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Abstract:

The assessment and control of genotoxic impurities (GTI) in
pharmaceutical products has received consderable attention in
recent years. Molecular functional groups that render gtarting
materials and synthetic intermediates useful as reactive building
blocks for small molecules may also be responsible for ther
genotoxicity. As a potential safety concern, it is important to
understand the various issues related to GTIs and how they can
be addressed for clinical and commercial phases of development.
Judtification that theseimpuritiesare controlled to safelevels mugt
be obtained during development. This article will briefly discuss
the multiple sour ces of anticipated impuritiesin a drug substance
(also known as active phar maceutical ingredient or API) synthetic
routeand how they areidentified asGTIsin early chemical process
development. A risk-based approach consstent with regulatory
expectations is described for establishing control of GTls. The
approach includes process design congderations, impurity rejec-
tion information, and appropriate application of specifications.
Analytical consderations for determination of GTIsat low levels
are also discussed.

Introduction

The assessment and control of genotoxic impurities (GTIs)
in chemical process development is atopic requiring input from
a multidisciplinary team represented by chemical process,
analyticdl, toxicology and regulatory functions. While avoidance
of GTls as reagents, starting materias, synthetic intermediates
and byproducts in chemica processing is an important consid-
eration, itisnot awaysfeasble, or desirable. Functiond groups
that render starting materials and synthetic intermediates useful
as reactive building blocks may aso be responsible for their
genotoxicity. Avoidance of mesylate or tosylate sdlt isolations
(to avoid potential mesylate and tosylate ester GTIs) may limit
opportunities for optimal purification, physical properties,
stability or bioavailability of an active pharmaceutica ingredient
(API). The dternative to avoiding GTIsisto assess and manage
potential risk through appropriate application of chemical
process design and analytica testing.

The timing for GTI assessment and testing must aso be
considered. In early phases of development leading up to and
including initial clinical trids, drug candidate attrition is
significant. Adding to the chalenge of addressing GTls is the
fact that the chemical synthesis may be rapidly changing as it
progresses toward a commercial synthetic route.
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Regulatory guidance related to the control of impurities to
sofe levels is available. The Internationa Conference on
Harmonization (ICH), Section Q3A, provides guidance on
Impurities in New Drug Substances! It states that lower
reporting thresholds can be appropriate if the impurity is
unusually toxic. Also, impurities with specific safety concerns
such as genotoxicity, should be limited to levels far below those
recommended for ordinary drug-related impurities. The Euro-
pean Medicines Agency (EMEA) issued guidelines for GTI
limits and included the concept of threshold of toxicological
concern (TTC) to define acceptable risk for new active
substances? This guideline acknowledges that it isimpossible
to define a zero risk for genotoxic carcinogens without a
threshold, and the redlization that complete eimination is often
unachievable. A TTC of 1.5 ug/day isgiven asalevel at which
exposure will not pose a significant carcinogenic risk. The
EMEA guidance also indicates that the TTC may be raised for
short-term exposures or for known impurities which have
greater potential for exposure from other sources. In 2005, the
Pharmaceutical Research and Manufacturers Association (PhR-
MA) drafted guidance in the form of a GT| Task Force White
Paper that extended the scope to all phases of clinical develop-
ment.3 Most importantly, the PhRMA paper introduces astaged
TTC concept for limited exposure that balances duration of
clinica trids, availability of anaytical methods, maturity of
synthetic route, and potentia risk. In June 2008, the EMEA
responded to a number of questions regarding GTI limits*
Significantly, the CHMP Committee agreed with the use of a
staged TTC concept during clinical development, although at
more conservative limits (factor of 2) compared to the PhRMA
paper. Other references also discuss the issue of genotoxic
impurities. 5~
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Figure 1. Simulated synthetic route: potential sources of
genotoxic impurities include starting materials, reagents, in-
termediates, side reactions, impurities.

The following sections describe strategies that we have
adopted for the identification of GTls in drug substances and
for establishing acceptable process and analytical controls to
ensure patient safety. The strategies evolve as compounds move
from early development to commercia supply but represent a
risk-based approach consistent with providing a high-quality
product. A related topic involves the assessment of API
degradation products as potentid GTIs. While a similar ap-
proach as described for reaction byproducts in this paper may
be utilized, the key question is whether or not the impurity is
likely to form, especially when the potential impurity has been
identified through stress degradation studies. Thisis an ongoing
issue that merits further examination.

