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This article reviews current and proposed approaches to content uniformity testing. In addition, the
article proposes an approach that allows regulatory agencies and compendia to clearly state allowable
consumer risk. Further, the article suggests that producers be allowed to control producer risk through
selection of numbers of units and testing tiers. The approach facilitates risk communication to practi-
tioners and patients/consumers, which is impeded with current approaches, and reduces regulatory and
compendial burden.
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INTRODUCTION

Content uniformity is one test (attribute) in a series of
tests in a therapeutic product specification that assesses qual-
ity of a batch. Testing for content uniformity helps assure that
the strength of a therapeutic product remains within specified
acceptance limits. Recent national and international regula-
tory and compendial efforts have focused on harmonizing
content uniformity testing, with several different approaches
under consideration. The differing approaches arise from differ-
ing motivations (batch release vs. marketplace testing of a single
unit), testing (uniformity of content vs. uniformity of mass),
products covered (oral vs. oral inhalation and nasal drug prod-
ucts), and statistical strategies. This article considers the various
content uniformity approaches to: 1) promote optimal science-
based assessment of the risk that content uniformity is designed
to address; 2) establish clear producer and consumer strategies
to manage this risk; and 3) facilitate communication of the re-
sults of content uniformity risk assessment and management to
patients and consumers in a clear and comprehensible way.

BACKGROUND

Characterization, Specifications, and Standards

Characterization studies conducted during product de-
velopment assess safety, efficacy, and quality measures for a

therapeutic product. For therapeutic products approved
through a regulatory process, safety and efficacy character-
ization studies are reflected in approved product labeling.
Quality characterization studies are performed in relation to
safety and efficacy studies and are at times associated with
specified acceptance criteria. For example, product quality
bioavailability and bioequivalence studies are one-time prod-
uct performance characterization studies that, in the case of
bioequivalence, may be assessed using specified criteria and
pre-determined pass/fail bioequivalence limits (1,2). Quality
characterization studies yield specifications, defined as a list
of tests, references to analytical procedures to evaluate those
tests, and appropriate acceptance criteria (3). Separate speci-
fications are usually needed for the drug substance and the
drug product and may be needed for intermediates used in
manufacturing, raw materials, reagents, container/closure sys-
tems, and container labeling. Through a public process, pri-
vate specifications agreed to between a single manufacturer
and the Food and Drug Administration (FDA) may become
incorporated in compendial monographs in the USP-NF.
These standards are legally enforceable through the adultera-
tion and misbranding provisions of the Food, Drug, and Cos-
metic Act and the Public Health Service Act. Testing to a
FDA-approved specification focuses on samples from a batch
to allow batch release and to assure, in Agency terms, that its
identity, strength, quality, and purity are maintained during
shelf-life (4). Conclusions are directed to the batch. Testing to
a USP standard tends to focus on the specimen tested, to
assure, in USP terms, its identity, strength, quality, purity,
packaging, and labeling (5). Conclusions are directed to the
specimen tested. Both FDA and USP sets of terms refer gen-
erally to quality, as used in documents harmonized in the
International Conference on Harmonisation. Content Unifor-
mity (see USP 24, 〈905〉) is one test in the drug product speci-
fication that is applicable to many types of dosage forms.
Standard content uniformity specifications for oral inhalation
and nasal drug products are provided in compendial and regu-
latory documents, such as those listed in Table I.
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Tolerance Interval Testing for Content Uniformity

