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Abstract A metrological background for investigating
out-of-specification (OOS) test results of chemical com-
position is discussed. When an OOS test result is identified,
it is important to determine its root causes and to avoid
reoccurrence of such results. An investigation of the root
causes based on metrological concepts would be beneficial.
It includes (1) assessment of validation data of the mea-
surement process, (2) evaluation of the measurement
uncertainty contributions, and (3) assessment of metro-
logical traceability chains critical for measurement
parameters and environmental conditions influencing the
test results. The questions, how can the validation data be
applied for this investigation, and how can measurement
uncertainty contributions and/or metrological traceability
chains change a probability of OOS test results, are
analyzed.
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Introduction

In pharmaceutical industry, out-of-specification (OOS) test
results are results that (after rounding off) fall outside the
specifications of established acceptance criteria [1]. By
analogy, measurement or test results obtained in other
industries and such fields as environmental and/or food
analysis, which do not comply with regulatory, specifica-
tion or legislation limits, can be named also OOS test
results.

The problem of OOS test results was known for analysts
working in quality control laboratories since the 1920s, but
it was not understood until the 1990s that a lack of statis-
tical and metrological thinking is the main aspect of the
problem [2]. In 1993, Barr Laboratories (a generic-drug
manufacturer) was sued by US government regarding a set
of issues influencing the product quality, including the way
the company dealt with OOS test results. Among the issues
were averaging OOS with in-specification test result values
to get a passing result, conducting multiple retests with no
defined end point, performing inadequate failure investi-
gations, maintaining an ineffective program for process
validation and lacking analytical method validation, etc.
Judge Wolin’s ruling (the Barr Decision) was that fol-
lowing an OOS test result, an investigation must be
initiated before any retesting can be done [3, 4].

Identifying OOS test results is described in the FDA
Guidance [1] as the laboratory (Phase 1) investigation. It
includes responsibility of the analyst and his or her
supervisor, conditions of the testing in the laboratory, etc.
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In this guidance, a failure of the quality control in the
analytical laboratory is not classified as an OOS test result.

OOS test results from a statistical point of view are
discussed in the paper [5], false-negative and false-positive
decision errors when assessing compliance of a test result
with specification and statutory limits—in ref. [6], identi-
fying OOS test results using Shewhart control charts—in
ref. [7].

Currently, the majority of analysts realize that the
measurement uncertainty concept is very important
because of necessity to balance the cost of measurements
versus the product quality risk [8, 9]. For example, to
assess compliance of a test result within legislation limits
in food and feed in Europe, the analyst should report not
only an analyte concentration, but also the associated
measurement uncertainty [10]. The value obtained by
subtracting the uncertainty from the reported concentration
is used to assess compliance with the upper legislation
limit. When the compliance assessment is made on the
basis of a measurement result accompanied by information
on the uncertainty associated with the result, the rules
developed in the EURACHEM/CITAC Guide [11] are
applicable for identifying OOS test results. Similar rules
are included in the ILAC Guidelines [12]. JCGM Guide on
the role of measurement uncertainty in conformity assess-
ment is under development [13].

After identification of an OOS test result, it is impor-
tant to determine its root causes with the purpose to avoid
any repetition of the occurrence when the appearance of a
next OOS test result is possible or even inevitable. The
FDA Guidance [1] formulates recommendations for such
incidences including production process review, addi-
tional laboratory testing using a pre-defined procedure,
reporting testing results, and concluding the investiga-
tion with identification of the root causes. Thus, this
document establishes an empirical organizational
approach to the full-scale (Phase 2) investigation and
decisions which can be accepted at the different stages of
this investigation.

Another approach, based on metrological concepts and
amplifying recommendations of the FDA Guidance for
Phase 2 or the full-scale investigation, was initiated in a
new joint project of the IUPAC Interdivisional Working
Party on Harmonization of Quality Assurance [14] and
CITAC [15]. Principles of this approach are discussed in
the present position paper of the project task group.

