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Pharmaceutical regulatory agencies are increasingly concerned with trace-level genotoxic impurities in
drug substances, requiring manufacturers to deliver innovative approaches for their analysis and control.
The need to control most genotoxic impurities in the low ppm level relative to the active pharmaceutical
ingredient (API), combined with the often reactive and labile nature of genotoxic impurities, poses sig-
nificant analytical challenges. Therefore, sophisticated analytical methodologies are often developed to
test and control genotoxic impurities in drug substances. From a quality-by-design perspective, product
quality (genotoxic impurity levels in this case) should be built into the manufacturing process. This neces-
sitates a practical analysis and control strategy derived on the premise of in-depth process understanding.
General guidance on how to develop strategies for the analysis and control of genotoxic impurities is cur-
rently lacking in the pharmaceutical industry. In this work, we demonstrate practical examples for the
analytical control of five genotoxic impurities in the manufacturing process of pazopanib hydrochloride,
an anticancer drug currently in Phase IlI clinical development, which may serve as a model for the other
products in development. Through detailed process understanding, we implemented an analysis and
control strategy that enables the control of the five genotoxic impurities upstream in the manufacturing
process at the starting materials or intermediates rather than at the final API. This allows the control
limits to be set at percent levels rather than ppm levels, thereby simplifying the analytical testing and the
analytical toolkits to be used in quality control laboratories.
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1. Introduction

Genotoxic impurities in chemically synthesized drug substances
may arise from the use of reagents and starting materials, from
process intermediates that are carried over to the final active
pharmaceutical ingredient (API), and from the formation of reac-
tion by-products. Analysis and control of genotoxic impurities is
not explicitly covered in the International Conference on Harmo-
nization (ICH) guidelines Q3A(R2), Q3B(R2), or Q3C(R3). Thus, a
‘threshold of toxicological concern’ (TTC) approach has been pro-
posed by the European Medicines Agency (EMEA) to limit the daily
patient exposure to no more than (NMT) 1.5 p.g/day for supporting
a market application [1]. Recently, a staged TTC has been pro-
posed by the PhRMA (Pharmaceutical Research and Manufacturers
of America) White Paper [2], which has become the basis for the
recently published draft US FDA guidance for industry [3]. Based on
these proposed TTC guidelines, genotoxic impurities in drug sub-
stances need to be controlled at low ppm level (weight/weight,
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this is used throughout the manuscript unless noted) to ensure
patient safety at typical doses. Testing and control of genotoxic
impurities at trace levels presents challenges to the pharmaceu-
tical industry with regard to both analytical and process controls
[4,5]. Furthermore, the US FDA has challenged the pharmaceuti-
cal industry to develop products using advanced technologies that
will resultin products incorporating quality-by-design (QbD) rather
than quality-by-testing (QbT)[6]. The aim of this initiative is to have
the process understanding and control needed so that the product
quality is built into the manufacturing process. Since such a pro-
cess can produce consistent quality product over the time and the
control of the product quality does not solely rely on analytical test-
ing of final API, the release testing becomes just one aspect of a
multi-faceted approach to controlling the product quality.

Since the levels of genotoxic impurities are often critical quality
attributes (CQAs) of drug substance, they must also be considered
as part of a complete QbD approach. Practical examples of geno-
toxic impurity control strategies are lacking, leaving little guidance
for the pharmaceutical industry. Recent publications by Dobo et al.
[7], Argentine et al. [8], and Pierson et al. [9] attempt to address the
issue by discussing hypothetical case studies. The purpose of the
current paper is to communicate a practical case study describing
the strategies for the analysis and control of five genotoxic impu-
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Scheme 1. Manufacturing process of pazopanib HCl (GW786034) showing the five genotoxic impurities (circled).

