time Release Test (RTRT) for Continuous
Manufacturing Process on Drug Product,
In "Continuous Pharmaceutical Processing
and Process Analytical Technology"”,
Narang A. S., Dubey A. (Eds.), CRC Press
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Experimental Design Layout
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Multivariate process model

Full model

(é? Nm)

i(ik)

X, B ~ MVNy(x ;) B, ).

Altan S., Banton D., Coppenolle H., Kovarik M., Otava M.,

Schmid C. (2022) A Bayesian Approach to Multivariate

Conditional Regression Surrogate Modeling with
Application to Real Time Release Testing, In "Case
Studies in Bayesian Methods for Biopharmaceutical
CMC", Faya P., Pourmohamad T. (Eds.), Chapman and

Hall/CRC
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Parameter Group Parameter Posterior Mean SE 95% Credible Limits
Intercept 98.8 0.2 (98.5, 99.1)
Mean structure: Factor 1 9.9 0.2 (9.6, 10.2)
#1 model Factor 2 2.5 0.2 (2.2, 2.8)
Interaction F1xF2 0.1 0.2 (—0.2, 0.4)
Intercept 7.8 0.1 (7.7, 7.9)
Mean structure: Factor 1 0.4 0.1 (0.3, 0.5)
#> model Factor 2 0.4 0.1 (0.1, 0.3)
Interaction F1xF2 0.03 0.1 (—0.1, 0.1)
Intercept 0.8 0.0 (0.8, 0.8)
Mean structure: Factor 1 0.0 0.0 (0.0, 0.0)
f3 model Factor 2 0.0 0.0 (0.0, 0.0)
Interaction F1xF2 0.0 0.0 (0.0, 0.0)
Intercept 100.1 0.1 (99.8, 100.4)
Mean structure: Factor 1 9.2 0.1 (8.9, 9.5)
NIR model Factor 2 0.0 0.1 (—0.2, 0.3)
Interaction F1*F2 —0.2 0.1 (=0.5, 0.1)
lox0, | 0.6 0.2 (0.2, 1.0)
A0, | 0.3 0.1 (0.2, 0.4)
Variance |0, | 0.0 0.0 (0.0, 0.0)
components: Xy loANIR| 0.7 0.1 (0.6, 0.1)
Px.0{.NIR 0.0 0.3 (—03 Ut}j
PX.0: NIR —0.3 0.2 {—06 Ulj
PA0s.NIR 0.5 0.2 (0.1, 0.7)
loe.0,| 1.0 0.1 (0.9, 1.2)
loz.0, | 0.2 0.0 (0.2, 0.3)
Variance £,00, 0.0 0.0 (0.0, 0.0)
components: %, loe NIR] 0.4 0.0 (0.3, 0.4)
Pe.0. NIR 0.3 0.1 (UO 05)
Ps,62,NIR —0.1 0.1 (—0.3, 0.2)
Pec.65, NITR 0.0 0.1 {—02 Ugj




Multivariate process model

After model reduction

UB = uyp + BusFi + €us
A=y + ki + BrFr + &
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Why is Content not a covariate

Like all the other input?

Unknown ahead
Content often measured with considerable error

Risk of poor model performance if not conditioned
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Multivariate process model

After model reduction

UB = uyp + BusFi + €us
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Conditional model

Conditioning on observed NIR

E[@INIR = nir,Xpred, B, X2]| =
(Xprea X B[,1:3])" + X5[1:3,4] x ©7'[4,4] x (nir — Xpreq x B[,4]) = 6"

_ ~ bl =100.064+0.37" (nir —99.01),
Hf = 08.8 — O.Dl(f;ﬂﬁ — 10[}.1}

HE — T8 _ U-Dl(fﬁ."}'f{ _ ]_[]u[:]lj b2" =8.05+ 0.14" (nir —99.01),

£ — 0.8+ 0.02(znrr — 100.1
9 ( NIR j b3" =0.99+0.01" (nir —99.01).

Altan S., Banton D., Coppenolle H., Kovarik M., Otava M., Schmid C. (2022) A Bayesian Approach to Multivariate Conditional
Regression Surrogate Modeling with Application to Real Time Release Testing, In "Case Studies in Bayesian Methods for
Biopharmaceutical CMC", Faya P., Pourmohamad T. (Eds.), Chapman and Hall/CRC

Shi Z., Altan S. et al. (2023) Predictive In-Vitro Dissolution for Real-Time Release Test (RTRT) for Continuous Manufacturing Process on
Drug Product, In "Continuous Pharmaceutical Processing and Process Analytical Technology”, Narang A. S., Dubey A. (Eds.), CRC Press
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Final prediction model

Entire dissolution profile

03
Ypred |t; Xpred, NITR ~ N (6‘; [1 — exp {—/\ (%) }] .crﬂr)
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Altan S., Banton D., Coppenolle H., Kovarik M., Otava M.,
Schmid C. (2022) A Bayesian Approach to Multivariate
Conditional Regression Surrogate Modeling with
Application to Real Time Release Testing, In "Case
Studies in Bayesian Methods for Biopharmaceutical
CMC", Faya P., Pourmohamad T. (Eds.), Chapman and
Hall/CRC °1
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Summary
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Model application

Granules
particle
size

Gather
process
inputs

Process model
prediction

Hardness
setpoint
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Predicted process
UB, A, k, NIR

Correct
for
Content

Conditional model
prediction

Observed
NIR

Predicted
UB, A, k
given NIR

Weibull

model

Dissolution time

Final predictions
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Prediction model framework

Fit multivariate Candidate Determine Va“dated Apply in practice

model validation . .
Apply conditioning model samples model Further confirmations

Simple

Complex . .
linear equations

Bayesian fit

J&dJ 18



Conclusion

Why is the conditional model framework good idea

Comprehensive statistical framework correctly assessing error
Explicitly quantifies impact of each of the factors involved
Can handle various structures in the calibration data

Simple practical implementation

J&J
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If you have more questions, please contact:
Martin Otava
motava@its.jnj.com
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