Hypotheses on a product quality and OOS test results
Not depending on knowledge in mathematical statistics, a

decision maker on product quality should oppose null
hypothesis H, that the quality is satisfactory, and an
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alternative hypothesis H; about unsatisfactory product
quality [16]. For example, when an upper specification
limit is discussed, there are Hy: Cuue < Cuppsi against
Hi: cyue > Cuppsts Where cyye is the true value of the
concentration ¢ of an analyte in the lot or batch of the
product, and cypps is the upper specification limit for
the analyte concentration. The true value is unknown and
decisions are made using test results cg. Distribution of
cuue Values in different product batches and corresponding
distributions of ¢, values for two of these batches are
illustrated in Fig. 1 as probability density functions (pdf)
f(c), truncated normal for simplicity. Centers of the distri-
butions are shown by dotted lines and marked with cyye.ay
and cCesr-avs respectively. The index “av” means average or
mean, when the number of batches and/or the number
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Fig. 1 OOS test results, producer’s risk o and consumer’s risk . Hy
and H; are the null and the alternative hypotheses on the product
quality, respectively; ¢ is the analyte concentration in the product;
Ctrues Cupp.s.l aNd Cieq are the c true value, the upper specification limit
and the test result, respectively; fiue(c) is pdf of ¢y values in a, and
frest(c) is pdf of ¢ values for two product batches under testing in b
and c, respectively; Cuye-av aNd Ciesay are the average values of cyye
and ¢y, respectively; p is the probability of the product failure



Accred Qual Assur (2010) 15:283-288

285

of tests are large enough. The dotted lines .oy reach the
true values ¢, Of the analyte concentration in the partic-
ular product batches under testing, i.e. considered
coinciding with them. The upper specification limit is
represented by solid vertical line. The shaded area under
the fiue(c) curve to the right side of cypps1 in Fig. la,
shown by pointer, equals to the probability p of the product
failure. OOS test results Ci st > Cyppsi are shown by
pointers in Fig. 1b, c. The shaded area under the fi.(c)
curve in Fig. 1b is the probability o of type 1 error in the
decision on the product quality. This error, named also
“false-positive”, appears when Cuye = Ciestcav < Cupp.sils
while ¢ g > Cupps1 and hypothesis H; is not rejected.
Probability o of type 1 error is the producer’s risk.
To decrease probability o the batch testing can be
repeated. However, when abused, it becomes “reflexive
retesting” [2].

Type 2 error in the decision on the product quality,
named also “false-negative”, is possible when product
failure is analyzed, Cyye = Ciest-av > Cupp.sis While Ciegr <
Cupp.s1 and hypothesis Hy is not rejected. This situation is
illustrated in Fig. lc. The shaded area under the fi.(c)
curve to the left side of cypp; is probability § of type 2
error. It is the consumer’s risk. A decision maker lacking a
conscientious philosophy is able to produce a passing test
result (to increase probability f) by retesting and looking
for type 2 error, i.e. by “testing into compliance” [2].

Any OOS test result can indicate a product failure, or be
caused by measurement/analytical (metrological) prob-
lems. Thus, probability o of type 1 error in decision based
on OOS test result is the metrologically related producer’s
risk. Since the product should be rejected when investi-
gation of OOS test result does not support the product
quality, the consumer’s risk (probability f of type 2 error)
is practically absent in such a case.

When a number of produced batches is statistically
significant, the distribution shown in Fig. la can be
approximated by the test result distribution (from batch to
batch). Since the distribution of test results for one batch
(like in Fig. 1b, c) is known, as a rule, the probability p of
the product failure can be evaluated as proposed in the
JCGM Guide draft [13].

Using this scheme of the distributions and the decisions,
the full-scale OOS test result investigation can be directed
at the analysis of the main metrological factors influencing
the distribution parameters and probabilities of type 1 and
type 2 errors.

