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bstract

HPLC is a generally accepted method for assay of drug substances. However, recent claims cast doubts on the utility of HPLC assay methods
or characterizing quality [S. Görög, J. Pharm. Biomed. Anal. 36 (2005) 931–937]. This study examines the utility of the traditional drug substance
PLC assay as a quality control parameter. HPLC assay data from more than 100 batches for each of eight drug substances were compared to

esults from a mass balance approach (100 − impurities%). Estimates of the variability of HPLC assays from our data and from the literature ranged
rom 0.6 to 1.1% R.S.D. This variability is an appreciable portion of a typical acceptance range (e.g., 98.0–102.0%) and frequently exceeds the
ariability of the manufacturing process. Therefore, the results of the HPLC assay are questionable at best to determine the acceptability of the
rug substance batch. The high variability also can generate a significant percentage of false out-of-specification (OOS) results, even when the
true” purity is 99.0–100.0%. Each false OOS leads to inefficiencies because of unwarranted investigations for a root cause and/or implementation
f countermeasures for a problem that does not exist. Lastly, low precision makes it nearly impossible to detect significant changes in the process

ean and/or degradation during a stability study. The use of a mass balance approach for assay retains essentially the same average results as the
PLC assay but gives standard deviations that are up to 10 times less. Monitoring the assay by mass balance allows for more precise process and

tability monitoring and facilitates more rapid and accurate identification of process changes.
2007 Elsevier B.V. All rights reserved.
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. Introduction

The goal of pharmaceutical manufacturers is to produce drug
ubstance of acceptable quality for formulation into a drug prod-
ct. An array of tests is used to determine if the material has
cceptable quality prior to formulation of the drug product.
ssay by HPLC is one of the most common chemical tests used

o measure the quality of the drug substance. The utility of HPLC
or this use is impacted by the precision that can be achieved.
örög [1] estimated the precision of compendial HPLC meth-
ds to be in the range of 0.5–1.0%. A literature review of typical
ntermediate precision values for HPLC assays shows ranges of
bout 0.2–1.7% with averages between 0.6 and 1.1% [2–4]. This
aper examines HPLC assay precision estimates for many drug

ubstances in order to substantiate these estimates.

The inherent variability of the HPLC assay results in three
ajor limitations for its capability to monitor drug substance
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uality. One limitation is the problematic ability to accurately
etermine if the drug substance batch meets the regulatory
cceptance criterion, especially when the acceptance criterion is
narrow range such as 98.0–102.0%. Bunnell [5] summarized

his situation as “that when a reasonable scheme is employed,
he expected uncertainty of the result approaches the magnitude
f the entire span of the typical drug substance specification, and
t would be a mistake to rely too heavily on an assay result alone
s proof of drug substance purity.” A second consequence of low
recision occurs when any result falls outside of the regulatory
cceptance criteria. An out-of-specification (OOS) investigation
ust be performed to identify the root cause followed by tak-

ng appropriate corrective and preventative action [6–8], which
esults in wasted resources if the true cause of the OOS is ana-
ytical variability rather than a failure to meet quality standards.

third limitation of an assay by HPLC is its inadequate ability
o effectively discriminate between drug substance batches of

ifferent quality [1]. It is imperative that a change in the qual-
ty of manufactured material be detected as soon as possible to

aintain control of the manufacturing process. In summary, the
imitations ensuing from the typical precision of the HPLC assay
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Table 1
Examples of HPLC assay acceptance criteria in USP

Drug substance Drug substance HPLC assay
acceptance criteria (%)

Dorzolamide hydrochloride 99.0–101.0
Lovastatin 98.5–101.0
Indinavir sulfate 98.5–101.5
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f approximately 0.6–1.1% arise because the assay variability
s an appreciable portion of the acceptance range, frequently
xceeds the variability of the manufacturing process, and may
roduce false OOS results.

These failures of assay by HPLC to achieve the desired
iscrimination in quality can be circumvented by using a com-
ination of a more precise non-specific assay, such as titration
r UV, in combination with an appropriate technique, such as
PLC, to measure impurities [9–10]. However, HPLC is usually

hosen in spite of its limitations because of the preference for
single specific, stability-indicating technique to quantitate the
rug substance [10] and the operational simplicity and efficiency
or the laboratories.

