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What Is Mutagenic Impurity? 
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Mutagenic or non-mutagenic? 



ICH Quality Guidelines on Pharmaceutical Impurities 
 

• ICH Q3A: Guidelines on impurities of new drug substances 

• ICH Q3B: Guidelines on impurities in new drug products  

Drug 
substance 

 

≤ 2g 
> 2g 
 

0.15% or 1 mg, whichever is lower 
0.05% 
 

Maximum daily 
dose 

 

Qualification Threshold  
 

Drug product 
 

< 10 mg 
10 – 100 mg 
> 100 mg – 2 g 
> 2g 
 

1% or 50 μg, whichever is lower 
0.5% or 200 μg, whichever is lower 
0.2% or 3 mg, whichever is lower 
0.15% 
 

http://www.ich.org/


A  Problem in ICH Q3A/B (1) 

 
In Q3B;  

It is permitted if a drug product (2g/day) contains 0.15% impurity.   

In maximum, 3mg/day (0.06mg/kg/day） 
of impurity is exposed. 

0.1mg/kg/day of NDMA can produce liver tumor in 50% of rats. 

N-nitrosodimethylamine   
(NDMA) 



A  Problem in ICH Q3A/B (2) 
 

Although this guideline is not intended to apply during 
the clinical research stage of development, in the later 
stages of development the thresholds in this guideline 
can be useful in evaluating new impurities observed in 
drug substance batches prepared by the proposed 
commercial process.  

7. QUALIFICATION OF IMPURITIES (Q3A)  

http://www.ich.org/


History of Impurities’ Guidelines and Guidances 

From ICH-M7 

 June 2010;  The ICH steering committee approved to develop the ICH mutagenic impurity guideline. 

 November 2010;  The ICH-M7 EWG initiated the discussion of this topic from Fukuoka meeting. 

 November 2012; ICH-M7 draft guideline (Step 1) was developed in San Diego meeting. 

 June 2014;  ICH-M7 final guideline (Step 4) was completed in Minneapolis meeting. 

 March 2105;  ICH-M7 (R1) draft guideline (Addendum; Step 1) was developed (without F2F meeting). 

 March 2017;  ICH-M7 (R1) final guideline (Addendum; Step 4) was completed (without F2F meeting).  

 July 2018;  ICH-M7 (R2) started. Q&A and 2nd Addendum were discussed.  

 April 2020;  ICH-M7 (R2) Q&A (Step1) was developed in the Web meeting. 

Before ICH-M7 

 March 1995;    ICH-Q3A guideline 

 November 1996;  ICH-Q3B guideline    

 January 2006;   PhRMA white paper (Muller et al.) 

 July 2006;   EMA-CHMP: Guidelines on the limits of genotoxic impurities 

 December 2008;  US-FDA: Guidance for Industry; Genotoxic and carcinogenic impurities in drug substances and 
  products: Recommended approaches 



ICH-M7 Guideline 

ICH-M7 (June 2014) 

1. INTRODUCTION 

2. SCOPE OF GUIDELINE  

3. GENERAL PRINCIPLES  

4. CONSIDERATIONS FOR MARKETED PRODUCTS   

5. DRUG SUBSTANCE AND DRUG PRODUCT IMPURITY 

ASSESSMENT 

6. HAZARD ASSESSMENT ELEMENTS.  

7. RISK CHARACTERIZATION  

8. CONTROL  

9. DOCUMENTATION 

NOTES 

GLOSSARY 

REFERENCES 

APPENDICES  

Mainly Quality Issues 
Mainly Safety Issues  

http://www.ich.org/


Major Safety Points in ICH-M7 Guideline for 
Assessment of Mutagenic Impurities  

 

 The focus of this guideline is on mutagenic (DNA reactive) 
substances which can be detected by the Ames assay 

 Evaluation of mutagenicity of impurities using the (Quantitative) 
Structure Activity Relationship 

 

 Life time cancer risk caused by a mutagenic impurity should be 
controlled less than 10-5 

 Application of a Threshold of Toxicological Concern (TTC) to control 
mutagenic impurities 

 Risk mitigation considering treatment duration and carcinogenic 
potency of mutagens 

＜Hazard Identification> 

＜Risk Assessment> 



Hazard Identification (1) 
Ames Test 

The focus of this guideline is on mutagenic substances that have a 
potential to directly cause DNA damage when present at low levels, 
leading to mutations; therefore, potentially causing cancer.  

This type of mutagenic carcinogen is usually detected in a bacterial reverse 
mutation (mutagenicity) assay (Ames test). 

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. 



Hazard Identification (2) 

Quantitative Structure-Activity Relationships (Q)SAR) 

Structure-based assessments are useful for predicting bacterial mutagenicity 
outcomes based upon the established knowledge.  

Two (Q)SAR prediction methodologies that complement each other should be 
applied. One methodology should be expert rule based and the second 
methodology should be statistical based.  