Metrological approach

When a result of testing [17] is quantitative and equal to
the measurement result, the metrological approach requires
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Fig. 2 Model of the measurement result. Values dgmp and J,, are the
contributions of the test result ¢ caused by sampling and analysis,
respectively; F is the distribution function of dgmp and J,, with
centers [lsamp and fi,,, and variances afamp and agn, respectively

defining first of all the measurand, i.e. the quantity intended
to be measured [18]. In an analytical quality control lab-
oratory, it is the amount-of-substance concentration cyye of
the analyte in a product batch. A model of the analytical
measurement/test result ¢y shown in Fig. 2 includes
contributions caused by two stages of testing: sampling
Osamp and analysis J,,. Distributions functions F' associated
with these contributions can be very different [19]. How-
ever, for well studied and widely used measurement
(sampling and analysis) methods they are mostly normal or
can be transformed into normal. Values pigmpiec and iy, in
Fig. 2 are the means of the distributions associated with the
measurement errors Ogmp and J,,, respectively, while
afample and ai,, are the corresponding variances. Taking
into account this model, the full-scale investigation of OOS
test results based on the metrological concepts should
include:

1. assessment of validation data for sampling and chem-
ical analysis,

2. evaluation of the measurement uncertainty contribu-
tions from different stages of the test,

3. assessment of the metrological traceability chains
important for the measurement parameters and envi-
ronmental conditions influencing the test results.

Flow chart of this approach is presented in Fig. 3. The
chart leads from investigation of the measurement method
and the sampling procedure with their validation data to the
metrological requirements to the measurement results,

g Sampling

Analysis

Type 1& 2 errors

Fig. 3 Flow chart of the metrological approach
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associated uncertainty and traceability chains; then to
causes of OOS test results and their influence on proba-
bilities of errors in decisions on the product quality.

The metrological approach developed in this project is
not dealing with cases of qualitative (e.g. organoleptic)
testing and human errors. If a product failure is caused by
technological problems, this approach cannot be also
directly useful. However, when a significant measurement
uncertainty arising from sampling is identified, an optimi-
zation of the technological parameters may be required to
increase the product homogeneity.

Assessment of validation data

Validation is widely used procedure in pharmaceutical
industry. There are the FDA draft guidance for industry
process validation including validation of sampling pro-
cedures [20], the ICH guideline for validation of analytical
procedures [21], recommendations for analytical method
and measuring equipment validation [22], etc. In other
industries and analytical fields, validation is regulated by
EURACHEM guide [23], AOACI validation programs and
other national and international documents [24].

The most common validation parameters are repeat-
ability, reproducibility, trueness and bias, limit of
detection, selectivity and sensitivity, defined in the inter-
national vocabulary of metrology [18], as well as linearity
and limit of quantification [21], robustness and ruggedness
[25].

Investigating OOS test results, one should verify, where
the specified requirements and the validation data are
adequate for an intended use. The absence of adequacy can
be a root cause of the OOS test results. Another question to
be checked, are the validation data complete enough to
evaluate contributions of the associated measurement
uncertainty?

Evaluation of measurement uncertainty contributions

Measurement uncertainty is non-negative parameter char-
acterizing the dispersion of the quantity values being
attributed to a measurand, based on the information used
[18]. Evaluation of measurement uncertainty can be done
using repeatability, reproducibility and trueness estimates
from the validation data [26]. A number of examples of
uncertainty calculation in the field of environmental anal-
ysis are available in the handbook [27]. Other methods for
quantifying uncertainty in analytical measurement are
described in the guide [28]. Methods and approaches for
evaluating measurement uncertainty arising from sampling
are discussed in the guide [29].

The current situation in the pharmaceutical industry is
that the traceability of analytical measurement results to
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certified values of the reference standards is required, still
without evaluating their associated measurement uncer-
tainties [30]. However, an evolution of understanding of
metrological concepts in this field is already started [31].
The first application of measurement uncertainty concept to
USP’s compendial reference standards, as certified refer-
ence materials, is published in the paper [32] awarded
recently by CITAC [33].