rities in the manufacturing process of pazopanib hydrochloride,
GW?786034 (IX) (Scheme 1), a VEGFR tyrosine kinase inhibitor cur-
rently in Phase III clinical development for the treatment of renal
cell carcinoma[10]. The analytical control strategy presented herein
was derived from a QbD view of process understanding, using
spiking and purging of various genotoxic impurities into relevant
reaction stages. To successfully support this, sensitive analytical
methods for various genotoxic impurities at trace levels must first
be developed and validated to test the drug substance intended
for clinical studies, and to ensure product quality and patient
safety. These trace analysis methods are typically based on lig-
uid chromatography-mass spectrometry (LC/MS) instrumentation,
which is also the technique of choice for guiding the spik-
ing/purging studies. However, these hyphenated MS-based trace
analysis methods are non-routine, costly, and difficult toimplement
in quality control laboratories in a manufacturing environment; a
strategy to simplify the analytical testing is therefore imperative.
Furthermore, controlling these impurities upstream in the syn-
thetic process, either at the starting materials (SM) or the relevant
intermediate stages, is favorable. In cases where batches fail geno-
toxic impurity specifications, re-work can be carried out on a SM or
an intermediate rather than on the final API, providing for a more
cost effective solution while also offering greater process flexibility.
This paper details the analytical testing and control strategies
for five genotoxic impurities encountered in the pazopanib HCI
manufacturing process. The control strategy was derived from a
combination of process spiking/purging data and batch history data
generated using trace analysis methods, with the goal of moving to
less sensitive but more routine HPLC/UV methods wherever possi-
ble by developing a deep understanding of the fate of the genotoxic
impurities. The data generated in this study were essential for final-
izing the analytical methods and overall analytical control plan, as
well as for setting specification limits for the registered starting
materials (RSM), isolated intermediates, and the final API.

2. Experimental
2.1. Trace analysis LC/MS methods

An Agilent 1100 HPLC/MSD system (Wilmington, DE, USA) with
electrospray ionization (ESI) operated in positive ion mode was

used for all LC/MS analyses, except in analyses of VIII, where nega-
tive ion atmospheric pressure chemical ionization (APCI) was used.
Detection was performed using single ion monitoring (SIM) at m/z
288 for VI, m/z 162 for III, m/z 192 for II, m/z 215 for VIII, and
m/z 116 for dimethyl sulfate (DMS), respectively. The ion mon-
itored for the detection of DMS was that of the derivatization
product, triethylmethyl ammonium ion, as a result of triethylamine
derivatization. Because of analyte reactivity of DMS, direct analysis
by gas chromatography-mass spectrometry (GC/MS) was imprac-
tical. Therefore, a derivatization LC/MS method was developed
where DMS was derivatized by triethylamine to form triethyl-
methyl ammonium for enhanced detection [11]. For the analysis
of I, I, and VI, chromatographic and mass spectrometric con-
ditions are similar, all using a Phenomenex Luna C18(2) column
(50mm x 2.0 mm, 3.5 pwm) (Torrance, CA, USA) with ESI positive ion
detection. However, due to the high requirements of method speci-
ficity and sensitivity at the trace levels, chromatographic and mass
spectrometric parameters were optimized individually with subtle
differences. The chromatographic conditions were for II, isocratic
elution using 73% of A (0.1% TFA in water) and 27% B (acetonitrile);
for III, isocratic elution using 88% of A (0.1% heptafluorobutyric
acid in water) and 12% B (acetonitrile); and for VI, isocratic elution
using 74% of A (0.1% formic acid in water) and 26% B (acetonitrile),
respectively. Compound VIII is an arylsulfonamine lacking an eas-
ily protonated functional moiety in the structure. Therefore, APCI
negative ion LC/MS was employed to take advantage of its deproto-
nation potential. Isocratic elution using 83% of A (0.1% formic acid
in water) and 17% of B (methanol) was employed for chromatogra-
phy. The complete experimental details and conditions are omitted
here since they are not the main focus of the current discussion. All
the LC/MS methods were validated; the results are summarized in
Table 1.

2.2. HPLC/UV methods

DMS was derivatized by an aqueous solution containing
5mg/mL of 2-mercaptopyridine, and the derivatization product
was detected by UV at a wavelength of 315 nm. A SunFire C18 col-
umn (50 mm x 2.1 mm, 3.5 wm) (Waters, Milford, MA, USA) was
used for separation. The mobile phases were 0.1% heptafluorobu-
tyric acid in water (A) and ACN (B). The impurity profile method
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Table 1

Validation results of the trace LC/MS methods for analyzing five genotoxic impurities in pazopanib HCl APL.

