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Abstract: 

Recent guidelines from drug regulatory authorities in Europe and 

the Untiled States of America (USA) require the control of

genotoxic and potentially genotoxic impurities at parts per million 

levels in drug substances. This review will discuss the background 

to the guidelines and the various strategies drug substance 

manufacturers have employed to comply with the very tight 

constraint5. These strategies include (a) redesigning the drug 

substance synthesis to avoid introducing problematic impurities, 

(h) altering relevant process parameters to remove or reduce such

impurities to insignificant levels, (c) deploying procl·ss m1dcrstand­

ing to prove that a particular genotoxic impurity either cannot he

formed or will be efficiently removed, (cl) conducting toxicity

studies to demonstrate that a suspect impurity is not harmful at

the low levels envisaged for it. Examples of each approach are

given.

1. Introduction

Ensming the safety of pharmaceutical products is a primary
responsibility of the chemists, engineers and formulators 
involved in their manufacture - regardless of whether the 
products are intended for conunercial purposes or for clinical 
investigation. When focusing on safety, particular attention is 
paid to the quality and purity of the raw materials used in the 
fonnulation, especially of the active pharmaceutical ingredient(s) 
(API(s)). A drng substance will typically contain a range of 
low-level impurity compounds, for example arising as residues 
of starting materials, reagents, intermediates, or as side-products 
generated by the synthetic processes or degradation reactions; 
these need to be understood and controlled within tight limits. 
The drug substance itself is unlikely to be entirely safe, but a 
certain level of risk to the patient can be tolerated when weighed 
against the anticipated health benefits. This balance between 
risk and benefit has to be finely judged by pharmaceutical 
manufacturers and regnlat:01y authorities on a case-by-<:ase basis. 
I.mprni.ties, however. are expected to bring no benefits - only
risk. Manufacturers must therefore eliminate them (or at least
mitigate the risk associated witl1 them) to the greatest extent
possible.

The International Conference on Hannonization (lCH) began 
to publish definitive g11idelines on impurities in drng substances 
and drng products in the .late 1990s.1 These guidelines have
been adopted by the regulatory bodies of, among others, the 

(I) !CH Guideline: Impurities in New Drug Subsiances Q3A, (R2): 
Internationa] Conference on Harmonisation, 2006. !CH Guideline: 
impurities in Neri-' Dn,g Products QJB, (.R2); International Conference 
on Hannonisation, 2006. 
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USA, the European Union, and Japan, and have enjoyed wide 
support within the phannaceutical industry over the intervening 
decade. Under this guidance, the normal qualification thJeshold 
for impurities is 0.15% (1500 parts per mi.llion(ppm)) or l mg/ 
day, whichever is lower, for drug substances whose intake is 
up to 2 g/day. Impmities which exceed this tlu·eshold must have 
their toxicity speciJically investigated. Below the quali.fication 
threshold, no investigation is required, although impurities at 
levels above 1000 ppm (or 1 mg/day) are expected, at the least, 
to be identifiecF 

While these thresholds are considered adequate for the 
general run of process-related impurities, the guideline also 
recognises that irnpmities which are "unusually toxic" are of 
increased concern and deserving of a qualification threshold 
significantly lower than the default values. Subsequent guidance 
from the European Medicines Agency (EMEA)9 and the U.S. 
Food and Drng Administration (USFDA)17 confirmed that the 
ICH tlu·esholds may not be acceptable for genotoxic or 
carcinogenic impurities. This, however. has proved to be more 
controversial within the industry - initially because of the lack 
of clear regulat01y guidance, and subsequently because of tl1e 
increased stringency imposed when more detailed guidance 
finally did emerge. Several commcntators3

-
5 have critically 

reviewed the histmy of the evolving guidance on genotoxic 
impurities. 

Genotoxic compounds are those which cause damage to 
DNA, for example by alkylation or intercalation, which could 
lead to mutation of the genetic code. The terms "genotox.ic" 
and "mutagenic" are usually employed synonymously by 
chemists, although there is a subtle distinction.6 TI1e property,
however named, can be easily demonstrated by su�jecting the 
chemical to standard in vitro tests,7 the best known being the 
Ames mutagenicity test. Whether a given genotoxic compound 
is also carcinogenic (the real worry from the safety vie-w'l)oint) 
is more difficult to detcnnine: it relics on longer-tenn in vivo 

(2) A recent FDA guideline (July 2009) on impurities in generic drugs 
would effectively reduce the qualification tlrresholcl to I 000 ppm or I 
mg/day for new impurities which were not present in tire reference 
listed drugs. 

