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Approaches are presented to establish precision (or target measurement uncertainty) requirements to
drug substance and drug product assays. They are based on the simple and well-known concept of the
normal distribution probability around true content values represented either by manufacturing range
limits, or by the manufacturing target (usually 100% label claim). A maximum acceptable precision is
derived which allows a defined probability of analytical results within the established acceptance limits
of the specification and thus an objective and rational establishment of precision acceptance criteria. By
this approach, a or type-I-errors are controlled, i.e. the maximum probability of failure for intrinsically
acceptable results is limited. The combination of this normal distribution probability approach with guard
bands allows controlling 8 or type-Il-errors, i.e. the acceptance of intrinsically not conforming results is
limited. Here, no assumptions concerning the manufacturing range are needed; therefore this approach
can also be applied for quantitation of impurities. The guard band approach allows the highest level of
control, but requires in turn high demands on the precision. Therefore, it should be restricted to drug
product assays or impurity determinations with larger risks, i.e. justified by a corresponding clinical
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relevance, such as narrow therapeutic ranges or substantial toxicity.
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1. Introduction

An analytical procedure must be demonstrated to be fit for its
intended purpose, which applies to its entire lifecycle. To achieve
this goal, a quality-by-design approach has been proposed for phar-
maceutical analyses which includes the three stages Procedure
Design and Development, Procedure Performance Qualification,
and Continued Procedure Performance Verification [1,2], in align-
ment to manufacturing process validation [3] (see Fig. 1).

A fundamental component of this approach is having a prede-
fined objective that stipulates the performance requirements for
the analytical procedure, i.e. the Analytical Target Profile (ATP).
“The ATP states the required quality of the reportable value
produced by an analytical procedure in terms of the target mea-
surement uncertainty (TMU).” [2]

The performance requirements, i.e. accuracy and precision (or
TMU) in case of quantitative assay procedures should be defined by
the measurement objectives of the given test (Quality Attribute)
which is linked to the product control strategy, such as water

Abbreviations: ATP, Analytical Target Profile; TMU, target measurement uncer-
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content in a drug substance, assay of active in drug substance or
drug product, content of impurities, etc. As based on the mea-
surement objective, the TMU should be (as far as possible) not
directly linked to a given analytical method or technique. If the
TMU can be established unambiguously, any method conforming
to the ATP requirements can be applied. Such a concept is already
applied in compendia for determination of elemental impurities
[4,5]. All other performance attributes are method-specific, and
eventually consolidate in either accuracy (bias), or precision, for
example linearity (justification of the calibration model), speci-
ficity, or quantitation limit.

But how can an acceptable precision or TMU be derived in an
objective way?

Often, these acceptance limits have been defined from the capa-
bility of the given analytical technique, for example 2.0% or 3.0%
[6] relative standard deviation (RSD) of intermediate precision
for HPLC assay. However, such a capability-approach (“what can
be achieved”) lacks scrutinization versus the requirements repre-
sented by the acceptance limits of the specification (SL) (“what
must be achieved”). Even 2.0% intermediate precision are obvi-
ously not suitable for a drug substance assay with the usual SL
of 98.0 to 102.0%. Although these generic SLs (as well as 95.0 to
105.0% for drug products) are also based on historical experience
with no direct (patient) safety link, they have become ingrained in
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Fig. 1. Analytical performance (validation) lifecycle approach.

regulatory expectation and would need hard justification to change
[28,29].

Another proposal has been to use a defined fraction of the spec-
ification range, for example 60% resulting in a TMU of 3.0% for
content limits of + 5.0%, i.e. 95.0-105.0% [7], which might be con-
sidered as somewhat arbitrary, too. However, in that paper the
precision and accuracy requirements for the ATP have been fur-
ther modelled using a two-sided beta-content tolerance interval
approach thus providing the link to the requirements. The disad-
vantage of this approach is that an evaluation is only possible with
the experimental precision results obtained with the final analyti-
cal procedure.

In the CITAC-Guideline [8], an approach is described to calculate
the target standard uncertainty by dividing the specification range
(“compliance interval”) by a factor of 16. This includes a coverage
factor of 2, which gives a level of confidence of approximately 95%.
As often the underlying manufacturing processes are not symmet-
rical to the specification ranges and a shift of the process mean can
be expected, in the following the literature approaches to define
TMU will be adjusted to a one-sided calculation. For the TMU cal-
culation, always the tighter range between SL and process mean
or true assay value is relevant. Such a one-sided approach can also
be directly applied to one-sided specification limits. Thus, in the
CITAC-approach, the one-sided specification range is divided by a
factor of 8 to obtain the TMU.