Parameters? DMS VIII I 11 VI
Sensitivity (LOQ in ppm) 0.5 0.2 0.6 0.6 0.2
Accuracy (% recovery)® 85 98 91 88 96
Injection precision® (% RSD, n=6) 19 2.1 5.8 2.6 0.3
Linearity and range€ (ng/mL) 1-100 3-100 2.4-60 3-100 2-1000

2 The method specificity for all methods was demonstrated by no more than 10% interference in the blank.
b At the target concentration levels of 1.7 ppm for DMS, VIII, II, IIl and 115 ppm for VL.

¢ R?>0.9995 for all methods.

of III was used for control of Il where a Zorbax SB-C8 column
(150 mm x 4.6 mm, 3.5 pm) (Agilent, Wilmington, DE, USA) was
employed. A gradient of 10mM NH4O0Ac in water (A) and ACN
(B) was used for elution, and the UV detection wavelength was
set at 297 nm. The impurity profile method of V was used as a
control of III. The method employs a Waters XBridge C18 column
(150 mm x 4.6 mm, 3.5 wm) for separation, a gradient of 10 mM
NH40Ac in water (A) and ACN (B) for elution and UV at 242 nm for
detection. The impurity profile method of VII was used to control
VIIL. A Zorbax Bonus RP column (150 mm x 4.6 mm, 3.5 pm) with
a mobile phase of 0.1% HCIO4 in water (A) and methanol (B) was
used for separation. The detection wavelength was set at 220 nm.
The impurity profile method for intermediate grade (IG) GW786034
(IX), Stage 3 isolate, for control of VI also uses the Zorbax Bonus
RP column. The elution mobile phases are 0.1%TFA in water (A)
and acetonitrile (B), respectively with a detection wavelength set
to 268 nm. The complete experimental details and conditions are
omitted here since they are not the main focus of the current dis-
cussion. A brief summary of the validation results of all HPLC/UV
methods is presented in Table 2.

2.3. Sample preparations

2.3.1. Sample preparations for the LC/MS methods

All samples of API or intermediates were prepared by dissolv-
ing 4-5mg of solid materials in 1 mL of diluent solvents which
are typically mixtures of water and acetonitrile. The spike recov-
ery samples were prepared in the same fashion except they were
spiked with aliquot of analyte standard solutions at the target con-
centrations. The above prepared solutions were subjected to LC/MS
analysis directly.

2.3.2. Sample preparations for the HPLG/UV methods

For the analysis of II, III, VIII and VI in the starting materials or
intermediates III, V, VII, and IG pazopanib IX, respectively, the sam-
ples were prepared at concentrations ranging from 0.2 to 0.6 mg/mL
for direct injection onto the HPLC/UV systems. For the analysis of
DMS in III, the samples were prepared at 2.5 mg/mL in acetonitrile
(12-14mg in 5mL of acetonitrile in a 9-mL vial), to which 1TmL
of derivatization reagent (5 mg/mL of 2-mercaptopyridine aqueous
solution) was added. After mixing, 1 mL of this solution was trans-
ferred into a 2-mL HPLC vial which was heated at 60 °C for 1 h before
injecting onto HPLC.