Current approaches to content uniformity testing are
based on either parametric tolerance intervals or a nonpara-
metric procedure that can be recognized as a nonparametric
tolerance interval. Three decisions are needed to assess con-
tent uniformity using a tolerance interval approach. These
are: 1) the acceptable tolerance limits (e.g., 85–115% of label
claim); 2) the minimum proportion, p, of the batch that should
fall within the limits (e.g., 90% of units in a batch); and 3) the
degree of confidence needed to reach an accept/reject deci-
sion (e.g., 95%). For nonparametric approaches, conform-
ance is determined based on the number of assay values that
fall within a specified accept/reject limit, irrespective of the
actual values. With parametric tolerance intervals, an accept
decision is reached if the test data expressed in terms of the
criterion yield an observed tolerance interval that falls en-
tirely within the tolerance limits. Parametric tolerance inter-
vals provide simultaneous direct control on the mean and
standard deviation of the batch (Figs. 1 and 2). For parametric
tolerance interval testing, the general form of the criterion is
Y±kS, where S is the observed standard deviation, and k is a
tolerance interval constant that accounts for sample size as
well as the population fraction p (6). For this application, Y is
the difference of a test mean, X, and a reference mean.
The reference mean in content uniformity could be fixed as
either the label claim or rubric mean, M, expressed as a
percent. The rubric mean can sometimes be greater or
less than 100% of label claim, with corresponding changes
in tolerance limits. After subtracting the reference
mean the tolerance limits are similarly adjusted, e.g., 85%–
115% of label claim becomes ±15%. When the tolerance lim-
its are symmetric about zero, as ±15%, the decision to accept
the batch can be made using the largest absolute value from
the interval; that is, reducing the tolerance interval to a
single value, �Y� + kS. This absolute value form is employed
in the remainder of this paper to correspond to common
practice.

Usually parametric tolerance interval approaches assume
normal distribution of the data, possibly following transfor-
mation, such as to log scale. Nonparametric approaches do
not assume normal distribution of test data. If the normality
assumption is correct (and normality seems reasonable for
content uniformity testing), the parametric tolerance interval
approach ought to make better use of the data than
approaches based on counts of values falling within
specified intervals (7). All current content uniformity tests,
whether non-parametric or parametric, use a two tier
approach with fixed numbers of units allowed for testing in
each tier. If results are sufficiently positive in the first
stage (tier) of testing, then the study stops. If insufficiently
positive, the study may continue to the second stage. In the
language of clinical trials, the initial tiers of multiple-tier test-
ing are interim analyses. When two tiers are used, the calcu-
lation of the actual type I (false positive) error rate for the full
two-tier design needs to take into account both tiers. For
example, a 5% test at each tier will have a combined type
I error rate exceeding 5% (8). For nonparametric tolerance
intervals, the method of Simon (9) can be adopted for two-tier
designs. Hauck and Shaikh (10) developed a method for
parametric tolerance intervals and designs of one or more
tiers.

CONTENT UNIFORMITY TESTS

Nonparametric Content Uniformity Testing

At least nine draft or final regulatory and compendial
documents consider non-parametric approaches to content
uniformity testing. These include: USP 〈905〉 and 〈601〉, two
draft FDA guidances, two EP6 documents, draft and final
CPMP documents, and a draft Pharmacopeial Discussion
Group (PDG)7 document based on text developed in an ICH/
PDG task force (Table I). Each document uses a two-tier
approach. When accept/reject criteria for the first tier are not
met, second tier testing may be conducted. The term “safety
net” is used to indicate that portion of a criterion that pro-
hibits any dose from falling outside some interval, e.g., the
75–125% of label claim in the FDA criterion. The safety net
is intended to reduce the likelihood that a unit in a batch will
deviate substantially from label claim.

USP 〈905〉 provides acceptance criteria of 85–115%, with
a safety net of 75–125% at both tiers for most dosage forms,
including inhalation solutions and powders in pre-metered
dosage units such as ampoules, blister packages, and capsules.
For DPIs and topical MDIs, 〈905〉 applies to single doses from
multiple inhalers, i.e., canisters for MDIs, and allows the
wider acceptance criteria of 〈601〉. If the average of the po-
tency limits specified in the individual monograph is less than
or equal to label claim, these acceptance limits are expressed
as a percent of label claim. If the average of the potency limits
exceeds 100%, the limits are expressed as a percentage of the
smaller of the sample average and the average of the potency
limits, but not less than label claim. The draft PDG document
expands 〈905〉 to include MDIs, DPIs, and metered dose
sprays (Table I), applies to single doses from multiple inhal-
ers, and allows the wider acceptance criteria of 〈601〉. In USP
〈601〉, a section entitled Dose Uniformity over the Entire Con-
tents describes a test that assesses a single inhaler at tier 1 and
two additional inhalers at tier 2 for a total of 3. This would not
be suitable to assess the quality of a batch. This type of testing
is motivated by data showing high variability in delivered
dose within a single canister (11).

