Scientific Journal «ScienceRise: Pharmaceutical Science» No6 (28)2020

UDC 615.072: 543.42.062
DOI: 10.15587/2519-4852.2020.221721

DEVELOPMENT OF AN ADVANCED STRATEGY ON THE ASSAY METHOD
TRANSFER

N. Volovyk, D. Leontiev, V. Petrus, O. Gryzodub, Yu. Pidpruzhnykov

Aim. The paper intends to frame and pilot the optimised science-based principles of the assay transfer.
Materials and methods. The research was performed on desloratadine film-coated tablets, using an analytical
balance Mettler Toledo XP 205DR and Class A volumetric glassware. Absorbance readings were measured on a
UV-Vis spectrophotometer Lambda 25.

Results and discussion. The concept of method transfer that complements the conventional approach to valida-
tion with the lifecycle initiative and the metrological base of the State Pharmacopoeia of Ukraine was substanti-
ated, following which the transfer of the spectrophotometric procedure for desloratadine assay was conducted.
For the batch intended for the transfer, the budget of analytical and technological variability was balanced. The
deviation of a single assay result from the grand mean was used as the criterion for accuracy in the transfer. The
requirement for the one-sided confidence interval for assay result runs not to exceed the target uncertainty of the
procedure was used as the criterion for precision. The control strategy requirements for variability sources and
the analytical target profile requirements for precision and accuracy were met in the receiving unit.

Conclusion. The paper discusses the premise and advocates an alternative approach to the method transfer.
Precision is proposed not to study during the transfer (in the short-term experiment) but assess from the stability
data (in the long-term experiment). Compliance with the normal analytical practice (the maximum permissible
variability attributed to analysts and analytical instruments) allows narrowing down the transfer design to the
confirmation in the minimal experiment that the amplitude of variability sources lies within the predefined range
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1. Introduction

Inextricably linked with validation, transfer con-
stitutes an essential step in the lifecycle of analytical
procedures, during which the intrinsic procedural
knowledge gained in the development laboratory (sen-
ding unit, or SU) is passed to another laboratory (recei-
ving unit, or RU) for subsequent routine use. Not until
the transfer is successfully completed can the RU per-
form an analytical procedure.

The transfer of the analytical procedure is consi-
dered successful if the transferred knowledge is transla-
ted into an effective analytical control strategy, and the
RU demonstrates an ability to run the procedure as in-
tended against the predefined acceptance criteria conti-
nuously [1]. With that, it is necessary to keep in mind
that processes change over time, and as with validation,
the transfer projects a static rather than full picture.
Therefore, even after successfully completing the trans-
fer, the procedure performance should be monitored [2].

Acceptance criteria and performance characteris-
tics of analytical procedures should be defined so that the
scientifically substantiated and risk-based decisions
about the ability of analytical procedures to consistently
satisfy an analytical target profile (ATP), including re-
quirements for the target measurement uncertainty, could
be made [3]. Statistical methods for analysing collected
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data and recommendations for addressing deviations and
handling non-compliant data should be provided.

The appropriate and efficient organisation of the
transfer is crucial. However, official guidelines mainly
contain general recommendations with a few examples of
the experiment design and acceptance criteria that are either
insufficiently justified or not suitable universally [4, 5].

What all procedures have in common is that they
primarily tend to stick to either a classical or lifecycle
approach. However, irrespective of which of them is
taken, for the drug products to circulate globally, the
procedure transfer should comply with the ICH recom-
mendations.

The classical approach is built on the widely ac-
cepted ICH Q2(R1) guideline on validation of analytical
procedures [6] whereby the transfer is considered an
individual process though based on validation results.
The validation concept described therein aims to show
that the various performance characteristics (accuracy,
linearity, precision, etc.) meet the predefined criteria with
little consideration of how they relate to the overall un-
certainty and whether they are acceptable or not [3]. As a
consequence, the followers of the classical approach tend
to run validation and transfer as a check-box exercise,
without accounting for the sources of variability and
further use of the analytical procedure, which often re-
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sults in failure for the RU to run the procedure as aimed
and the need for repeated costly testing to identify the
root cause and prevent recurrence [7].