The absence of structural alerts from two complementary (Q)SAR methodologies 
(expert rule-based and statistical) is sufficient to conclude that the impurity is of 
no mutagenic concern, and no further testing is recommended.  



Risk Assessment (1) 

Dose 

Carcinogenicity 

0.5 

TD50 

10-5 

AI 

Non-Mutagenic 
Carcinogens  

Dose 

Carcinogenicity 

Threshold 
(NOAEL) 

PDE 

Mutagenic 
Carcinogens  

Permissible Daily 
Exposure (PDE) 

Virtually Safe Dose 
(VSD), Acceptable 

Intake (AI) 

Calculation of Acceptable Level of Carcinogens  



 Traffic accident   ６×１0-3 

 Water accident  ７×１0-4 

 Fire    ６×１0-4 

 Natural disaster   ３×１0-5 

 Lightning strike  ２×１0-6 

Lifetime Risk of Cause of Death in Japan 
(from the report of the Central Environment Council) 

 Dying from cancer in a lifetime is 25% for men and 16% for women. 

 Getting cancer in a lifetime are 62% for men and 47% for women. 

Cancer Mortality and Morbidity Rate in Japanese 
(National Cancer Center) 



Mutagen, but no 
Carcinogenic data 

1.5 μg/day 
(Threshold of Toxicological 

Concern; TTC)  
 

10-5 carcinogenic risk, if 
assuming that 10% of 

unknown chemicals are 
carcinogens. 

Threshold of Toxicological 
Concern (TTC) 

Grounds for Calculating TTC  

100% 50% 30% 10% 100% 50% 30% 10%

0.15 86 93 97 99 96 98 99 99

0.3 80 90 96 98 94 97 99 99

0.6 74 87 95 97 91 96 98 99

1.5 63 82 93 96 86 96 97 99

3 55 77 91 95 80 90 96 98

6 46 73 89 95 74 87 95 97

10-5 Risk 10-6 Risk

Estimated Percentage of CarcinogenSetting

threshold

(ug/day)

Percentage of carcinogenic substances in unknown compound and percentage of compounds that 
can control carcinogenic risk by setting threshold 

(Munro 1990) 

Risk Assessment (2) 



Risk Assessment (2) 

Cohort of Concern (COC) 

Strong Carcinogens (COC) 

• aflatoxin-like- 
• N-nitroso- 
• alkyl-azoxy-   



Classification (1) 

Impurity  
class Definition   

Proposed action  
for control 

Class 1 Known mutagenic carcinogens 

Class 2 

Alerting structure, unrelated to the structure of the 
drug substance ; no mutagenicity data 

Class 3 

Known mutagens with unknown carcinogenic 
potential 

Class 4 Alerting structure, same alert in drug substance or 
compounds related to the drug substance 

Class 5 No structural alerts, or alerting structure with sufficient  
data to demonstrate lack of mutagenicity or carcinogenicity 

TTC 

Q3A,  
Q3B 

VSD, AI 



Classification (2) 

Is impurity greater than TTC level? 

QSAR？ 

Ames？ 

Reduce to not more than TTC or clarify its mutagenicity 
by in vivo gene mutation study 

YES 

Positive 

Positive 

NO 

Negative 

Negative 

No further 
action. In a 

case of greater 
than 1 mg/day, 

ICH Q3A/B 
could be 

considered 

Classification of impurity 
Control not more 

than TTC or AI 

Class 
4,5 

Class 3 

Class 
1,2 

Mutagenicity? 



Risk Mitigation 

1. Less than Lifetime TTC 
 
 
2. Compound-specific VSD、AI 
 



Risk Mitigation (1) 

Haber’s Rule 

Exposure Time Exposure Time 

Ex
p

o
su

re
 D

o
se

  

Ex
p

o
su

re
 D

o
se

  

T1 T2 

C1 

C2 

C1 x T1 = C2 x T2 

Higher exposures for shorter durations are equivalent to lower 
exposures for longer durations. 



Risk Mitigation (2) 

0,1

1

10

100

1000

10000

100000

1 10 100 1000 10000 100000

number of treatment days in 70 years

d
o

se
[µ

g
/p

e
rs

o
n

/d
ay

] 
 g

iv
e

n
 o

n
 t

re
at

m
e

n
t 

d
ay

s

38250

1270

100

10

1,5

120 µg 

20 µg 

10 µg 

1,5 µg 

Calculated less-than-lifetime TTC yielding <1 cancer in 105 exposed persons
based on cumulative dose concept (Haber 's rule) and 

lifetime TTC of 1.5 ug
(Including upper boundary to not exceed 3X)

Additional safety factors to 10-5 risk level

(300-10x)

(60-5x)

(10-1x)

(7-1x)

(30-3x)

(20-1.6x)

(3- +3x)

(2.3-+3x)

0.15% for 14 days 

(for a 1 g drug)

(25.5-1.8x)