(3) Delaney, E. J. An impact analysis of lhe application of the threshold 
of toxicological concern concepl to pharmaceuticals. Regul. Toxicol. 
Pharma.col. 2007. 49 (2), I 07.-124. 

(4) Humfrey. C. D. N. Recent Developments in the Risk Assessment of 
Potentially Genotoxic ln1purities in Pharmaceutical Drug Substances. 
Toxicul. Sci. 2007, 100 (1), 24-28. 

(5) Snodin, D. EU Guideline on Geootoxic Impurities Needs Updating. 
RAJ Pharma 2008, 593--598 and 663-670.

(6) "Genotoxicity" is a broader term in that it covers all types of DNA 
interactions, \vhcreas '·mutagenicity'' covers only DNA-impacting 
events transmissible from cell to cell or generation to generation. 

(7) !CH Guideline: ,1 Standard Batte1y for Genotoxicity Testing of 

Pharmaceuticals S2B; l□ternational Conference on Harmonisation, 
1997.
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studies using animal models, and there is always a question of 
the extent to which the results of such studies can be 
extrapolated to humans. 111e conservative approach is to assess 
known genotoxic com1x1unds as potential carcinogens unless 
there is experimental evidence to the contrary. 

2. The Regulatory Viewpoint

In December 2002 the Safety Working Party (SVv'P) of the
Emopean Committee for Proprietary Medicinal Products (CPMP) 
published a "Position paper on the lim.its of genotoxic impuri­
ties", signaling an intention to fill the gap in ICH guidelines. 
Geootoxic impurities was a topic selected for a joiot meeting 
of the Drng Infonnation Association (DIA) and d1e EMEA in 
October 2003, where scientific and regulatory updates were 
presented and discussed in the light of case studies. The outcome 
of these discussions, along with other industry and regulatory 
comment, was subsequently pubhshed i.n a special edition of 
the lntemational Joumal of Pharmaceutical Medicine.8 ·nie 
EMEA published a guideline on d1e subject in June 2006 that 
finally came into effect in Januaiy 2007.9 

The EMEA guideline recommends that any 1x1tentially 
genotoxic impurities (PGis) in the dtug substance should be 
identified, either from ex.isti.ng genotoxicity data or through the 
presence of '"stmctural alerts". PGis should then be dichoto­
mized into those for which there is "sufficient (experinlental) 
evidence for a threshold-related rnech,mism" and iliose "without 
sufficient (experimental) evidence for a threshold-related mech­
anism.'' The former category would include inter alia com­
pounds that induce aneuploicly by interfering with the mitotic 
spindle, compounds that interfere with the activity of topoi­
somerase, and/or compounds tl1at inhibit DNA synthesis. The 
limits for impuri.ties with clear evidence for a threshold 
mechanism can be addressed using methods similar to those 
recommended by ICH for setting limits on Class 2 solvents.10 
This approach calculates a "permitted daily exposure." which 
is derived using the "no observed effect level" or, alternatively, 
the "lowest observed effect level" from the most relevant animal 
study and incorporating a vaiiety of uncertainty factors. 

\,\/here there is no, or insufficient, evidence that the genotoxic 
impurity acts via a drreshold-related mechanism, establishing 
a safe limit is much more problematic. The EMEA approach 
has been to adopt a concept originally applied by the USFDA 
to contaminants leaching from food packaging materials and 
known as the "threshold of regulat01y concem''.11 111is principle 
states that regulators ought not to be concerned with extremely 
low levels of contatnination where the risk of harm is negligible. 
Subsequent research aimed to quantify such a regulatory 
threshold, which became redesignated as the "threshold of 
toxicological concern'' (TIC).12 On tl1e basis of an analysis of 

(8) Int. J. Phann. Med. 2004, 18 (4). Special edition. 
(9) Guideline on the Limits ofGenotoxic Impurities. CPMPISWP/5199/ 

02; European �1edicines Evaluation Agency, Comn1ittee for �1edicinal 
Products for Human lJse (CH.MP): London, 28 June 2006. 

(10) IC!l Guideline: Impurities - Guideline for Residual Solvents Q3C, 
(R4); Internatiorn:!l Conference on Harmonisation, 2009. 

(11.) Rulis, A. M. De m.inimis and the threshold of re�ulation. ln Food 
Protection frchnology: Felix, C. W., Ed.; Lewis Pt��lishers: Chelsea, 
Michigan, lJSA, 1986: pp 29-37. 

(12) Munro. I. C.; Renwic:k, A.G.; Danielewska-Nikiei, 13. The Threshold 
of Toxicological Concern (TTC) in Risk Assessment. Toxicoi. Lett. 