Toxicology Assessment

Prior to the manufacture of clinical trial materia, atoxicology
assessment is needed to identify which compounds in a given
synthetic route are genotoxic and to provide guidance on limits
that are consistent with safety and regulatory expectations.'®
The synthetic route with chemica structures, as smulated in
Figure 1, is submitted for toxicological assessment. In addition,
the synthetic route is reviewed by ateam of process chemists,
analytical chemists, and toxicologists to identify likely reaction
byproducts and the potentid for carry-through to the API.
Utilizing in dlico evaluation and expert opinion, GTI alert
structures are identified among the compounds for which no
data are available. Examples of commercial software applica
tions used for this purpose include MultiCA SE'® and DEREK .Y
With this assessment, compounds representing potentia impuri-
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ties can be classified according to risk potential. Muller et .
proposed the following five classes of impurities for this
purpose: 3

Class 1. Impurities known to be both genotoxic and
carcinogenic

Class 2: Impurities known to be genotoxic

Class 3: Alerting structure, unrelated to API, and of unknown
genotoxic potential

Class 4: Alerting structure related to the API

Class 5: No derting structure

As shown in Figure 1, GTls may be introduced as starting
materials and reagents, or synthesized in the form of an
intermediate or reaction byproduct. Following the identification
of aert structures, different approaches may be considered.
Additional considerations for risk assessment include whether
the GTI is commonly found at considerable levels in foods.
For example, tyramine, a bacterial mutagen, can be found in
soy sauce at levels approaching 1 mg/mL. Patient populations
and drug indication may also factor into the assessment.

Compounds that yield negative resultsin the dert assessment
are placed in Class 5, and no additional action beyond normal
impurity monitoring is needed. For any positive result (Classes
3 and 4), samples are submitted for in vitro mutagenicity testing,
usually with the Ames or mini-Amestest.’8 If the mutagenicity
test is negative, this over-rides the aert assessment, and the
compound is placed in Class 5. Compounds giving a positive
mutagenicity result are placed in Class 2, and a toxicology
limit'® is established on the basis of the intended clinical use.
Not al compounds for which a limit is provided require
analytical testing. Process and analytical chemists utilize the
following guidance to determine the approach needed for a
given route.

The process described is used for starting materials,
intermediates, and reagents that are part of the synthetic
route. For byproducts that are known to be genotoxic, a
toxicology limit is obtained regarding acceptable levels
in the API. For byproducts that have alerting structures,
isolation or preparation of material may be required for
mini-Ames testing. The need for toxicology assessment
depends on where the GTI is introduced in the process
and opportunities for removal (see below). In general,
theoretical byproducts that are not anticipated to be formed
are not assessed, nor is special testing conducted to ook
for them. Thisis consistent with EMEA guidance recom-
mending that assessment of genotoxicity be limited to
those impurities that might reasonably be expected on the
basis of the chemical reactions and conditions involved.?
Scientific judgment is required to balance the potential
for impurity formation and carry-through with consider-
ation of safety risk that would be caused by the presence
of the impurity in the API.

GTI Testing Strategy
Toxicology assessment identifies genotoxic compounds in
aroute that need to be addressed. A “Decision Tree”, as shown

(18) Flamand, N.; Meunier, J-R.; Meunier, P.-A.; Agapakis-Causse, C.
Toxicol. Vitro 2001, 15, 105-114.

(19) Thetoxicology limit for aGTl isthelevel inthe API at which exposure
poses a negligible cancer risk over background at the maximal
therapeutic dose.




Confirmed GTI*
Enter Decision Tree

Is GTI
introduced
in final step

Is GTI
introduced in

Test APl and impose
limit based on
toxicology assessment

penultimate at
a level of
goncern

*Where GTl is an intermediate, reagent,
observed by-product or likely by-product

Is GTI
introduced >4

Y Provide chemical
rationale for removal
(or test, if necessary)

Test to demonstrate absence

or rejection efficiency (or provide
chemical rationale for removal,

if possible)

for registration

Demonstrate absence and/or removal
efficiency or establish specification

Figure 2. Decision tree: control strategy for genotoxic impurities.

in Figure 2, illustrates how genotoxic impurities are addressed
as a function of where they enter the synthetic scheme. A
chemistry-based rationale and/or data to support the GTI testing
program or decisions not to perform testing are peer reviewed
and documented.

