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HIGH COST OF LATE-STAGE DRUG DEVELOPMENT FAILURE

TOXICITY IS A BIG KILLER OF NEW DRUG ENTITIES (~30%) 

Fig.1 - The process of drug discovery and development, and the failure rate at each step
source https://doi.org/10.1016/j.apsb.2022.02.002



PHOTOTOXICITY: AN UNDERESTIMATED HAZERD

Fig.1 -Drug-induced photosensitivity and light-mediated cellular damage
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PHOTOTOXICITY: AN UNDERESTIMATED HAZERD
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Fig.2 - Excited-State Photophysical Deactivation Channels and Primary Photosensitization Pathways.



WHY TRADICTION PREDICTIVE MODELS FAIL?

QSAR 
MODELING

EXPERIMENTAL  ACTIVITY

STRUCTURAL ALERTS

Fig.2 - Excited-State Photophysical Deactivation Channels and Primary Photosensitization Pathways.

TRADITIONAL QSAR MODELS AND STATIC STRUCTURAL ALERTS PRODUCE FALSE NEGATIVES. 



PROJECT GOAL: QUANTUM-DERIVED DESCRIPTORS

PHOTOTOXIC MOLECULE QUANTUM-DESCRIPTORS E-SIGNS

Algorithms grounded in excited-state electronic structure 
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CATEGORIZED 39 BENCHMARK PHOTOSENSITIZING DRUGS 
ACROSS FIVE REACTIVE CHROMOPHORE FAMILIES

IONISATION-GATED 
PHOTODECARBOXYLATION;

ACCUMULATED 
PHOTOPRODUCTS SENSITISE 

ROS MORE EFFICIENTLY THAN 
PARENT.

MECHANISTICALLY DIVERSE: 
OUTCOME RANGES FROM 

PRIMARY C-X HOMOLYSIS TO 
COMPLETE HALOGEN 

INERTNESS.

PHOTOISOMERIZATION AND 
ELECTROCYCLIC RING CLOSURE; 

PHOTOTOXICITY DELAYED BY 
INDUCTION PERIOD FOR 

PHOTOPRODUCT BUILD-UP.

EFFICIENT ISC TO REACTIVE T₁; 
DOMINANT TYPE II ¹O₂ 

SENSITISATION; 
MICROENVIRONMENT SHIFTS T₁ 

ORBITAL CHARACTER AND 
PATHWAY.

EXCITED-STATE ELECTRON 
TRANSFER TO RADICAL 

CATION/IMINIUM; 
DAMAGE VIA TRANSIENT 

SPECIES, NOT STABLE 
PHOTOPRODUCTS.

PHASE 1 - MECHANISTIC MAPPING AND DATASET CURATION 



MICROENVIRONMENT 
OVERRIDES SCAFFOLD 

PHOTOSTABILITY DOES NOT 

EQUAL PHOTOSAFETY 

Photoproducts lose a protective deactivation 
channel, gain conjugation, or acquire a triplet the 

parent lacks, becoming far more efficient ROS 
sensitisers; parent-disappearance assays measure 

the wrong species.

Protein binding, pH, and oxygen tension select which 
excited-state deactivation channel dominates;

Excited-state behaviour, not ground-state structure, 
is the decisive gate.

The same aryl halogen spans primary reactive site 
to inert spectator depending on competing excited-

state channels; the bond’s environment, not the 
halogen itself, decides

Drugs that survive irradiation intact can sensitise 
ROS catalytically; an unchanged parent 
demonstrates persistence, not safety.

PHOTOTOXIC AGENT ≠ PARENT DRUG
STRUCTURAL ALERTS ARE 

CONTEXT-DEPENDENT

PHASE I INSIGHTS:  MECHANISTIC PRINCIPLES
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TAKE HOME MESSAGE 

THE PRIMARY BOTTLENECK IN PREDICTIVE PHOTOTOXICITY IS NOT ABSENT PHYSICAL 

UNDERSTANDING BUT THE LACK OF A SCALABLE IMPLEMENTATION THAT RETAINS 

MECHANISTIC FIDELITY ALL THE WAY TO THE TOXICOLOGICAL ENDPOINT.

PHOTOTOXIC MOLECULE QUANTUM-DESCRIPTORS E-SIGNS
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