2008, 180 (2), 151---156. 
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the ca1'Cinogenic potency in rodents of over 700 carcinogens, i3, 14 

it was estimated tl1at exposmes less than 0.15 µglday of these 
substances are unlikely to increase a lifetime cancer risk bv 
more than l in one million; it is therefore reasonable to regard 
0.15 µglday as a ·'virtually safe dose" for all but d1e most potent 
carcinogens. 111e actual lin1it recommended by the EMEA is 
l.5 µg/day, represenhng a 1 in 105 excess lifetime caocer risk,
tl1e extra latitude being justified by d1e presumed benefit to the
patient of taking the medicine. It is recognized that certain
classes of compounds, specifically aflatoxin-like, N-nitroso, and
azoxy compounds, will require even tighter control. This type
of compound is unlikely to feature in a typical drug substance
synthesis. However, the general rrc limit, being several orders
of magnitude lower thai1 the normal qualification threshold
suggested by ICH gnidelines. still presents maoufacturers with
a host of technical and analytical challenges.

The EMEA guideline summarises d1eir recommendations 
i.n the form of a decision tree (Fi,gure l). Their prefen-ed option 
is. if possible, to eliminate the opportunities for the genotoxic 
impurity(ies) to appear at all. The second preference is for 
manufacturers to reduce the level(s) to as low as is reasonably 
practicable (ALARP priociple). Application of Tl'C concepts 
is - according to this decision tree - only third favorite. (This 
view has subsequently been modified, a� discussed later in this 
section. 16)

One issue which the EMEA guideline originally failed to 
address wa� approp1iate limits for investigational drngs. At eai·ly 
stages of development the process understanding which is 
required to control u·ace-level impmities would likely be limited. 
On the other hand, clinical subjects ai·e typically exposed to 
investigational drugs only for limited periods - ce1tainly not 
the "lifetime" which is assumed in the TIC derivation. The 
industry group Phat11iaceutical Research and Manufacturers of 
America (PhRMA) have therefore proposed a "staged 1TC" 
approach for the intake of genotoxic impmities over vaiious 
periods of exposure during clinical trials.15 Extrapolating from
the established acceptable intake over a lifetime, and resetting 
the acceptable risk to 1 in 106 (since clinical trial subjects may 
be volunteers who derive no specific benefit from the drug), 
they proposed limits of up to l20 ,u.g/day for exposures lasting 
up to one month, decreasing to 10 µg/day for >6---12 montl1 
( 13) Cheeseman, M.A.: Machuga, E . .J.; Bailey, A. B. A Tiered Approach 

to Threshold of Regulation. Food Chem. Toxico/, 1999. 37 (4), 387-
412. 

(14) Kroes, R..; Renwick., A.G.; Cheeseman, .M .. ; Kleiner, .I.; Man gelsdorf, 
l.; Piersma, A.; Schilter. B.; Schlatter, J.; van Schothorst, F.; Vos. 
J. G.: WUrtzen. G. Structure-Based Thresholds of Toxicological 
C.oncern (1TC): Guidance for Application to Substances at Low Levels 
in the Diel. Food Chem. Toxicol. 2004. 42 (I), 65-83. 

(i5) !vliiller, L.; Mauthe, R. J.; Riley, C. aVl.: Andino, M. M.: De Antonis, 
D.; Beeis, C.; DeGeorge, J., De Knaep. A. G. M.; Ellison, D.; 
Fage,·Ja,1d J A • Frank R • Fritw·heI B • Galloway S • Harpur F • 
lfomfre:v. 'c.· D.''.N.: Jacks, 

0

A. s.: Jag�ta.''N.; Mack.i�n�;,, J.iMotw;;: 
G.; Ness, D. K.; O'Donov,m, M. R.; Smith, M. D.: Vudathala, G.; 
Yotti, L. A rationale for determining, t esting, and controlling specific 
impurities in pharmaceuticals that possess potential for genotoxicity. 
Regul. foxicol. Pharmacoi. 2006, 44 (3 ). 198-21 .l. 

(16) Questions & Answers on the C!LliIP Guideline on the Limits of 
Genotoxic impurities. Revision l; E\1ENCl-lMP/SWPi43 1994/2007: 
Cl-IMP Safety Working Party: London, 26 June 2008. (A second 
revision was published on l7 December 2009. with yet more 
clarification.) 

(17) Genotoxic: a nd Carcinogenic: Impurities in Drug Substances and 
Products: Recommended Apprrn;ches. FDA Center for Drug Evaluation 
and Res earch. Guidance for Industry (Draft): 03 December 2008. 
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