Introduction to Mirabilis
Controlling potential genotoxic impurities
encountered during API synthesis
Dr. Dave J. Yeo

Senior Account Manager
accountmanagement@lhasalimited.org

Outline

• Background
• PMIs in synthesis
• Impurity carryover workflow
• Purge calculations
• Mirabilis
• Origins
• Workflow for ICH M7
• Demonstration
• Theoretical case study

Background
•

The threat posed by (potential) mutagenic
impurities, (P)MIs, in drug substances arises, for
example, from the use of reagents such as
alkylating agents within the synthesis

•

What makes them useful reagents in synthesis,
high reactivity, is often what makes them (P)MIs

•

Virtually all syntheses will involve the use of
mutagenic or potentially mutagenic reagents or
possess potential risk arising from a (P)MI
formed in the process

•

Any synthetic drug therefore may have a latent
(P)MI-related risk.

Control options for mutagenic impurities
• ICH M7 outlines four possible options for the control of impurities.

•

http://www.ich.org/products/guidelines/multidisciplinary/article/multidisciplinary-guidelines.html
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Purge Factor Calculation – Basic Principles
•

The following key factors were defined in order to assess the potential carry-over of
a (P)MI:
•

•

Reactivity, solubility, volatility and any additional physical process designed to eliminate
impurities e.g. chromatography.

A score is assigned on the basis of the physicochemical properties of the (P)MI
relative to the process conditions
•

These are then simply multiplied together to determine a ‘purge factor’ (for each stage).

•

The overall purge factor is the product of the factors for individual stages.

•

Predicted purge is then compared to required purge (this being based on the safety
limit and initial level introduced into the process).

Original Purge Prediction Scoring System
•
•
•

The original scoring system was built on basic principles – referred to as a “paper”
assessment because it’s not automated (manual calculation via spreadsheet)
Reactivity shown to have largest effect
Other factors, especially, solubility would also influence purging

Physicochemical parameters

Purge factor

Reactivity

Highly reactive = 100
Moderately reactive = 10
Low reactivity/unreactive = 1
Freely soluble = 10
Moderately soluble = 3
Sparingly soluble = 1
Boiling point >20 °C below that of the reaction/ process solvent = 10
Boiling point within ±20 °C of that of the reaction/process solvent = 3
Boiling point >20 °C above that of the reaction/ process solvent = 1
Ionisation potential of GTI significantly different from that of the desired
product
Chromatography: 10−100 based on extent of separation

Solubility

Volatility

Ionisability
Physical processes:
chromatography
Physical processes: e.g. other
scavenger resins

•

•

Evaluated on an individual basis.

Scoring system originally designed to be conservative
On validation this was experimentally observed

•

It was decided that this should be retained rather than seeking absolute parity

•

Urquhart et al. recently demonstrated the approach for Atovaquone

Urquhart et al. Regul. Toxicol. Pharmacol., 2018, 99, 22-32

Mirabilis
• Mirabilis established to take basic principles of paperbased predictions and augment them
• Key concepts:
• Use of an in silico template allows for greater consistency in
terms of how predictions are structured and reported
(reproducibility)
• Predictions by Mirabilis are informed from a knowledge
base, the basis of these is clearly visible (objectivity)
• Knowledge management & pre-competitive knowledge
sharing (supports further development)

Origins of Mirabilis Knowledge Base
• Common alerting impurity types and
popular chemical transformations identified
by the Mirabilis consortium

• 15 Impurity types

Cell

• 58 Transformation types
• Each impurity type is analysed against every transformation to
assess potential purge, generating a reactivity matrix
• A consortium collaboration exercise resulted in an “expert
elicitation” for each reactivity purge factor
• Lhasa scientists subsequently augment the “cells” with scientific
comments including; references, examples and supporting data
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Theoretical Case Study - Imatinib

•

Imatinib is an anti-cancer drug with a maximum daily dose of 800 mg for
up to 3 years

•

Hopkin et al. published a 3-stage synthesis to Imatinib

•

Additional steps include basic work up/extraction (stages 1 and 3), precipitation and wash (stage 2), and
column chromatography (stage 3)

•

Six structures in the synthesis need to be analysed for potential ICH M7
control*

•

ICH M7 control limit of 10 μg for any PMIs based on dose and duration
of treatment

* ICH M7 does not actually apply to anti–cancer drugs
Hopkin et al. Org. Biomol. Chem., 2013, 11, 1822-1839.
http://www.glivec.com/dosing/

Which structures are PMIs?

Which structures are PMIs?

Demonstration – Purge Assessment
in Mirabilis

Regulatory Requirements

PR = 1.25 x 106

Barber et al, Regul. Toxicol. Pharmacol., 2017, 90, 22-28

PR = 12.5

PR = < 1
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Conclusions
• Purge factors can be applied for ICH M7 Option 4 control of
impurities
• Through the consideration of chemical properties and physical processes
• Mirabilis augments the paper-based approach
• Objective predictions from a knowledge base
• Consistent template for predictions and reporting
• Knowledge management and knowledge sharing promotes continuous
development

• Developments in progress
• Increasing coverage of transformations and impurities
• Solubility and Volatility purging
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