Because of the limitations of the HPLC assay, which are ver-
fied by the data analysis in this article, a mass balance approach
o evaluate purity is proposed. This article compares the relative
apability of the proposed mass balance purity to the capabil-
ty of the HPLC assay to determine if the drug substance batch

eets the regulatory acceptance criteria, monitor the manufac-
uring process and identify changes in quality. HPLC assay data
rom more than 100 batches for each of eight drug substances
re presented to demonstrate the capability of the mass balance
valuation of purity. This article also evaluates the probabil-
ty of obtaining false out-of-specification results due solely to

easurement variability.

. Objectives of drug substance HPLC assay for quality
ontrol, typical acceptance criteria and process
ariability

HPLC assays are intended to monitor the release and stability
f the drug substance with high specificity, high accuracy and
he best possible precision. Other non-specific methods may be

ore precise than the HPLC assay but are not as useful for
onitoring batch release and stability because they usually have

ositive interferences from related compounds. Ideally, the drug
ubstance assay will:

Ensure that a high quality drug substance has been produced.
Accurately determine if the drug substance meets the regula-
tory acceptance criterion.

Typical regulatory expectations for the drug substance accep-
ance criterion for assay by HPLC are 98.0–102.0%. In some
ases, the acceptance criteria are even narrower. Examples of
arrow acceptance ranges for assay by HPLC from several USP
rug substance monographs [11] are given in Table 1. These nar-
ow acceptance criteria found in pharmacopoeial monographs
ay contribute to the temptation of regulatory agencies to push

or narrow assay acceptance criteria in a misguided effort to
ontrol purity.

It is important that the drug substance manufacturing process
emains in control, that is, that the process produces mate-

ial of consistent quality. Thus, it is important to immediately
etermine when unexpected changes in quality occur so that
ppropriate investigations and countermeasures can be under-
aken. For a synthetic drug substance of high purity (98–100%),

a
d
(
r

ansoprazole 99.0–101.0
acrine hydrochloride 98.5–101.5

change of 0.5% in purity would be considered to be a major
hange and one would like to detect this with high certainty as
oon as possible following the change.

. Typical drug substance HPLC assay intermediate
recision

For control methods in general, the smaller the variability of
he analytical method relative to the acceptance criteria range
nd the manufacturing variability, the better the method. Con-
ersely, the higher the variability is relative to these ranges, the
ess useful the analytical method becomes as a monitor of quality.
he typical intermediate precision observed in our laboratories

or several HPLC assay methods was examined to evaluate the
sefulness of the HPLC assay for assessment of quality.

Intermediate precision estimates for several internal drug sub-
tance HPLC assay methods are given in Table 2. All methods
nvolve similar sample preparation steps including weighing

dry powder, dissolving and diluting. The methods typically
tilized duplicate or triplicate preparations of standard and sam-
le solutions. These data were obtained from two types of
tudies. Design of experiments (DOE) techniques were used
o study robustness with respect to different analysts, instru-

ents, columns and days. Intermediate precision data are readily
btained from such studies. The other type of study, labeled
Control Sample”, was conducted by analyzing the same batch
f a given compound each time a set of samples was ana-
yzed. Although not a statistically designed study, the control
ample approach gives a realistic picture of intermediate preci-
ion because it incorporates many typical sources of variability
ncountered during actual use of the method. Control sam-
le studies were included only for drug substances known to
e chemically stable to prevent biased estimates of variability
aused by sample degradation. Note that the control sample and
ost of the DOE studies were performed in a single labora-

ory and, therefore, do not capture lab-to-lab variability (ICH
eproducibility).