The draft FDA guidances for MDIs, DPIs and nasal
sprays propose a content uniformity test for both approval
and batch release based on single doses from each of multiple
inhalers, similar to the draft PDG document, rather than mul-
tiple doses from a single inhaler. Compared to USP 〈601〉 for
MDIs and DPIs (Table I), the FDA guidance narrows the
acceptance criteria to 80–120% from 75–125% of label claim
and narrows the safety net to 75–125% from 65–135% of label
claim. Compared to the PDG document, the FDA guidance
also narrows the acceptance criteria but does not include the
PDG and 〈905〉 adjustments for asymmetric potency limits.
USP 〈905〉 for inhalations in pre-metered dosage units and
FDA drafts for MDIs, DPIs, and nasal sprays depart from
fully nonparametric approaches. This is achieved by con-

6 Content uniformity specifications in the British Pharmacopoeia
(BP) 2000 for MDIs and DPIs for oral inhalation, and for MDIs and
sprays for nasal dosing, are identical to those of the European Phar-
macopoeia (EP) Third Edition Supplement 1999 and EP Third Edi-
tion, 1997, respectively. Therefore, when the EP is referred to in this
paper, it is understood to refer to the BP as well.

7 The Pharmacopoeial Discussion Group is composed of representa-
tives of the European Pharmacopoeia, the Japanese Pharmacopoeia,
and the United States Pharmacopeia.
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Table I. Comparison of Nonparametric Content Uniformity Criteria

USP <905>
Inhalations in Premetered

Dosage Units
USP <905>

DPIs, Topical MDIs
USP <601>a

MDIs, DPIs
FDA (draft)b

MDIs, DPIs, Nasal Sprays

Unit for determination Single Unit Container Dose Dose Dose
# of units sampled for container — 1 10 1
1st Tier, # containers 10 10 1 10
1st Tier, total # determinations 10 10 10 10
Accept after 1st tier if: � 1 outside 85–115% and 0 out-

side 75–125% of larger of ru-
bric meanc and label claim

� 1 outside 75–125% and 0 out-
side 65–135% of larger of ru-
bric meanc and label claim

� 1 outside 75–125% and 0 out-
side 65–135% of label claim

� 1 outside 80–120% and 0 out-
side 75–125% of label claim

2nd Tier; # additional containers
tested

20 20 2 20

2nd Tier; total # determinations
both tiers

30 30 30 30

Accept after 2nd tier if: � 3 outside 85–115% and 0 out-
side 75–125% of larger of ru-
bric meanc and label claim

� 3 outside 75–125% and 0 out-
side 65–135% of larger of ru-
bric meanc and label claim

� 3 outside 75–125% and 0 out-
side 65–135% of label claim

� 3 outside 80–120% and 0 out-
side 75–125% of label claim

Additional �6.0% CV at Tier 1, �7.8% CV
at Tier 2

Sample mean within 85–115% of
label claim at each tier

Reference(s) 22 21 23 24, 25
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Table I. Continued

EP and BP
Oral inhalation

MDIs, DPIs

EP and BP
Nasal MDIs, Sprays

(Suspension, emulsion)
CPMP (draft)

Oral inhalation MDIsd
CPMP
DPIse

PDG (draft)
MDIs, DPIs, Metered

Dose Sprays

Unit for determination Dose Dose Dose Dose Dose
# of units sampled per con-

tainer
10 1 10 10 1

1st Tier, # containers 1 10 1 1 10
1st Tier, total # determina-

tions
10 10 10 10 10

Accept after 1st tier if: � 1 outside 75–125% and 0
outside 65–135% of
sample mean

� 1 outside 75–125% and 0
outside 65–135% of
sample mean

� 1 outside 75–125% and 0
outside 65–135% of
sample mean

� 1 outside 75–125% and 0
outside 65–135% of
sample mean

� 1 outside 75–125% and 0
outside 65–135% of larger
of rubric meanc and label
claim

2nd Tier; # additional contain-
ers tested

2 20 2 2 20

2nd Tier; total # determina-
tions both tiers

30 30 30 30 30

Accept after 2nd tier if: � 3 outside 75–125% and 0
outside 65–135% of
sample mean

� 3 outside 75–125% and 0
outside 65–135% of
sample mean

� 3 outside 75%–125% and
0 outside 65–135% of
sample mean

� 3 outside 75–125% and 0
outside 65–135% of
sample mean

� 3 outside 75–125% and 0
outside 65–135% of larger
of rubric meanc and label
claim

