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cancer risk of the drug substance. Therefore, impurities could be controlled at acceptable 
levels for non-mutagenic impurities. 

Assessment of the mutagenic potential of impurities as described in this guideline is not 
intended for excipients used in existing marketed products, flavoring agents, colorants, and 
perfumes.  Application of this guideline to leachables associated with drug product packaging 
is not intended, but the safety risk assessment principles outlined in this guideline for limiting 
potential carcinogenic risk can be used if warranted.  The safety risk assessment principles of 
this guideline can be used if warranted for impurities in excipients that are used for the first 
time in a drug product and are chemically synthesized. 

3. GENERAL PRINCIPLES 

The focus of this guideline is on DNA reactive substances that have a potential to directly 
cause DNA damage when present at low levels leading to mutations and therefore, potentially 
causing cancer.  This type of mutagenic carcinogen is usually detected in a bacterial reverse 
mutation (mutagenicity) assay.  Other types of genotoxicants that are non-mutagenic typically 
have threshold mechanisms and usually do not pose carcinogenic risk in humans at the level 
ordinarily present as impurities.  Therefore to limit a possible human cancer risk associated 
with the exposure to potentially mutagenic impurities, the bacterial mutagenicity assay is used 
to assess the mutagenic potential and the need for controls.  Structure-based assessments are 
useful for predicting bacterial mutagenicity outcomes based upon the established knowledge.  
There are a variety of approaches to conduct this evaluation including a review of the 
available literature, and/or computational toxicology assessment. 

A Threshold of Toxicological Concern (TTC) concept was developed to define an acceptable 
intake for any unstudied chemical that poses a negligible risk of carcinogenicity or other toxic 
effects.  The methods upon which the TTC is based are generally considered to be very 
conservative since they involve a simple linear extrapolation from the dose giving a 50% 
tumor incidence (TD50) to a 1 in 106 incidence, using TD50 data for the most sensitive species 
and most sensitive site of tumor induction.  For application of a TTC in the assessment of 
acceptable limits of mutagenic impurities in drug substances and drug products, a value of 1.5 
μg/day corresponding to a theoretical 10-5 excess lifetime risk of cancer, can be justified.  
Some structural groups were identified to be of such high potency that intakes even below the 
TTC would theoretically be associated with a potential for a significant carcinogenic risk.  
This group of high potency mutagenic carcinogens referred to as the “cohort of concern”, 
comprises aflatoxin-like-, N-nitroso-, and alkyl-azoxy compounds.  

During clinical development, it is expected that control strategies and approaches will be less 
developed in earlier phases where overall development experience is limited.  This guideline 
bases acceptable intakes for mutagenic impurities on established risk assessment strategies.  
Acceptable risk during the early development phase is set at a theoretically calculated level of 
approximately one additional cancer per million.  For later stages in development and for 
marketed products, acceptable increased cancer risk is set at a theoretically calculated level of 
approximately one in one hundred thousand.  These risk levels represent a small theoretical 
increase in risk when compared to human overall lifetime incidence of developing any type of 
cancer, which is greater than 1 in 3.  It is noted that established cancer risk assessments are 
based on lifetime exposures.  Less-Than-Lifetime (LTL) exposures both during development 
and marketing can have higher acceptable intakes of impurities and still maintain comparable 
risk levels.  The use of a numerical cancer risk value (1 in 100,000) and its translation into 
risk-based doses (TTC) is a highly hypothetical concept that should not be regarded as a 
realistic indication of the actual risk.  Nevertheless, the TTC concept provides an estimate of 
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safe exposures for any mutagenic compound.  However, exceeding the TTC is not necessarily 
associated with an increased cancer risk given the conservative assumptions employed in the 
derivation of the TTC value.  The most likely increase in cancer incidence is actually much 
less than 1 in 100,000.  In addition, in cases where a mutagenic compound is a non-carcinogen 
in a rodent bioassay, there would be no predicted increase in cancer risk.  Based on all the 
above considerations, any exposure to an impurity that is later identified as a mutagen is not 
necessarily associated with an increased cancer risk for patients already exposed to the 
impurity.  A risk assessment would determine whether any further actions would be taken. 

Where a potential risk has been identified for an impurity, an appropriate control strategy 
leveraging process understanding and/or analytical controls should be developed to ensure 
that the mutagenic impurity is at or below the acceptable cancer risk level.  

There may be cases when an impurity is also a metabolite of the drug substance.  In such 
cases the risk assessment that addresses mutagenicity of the metabolite can qualify the 
impurity.  

4. CONSIDERATIONS FOR MARKETED PRODUCTS  

This guideline is not intended to be applied retrospectively (i.e., to products marketed prior to 
adoption of this guideline).  However, some types of post-approval changes warrant a 
reassessment of safety relative to mutagenic impurities.  This section applies to these post-
approval changes for products marketed prior to, or after, the adoption of this guideline.  
Section 8.5 (Lifecycle Management) contains additional recommendations for products 
marketed after adoption of this guideline. 

4.1 Post-Approval Changes to the Drug Substance Chemistry, Manufacturing, and 
Controls 

Post-approval submissions involving the drug substance chemistry, manufacturing, and 
controls should include an evaluation of the potential risk impact associated with mutagenic 
impurities from changes to the route of synthesis, reagents, solvents, or process conditions 
after the starting material.  Specifically, changes should be evaluated to determine if the 
changes result in any new mutagenic impurities or higher acceptance criteria for existing 
mutagenic impurities.  Reevaluation of impurities not impacted by changes is not 
recommended.  For example, when only a portion of the manufacturing process is changed, 
the assessment of risk from mutagenic impurities should be limited to whether any new 
mutagenic impurities result from the change, whether any mutagenic impurities formed during 
the affected step are increased, and whether any known mutagenic impurities from up-stream 
steps are increased.  Regulatory submissions associated with such changes should describe the 
assessment as outlined in Section 9.2.  Changing the site of manufacture of drug substance, 
intermediates, or starting materials or changing raw materials supplier will not require a 
reassessment of mutagenic impurity risk. 

When a new drug substance supplier is proposed, evidence that the drug substance produced 
by this supplier using the same route of synthesis as an existing drug product marketed in the 
assessor’s region is considered to be sufficient evidence of acceptable risk/benefit regarding 
mutagenic impurities and an assessment per this guideline is not required.  If this is not the 
case, then an assessment per this guideline is expected. 