The intermediate precision data in Table 2 (pooled
.S.D. = 0.61, range = 0.29–1.0%) are consistent with previ-
usly reported findings. Görög [1] described that “a cautious
stimate for the precision of compendial HPLC methods
an be characterized by R.S.D. of about 0.5–1%.” Ermer

nd Ploss [3] observed a 1.05% average R.S.D. interme-
iate precision/reproducibility for seven drug substances
range = 0.35–1.68%). In another article, Ermer et al. [4] gave a
ange of 0.5–1.1% with an average of 0.86% for the intermediate
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Table 2
Intermediate precision estimates for HPLC assay of drug substances

Drug substance Study typea N R.S.D. (%)

A Control sample 53 0.77
B DOE 48 0.67
C DOE 24 0.60
D Control sample 89 0.64
E Control sample 16 0.29
F Control sample 38 0.56
G Control sample 31 0.61
H Control sample 65 0.66
I Control Sample 15 0.79
J DOE 12 0.54
K DOE 12 0.51
L Control sample 41 0.64
M DOE 48 0.47
N Control sample 67 1.0
O DOE 18 0.8
P Control sample 22 0.46
Q Control sample 47 0.32
R Control sample 49 0.53
S Control sample 69 0.45
T Control sample 43 0.53
U Control sample 112 0.37
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a DOE: design of experiments and d.f.: degrees of freedom.

recision from nine drug substance stability studies with 217
alues. Based on system performance data, Renger [2] esti-
ated HPLC assay intermediate precision to range from 0.6 to

.8% for an automated HPLC system, in very close agreement
ith results in Table 2, and slightly higher, 1.1–1.5%, for a

ypical HPLC system. Bunnell [5] simulated the precision of
PLC assay results using estimates of variability contributions

rom sample preparation, injection and peak detection and
ntegration. The sample and injection replication scheme used
or analysis was incorporated in the simulation. Within-day
recision estimates of 0.92 and 0.41% were calculated for
eplicate preparation/replicate injection schemes of 1/1 and 3/2,
espectively. Although these estimates do not include day-to-day
ariability, they are consistent with results given in Table 2.

. Implications of intermediate precision for use of
PLC assay

Results in Table 2 and a review of previous reports demon-
trate that the typical intermediate precision R.S.D. of the drug
ubstance HPLC assay is approximately 0.6–1.1%. Thus, an
cceptance criterion with a range of only ±2.0% is very narrow
elative to the inherent method variability. While the common
ractice of establishing acceptance criteria that are three times
he intermediate precision may appear to give an appropriate
ange for the specification, there is a non-negligible chance of
bserving false OOS results even if the process mean remains
onstant. In addition, the low probability of a false OOS for an

ndividual result rapidly becomes a cumulative, non-negligible
robability for observing one OOS as the number of observations
ncrease as discussed later in this article. The recent US Food and
rug Administration (FDA) OOS guidance [6] raises more con-

O
t

t

d.f. = 898 Pooled R.S.D. = 0.61; range = 0.29–1.0

erns because it requires that all individual sample replicates, as
ell as the average, fall within the acceptance criteria (Section
(B) of guidance).

Therefore, the “true” value for the HPLC assay must remain
ithin a very narrow range or else an unacceptably high

requency of OOS results will occur when monitoring drug sub-
tance manufacturing. That is, the observed HPLC assay results
ill vary over the greater part of the acceptance criteria range
ue solely to the inherent variability of the HPLC assay. Like-
ise, observed results for the HPLC assay during a stability

tudy will cover most of the acceptance criteria range when the
rug substance, in fact, is stable as shown by little or no change
n related substance content.

.1. Potential for a false out-of-specification result for a
iven batch

With narrow acceptance ranges, the potential for a false OOS
esult is very dependent on the true batch value and the method
recision. Table 3 shows the probability of observing a false
OS result for different true batch means when the HPLC assay

tandard deviation (S.D.) is 0.6, 0.8 or 1.0 and the acceptance
riterion is 98.0–102.0%. The chance of obtaining a false OOS
ncreases quite quickly as the standard deviation increases (for
xample, only a 1% chance when S.D. = 0.6 and mean = 99.4 but
early a 9% chance when S.D. = 1.0 for the same mean). This
uggests that the HPLC assay is more a test of the laboratory’s
bility to achieve high precision than of drug substance quality.

f course, the probability of false OOS also increases, as the

rue result gets closer to the lower acceptance criterion.
The chance of observing a false OOS by chance also is rela-

ively high when a lot is repeatedly tested (e.g., during stability
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Table 3
Probability of observing an OOS result for a single test result with an acceptance
criterion of 98.0–102.0%