3. Results and discussion

3.1. Genotoxic impurities in the pazopanib HCl manufacturing
process

The manufacturing process for pazopanib HCl API is shown in
Scheme 1 [10]. As a result of a synthetic route risk assessment for
structural motifs known to be genotoxic [12,13], five genotoxic or
potential genotoxic impurities were identified, including dimethyl
sulfate (DMS), II, III, VI, and VIII, and they were all designated as
drug substance CQAs (Fig. 1). DMS is used in the synthesis of II,
while II is the precursor of IIl. Compound III is the Stage 1 RSM.
Compound VIII is used in the synthesis of VII which is one of
the RSM for Stage 3 reaction. VI, on the other hand, is the Stage
2 intermediate which is the precursor for Stage 3 process. DMS
is a known genotoxin. Compound II is only a ‘structure alert’ as
a result of DEREK screen; thus the latter is a potential genotoxin.
Compounds III and VIII were positive in Ames tests; therefore, they
are genotoxic. The fifth genotoxic impurity, VI, has been shown to
be non-DNA reactive; therefore, a higher TTC limit was justified
[14]. Trace analysis LC/MS methods were developed, validated, and
used to ensure that four of the five genotoxic impurities, namely
DMS, II, III, and VIII, did not exceed the 1.5 pg/day TTC limit in
drug substance, which corresponds to a limit of NMT 1.7 ppm each
for a dose up to 800 mg/day. The fifth genotoxic impurity, VI, has a
limit of NMT 115 ppm in the drug substance because of its non-DNA
reactive nature. Prior to the implementation of the control strategy,
final APIs are tested and released for clinical use according to the
proposed TTC limits (Table 3).

3.2. The fate of genotoxic impurities in the pazopanib HCI
manufacturing process

The fate of each genotoxin during the manufacturing process
has been determined (Fig. 1). Each genotoxin is either a reagent or
an intermediate in the synthesis. It is chemically highly improba-
ble that any of the genotoxins can form during the manufacturing
process or by degradation under stability testing conditions.

DMS is mainly eliminated in the mother liquors and washes in
Stage 1. Trace-level conversion to diethyl sulfate and methyl ethyl
sulfate is possible but these products are eliminated in the same
manner. Compound II is not reactive in Stage 1 or 2 and is elimi-
nated in the mother liquors and washes. Compound Il is a starting
material and principally reacts to yield V. Excess is eliminated in

Table 2

Validation results of the HPLC/UV methods for controlling the five genotoxic impurities in the pazopanib HCl manufacturing process.

Parameters DMS VI I 11§ VI
Sensitivity (LOQ) 0.022% 0.03% 0.05% 0.03% 0.05%
Accuracy? (% recovery) 67.5 95.5 105.3 1134 99.3
Repeatability® (% RSD) 17 15 4.0 0.2 5.4

Linearity and range® 0.05-0.5% 0.05% to 640% of spec limit

0.05% to 370% of spec limit

0.03% to 150% of spec limit 0.05% to 250% of spec limit

2 Demonstrated at the specification limits, see Table 3.
b Demonstrated at 80-120% specification limits, n=6 or more.
¢ R?>0.9995 for all five methods.
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Fig. 1. Genotoxin control strategy for pazopanib hydrochloride.

the mother liquors of Stage 1, and typically less than 0.2% of III is
found in isolated V. This small amount of IIl reacts in Stage 2 slowly
to yield mono and dimethylated products which are completely
eliminated in the mother liquors of Stage 2. Compound VI is the
Stage 2 intermediate and is mainly consumed by reaction to yield
intermediate grade IX in Stage 3. However a typical amount of NGT
0.6% VI is trapped in the crystals of intermediate grade IX. This is
purged in the mother liquors and washes of Stage 4. Process param-
eters of Stages 3 and 4 are important for purging VI, and because of
this they have been designated quality process parameters (Fig. 1).
Compound VIII does not react in Stage 3 or 4 and is eliminated in
the mother liquors and washes of Stages 3 and 4.

It has been demonstrated that the quality process parameters of
Stages 3 and 4 which affect purging, when run at the lower end of
the parameter’s purging ability (lower end of the proven acceptable
range), are sufficient to purge all genotoxins to less than the TTC
when they are added to the Stage 3 reaction in an amount which
assumes no purging in Stages 1 and 2.