The decision tree for testing incorporates a risk-based
approach, depending on where the GTI is introduced in
proximity to the fina API. In other words, there isless risk of
the GTI being present in the API when it isintroduced early in
the synthetic process. Introduction of a GTI less than three to
four steps back from the AP is often considered the point at
which the risk needs to be more carefully assessed. The
designation of four steps from the APl as a point before which
chemical rationale should suffice in most casesis based on the
following consideration. If a GTI is introduced in step 1 of a
four-step process and appears a 0.1% in the first intermediate
followed by three additiona steps with a 10-fold reduction at
each step, the GTI would be in the APl a 1 ppm. These
conservative assumptions would lead to a negligible level of
the GTI inthe AP, but a case-by-case assessment of reactivity
and purification opportunities should be performed to determine
whether testing is warranted. Later in development, the need
for analytical data to support the chemical rationale may be
reassessed for a marketing approval filing. A decision not to
test when the GTI is introduced within three to four steps of
the AP could also be made, but the burden on the justification
becomes greater.

The main approach for sample testing to demonstrate the
absence of GTls or process rejection efficiency isto test in the
process intermediate step after the GTI has been introduced.
Spiking studies can also be performed to demondtrate the
capability of the processto reject an impurity. If animpurity is
present a alevel of concern, the next intermediate can be tested
and so on to support decisions on the level of control needed
for clinical trid materids and eventualy, the commercia
process control strategy. Although the designation of where the
GTI is introduced refers to synthetic steps, the number of

processing and/or purification steps present in the process that
could remove the GTI should be considered when evauating
the potentia for impurity presence in API. The decision tree
and following discussion are utilized as guidelines. Good
scientific judgment rather than arbitrary rulesis needed through-
out the process and may result in different decisons being taken,
depending on the specific situation.

Decison Process for Testing. A detailed explanation of
steps involved in the testing decision tree is provided below
along with illustrative example situations.

GTI Is Introduced in the Final Step. A specification
should be applied in most cases for the GTI in the API
on the basis of the toxicology assessment. If data are
generated to show that a GTI potentially introduced in
the last step is not actually present or is efficiently rejected,
it may be possible to omit a regulatory specification. For
example, APIs are sometimes isolated as salts of methane
sulfonic acid. When the final reaction step involves the
use of alcohols, genotoxic esters such as methyl meth-
anesulfonate (methyl mesylate) may form. In these cases
it is necessary to demonstrate that even if such an ester is
formed, it is rejected by the process. This is consistent
with the European Pharmacopoeia production requirement
for marketed sulfonic acid salts and may prevent the need
for routine testing.

GTI IsIntroduced in the Penultimate Step. If the GTI is
shown to be below the toxicology limit for APl in the
penultimate intermediate, no testing isrequired for the API. The
need for a specification limit a the penultimate intermediate
should be considered on the basis of the stage of devel opment.
In a recent project, a substituted benzyl bromide was formed
during the synthesis of the penultimate intermediate and was
identified as a suspect genotoxic impurity. A toxicology-derived
limit of 20 ppm wasissued for thisimpurity in the API. Testing
at the penultimate intermedi ate showed impurity levels of 2 ppm
and precluded the need for a specification and testing at the
AP If the GTI ispresent a& aleve of concern in the penultimate
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intermediate, a specification is applied to the APl to verify
adequate removal in the last step.

If the GTI IsIntroduced Threeto Four Steps from the
API. Data are needed to demondtrate rejection of the GTI to
acceptablelevelsin [aboratory trias at the earliest intermediate
step possible. If the GTI is not present and/or removal is shown
to be efficient, e.g. through spiking studies, no specia testing/
control is required for scae-up of intermediates used in
production of API for clinical trials. If rejection is not adequate
at an intermediate step, a specification limit for the APl will be
necessary. Chemical rationale for GT1 removal may also be
considered but must take into account the proximity of the GTI
to the final API.

GTI IsiIntroduced Greater than Four Steps back from
API. Consider developing a chemical rationale when the
probability of the GTI carrying through to the API is
negligible. This can be based on reactivity of the GTI,
number of purification stepsit will encounter, etc. If such
arationale can be provided, no testing for the impurity is
required. As an example, consider a process in which one
equivalent of the carcinogen formaldehyde is generated
in step 5 of a 10-step synthetic route. Introduction of
formaldehyde in the process was followed by four
crystallizations and one reslurry purification step prior to
formation of the drug substance. In this case, the rationale
for not requiring analytical testing to control formaldehyde
was based on the number of opportunities for removal.
Formaldehyde was soluble in the aqueous extractions
utilized in steps 5 and 6 and would likely be removed.
Formaldehyde boils at —19 °C and would be removed
during solvent exchange. Furthermore, step 6 utilized a
reducing agent that would reduce any residual formalde-
hyde. Overall, the potential for formaldehyde in the API
at any level of concern was very low.