True mean Probability of
observing OOS
result when
S.D. = 0.6

Probability of
observing OOS
result when
S.D. = 0.8

Probability of
observing OOS
result when
S.D. = 1.0

99.8 0.0015 0.0152 0.0498
99.7 0.0024 0.0188 0.0553
99.6 0.0039 0.0241 0.0630
99.5 0.0062 0.0313 0.0730
99.4 0.0098 0.0406 0.0854
99.3 0.0151 0.0525 0.1003
99.2 0.0228 0.0670 0.1176
99.1 0.0334 0.0847 0.1375
99.0 0.0478 0.1057 0.1600
98.9 0.0668 0.1303 0.1850
98.8 0.0912 0.1587 0.2125
98.7 0.1217 0.1908 0.2424
9
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8.6 0.1587 0.2266 0.2746

tudies) and the mean does not change. This situation is explored
n the following example. Assume the batch mean is 99.6 and the
tandard deviation of the HPLC assay is 0.6, 0.8 or 1.0. For any
ne instance, the chance of observing a false OOS is low (0.4,
.4 and 6.3%, respectively) as shown in the Table 4. However, as
he number of test results increase, the likelihood of observing
t least one false OOS increases. For example, if only 10 tests
re performed, the corresponding chances of obtaining one false
OS result for the same mean and standard deviations rise to

bout 4, 22 and 48%, respectively.

It is clear that even if a process mean remains stable and/or

batch on stability does not change and the “true” value is
ell within the acceptance criteria, it is likely that individual

able 4
robability of observing an OOS result for repeated testing with an acceptance
riterion of 98.0–102.0%

umber of tests Probability of
at least one
false OOS
result when
each mean is
99.6 and
S.D. = 0.6

Probability of
at least one
false OOS
result when
each mean is
99.6 and
S.D. = 0.8

Probability of at
least one false
OOS result
when each
mean is 99.6
and S.D. = 1.0

0.004 0.024 0.063
0.008 0.048 0.122
0.012 0.071 0.177
0.015 0.093 0.229
0.019 0.115 0.278
0.023 0.136 0.323
0.027 0.157 0.366
0.030 0.177 0.406
0.034 0.197 0.443

0 0.038 0.216 0.478
5 0.056 0.306 0.623
0 0.110 0.519 0.858
0 0.176 0.705 0.961
00 0.321 0.913 0.999
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alse OOS results will be observed within a surprisingly small
umber of tests. This will result in unproductive investigations
nd countermeasures because there is truly nothing to find. That
s, the process is in control and/or a product on stability is not
hanging and the batch truly meets specifications.

The above probabilities apply to the final reportable value
f the analytical method. If the analytical method reportable
alue is defined as the average of more than one replicate, the
ikelihood of an OOS result is even higher because of the FDA
OS guidance expectation that all of the individual replicates

lso must fall within the acceptance criteria.
Laboratories can reduce the risk of false OOS results by tak-

ng steps to minimize method variability. These steps can include
ncorporating data acceptance criteria for sample replicate pre-
ision (not system suitability) into the method, increasing the
umber of replicates, or using a limited number of analysts,
nstruments, etc. However, the generation of multiple replicate
esults to improve precision increases the probability of a false
OS given the FDA OOS guidance [6] expectation for each

eplicate. Some authors [12] have recommended that an increase
n sample weight to greater than 160 mg may be sufficient to
ignificantly reduce the variability of HPLC assays. While this
ay result in a minor reduction in variability, it may not be suf-
cient to achieve the desired method precision. Also, the larger
olvent volumes and/or additional dilutions required for larger
ample weights may not be practical and may reduce laboratory
fficiency.

.2. HPLC assay lacks the ability to rapidly identify large
0.5%) shifts in the mean

An illustration of the difficulty of the HPLC assay to quickly
dentify a change in quality is shown in the following example
or a drug substance process:

For the first 50 batches, the true assay mean is 99.5% with an
HPLC assay standard deviation of 0.6%.
Starting with batch 51, the true assay mean shifts 0.5% lower
to 99.0% with the same HPLC assay standard deviation.