Additional Above tests: For MDIs, un-
less otherwise justified
and authorized. For DPIs,
ranges may extend to 50–
150% of sample mean if
justified and authorized

Above tests: Unless other-
wise justified and autho-
rized

Unless otherwise justified
and authorized. Sample
mean within 85–115% of
label claim if label claim
is expressed as dose ex-
actuator. Wider limits are
accepted if label claim is
expressed as metered
dose

Sample mean within 80–
120% of label claim per
actuation should be pos-
sible

Reference(s) 26, 27 28, 29 30 31 32

a Dose Uniformity over the Entire Contents.
b Dose Content Uniformity and Spray Content Uniformity are listed in the table. Similar tests, entitled Dose Content Uniformity Through Container Life (for MDIs and device-metered DPIs) and

Spray Content Uniformity Through Container Life (for nasal sprays), are also performed to assure content uniformity at beginning, middle, and end of label claim doses, or beginning and end
of label claim doses, respectively. In addition, the acceptance criteria include a requirement that the sample means at each of beginning, middle and end, or beginning and end, respectively, are
within 85–115% of label claim at each tier. This is to limit the magnitude of change in delivery over container life, which an overall mean criterion may not detect. For additional details, see the
cited references.

c See text for the case where sample mean is between label claim and rubric mean.
d An additional test is also performed to evaluate dose ex-actuator including beginning and end of label claim doses.
e For device-metered units, dose delivery over the nominal content of the inhaler should also be presented.
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straining %CV at each tier for USP 〈905〉 and by requiring at
each tier that the sample mean remain within 85–115% of
label claim for the two FDA documents.

The EP requirement for oral inhalation MDIs and DPIs
is similar to USP 〈601〉 in requiring testing of multiple doses
from a single inhaler. The EP requirement for nasal MDIs
and sprays is similar to the draft PDG document and the FDA
guidance in that it requires testing of a single dose from mul-
tiple inhalers. The draft CPMP MDI guidance uses the EP
test for the oral inhalation MDIs. The CPMP DPI guidance is
similar to USP 〈601〉 in requiring testing of multiple doses
from a single inhaler. Also, like the FDA, the two CPMP
guidances include an exception to a fully nonparametric ap-
proach by requiring, for MDIs, and recommending, for DPIs,
that test means fall within a specified acceptance limit. Unlike

the other documents summarized in Table I, the EP, BP, and
CPMP requirements for individual doses are expressed as a
percentage of sample mean rather than of label claim.

The allowance of a second tier of testing in these criteria
for all nonparametric approaches summarized in Table I may
do little to increase the probability of a batch passing. For
criteria using 100% of label claim as the center of the accept-
able tolerance limits, exact probabilities of a batch passing the
two-tier component after the first and after the second tier are
shown in Table II. These calculations do not take into account
the additional criterion on the sample mean in the FDA draft.
The probability of acceptance decreases as the batch mean
deviates from label claim and as the standard deviation in-
creases. Comparing the probabilities of accepting after 10
units tested to those for accepting after 30, those for after 30
are only marginally larger. The second tier testing using either
of these criteria thus adds little to a sponsor’s likelihood of
passing. The probability calculations are sensible if one con-
siders what it takes to not pass after 10 units tested but then
pass after 30. There are two possibilities, both with the re-
quirement of no units outside the outer limits (75–125% for
the FDA): two outside the inner limits (80–120% for the FDA)
of the first 10 and no more than one outside of the next 20; or
three outside of the first 10 and none outside of the next 20.

Both the FDA and CPMP criteria, in total, are structured
to limit both the variability and the deviation of the mean
from label claim in a batch. They do this in different ways. In
the CPMP criterion, the component applied at the end of each
tier limits how many actuations may differ by more than 25%
from the sample mean. This is solely a limit on variability,
given that the sample mean may be any value. The CPMP
uses another component of their criterion (Table I) to limit
how far the sample mean may differ from label claim. In
contrast, the FDA criterion, which constrains deviations from
label claim at each tier, simultaneously places limits on both
the variability and mean. The same is true of the USP crite-
rion. While placing a narrower limit on the mean deviation
from label claim may appear redundant, these approaches
add some value in that they preclude unusual cases. For ex-
ample, test data that are identically 120% of label claim would
pass if the mean value were not constrained to 85–115% of
label claim. The USP 〈905〉 criterion also places limits on the