If an impurity rejection retionale is not compelling, rejection
to acceptable levels must be demonstrated in laboratory trials.
Impurity rejection can be confirmed by testing intermediates
prepared in the manufacture of materid for clinica trias.

Ongoing Strategy Evaluation

Genotoxic impurities need to be addressed on an ongoing
basis during development. Since the dose and duration associ-
ated with clinica trids will change, a revised toxicology
assessment is needed. Therefore, as changes occur during
development, a number of items must be addressed. If the route
has changed, new intermediate compounds must be assessed.
If the clinical trid dose and/or duration has changed, the
toxicology limit should be reassessed. If the acceptable toxicol-
ogy limit has changed, the capabilities of the process and
analytica methods for control at the new level need to be
assesed. If the acceptable level has changed, previousy
manufactured APl must be assessed for suitability prior to use
in subsequent clinical trids. Finally, generation of additiona
data on impurity reection to support registration should be
considered.

Consderations for Analytical Testing. Testing for GTls
in pharmaceutica intermediates and APls must address a
number of chalenges common to trace analysis. Genotoxic
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Table 1. Approaches for optimizing sensitivity and
selectivity for GTI Testing

Instrument/Technique-Based

Choice of Technique
chromatographic
Spectroscopic

Operating Conditions
resolution
peak shape
desired retention order

Detection Technique
element specific-detection
mass spectrometry

Sample Preparation-Based
Preconcentration of Analyte
Analyte Derivatization

improved detection
improved chromatography

Matrix Elimination
split injection
headspace GC
extraction

analytes, by their nature, may be reactive or unstable, causing
problems with reproducibility and recovery. While this com-
plicates analysis, it could also provide justification for using a
chemical rationale in place of testing. The most significant
andytica chalenges are introduced by the sample matrix itself,
as selectivity and/or sensitivity can be compromised by poor
sample solubility or chromatographic interferences from the
main component, other impurities, or degradation products.
Even if anaytical methodology exists for a given genotoxic
impurity, each new sample matrix, e.g. different intermediate
or drug substance, presents new challenges requiring additional
development. A number of approaches need to be considered
for optimizing analytical senditivity and selectivity. Examples
of these gpproaches asthey relate to instrumentation and sample
preparation are listed in Table 1.

Analytica testing and approachesto GTI control must aso
be “ phase appropriate’, employing an appropriate level of rigor
that supports the intended use of the data. In early phases of
clinicad development, information provided to guide process
development is often generated on sophisticated HPLC/MS or
GC/MS instrumentation. The main reason for this approach is
to minimize issues caused by interferences that might hamper
more common HPLC/UV or GC/FID methods. Methods are
characterized in terms of specificity, linearity, spike recovery,
solution stability, and sengitivity. It is necessary to provide
quantitative results in order to track process development
progress. As development proceeds, methods are optimized for
specificity and sengitivity in order to generate aknowledge base
from which to make decisions on necessary specification control
points.

Testing intended for the control of impurities and release of
materia for forward processing in early phases of development
is aso typicdly performed on HPLC/MS or GC/MS instru-
mentation. A limit test approach is often used at the toxicology
limit, or lower, as dictated by the ALARP principle? (aslow as
reasonably practical) considerations. In later clinical phases,
testing may evolve toward methods and instrumentation that
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Figure 3. Limit test approach (HPLC/UV). From bottom to
top: blank injection, standard solution corresponding to 40 ppm
limit concentration of each of two GTls, sample solution, and
sample spiked with standard solution to confirm retention time
and recovery. Retention times for the two GTls are ap-
proximately 18.5 and 25 min as indicated by arrows.

are compatible with quality control laboratory capahilities.
Robust methods to monitor levels for commercial dose-based
limits are needed for lifetime product support.

There are several examples in the literature of anaytical
methods for determination of trace-level GTls. These are often
for akylating agents such as sulfonic acid esters2-2* All
methods must address the anaytical challenges of sengitivity
and specificity. Examples of various approaches to deal with
these issues are given below.