A change from 99.5 to 99.0% would be considered a large
hange in the process mean (perhaps due to a new process
mpurity) that would need to be investigated followed by imple-

entation of appropriate countermeasures. However, Fig. 1
nmistakably shows that there is virtually no ability to detect
large change in quality from a single observation (i.e., the

atch release result). Moreover, the simulation results in Fig. 1
learly show that even after multiple batches have been man-
factured following the process change, it is quite difficult to
eadily identify that a process shift has occurred. Furthermore,
f one decides that a process shift actually occurred, it is difficult
o determine when it happened to facilitate the investigation of
he root cause.
The one-sided t-test, a common statistical test, can be per-
ormed to ascertain whether the purity mean has decreased. The
ifficulty of using the t-test to quickly identify a decrease in the
urity process mean given the usual amount of assay variabil-
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ig. 1. Simulation of a 0.5% decrease in purity process mean at batch 50 with
PLC assay standard deviation of 0.6%.

ty is illustrated by the following example for a drug substance
rocess:

For the first 40 batches, the true assay mean is 99.8% with an
HPLC assay standard deviation of 0.6%.
Starting with batch 41, the true assay mean decreases 0.2, 0.4
or 0.6% to 99.6, 99.4 or 99.2%, respectively, with the same
HPLC assay standard deviation.

A simulation was performed to determine how likely it would
e for a one-sided t-test to identify that the results for 3–40
atches after the change had a statistically significant lower mean
ompared to the first 40 batches. The simulation used a false
etection rate of 5%; that is, a 5% chance of falsely concluding

hat the process mean has decreased when it in fact has not.

Fig. 2 plots the probability of statistically detecting a decrease
n the purity process mean for different numbers of batches
roduced following the decrease in the process mean. The plot

ig. 2. Simulation of power to detect a decrease in purity process mean from
9.8% with one-sided t-test with α = 0.05 when standard deviation = 0.6. Open
riangles: post change mean = 99.2%; open squares: post change mean = 99.4%;
pen circles: post change mean = 99.6%.
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emonstrates that a decrease of 0.6% takes more than 10 batches
o have a 90% chance of detecting the decrease in the process

ean. For a change of 0.4%, it takes more than 20 batches to
ave even an 80% chance of detecting the decrease. Finally, it is
irtually impossible to reliably detect a decrease of 0.2%. The
ituation would be much worse for an intermediate precision of
.1%, the upper range of observed R.S.D.s.

These examples show that the HPLC assay cannot distinguish
etween drug substance batches that are quite different in quality
e.g., mean difference of 0.5%) to detect decreases in the process
urity, i.e., to determine if the process is “in-control”. Görög [1]
ummarizes the above situation by stating “This means that the
nalytical error to be counted with is certainly above 0.5% and
s probably around 1%. This makes the value of assay results
btained even by the highly specific HPLC methods as a means
or characterizing the quality of bulk drug materials at least ques-
ionable”. Bunnell’s [5] work also led to the conclusion that “it
s virtually impossible to distinguish between assay results that
iffer by less than 1%.”

. Mass balance assay approach as alternative to HPLC
ssay

As has been shown, the HPLC assay has several limitations
or its ultimate utility for monitoring drug substance quality. The
se of mass balance to calculate an assay result is an alternative
pproach that can provide a better way to accurately determine
f the drug substance meets the regulatory acceptance criteria
nd to reliably detect unexpected changes in the quality of the
rug substance [1]. Eq. (1) defines the mass balance estimate
f batch purity, where all results are expressed as w/w percent-
ges. The only requirement to implement this approach is that
ll impurities, including water and organic solvents, present in
ignificant amounts are being measured accurately.

ass balance assay = 100 − related compounds − solvents

− water − residue − other impurities

(1)

Note that when related compounds are determined on a per-
ent of total area basis rather than a weight percentage versus
n external standard, the related compound result should be cor-
ected by a factor of [(100 − solvents − water − residue − other
mpurities)/100] to give an accurate result. Unless the solvent
nd other impurity levels are relatively high, however, this cor-
ection will be small.

Figs. 3 and 4 are overlay plots of more than 150 batches of
wo drug substances where a mass balance assay was computed
nd compared to the HPLC assay result. These case studies illus-
rate how much more effective a mass balance assay approach
s compared to the HPLC assay. Very similar process averages

re obtained for the two approaches, but a dramatic reduction
n variability is observed with the mass balance approach com-
ared to the direct HPLC assay approach, which gives a more
ccurate evaluation of the process performance.
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Fig. 3. Comparison of HPLC assay result to mass balance assay result for drug
substance, example #1 (drug substance BB in Table 5). The HPLC assay results
are represented by diamonds and the mass balance assay results are represented
by open squares.