Table II. Probability of Accepting Batch with Different Values of
Mean and Standard Deviation (SD) between-Container of the Batch

Mean
(% of LCa)

SD
(% of LC)

FDA Draft Criterion
USP <905>b and

PDGc Criteria

Accept
After

10

Accept
After 10

or 30

Accept
After

10

Accept
After 10

or 30

100 5 >.999 >.999 >.999 >.999
10 .824 .847 .979 .984
15 .261 .265 .643 .688

110 5 .951 .967 .999 .999
10 .349 .359 .793 .852
15 .093 .093 .362 .378

a LC (label claim).
b Criterion for DPI’s and topical MDI’s for the case where the rubric

mean equals the label claim.
c For the case where the rubric mean equals the label claim.

Combination of means and standard deviations corresponding to
90% coverage (p)

Fig. 1. For all combinations of means and standard deviations on or
below each curve, at least 90% of the distribution falls within the
tolerance limits. The upper curve is for wide tolerance limits, 65–
135% of label claim, and thus allows more combinations of means
and variances. The lowest curve, with narrow specified tolerance lim-
its of 80–120%, is more restrictive.

Means and standard deviations in the batch corresponding to 80–
120% tolerance limits

Fig. 2. For all combinations of means and standard deviations on or
below each curve, at least a specified portion of the distribution falls
within the tolerance limits of 80–120%. The lowest curve is a high
coverage probability of 95% and thus allows fewer combinations of
means and variances. The upper curve, with lower coverage prob-
ability is less restrictive.
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%CV, which places an additional restriction on the variabil-
ity. In contrast to the USP, FDA and CPMP criteria, the EP
criterion limits variability through restrictions around the
sample mean but not label claim. With this approach, test
results could show substantial deviation from label claim.

Parametric Content Uniformity Testing

In the last several years, several documents have devel-
oped parametric approaches to content uniformity testing.
These are a final Japanese Pharmacopoeia XIII document,
industry documents, and the draft PDG document (Table
III). This approach to content uniformity testing was consid-
ered in a 1994 article (12) and subsequently discussed in the
Japanese Pharmacopoeial (JP) Forum (13). The JP Forum
proposal uses a standard tolerance interval criterion, �M–X� +
kS, where M is label claim and X and S are the mean and
standard deviation based on Tier 1 and Tier 2 batch test data.
For Tier 1, the tolerance interval constant, k, is 2.2; for tier 2,
the k is 1.9. The JP Forum proposed that the tolerance limit
be ±15% of M. The JP Forum approach is termed a test by
variables and the corresponding nonparametric approach is
termed a test by attributes. The JP Forum approach became
official in JP XIII (14). USP published the Japanese approach
in a Stimuli article (15) and in Pharmacopeial Previews (16).
Based on the Japanese work, the parametric approach to con-
tent uniformity was taken up in PDG and then in a joint ICH
and PDG Task Force. In support of the Task Force, the Sta-
tistics Working Group of the Pharmaceutical Research and
Manufacturers of America (PhRMA) proposed modifications
to the Japanese approach that would align the producer and
consumer risks of the approach more closely to those of the
current USP method (17–19).

In the PhRMA approach, M is replaced by M�, where M�
is defined as follows:

M� = max �0.965 LC,X� if X � LC
M� = min �U, X� if X � LC

where U � max{1.035 LC, R} and R is defined as the average
of the shelf limits specified in the potency definition for the
drug product monograph, i.e., the “rubric mean.

On the lower bound, the use of M� allows the value of M
to range from 96.5 to 100% of label claim depending on the
value of X. The approach creates a window within the toler-
ance limits that yields a value of 0 for the absolute value of
M−X when X is within the window. On the upper bound, an
additional window is created that expands based on the rubric
mean. The PhRMA approach also increases the tolerance
interval constant to 2.4 at Tier 1, which increases the likeli-
hood of failure depending on the magnitude of sampling error
(variance). The Tier 2 PhRMA approach is identical to that of
the Japanese approach. The ICH/PDG Task Force agreed to
a modification of the PhRMA approach, as follows. First, the
window allowed in the PhRMA proposal was narrowed to
98.5 to 101.5%, thus creating a new M�:

M� = max �0.985 LC, X� if X � LC
M� = min �U�, X� if X � LC

where U� � max{1.015 LC, R�}. Second, R was redefined as
R� to be the target test sample amount at the time of manu-
facture, which is at least 100%. With this redefinition, the
upper bound window is reduced.