Limit Test Approach. In the limit test approach, a “one
point calibration” at the toxicology limit is utilized. A pass/fail
result is reported rather than a quantitative value for the impurity.
Demonstration that the method is suitable for its intended use
focuses on selectivity (chromatographic and/or spectroscopic)
and adequate sengitivity and recovery of a spiked sample. A
typical example is shown in Figure 3, where an HPLC/UV
method was utilized for an application that did not require
extremely high sengitivity. A blank injection ensures that there
is no interference from the sample solvent. Injection of a
standard solution prepared at the toxicology limit, accounting
for sample dilution, is used to determine retention time for the
analyte(s). By comparing an injection of the sample to that of
the sample prepared in the standard solution (spike), the sample
can be assigned a pass/fail result. Demonstration of reproduc-
ibility and solution stability is accomplished through replicate
injections. One disadvantage of this nonquantitative approach
is that process development progress cannot be tracked. In
addition, if the toxicology limit islowered, previoudy generated
limit test results would not be adequate for determining
acceptability.

The example in Figure 3 illustrates the complexity that may
be observed for chromatographic impurity profiles at trace levels

(20) Elder, D. P.; Teasdale, A.; Lipczynski, A. M. J. Pharm. Biomed. Anal.
2008, 46, 1-8.

(21) Coalon, I.; Richoll, S. M. J. Pharm. Biomed. Anal. 2005, 39, 477-485.
(a) Lee, C. R.; Guivarch, F.; Dau, C. N. V.; Tessier, D.; Krstulovic,
A. M. Analyst 2003, 128, 857-863.

(22) Ramjit, H. G.; Singh, M. M.; Coddington, A. B. J. Mass. Spectrom.
1996, 31, 867-872.

(23) Li, W. J. Chromatogr., A 2004, 1046, 297-301.

(24) Hoogerheide, J. G.; Scott, R. A. Talanta 2005, 65, 453-460.
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Figure 4. Volatile GTI, headspace GC/FID approach. From
bottom to top: sample solution at 20 mg/mL and standard
solution at 1 gg methyl chloride/mL (correspondingto a 50 ppm
level in the sample). Limit of quantitation for methyl chloride
peak at 2.3 min is approximately 5 ppm.

when nonspecific detection is utilized. If interferences are
suspected, i.e., other components with the same retention time,
amore selective method is needed. This may be accomplished
by chromatographically resolving the interference or using a
more selective detector, as described below.

Matrix Elimination. In cases where the GTI is a volatile
species, headspace gas chromatography with flame ionization
detection (FID) can be used to improve sengtivity for the analyte
and minimize interference from the sample matrix. For the
exampleillustrated in Figure 4, methyl chloride was a potential
byproduct of areaction employing methanol in the presence of
hydrogen chloride. In this case, development data were gener-
ated to demonstrate that methyl chloride, if formed, was
eliminated at an intermediate step in the process. This type of
method could be gpplied to other sample matrices with adequate
solubility.

Extraction of an analyte from the sample is another form of
matrix elimination. This approach has been used to look for
polar GTIsin synthetic intermediates prior to analysis by GC/
MS. In this case, sensitivity was improved by dissolving the
sample in methylene chloride and extracting the analyte from
the nonpolar matrix with water.

Derivatization and Selective Detection. In some casesthe
analyte can be derivatized to form a species that is more stable,
more amenable to chromatographic separation, and possibly
easer to detect. A method for hydrazine involves the deriva-
tization with benzaldehyde at room temperature to form 1,2-
dibenzylidenehydrazine.?> This approach was used to support
a process in which hydrazine was used as a synthetic reagent.
While this method led to good sensitivity for standard solutions
of hydrazine, the sample matrix contained interfering peaks
when HPLC/UV was used for quantitation as shown in Figure
5. By usng HPL C/M S with electrospray ionization and selected
ion monitoring a m/z 209.1, hydrazine could be measured in

(25) OSHA Analytical Methods Manual; U.S. Dept. of Labor, Occupational
Safety and Health Administration: OSHA Salt Lake Technical Center,
Salt Lake City, UT, 1990; Val. 1; Publ. #4542; Method 108 Hydrazine;
American Conference of Governmental Industrial Hygienists (ACGIH),
Cincinnati, OH.
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Figure 5. Derivatization to improve sensitivity (HPLC/UV).
Derivatization of hydrazine with benzaldehyde to increase
detection sensitivity at 313 nm. Derivative peak at 1.8 min
asindicated by arrow. Bottom to top: derivatized hydrazine

standard and derivatized sample containing 0.3 ppm hydra-
zine.
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Figure 6. Application of mass spectroscopic detection to
improve sensitivity and selectivity (HPLC/MS). Same deriva-
tized sample asin Figure5. Electrospray ionization and selected
ion monitoring at m/z 209.1.

derivatized samples at well below 1 ppm due to enhanced signal/
noise (see Figure 6).