Fig. 4. Comparison of HPLC assay result to mass balance assay result for drug
s
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T
S

ubstance, example #2 (drug substance DD in Table 5). The HPLC assay results
re represented by diamonds and the mass balance assay results are represented
y open squares.
An evaluation was performed for several sets of internal drug
ubstance assay results to estimate the reduction in variability
btained with a mass balance assay approach. As seen in Table 5,
he standard deviation of the mass balance results in these exam-

t
a
p
a

able 5
ummary of HPLC and mass balance statistics for drug substance assays

Drug substance Number of
batches

Mass balance
assay average (%)

H
a

AA 116 99.71 9
BB 204 99.83 9
CC 234 99.70 9
DD 153 99.72 9
EE 107 99.75 9
FF 107 99.63 1
GG 196 99.90 9
HH 111 99.66 1

d.f.a = 1104 Pooled
average = 99.75%

P
a

a d.f.: degrees of freedom.
ig. 5. Simulation of a 0.5% decrease in purity process mean at batch 50 with
ass balance assay standard deviation of 0.08%.

les is about 0.09% (range = 0.04–0.20%) or about 6- to 8-fold
range = 4–11) lower than that of the HPLC assay (pooled stan-
ard deviation 0.55%). Clearly there is a significant reduction
n variability when using the mass balance approach while very
imilar averages are obtained.

.1. Advantages of the mass balance assay approach

The mass balance assay offers much improved ability to
etect shifts in the production process. Reconsider the previ-
us example for a drug substance process but using the standard
eviation of the mass balance assay:

For the first 50 batches, the true assay mean is 99.5% with a
mass balance assay standard deviation of 0.08%.
Starting with batch 51, the true assay mean is lowered 0.5 to
99.0% with the same mass balance assay standard deviation.

Fig. 5 illustrates that by using a mass balance assay, it is easy

o immediately identify that a decrease in purity has occurred
nd when it likely occurred. This ability to rapidly distinguish a
urity decrease is in stark contrast to the previous example where
0.5% decrease in purity would take at least 10 batches to sus-

PLC Assay
verage (%)

Mass balance
standard deviation

HPLC assay
standard deviation

9.50 0.065 0.73
9.73 0.055 0.31
9.96 0.079 0.52
9.75 0.080 0.64
9.63 0.062 0.42
00.07 0.042 0.42
9.83 0.052 0.31
00.36 0.20 0.80
ooled
verage = 99.85%

Pooled
S.D. = 0.09;
range = 0.042–0.20

Pooled
S.D. = 0.55;
range = 0.31–0.80
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ect that a decrease occurred and at least 20–30 batches to be
onfident of a purity decrease. Thus, the greater discrimination
rovided by the mass balance assay will lead to better deci-
ions that will give a more consistent quality of drug substance.
ote that the impurity results must be examined to determine if
ecreases in some impurities are balanced by increases in other
mpurities before concluding that there has been no change in
uality.

The improved precision also will limit the likelihood of react-
ng to false OOS signals because the ability of the mass balance
pproach to discriminate between true process changes and ran-
om assay variation greatly exceeds that of the HPLC assay. The
mproved capability of a mass balance assay to detect quality dif-
erences eliminates a perceived need of regulatory agencies to
ush for narrow assay acceptance criteria as a means of control-
ing drug substance quality, an objective that cannot be met by
PLC.
Another advantage of a mass balance assay is the avoidance

f shifts in HPLC assay results due to changes in the assignment
f the reference standard purity. The assigned value for reference
tandard purity directly impacts the HPLC assay result. Changes
n the average assay result caused by a shift in reference standard
ssignment can impact the ability to conform to tight acceptance
riteria. Such shifts would not be observed with the mass balance
pproach.

A further benefit of the use of mass balance assay as opposed
o HPLC assay could be realized when determining the amount
f drug substance to use when formulating a batch of drug prod-
ct. Because the mass balance assay value is much more precise
han the HPLC assay value, the use of the mass balance result to
etermine how much drug substance to add to the drug product
ormulation will result in less variability around label claim for
he drug product. This practice will give a more consistent drug
roduct and lower the potential for OOS results for the drug
roduct. In addition, the use of the mass balance result would
void the logical inconsistency that arises when formulating the
rug product using a drug substance HPLC assay result that is
reater than 100.0%.