Based on the work of the ICH/PDG Task Force, PDG,
with USP as the lead pharmacopeia, has published a draft
Stage 4 proposal in the May-June 2001 Pharmacopeial Fo-
rum. This document proposes applying the parametric ap-
proach to inhalations (powders or solutions) in pre-metered
dosage units (e.g., ampoules, capsules, and blister packages),
but not to MDIs, DPIs, or metered dose sprays. If successful,
this document will become harmonized in the three PDG
pharmacopeias.

DISCUSSION

The risk assessment strategy underlying content unifor-
mity testing is the assumption that some pre-specified limits

Table III. Comparison of Parametric Content Uniformity Criteriaa

JP
Applicable dosage

forms
PhRMA

Inhalations

PDG (draft) Inhalation
Solutions, Powders in

Premetered Dosage Units;
Inhalations in Single-

Unit Containers

Unit for determination Not specified Dose Single Unit Container
# of units sampled per container Not specified Not specified —b

1st Tier, # containers Not specified Not specified 10
1st Tier, total # determinations 10 10 10
Accepted after 1st tier if: |M − X| + 2.2S contained with

±15%
|M� − X| + 2.4S contained

within ±15% and 0 outside
75%–125% of M�

|M� − X| + 2.4S contained
within ±15%

2nd Tier; # additional containers Not specified Not specified 20
2nd Tier; total # determinations

both tiers
30 30 30

Accepted after 2nd tier if: |M − X| + 1.9S contained within
±15% and 0 outside 75%–
125% of label claim

|M� − X| + 1.9S contained
within ±15% and 0 outside
75%–125% of M�

|M� − X| + 2.0S contained
within ±15% and 0 outside
75%–125% of M�

Reference(s) 14 18, 19 32

a See text for definitions of M, M�, and M� for JP, PhRMA, and PDG criteria, respectively. Sample mean, X, and the sample standard
deviation, S, are expressed as % of label claim.

b The unit sampled reflects the contents of the entire container.
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exist where safety and efficacy outcomes may change if con-
tent uniformity fails. To assess this risk, the PDG parametric
tolerance interval approach relies on statistical hypothesis
testing to determine whether the results of a content unifor-
mity test, expressed as an observed tolerance interval, fall
within the tolerance limit at a certain level of confidence.
Content uniformity testing has the character of equivalence
testing. In bioequivalence testing, assay results for both test
and reference products are compared. In parametric content
uniformity testing, test assay results, X, are compared to a
fixed value M.

Current and proposed approaches to content uniformity
testing listed in Table I obscure risk communication. They are
also limiting to pharmaceutical manufacturers. First, they
specify the number of units that may be tested at each testing
tier. Second, they limit the number of testing tiers. Third, they
are discordant between agencies and pharmacopeias. A more
appropriate approach perhaps would be for regulatory agen-
cies and pharmacopeias to agree on what is an acceptable
batch or unit (the alternative hypothesis in statistical lan-
guage) and allowable consumer risk. Using a tolerance inter-
val approach, this would be accomplished by setting: 1) the
tolerance limits; 2) the minimum proportion, p, of the batch
that should fall within the limits; and 3) the degree of confi-
dence needed to reach an accept/reject decision. According to
this approach, regulatory and/or compendial documents
might, for example, indicate: at least 90% of the batch should
fall within ±15% of label claim at a consumer risk not greater
than 5%. The manufacturer then becomes responsible for
determining the number of units tested and number of testing