The two most important measurement uncertainty
aspects and questions in the full-scale investigation of OOS
test results are: (1) is the test result value significantly
larger than the associated measurement uncertainty? and
(2) are the measurement uncertainty contributions of the
same order? Any negative answer on one or both these
questions can indicate a cause of the OOS problem. If a
dominant contribution is detected while answering the
second question, this contribution should be thoroughly
studied. Figure 4 illustrates how the ratio between the
contributions influences the “picture” of OOS test results
and corresponding producer’s risk o. For simplicity, the
sampling and analysis contributions in Fig. 4 have normal
distributions with centers pample and p,, equal to zero
and variances ofamp and o2, At these assumptions
Ctest-av = Cuue TOr the product batch under testing in both
cases described below. Axis c¢ is expressed in units of
Oan, While 0,, = 1, i.e. ¢/ = ¢} Ciestoav = 100, = 10,
Cuppsi = 1304, = 13. Curve 1 is the pdf for case 1, when
Osamp = 1/304, = 1/3 and combined standard uncertainty
u = (afamp + (rin)”2 = 1.05. Curve 2 is the pdf for case 2,
when Ogmp = 30, =3 and u =3.16. The values
oy = 0.002 and o, = 0.171 are the producer’s risks for
cases 1 and 2, respectively. It is clear, that the measurement
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Fig. 4 OOS test results and producer’s risks at different ratios of the
measurement uncertainty contributions. Axis c is expressed in units of
Gan, While 04y = 15 Ciegav = 10045, Cupp.si = 13045 curve 1 is the
pdf for case 1, when ogmp = 1/30,,; curve 2 is the pdf for case 2,
when Ggmp = 3045 % = 0.002 and o = 0.171 are the producer’s
risks for cases 1 and 2, respectively
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Fig. 5 Metrological traceability requirements

uncertainty arising from sampling in case 2 is the cause of
the OOS test results and of the significant producer’s risk.

Assessment of metrological traceability chains

Metrological traceability is a property of a measurement
result whereby the result can be related to a reference
through a documented unbroken chain of calibrations, each
contributing to the measurement uncertainty. Traceability
chain is a sequence of measurement standards and cali-
brations that is used to relate a measurement result to a
reference [18]. There are the EURACHEM/CITAC guide
[34] on this topic, the IUPAC project on metrological
traceability of measurement results in chemistry [35] under
development, and other documents and publications [36].

Assessment of metrological traceability chains is
important for measurement parameters and environmental
conditions influencing the test results. For example, trace-
ability chains to SI units of measurement results of quantity
of matter (mol), of mass (kg) and of temperature (K) as
shown in Fig. 5, should be realized for practically every
chemical test. The reason is that a test portion is quantified
by mass, measuring instruments are calibrated by certified
reference materials, and temperature is to be under control.
In particular, the pharmaceutical industry’s practice of
using a one-point calibration raises questions regarding the
traceability chain of the measurement result to mole. This
calibration consists of comparison of responses of the
measuring system obtained for the test portion and a
working standard. The working standard is certified by
comparison with a USP’s or other reference standard.
Commutability [18] between the reference and the working
standards, and adequacy [37] of the working standard to the
substance under analysis should be a point for investiga-
tion, first of all for impurities and degradation products.

Any broken metrological traceability chain can lead to
OOS test results.

When investigation of an OOS test result based on the
metrological concepts does not identify or explain the
reason of the event, an investigation of the production
process (technological parameters) is necessary.

Conclusions

1. Investigation of OOS test results based on the metro-
logical concepts should answer the following

questions: (a) are the specified requirements and the
validation data of the testing process (including sam-
pling and chemical analysis) adequate for an intended
use and for evaluation of contributions of the associ-
ated measurement uncertainty? (b) on which stage of
the testing process the measurement uncertainty con-
tributions are dominant and could cause the OOS test
results? (c) which metrological traceability chains are
broken and could also cause the OOS test results?

2. The metrological approach to investigation of OOS
test results is not dealing with qualitative testing,
human errors and technological problems of the
product failure.
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