.2. Is a mass balance acceptance criterion necessary?

The benefits of the mass balance approach over the HPLC
ssay to monitor drug substance quality are evident from the
revious discussion. Although it may be tempting to simply add
ass balance to the specification list as another analytical prop-

rty with very narrow acceptance criteria, this is not necessary
o achieve the desired benefits. Each of the constituents that
ontribute to the mass balance assay estimate is individually
onitored with its own acceptance criterion and, therefore, no

egulatory commitment for acceptance criteria should be nec-
ssary for mass balance. Mass balance gives an indication of
verall impurity load rather than focusing only on individual
mpurities.
It is recommended that the mass balance assay be calculated
nd tracked internally to confirm that the drug substance meets
egulatory acceptance criteria and detect any change in purity
f a magnitude deemed critical to the process. That is, monitor-
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ng mass balance in addition to individual and total impurities,
esidual solvents and moisture can serve as a complement that
rovides better discrimination of product quality than the HPLC
ssay alone.

.3. When would the HPLC assay still be needed?

While there are many benefits to the use of the mass balance
ssay result instead of the HPLC assay result, there are situations
here the HPLC assay may still provide value. Some of the

ituations where the HPLC assay may be necessary are:

When monitoring a process that is not well-controlled or
degradation products are not known and where there is a
likelihood that new impurities may not be detected by exist-
ing impurities methods. This would also apply to situations
where contamination with materials extrinsic to the process
could occur due to poor manufacturing practices.
When a legally-binding public standard is needed, such as for
compendial use (note that other techniques could also be used
for this purpose).
During initial process and method development to determine
if all significant impurities are being detected by the impurity
methods.
For drug substances with complex impurity profiles or which
rapidly degrade to multiple products that do not account for
the decrease in assay due to lack of accurate response factors
for all significant impurities.
When purchasing material from third-party suppliers where
the route of synthesis and manufacturing process has not been
fully disclosed so knowledge of potential impurities may be
incomplete.

. Conclusions

In conclusion, the use of HPLC assays for monitoring the
uality of drug substances is questionable at best. The typi-
al precision of the HPLC assay (0.6–1.1%) is an appreciable
ortion of the typical acceptance range (98.0–102.0%) and
requently approaches or exceeds the variability of the manu-
acturing process. Therefore, it is nearly impossible to detect
ignificant changes, such as 0.5%, in the process mean and/or
hanges in samples within a stability study. Changes only
ecome apparent if they are extremely large or after an unac-
eptably high number of batches or timepoints have been tested.
ikewise, the narrow acceptance criteria often established by

egulatory agencies in combination with typical measurement
ariability have the potential to unnecessarily generate large
umbers of false OOS results even when the “true” purity is
9.0–100.0%. Each false OOS leads to inefficiencies because
f unwarranted investigations for a root cause and/or imple-
entation of countermeasures for a problem that does not

xist.

The use of a mass balance assay approach retains essentially

he same average results as the HPLC assay but gives standard
eviations that are up to 10 times less than that of the HPLC
ssay. Mass balance assay monitoring would allow for more
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recise process and stability monitoring and facilitate more rapid
nd accurate identification of process changes.

Based upon the above, the authors believe that the mass bal-
nce assay is more capable than the HPLC assay of monitoring
he production of high quality drug substances. The mass balance
ssay provides an improved ability to monitor the manufactur-
ng process, determine conformance to the acceptance criteria
nd identify changes in the quality of the drug substance while
inimizing the frequency of false OOS results. If an HPLC

ssay is still required for regulatory purposes, the acceptance
imits for the results should be appropriate for the capabil-
ty of the method. When the manufacturing process has been
hown to be well-controlled and to consistently deliver material
hat meets acceptance criteria, a skip testing approach may be
onsidered.

cknowledgements
The authors would like to recognize Debra Achgill, Jill Ahern
nd Nathania Lahive for their assistance in compiling some of
he data in this paper.

[

[

d Biomedical Analysis 44 (2007) 906–913 913

eferences
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