Less than Lifetime Risk   



Risk Mitigation (3) 

ICH-M7; Acceptable daily intakes for LTL exposure 

Duration of 

treatment 

  

< 1 month 

  

>1 - 12 months 

  

>1 - 10 years 

 

 

>10 years to 

lifetime 

Daily intake 

[µg/day] 

  

120 

  

20 

  

10 

  

1.5 

Clinical development 

Marketing products 



Scenarios with different treatment durations for applying acceptable intakes 



Risk Mitigation (4) 

• monofunctional alkyl chlorides 
 

 

Weak Carcinogens (COLC) 

Cohort of Concern (COC) vs Cohort of Less Concern (COLC) 

Strong Carcinogens (COC) 

• aflatoxin-like- 
• N-nitroso- 
• alkyl-azoxy-   



ICH-M7 (R1) Guideline   
 

Application of the principles of the ICH-
M7 Guideline to Calculation of 
Compound-Specific Acceptable Intakes 
(14 chemicals) 

Compound-Specific AI in Addendum of ICH-M7 (R1) 

March 2017 



The next step of ICH-M7 (R2) 

Q&A Document 

Step 3 (under public comments) 

Compound CAS# Chemical 
Structure 

Acetaldehyde 75-07-0 

Ethyl bromide 74-96-4 

Epichlorohydrin 16-89-8 

Formaldehyde 50-00-0 

Styrene 100-42-5 

Vinyl acetate 188-05-4 

1,2-dibromoethane 106-93-4 

2nd Addendum with 7 carcinogens  

It will be reach to Step 1 within 2020. 



ICH-M7 (R2) EWG  

In Charlotte, USA, Nov. 2018 
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N-nitrosodimethylamine   
(NDMA) 

Valsartan 



NDMA by-Product Process in Valsartan Production 

1) NaN3 

ZnCl2 

DMF 

2) NaNO2 

DMF Dimethylamine NDMA 

HNO2 

Final intermediate 

Tien Nguyen, Chem. Engineering News Feb 19th , 2019 

Valsartan 



September 2018 

Valsartan Contained 2nd impurity: N-Nitrosodiethylamine (NDEA)  



October 2019 MHLW  

Ranitidine  

N-nitrosodimethylamine   
(NDMA) 



Generation of NDMA by Decomposition of Ranitidine 

Ranitidine  

NDMA  



Metformin  

April 2020 MHLW 

Unknown cause (A substance derived from 
nitrocellulose resin contained in the printing ink 
on the tablet contact surface of PTP aluminum 
foil reacts with dimethylamine, which is a raw 
material that remained slightly in the tablet?) 

https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiriryhkqPnAhVkL6YKHVdPDH4QjRx6BAgBEAQ&url=https://ja.wikipedia.org/wiki/%E3%83%A1%E3%83%88%E3%83%9B%E3%83%AB%E3%83%9F%E3%83%B3&psig=AOvVaw24LZB8HEg9B_7GBqB6xhZ6&ust=1580192578685490


AI (Control limit) of NDMA and NDEA 

NDMA：0.0959 µg/day 
（Rational data：TD50＝0.0959 mg/kg/day（Rat） 
 
NDEA：0.0265 µg/day 
（ Rational data ：TD50＝0.0265 mg/kg/day（Rat） 

NDMA                         NDEA 



Carcer Risk Assessment of NDMA Impurities in Drugs  

Drug Assumed usage 
Maximum daily 
intake of NMDA 

Cancer Risk 

Valsartan Take 160mg/day for 4 years 10.7 µg/day 6.4 X 10-5 

Ranitidine Take 300 mg/day  for 2 years 1.773 µg/day 5.3× 10-6 

Metformin Take 1500mg/day for 10 years 0.1226 µg/day 1.8× 10-６ 



NMBA 
(61445-55-4)  

NDMA 
(62-75-9) 

NDEA 
(55-18-5) 

NEIPA 
(16339-04-1) 

NDIPA 
(601-77-4) 

NDBA 
(924-16-3) 

March 2019 

Other Nitrosamine Compounds as Impurities in Drugs 



Summary 

If mutagenicity is found in pharmaceutical impurities, strict control is required. 

Mutagenicity of impurities is assessed by QSAR → Ames test → in vivo gene 
mutation assay. If negative results are obtained in higher assessment, the strict 
control is not necessary. 

Mutagenic impurities that have not been tested for carcinogenicity should be 
controlled by TTC (1.5 µg/day), which is corresponding to a lifetime cancer risk 
level of 1 in 100,000. 

TTC levels can be mitigated by duration of exposure and characteristics of 
mutagenic substances. 

Nitrosamine compounds are extremely strong carcinogens (COCs) and require 
stricter control. 

ICH guidelines is originally intended for new pharmaceuticals, but the ICH-M7 
guideline will be applied to generic drugs in the future from the viewpoint of 
ensuring quality and safety. 