tiers to provide assurance that the specified level of consumer
risk is achieved, testing in such a way so as control producer
risk. As in other sample size calculations, the power (here, the
probability of the batch passing) of the content uniformity
test outcome would depend on the proportion of the batch
the manufacturer would be willing to assume, based on manu-
facturing experience, actually falls within the tolerance limits.
For example, the sponsor could seek a producer risk of no
more than 10% if at least 95% of the batch actually falls
within the tolerance limit. The number of samples to be tested
at different tiers would depend on that assumption and the
desired level of producer risk. A producer with a product
performing well within a specified tolerance limit will require
a smaller sample than one whose batch performance, either in
terms of mean and/or variance, is closer to the tolerance lim-
its. Some examples for a nonparametric and a parametric
approach are shown in Table IV. The sample size of either
approach depends on how good a batch the sponsor is willing
to assume. The greater the proportion of the batch that is
assumed within the target interval, the smaller the sample size
required. For example, if the target coverage probability is set
at 85% and the sponsor believes that at least 95% of the batch
actually falls within the acceptable tolerance limits, the two-
tier nonparametric design would use 56 units at the first tier
and 41 at the second if needed (97 total) to control the pro-
ducer risk at no more than 5%. In contrast, if the sponsor
believed 98% of the batch falls within the tolerance limits, the
sample size would fall to 24 at the first tier and 18 at the
second (42 total). Comparing the total sample sizes from the
nonparametric and parametric approaches shows that the

Table IV. Some Designs with 5% Consumer Riska

Target
Coverage

Probability (%)

Actual %
Inside

Acceptable
Limits

Producer
Risk (%)

Nonparametric Approachb

First Tier Second Tier Parametric Approachc

N1

Max. Outside
to Accept N1 + N2

Max. Outside
to accept N1 N1 + N2

80 95 10 23 1 51 4 14 42
5 24 1 55 5 18 54

85 95 10 45 2 80 6 31 93
5 56 3 97 8 40 120

90 95 5 and 10 >100
80 98 10 15 0 25 1 6 18

5 15 0 34 2 8 24
85 98 10 20 0 48 2 10 30

5 24 0 42 2 12 36
90 98 10 33 0 84 3 21 63

5 50 1 99 4 27 81
95 98 5 and 10 >100
60 91 10 10 1 22 3

a For these calculations, the consumer risk was set at 5% (the probability of falsely passing a batch if the actual percent within the tolerance
limits is as given in the first column) and the producer risk at 10% or 5% (the probability of falsely failing the batch if the actual percent
within the tolerance limits is as given in the second column).

b Sample sizes for the nonparametric approach are based on the method of Simon (9) for two-tier designs with minimum expected sample size
adopted to use with nonparametric tolerance intervals. A “> 100” indicates that a design with these properties would have a total sample
size greater than 100. The “>” rows are included to show that the sample size would need to be very large for these cases. Sample sizes for
the nonparametric approach do not depend on the actual values of the acceptable tolerance limits.

c Sample sizes for the parametric approach use the method of Hauck and Shaikh. In these designs, the first tier is one-third of the total sample
size. Specification for the parametric approach requires identifying the tolerance limits, and the mean and standard deviation of the batch
at which to determine the producer risk. Here, the tolerance limits were fixed at (80-120%), the mean was fixed at 102%, and the standard
deviation chosen to have the desired percentage of the batch within the tolerance limits.
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parametric approach will normally require the smaller sample
size. The exact comparison depends on the particular non-
parametric and parametric approaches used and what the
sponsor assumes regarding the batch. The last row of Table
IV is included to provide an example of a combination of
target coverage probability, 60%, and assumed batch prop-
erty, 91%, that would lead to a two-tier design similar to that
currently specified by the FDA. The approach is applicable in
other settings where content uniformity is of interest, e.g.,
solid oral-dosage forms and blend uniformity testing (20).

Allowing the producer to choose a sample size according
to their desired risk level conflicts with the safety nets that are
part of the current criteria. Because the safety nets allow no
units outside some limits, the larger the sample, the more
likely a batch would fail by chance.

A further way to reduce producer risk might be drawn
from experience with bioequivalence testing. The parametric
tolerance interval approach for content uniformity testing
compares test results to a fixed mean with a criterion that
does not depend on the nature of the product; i.e., a one size
fits all approach. In contrast, certain FDA criteria for bio-
equivalence comparisons (21) allow scaling of the bioequiva-
lence limits to reference variability. What would take the
place of the reference in content uniformity testing? Perhaps
the clinical trial batch has a role in this regard. Tolerance
limits at the time of marketing might be widened or narrowed
based on variability of this batch, providing it meets minimum
dose content uniformity standards. Tolerance limits might
also be set depending on whether the active ingredient is or is
not a narrow therapeutic range drug. Another approach
might be to set the tolerance limits based on a better under-
standing of population and individual dose/response curves
for efficacy and toxicity.
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