3.3. Analytical control of genotoxic impurities in pazopanib HCl

Pharmaceutical impurities are conventionally tested in sam-
ples of final API. From the QbD perspective, however, the product

Table 3

quality (genotoxic impurity levels in this case) should be built
into the manufacturing process. We present herein the process
understanding and control of the genotoxic impurities in the
pazopanib HCl process. As a result, the control points were defined
upstream in the manufacturing process at the RSMs or inter-
mediates instead of at the final APIL This control strategy offers
multiple benefits. First, it allows for higher testing and speci-
fication limits for all genotoxic impurities, because it generally
allows for control at easily achieved percentage levels (e.g. 0.1%,
w/w or peak area) rather than more challenging ppm levels.
With higher specification limits at earlier stages, conventional
HPLC/UV impurity methods rather than trace analysis LC/MS meth-
ods can be implemented, simplifying the analytical methods to
be used in manufacturing facilities. Trace analysis LC/MS meth-
ods are generally undesired methodology in the manufacturing
environment because of their complexity, cost, and potential lack
of robustness. Second, this control strategy provides greater pro-
cess flexibility; for example, in the case of a batch failure caused
by a genotoxic impurity level not meeting a specification, re-work
options can be applied at the RSM or intermediate stages rather
than to the costly final APL In order to deliver this strategy to
ensure the ultimate control of all five genotoxic impurities, com-
prehensive spiking/purging experiments were conducted for the

Proposed genotoxin TTC limits in drug substances and the specification limits in the starting materials and intermediates (the control points).

Genotoxic impurities TTC Limits in API (ppm)

Control points

Specification limits at the control points (% w/w)

DMS 1.7 Stage 1 SM, Il 0.1%
1 1.7 Stage 1 SM, Il 0.1%
11§ 1.7 Intermediate, V 0.6%
Vil 1.7 Stage 3 SM, VII 0.1%
VI 115 Intermediate, IG pazopanib, IX 0.6%
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Scheme 2. Spiking/purging studies of the five genotoxic impurities.

pazopanib HCI process to map the fate of genotoxic impurities.
In addition, actual batch data were also collected. After compre-
hensive review of the purgeability data in combination with the
actual batch data, control points of all genotoxic impurities were
established for the pazopanib HCI process as discussed in detail
below.

Compound II is the synthetic precursor of IIl (Scheme 1) and is
a potential genotoxic impurity. To ensure that the pazopanib HCI
clinical supplies contained NMT 1.7 ppm of II, about 79 batches of
drug substance were tested by the trace analysis LC/MS method (see
Table 1 for the validation results), and the level of Il was found to be
below this limit. This suggests that the manufacturing process can
purge the impurity effectively. In order to gain an understanding
of the process tolerability of this impurity, spiking/purging studies
were conducted. As illustrated in Scheme 2a, when levels as high
as 5% (w/w) of II were spiked into III, the level of II was reduced
to 670 ppm in Stage 1 product, 23 ppm in Stage 2 product, and less
than 1.7 ppm in Stage 3 product, intermediate grade (IG) pazopanib
HCI (IX). Furthermore, 16 batches of IIl were analyzed. The levels
of Il in Il were found to be less than 1.7 ppm in 11 batches and less
than 24 ppm in 5 others. Based on these data, a strategy to control
Ilin III at a limit of NMT 0.1% (w/w) was proposed. This eliminates
the need for testing for this impurity in the final drug substance.

Consequently, a simple HPLC method with UV detection with an
LOQ of 0.05% (w/w) Il in Il was developed as the analytical control
method. The validation results of the method are summarized in
Table 2.

DMS is used in the synthesis of II, a precursor of Il (Scheme 1),
which is of known genotoxic concern [15]. To ensure the con-
trol of DMS in the drug substance to NMT 1.7 ppm, DMS was
tested in about 79 batches of pazopanib clinical supplies using
the trace analysis LC/MS method [11], and they were found to
contain NMT 1.7 ppm in all batches tested. The data suggest that
DMS can be purged effectively by the manufacturing process. To
understand the process tolerability, DMS was spiked into Stage
1 at 1% and 5% (w/w) levels respectively and tested in the cor-
responding Stage 1 product V (Scheme 2b). The results for both
spiking levels showed that the DMS concentration in V was less
than 1.7 ppm following typical isolation processes. This indicates
that the process can tolerate up to 5% (w/w) of DMS in III. To exam-
ine the actual levels of DMS in typical batches of III, 20 batches
from the specified supplier were analyzed by the trace analysis
LC/MS method (see Table 1 for the validation results). In all cases
the actual level of DMS in III was NMT 1.7 ppm. Based on this
knowledge and process understanding, a strategy to test and con-
trol DMS in RSM III at a limit of NMT 0.1% (w/w) and not to test
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the final API was proposed. Consequently, an HPLC method using
UV detection following the derivatization with 2-mercaptopyridine
was developed for analyzing DMS in III as a means of analyti-
cal control. The validation results of the method are described in
Table 2.