Demondtration of Impurity Reection. Showing the ca-
pability of a synthetic process to remove GTIs can be an
effective means of demonstrating impurity control and can
justify lack of routine testing for the impurity. This can be done
by spiking the impurity into the process a levels well above
those reasonably expected and showing that the impurity is
effectively removed.

Formaldehyde may be used in the manufacture of
phenylmethylamino propanol (PMAP), a starting material
for atomoxetinehydrochl orideand fluoxetinehydrochl oride. 22"
The PMAP starting material was used within four steps
of the API, so the presence of formaldehyde in PMAP
and the capability of the process to reject formaldehyde
were investigated. A toxicology limit was obtained which
stated that not more than 16 ppm formaldehyde should
be present in the drug substance. The International Agency
for Research on Cancer (IARC) classifies formaldehyde

(26) Wirth, D. D.; Miller, M. S;; Baini, S. K.; Koenig, T. M. Org. Process
Res. Dev. 2000, 4, 513-519.

(27) Gavin, P. F.; Olsen, B. A.; Wirth, D. D.; Lorenz, K. T. J. Pharm.
Biomed. Anal. 2006, 41, 1251-1259.
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Scheme 1. Reversible reaction of formaldehyde with PMAP
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as a known human carcinogen,? associated mainly with
inhalation exposure. For oral exposure, carcinogenicity
may not be as much of a concern as evidenced by World
Health Organization (WHQO) drinking water standards®
and communications from the FDA .2° Formal dehyde also
occurs naturally in foods and is a metabolic byproduct.
While there may be some uncertainty regarding a limit,
the following rejection studies were performed in response
to a regulatory agency question.

The investigation was complicated by the realization
that formaldehyde could react with PMAP to form acyclic
phenyl oxazine as shown in Scheme 1. This reaction is
reversible and could liberate formaldehyde in downstream
chemistry. Method development included the goal of
detecting formaldehyde present as free formaldehyde,
paraformaldehyde, or the phenyl oxazine.

The basis for the analytical method was derivatization
of formaldehyde with acetylacetone in the presence of
excess ammonium acetate to form 3,5-deacetyl-1,4-
dihydrolutidine.®* The derivative was separated from the
reagent and other sample components by reversed-phase
HPLC and detected at 412 nm. The detection limit for
formaldehyde was approximately 1 ppm in PMAP and in
the process intermediate prepared from PMAP. Recovery
of formaldehyde from each source (formaldehyde and the
phenyl oxazine) spiked into PMAP and the first down-
stream intermediate at 10 ppm ranged from 91—113%.

Analysis of multiple batches of PMAP showed that no
formaldehyde was detectable. Levels of formaldehyde
(free and masked as the phenyl oxazine) as high as 5000
ppm were spiked into the synthetic step that utilizes PMAP
as a starting material. Samples of the intermediate
produced from the reactions contained less than 10 ppm
formaldehyde, thereby establishing the impurity rejection
capability of the process. The lack of detectable levels of
formaldehyde in the PMAP starting material combined
with the capability of the process to remove high levels
provided justification for lack of formal specification
controls on formaldehdye applied to PMAP.

Conclusions
Assessment and control of GTIs in chemical process
development is challenging, owing to the evolving nature

(28) IARC Monograph on the Evaluation of Carcinogenic Risksto Humans;
International Agency for Research on Cancer; 2006; Vol. 88. http:/
monographs.iarc.fr/ENG/M onographs/vol 88/index.php/; accessed Oc-
tober 2008.

(29) Guidelines for Drinking: Water Quality, first addendum to 3rd ed.;
World Health Organization, 2005; Vol. 1, Recommendations; http://
www.who.int/water_sanitation_health/dwag/gdwq0506.pdf; accessed
October 2008.

(30) Indirect Food Additives: Adjuvants, Production Aids, and Sanitizers;
U.S Food and Drug Administration. In Federal Register 1998, 63,
35134.

(31) Zurek, G.; Karst, U. J. Chromatogr., A 1999, 864, 191-197.



of the synthetic process, variable points of entry of GTIs
in the process, and the need for analytical measurements
with adequate selectivity and sensitivity. A systematic
approach that is consistent with patient safety and regula-
tory guidelines has been presented to meet these chal-
lenges. Application of the approach results in process
knowledge and controls that ensure the quality of drug
substances throughout development. Although not de-
scribed in detail here, degradation products in APl and
drug product also need to be assessed.
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