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Regulatory basis 
• ICH Q3 A (R2) 
• ICH Q3 B (R2) 
• EMA guideline on the limits of genotoxic impurities 
• ICH S2 (R1) 
• ICH M7 (R1) 
• EC guidance on risk assessment methodologies and 

approaches for genotoxic and carcinogenic substances 



Classification of impurities 
Impurities in new drug substances are addressed from two 

perspectives:  

Chemistry Aspects (classification and 
identification of impurities) 

Safety Aspects (how a potential impurity 
may impact on the safety of the 
patients) 

ICH Q3A(R2) 



Genotoxic Impurities 
…“a broad term that refers to any deleterious change in the genetic 

material regardless of the mechanism by which the change is induced.” 
 
… “impurity that has been demonstrated to be genotoxic in an appropriate 

genotoxicity test model”.  
 

Genotoxic agent 





Identification of Genotoxic Impurities 

Analysis of genotoxic impurities can be very challenging 
 

•Presence of varied functional groups coming from different 
sources  
•The reactive nature of genotoxic impurities makes sampling 
difficult 
•Genotoxic impurities are low molecular weight compounds 



Analytical methods 
HPLC: is mostly commonly used analytical technique 
for non-volatile genotoxic impurities due to its ease of 
use and cost-effective instrumentation, and because 
analysts are typically familiar with the instruments 
and methodology 
 GC: generally considered the preferred 

techniques for the analysis of genotoxic 
impurities such as halides, sulfonates, and 
epoxides. The GC headspace method is used 
worldwide for residual solvent analysis 
because it closely follows ICH Q3C guidelines 
 



• LC-MS: the detection limit of a few hundred ppm is readily achievable 
and MS-based methods generally provide additional robustness and 
ruggedness compared to techniques such as UV alone, due to their high 
specificity and sensitivity. 

• ICP-OES/MS: are powerful multi-element techniques for analysis of 
metal impurities that can cause DNA damage. 

• NMR spectroscopy: is a non-destructive, non-invasive methods 
providing a valuable tool for the characterization of impurities at very 
low levels.  
 

Analytical methods 



Assessment of Genotoxicity 
Genotoxicity tests can be defined as in vitro and in vivo tests 
designed to detect compounds that induce genetic damage by 

various mechanisms.  

Option 1 
1. Bacteria 

2. In vitro cytogenetic test/ 
in vitro mouse lymphoma Tk gene 

mutation assay  
3. In vivo assessment 

  
 

Option 2 
1. Bacteria 

2. In vivo assessment of 
genotoxicity with two 

different tissues  
 

ICH S2(R1) 



In vitro tests: Bacteria 
Bacterial reverse mutation test (“Ames Test”) in specific Salmonella 
typhimurium and Escherichia coli strains. 
 



Tests for gene mutation  
• The Hprt or xprt genes. 
• The Thymidine Kinase Gene 

 
Tests for chromosomal abnormalities 

• Chromosomal Aberration Test 
• Cell Micronucleus Test 

In vitro tests: Mammalian cells 



Tests for gene mutation  
• Transgenic Rodent Somatic And Germ Cell Gene Mutation Assays. 
 

Tests for chromosomal abnormalities 
• Mammalian Erythrocyte Micronucleus Test. 
• Mammalian Bone Marrow Chromosomal Aberration test 
• Rodent Dominant Lethal Assay 
• Mammalian Spermatogonial Chromosomal Aberration test 
• Mouse Heritable Translocation Assay 

 
 

 
 

 

In vivo studies I 



Primary DNA Damage test 
 

• In Vivo UDS Test With Liver Cells 
• In Vivo Mammalian Alkaline Comet Assay 

 
 

 
 

 

In vivo studies II 



In Vivo vs. In Vitro Studies  

ICH M7(R1) 



“Impurity that shows (a) structural alert(s) for genotoxicity but that 
has not been tested in an experimental test model” 
 

Potential Genotoxic Impurities 

Genotoxic compounds with 
sufficient (experimental) 
evidence for a threshold-
related mechanism 

Genotoxic compounds without 
sufficient (experimental) evidence 
for a threshold-related 
mechanism 

Should be addressed according 
to the ICH Q3C as class 2 

solvents 

 

Should be addressed following 
the ALARP approach 

 



ICH Q3C: Calculation of the PDE 
Acceptable exposure levels should be established by calculation of the 
Permitted Daily Exposure (PDE):  
 
 

• The PDE is derived preferably from a NOEL. If no NOEL is obtained, the 
LOEL may be used.  