Compound III is a proposed RSM used in Stage 1 for manufac-
turing V (Scheme 1) and is also a genotoxic impurity. To ensure
pazopanib HCl clinical trial supplies contained NMT 1.7 ppm of III,
79 batches of drug substances were tested using the trace analysis
LC/MS method (see Table 1 for the validation results). All batches
passed the limit test of 1.7 ppm. In order to understand the pro-
cess purgeability, IIl was spiked into Stages 2 and 3, respectively,
followed by testing the intermediates isolated using typical pro-
cesses. The results are summarized in Scheme 2c. After spiking 1%
(w/w) of Il into Stage 2, 18 ppm and less than 1.7 ppm were found
in Stage 2 isolates VI and Stage 3 isolates IX (IG pazopanib HCl),
respectively; when spiking 5% Il into the Stage 3 reaction, the level
of Il in the Stage 3 isolate IX was NMT 1.7 ppm. Therefore, a strat-
egy to control III to a limit of NMT 0.6% (w/w) in Stage 1 product V
was proposed. This eliminates the needs to test Ill in the final API
using the trace analysis LC/MS method; instead, a HPLC/UV impu-
rity method was developed for testing and controlling IlI in V, the
Stage 1 product. The validation results of the method are listed in
Table 2.

Compound VIII is the nitro precursor of VII, the proposed Stage
3 RSM (Scheme 1). To understand the process tolerability of this
impurity in Stages 3 and 4, up to 3% (w/w) (equals to 5% peak area)
of VIII was spiked into the Stage 3 reaction (Scheme 2d). Using the
trace LC/MS method (see Table 1 for the validation results), the lev-
els of VIII were determined in the Stage 3 product IX, the Stage
4 product (monohydrate), as well as the final pazopanib HCI API.
The levels of VIII were found to be 47 ppm in the Stage 3 isolate
IX, and NMT 1.7 ppm in both the monohydrate and the final API,
respectively. These data demonstrate that up to 3% (w/w) of VIII
in VII RSM can be purged effectively by the process. To assess the
typical levels of VIII in VII RSM from the existing suppliers, 20 rep-
resentative batches were tested using a validated HPLC/UV method.
Two of the 20 batches were found to contain approximately 0.05%
(peak area) of VIII, and the remaining 18 contained less than 0.05%,
well within the process tolerability. Due to relatively late recogni-
tion of this compound as a genotoxic impurity, the levels of VIII in
actual final API were tested only in limited batches and they were
all found to be NMT 1.7 ppm. Together with the purging data, it is
reasonable to conclude that VIII will not exceed 1.7 ppm in any final
API batches. In short, a control strategy to limit VIII in VII (the pro-
posed Stage 3 RSM) to NMT 0.1% (w/w) by an HPLC/UV impurity
method can be implemented. The validation results of the impurity
method are described in Table 2.

Compound VI is the Stage 2 product that feeds into Stage 3
for manufacturing IG IX (Scheme 1). The TTC limit for VI in drug
substance was set to NMT 115 ppm based on the genotoxin risk
assessment. All drug substances were tested by the LC/MS limit
test method, and all released clinical batches met the TTC limit.
It has been demonstrated that VI can be purged effectively at
Stage 4. Approximately 70 batches of IG IX containing VI ranging
from 0.1% to 0.6% (w/w) have gone through the Stage 4 recrystal-
lization/purification commercial processes; the levels of VI were
reduced to NMT 115 ppm in all batches of final APIL In order to
examine the tolerability of VI in IG IX (Stage 4 purgeability), an
experiment was performed where 2% (w/w) VI was spiked into IG
IX and subsequently processed through the Stage 4 workup. It was
established that the concentrations of VI in IX monohydrate and the
final API were well below 115 ppm (Scheme 2e). Therefore, a strat-
egy to control VI atalimit of NMT 0.6% (w/w) in IG IX was proposed.
This eliminates testing of VI in the final API which requires the trace
LC/MS method. Instead, a simple HPLC/UV impurity method was

