
2 Choice of 

Comparator

AI Support: Rank 

comparators by 

predicted similarity and 

probability of BE

Lozenge 4 mg

(Most likely to achieve BE)

Gum 4 mg

(Least likely to achieve BE)

AI Support: Use PK modeling to 

estimate probability of BE for 

Gum vs Lozenge

1 Preliminary PK Study

• Model pilot PK to estimate AUC and Cmax

• Predict GMR and 90% CI for all products

• Estimate probability of BE (90% CI for AUC 

Cmax must fall inside the 80-125% window)

Acceptable Confidence Band

3

AI Support: Predict within- 

and between-subject 

variation and estimate 

sample size needed

Sample Size 

Estimation

• Based on predicted within- and 

between- subject variability of pilot

• Evaluate scenarios (target power, 

dropout rate, variability)

✓

4 Conduct Full PK Study

• Conduct PK study (N = 27 completers)

• Primary endpoints: AUC0–t and Cmax

• Calculate GMR and CI

Bioequivalence Achieved: AI-

supported decision-making 

provided early insight and 

confidence in likely outcome

AI-BASED NICOTINE PHARMACOKINETIC PREDICTION TO SUPPORT PRODUCT DEVELOPMENT

AND REGULATORY DECISION-MAKING

Matthew McMurray, Jay Hanlon, and Ed Carmines, Chemular, Inc., Hudson, MI, USA

Why Predict Nicotine Pharmacokinetics (PK)?

What Determines PK?

Model Validation

Conclusions

• Product attributes from nicotine pouches can be used to 

predict Controlled Use nicotine PK before clinical testing.

• The model enables quantitative screening of pouch 

formulation and design options and can identify candidate 

products for confirmatory PK studies.

• Predictions may support bridging across related products.

• The model is a decision support tool, not a replacement for 

clinical PK studies or a predictor of ad libitum exposure.

• Future directions:

1. Expand the training database to increase product and 

formulation diversity.

2. Develop mechanistic sub-models for complex predictors 

such as dissolution/release kinetics.

3. Extend model to prospective validation in newly developed 

products.
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Nominal nicotine strength 

is an unreliable predictor of 

abuse-liability for nicotine 

pouches
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Prototype Formulation

Traditional Product Development

Manufacture

Clinical PK Study

Didn’t Meet Target 
(Internal or Regulatory)

AI-Assisted Product Development

Multiple Product 

Formulations

PK Prediction
(AI-Modeling)

Prioritize Best 

Candidates

Confirmatory

Clinical PK StudyRedesign Formulation

Expensive

Late Feedback

Time Consuming

High Risk

Lower Cost

Early Insight

Faster

Better-Informed Decisions

Early-stage prediction of nicotine PK enables better decisions,

lower cost, and faster product development
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For nicotine pouches, Controlled Use PK is determined by the interplay of 

chemistry, formulation, and physical design.

Chemistry

(Availability)

• Nicotine Content

• pH

• Freebase

Fraction

• Nicotine Form

Release

(Dissolution)

• Moisture Content

• Matrix Composition

• Release Kinetics

• Measurement

Approach

Transport /

Absorption

• Surface-to-Volume Ratio

• Pouch Mass

• Pouch Porosity

• Salivary pH

• Hydration Behavior

PK Outcomes

(Exposure)

• Cmax

• Tmax

• AUC

• Rate of Rise

AI-Based Model Development

Controlled

Use PK

Studies

Predict PK

(Cmax,

AUC,

Profile)

Extract Product

Attributes &

PK Endpoints

Example Model Applications

Feature

Engineering

(Mechanistic

Attributes)

Train Machine

Learning

Models

Internal

Validation

(Leave One Out

Cross-Validation)

Included Product Attributes

Chemical Formulation Physical PK

Nicotine Content Moisture Mass Cmax

pH Matrix Dimensions Tmax

Free Nicotine Dissolution Density AUC

Surface:Volume Study Design

Loading Density

Model built from 16 unique studies assessing 85 pouch product arms. 

Nicotine content ranged from 1.5-42 mg. Controlled use duration = 30 min.

Appropriate Applications

Intended Uses

Prioritize formulations 

before manufacturing

Guide prototype 

development

Support Bridging 

arguments for related 

products

Inform clinical study

design and powering

Generate quantitative 

hypotheses

Not Intended Uses

Replace PK studies

Predict nicotine exposure 

during ad libitum use

Independently determine 

abuse liability

Predict individual user 

behavior (e.g., titration)

Predict subjective effects

Informing Nicotine Pouch Clinical Study Design

Client would like to conduct a bioequivalence study, comparing their pouch product to an authorized product. 

The comparator, product use period, and sample size need to be determined before proceeding.

Outcome N* R2 p

NRMSE 

(%)

Median

Abs Error

Cmax 31 0.90 <0.01 7.6 1.47

AUC 31 0.90 <0.01 7.4 149.74

Supporting Quantitative Bridging to Related Nicotine Pouch Products

Client conducted a PK study on 3 pouch products of a single flavor at 3, 9, and 15 mg nicotine. PMTA also 

contains 6 and 12 mg strengths, but these were not included in the study and must be supported by bridging.

Product-Level Leave-One-Out Validation Method

Clinical Study Data* Predicted and Study Data

Predictive 

Model

Product
Formulation

* Concentration-time curves modeled from reported Cmax, Tmax, 

and AUC. Full data would allow for more precise modeling.
Strength Source Cmax Tmax AUC

3 mg Study 1.34 30 89.4

6 mg Model 3.82 30 308.7

9 mg Study 7.11 30 569.2

12 mg Model 11.45 30 1021.4

15 mg Study 18.23 30 1478.6

When provided with complete 

raw data, the model can 

estimate error for predicted 

values, approximating the 

error observed in the study 

population.

Model predictions are most appropriate for 

products whose attributes fall within the 

range represented in the training data.Note: Model not validated for Tmax, which depended almost entirely on 

study design (duration of controlled use) rather than product attributes.

* Model validated on subset of studies with 30-minute Controlled Use duration

Predicted P (BE)

Comparator Cmax AUC

Gum 5% 0%

Lozenge 45% 13%
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