• The weight adjustment assumes an arbitrary adult human body weight for 
either sex of 50 kg. 

• ”Modifying factors"  (F1-F5) are generally considered as "safety factors” 
and widely explained in the guideline. 

 
 
 
 
 
   



ALARP Approach 
Every effort shuold be made to limit the risk of contamination with 
genotoxic impurities:  
• Avoid the presence of genotoxic impurities in drug substances/products. 
• Potential alternatives which do not lead to genotoxic residues in the final 

product should be used if available 
• If no viable alternative can be found, a justification should be provided  
• If the formation of a genotoxic impurity cannot be avoided, steps to 

reduce the amount of the impurity in the drug substance or drug 
product to a level as low as reasonably practicable (ALARP) should be 
undertaken 

 
 
 



Toxicology and Risk Assessment 
Potential genotoxocity should be assessed through specific in vitro 
and in vivo studies. Data should be used to evaluate the potential 
risk for humans. However in some cases toxicological assessment 
of genotoxic impurities provides only limited data and calculation 
of safety multiples from these data are inappropriate for 
calculation of acceptable limits. Moreover, in case of impurities at 
low ppm levels do not provide sufficient assurance for setting 
acceptable limits for the impurity due to the lack of sensitivity of 
this testing approach.  
 
 
 
 



Threshold of Toxicological Concern (TTC) 
The TTC refers to a threshold exposure level to compounds that do 
not pose a significant risk for carcinogenicity or other toxic effects. A 
TTC of 1.5 μg intake per day for all but a highly potent subset of 
compounds has been found to be adequate. This threshold 
corresponds to an incremental 10-5 lifetime risk of cancer. 
The concentration limits in ppm of genotoxic impurity in drug 
substance derived from the TTC can be calculated based on the 
expected daily dose to the patient using equation: 
 



A TTC value higher than 1.5 μg/day may be acceptable under certain 
conditions, e.g. short-term exposure, for treatment of a life-
threatening condition, when life expectancy is less than 5 years, or 
where the impurity is a known substance and human exposure will be 
much greater from other sources (e.g. food). Genotoxic impurities 
that are also significant metabolites may be assessed based on the 
acceptability of the metabolites. 
The TTC concept should not be applied to carcinogens where 
adequate toxicity data (long-term studies) are available and allow for 
a compound-specific risk assessment 
 

Threshold of Toxicological Concern (TTC) 



Risk Characterization 

TTC-based risk assessment: intake of a mutagenic 
impurity of 1.5 μg per person per day is considered to 

be associated with a negligible risk 

Compound-Specific 
Risk Assessments 

LTL-Specific Exposure 

Multiple Mutagenic 
Impurities 



Hazard assessment 
The assessment of 
information coming from the 
literature and from the data 
obtained from studies lead 
to the classification of the 
impurities with respect of 
their mutagenic/carcinogenic 
potential.  



Summary 
Identification 

Characterization 

Evaluation of the risk 

Pre and Post-approval MAA 
Clinical Monitoring 



Decision Tree for Assessment of 
Acceptability of Genotoxic Impurities 

 

EMA guideline on the limits 
of genotoxic impurities 



Conclusions 
Clinical Trial Applications 

 
• The product is still under 

development 
• Different approach depending 

on the phase (I-IV). 
• Consider the likelyhood of an 

impurity to be present 
 

 

Marketing Authorization 
Applications 

 
• Classification of impurities 
• Rationale for decision taken 
• Adequate justification for 

specification and approaches 
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