In analogy to the six sigma approach to process capability [9],
the method capability is calculated by dividing the one-sided spec-
ification range by 3 times the (actual) standard deviation (SD).
The method capability should be at least 1.0, but usually a “safety
margin” is applied and 1.33 or 2.0 isrecommended. In the precision-
to-tolerance ratio approach (PTOL), even an index of 3.33-10
should be applied [10]. Transforming this calculation, the TMU cor-
responds to the one-sided range divided by a factor of 4-6 or even
10-30. Note that by this transformation, not the actual analytical
variability is addressed (i.e. capability-based), but the maximum
one allowed conforming to the SL (i.e. requirement-based).

The tolerance interval can be defined to contain a defined frac-
tion (e.g. 90%) of future results with a defined confidence (e.g. 95%)
[11] with tabulated tolerance factors for the number of determi-
nations used to obtain the standard deviation. Alternatively, the
Student-t-factor can be used for the defined level of statistical con-
fidence and the degrees of freedom in the respective precision study
[12]. General tolerance or coverage factors, e.g. 2 (corresponding to
95% level of confidence) or 3 (corresponding to 99% level of confi-
dence) have been proposed to be used directly as a division factor
to obtain the TMU [13].

For volumetric titrations, an acceptable repeatability is pro-
posed as one third of the one-sided content limits, for example
0.33% RSD in case of acid/base titrations with content limits of
+1.0% [14]. In order to take intermediate precision into account,
a division factor of 4 can be assumed for the TMU.

All these approaches are related to probability distributions,
but the division factors larger than 2 (95% confidence) or 3 (99%
confidence) try to include additional or unknown (long-term)
uncertainty sources, i.e. they add up worst-case scenarios. This
often results in unfeasible requirements, in particular for HPLC
drug substance assay. With SL of 98.0-102.0%, a TMU of 0.25%,
0.50%, or 1.0% would result for the CITAC-approach, the method-
capability-approach, and the 95% tolerance approach, respectively.
If the tighter TMU requirements would be really necessary, usually
obtained intermediate precisions for drug substance assays (pooled
averages 0.80% up to 1.4% [15,16] would result in a much larger
frequency of out-of-specification results due to random variability
than observed in Quality Control (QC) practice.

Although these simple division factors are also related to a
probability distribution, they do not consider the possibility that
the distribution may overlap with both specification limits, which
would alter the probability of results outside the limits. Therefore,
this article proposes approaches to establish TMU criteria for assays
of active in drug substances and drug products directly based on
calculations of the normal distribution probability.

2. Fundamental assumptions

The starting point to derive the TMU criteria are the established
acceptance limits of the specification, as representation of the mea-
surement requirements for the given Quality Attribute. Usually,
these content limits follow in pharmaceutical QC traditional regula-
tory expectations, i.e. 98.0-102.0 or 95.0-105.0 for drug substance
and drug product, respectively. As acceptance ranges of the specifi-
cation must include both manufacturing and analytical variability,
assumptions for the manufacturing part of the specification range
(i.e. the range of the true content of manufactured batches) have to
be made to establish the TMU.

In principle, accuracy (bias) and precision can be evaluated
simultaneously, or separately. The former would allow a “trading”
between bias and precision, i.e. a larger bias might be acceptable in
case of high precision (or vice versa). However, a combined exper-
imental approach for drug product assay necessitates that spiked
samples which are usually needed for accuracy are representative
enough to allow a routine sample preparation. The latter is cru-
cial to obtain the precision of the reportable value, i.e. that of the
routine application of the analytical procedure.

The main objective of Stage 1, analytical procedure design, is
the elimination of bias (systematic errors). When this is achieved,
the main focus can be directed to the investigation and control of
precision (random variability). Statistically, a true bias of zero is
assumed, with an acceptance criterion for the observed bias in the
ATP based on the expected range of random experimental variabil-
ity.

The derivation of the TMU for assay from SL is based on the
assumption of a normal distribution, which is almost impossible to
prove, but can be expected with good reason for physico-chemical
assay techniques usually applied in pharmaceutical analysis.

Although strictly the thus obtained TMU represents only the
allowed random variability, it should also include any systematic
bias which cannot be specified. However, the preferred approach
should be to determine the bias and eliminate or correct it. Any shift
which may develop over time, such as stability-relevant degrada-
tion will reduce the specification range available for the analytical
procedure and has to be added to the manufacturing range.

3. Establishment of TMU for drug substance

The maximum allowed manufacturing range for an active ingre-
dient in drug substance is defined by the allowed sum of impurities
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