developed to test and control VI in IG IX. The validation results of
the HPLC/UV impurity method are listed in Table 2.

The overall pazopanib HCl genotoxic impurity analytical con-
trol points and the control limits are summarized in Table 3 and
Fig. 1. Both DMS and II are controlled in Stage 1 RSM III at NGT
0.1% (w/w). Compound III is controlled to NMT 0.6% (w/w) in the
Stage 1 product V. VIII, on the other hand, is controlled in the
Stage 3 RSM VII at NMT 0.1% (w/w). Lastly, compound VI is con-
trolled at IG IX at NMT 0.6% (w/w). In summary, the implemented
analytical strategy involves testing and controlling all five geno-
toxic impurities in SMs or intermediates rather than in APIL As a
consequence, five sophisticated LC/MS methods for testing these
impurities at low ppm level in final APl were eliminated. Since
the analytical limit is at % level, simplified HPLC/UV methods are
instead applicable, providing for a more robust and cost effec-
tive analytical approach for transfer to manufacturing facilities.
From the QbD perspective, the pazopanib HCl genotoxic impurity
control strategy has been built into the manufacturing process,
and consistent product quality in terms of genotoxin levels is
ensured.

4. Conclusions

Analysis and control of trace-level genotoxic impurities formed
during drug development and manufacturing has presented a chal-
lenge to the pharmaceutical industry in recent years. However,
specific guidance is currently lacking with respect to how to cope
with this challenge; if it is not tackled strategically, it may ulti-
mately impede productivity and inflate costs by drawing extensive
analytical resources into drug development and manufacturing. In
an effort to gain control over the genotoxic impurities encoun-
tered in the manufacture of pazopanib hydrochloride, we have
developed a successful analytical control approach based upon the
process understanding data as well as actual batch data. Five trace
analysis LC/MS methods were developed and validated for test-
ing all the genotoxic impurities in the pazopanib drug substances
intended for clinical use, to ensure patient safety. These methods
provided batch data that were critical elements of the specifica-
tion setting and provided a basis for the design of the control
strategy.

To map the fate of the various genotoxic impurities in
the pazopanib HCl manufacturing process, comprehensive spik-
ing/purging studies were conducted. The process tolerability data
obtained from these studies provided the premise for formulating
the analytical control strategies of the five genotoxic impurities. By
setting the control points early in the chemical manufacturing pro-
cess, these genotoxic impurities can be monitored at percent level
rather than ppm level. Consequently, simplified HPLC/UV impu-
rity methods become amenable for testing and control of various
genotoxic impurities in SMs or intermediates, respectively. It is
worth noting that in the event of a change in the SM supplier or
synthetic route, representative batches would have to be tested
thoroughly to ensure continued conformance to genotoxic impurity
specifications. Similarly, if the commercial manufacturing process
is modified, the validity of the spiking/purging studies would have
to be validated by additional experiments.

Much of the genotoxic impurity discussions in recent literature
focus on analytical methodologies of trace analysis. While devel-
oping trace method without a doubt poses a real challenge to the
analytical community, controlling genotoxic impurities in drug sub-
stance relying on analytical testing using sophisticated analytical
tools such as hyphenated mass spectrometry technologies may not
be the ultimate goal. The case study presented in this report shows a
practical implementation of a strategy for controlling five genotoxic
impurities in the commercial process developed for a new chemical
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entity. It is the authors’ hope that the present study will serve as a
model for similar issues encountered during process development.
This control strategy has been discussed with the US FDA during
a face-to-face meeting and is an important part of the recent NDA
filing.
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