The USP Expert Panel moved an alternative ap-
proach [3] and drafted the general chapter Analytical
Procedure Life Cycle <1220> [8, 9] that encompasses all
the events designed to confirm the suitability of the ana-
Iytical procedure for the intended use that occur through-
out the entire life of the procedure, considering them
under the framework of validation. It allows for a signifi-
cant improvement to the conventional approach to vali-
dation. In the context of the procedure lifecycle, the
transfer falls under Stage 2 Performance Qualification,
which is closely connected with Stages 1 and 3 — Design
and Continued Performance Verification, respectively.
The approach championed by the USP concentrates on
the understanding and control over variability sources at
all stages of the procedure lifecycle. Obviously, the con-
cept of the procedure lifecycle has distinct advantages.
Yet, the performance characteristics recommended by
ICH have not been translated into criteria although their
importance has been stressed.

The State Pharmacopoeia of Ukraine (SPhU) de-
veloped the guidelines on validation of analytical proce-
dures and statistical tools [10, 11] that rely on the classi-
cal approach but rest upon the concept of uncertainty
[12], the application of which is driven by the standardi-
sation rules adopted in the pharmaceutical sector. All
ICH recommendations for performance characteristics
were translated into the acceptance criteria based on the
risk assessment of making wrong accept/reject decisions
[13]. Consequently, it can be argued that the SPhU ap-
proach enables us to fulfil the primary task of validation,
i.e. to demonstrate the fitness of the analytical procedure
for the intended purpose. Hereinafter under the SPhU
approach, we understand all recommendations of the
SPhU that were published either in the compendia or
journal Farmacom (the medium for the introduction and
public discussion of the SPhU initiatives).

Introduced in 2004, the SPhU approach anticipa-
ted some aspects of the procedure lifecycle concept that
appeared later. As such, it can be viewed as one that
establishes an ATP. Yet, the approach pays scant atten-
tion to the transfer issue; just an example of the analyti-
cal procedure transfer by the SPhU criteria is provided.
As is the case with the classical approach, that of the
SPhU may be seen rather formal, overlooking the aspects
that ensure reliable use of the procedure in the subse-
quent routine analysis. In parallel to the conventional
policy, the SPhU approach does not focus on understan-
ding the sources of variability and treat the phases of the
procedure lifecycle separately.

Evidently, none of the approaches alone is entire-
ly satisfactory.

Considering all the above, development of the
strategy on the analytical procedure transfer that com-
bines the benefits of known approaches to the issue
seems sensible. To put the strategy to the test, a real
object of the study is required.

Earlier, we developed and validated a UV-Vis
spectrophotometric procedure for the desloratadine assay

in film-coated tablets applying the SPhU and the lifecy-
cle approach [14, 15]. Therefore, it is of interest to use
this procedure as an object of the present research.

In this work, we attempt to frame and pilot an op-
timised scientifically sound concept of the transfer of
analytical procedures for assays by integrating the advan-
tageous provisions of the conventional and lifecycle
approaches to validation with the metrological base of
the State Pharmacopoeia of Ukraine.

2. Planning (methodology) of research

The ultimate goal of the transfer is to test the ca-
pability of the analytical procedure to yield the analysis
results that continuously satisfy the predefined ATP and
verify its fitness for the routine use in the RU [9].

For the procedure transfer to be successful, a
transfer design should ensure that all identified signifi-
cant sources of variability are under control (have an
acceptable amplitude), and any potential interferences do
not significantly affect the measurement uncertainty in
the RU. This is possible with the lifecycle principles such
as analytical quality by design (AQbD), procedure
lifecycle, quality risk management, knowledge manage-
ment, ATP, analytical control strategy, and measurement
uncertainty. In the lifecycle approach, the latter is sug-
gested to serve as a scientific basis for the establishment
of acceptance criteria and the assessment of results. The
practical implementation of the uncertainty concept is
explicitly described in the SPhU general texts Validation
of Analytical Procedures (5.3.N.1) [10] and Statistical
Analysis of Results of Chemical Experiment (5.3.N.2)
(a linear model for the uncertainty budget, a principle of
insignificance, etc.) [11].

Accordingly, first, it is rational to formulate a ge-
neral strategy on the analytical procedure transfer based on
the SPhU metrological approach and the advantageous
lifecycle principles. Then, we need to design an experi-
ment and establish acceptance criteria for the transfer of
the analytical procedure for the desloratadine assay in
film-coated tablets Alerdez based on the requirements for
the target uncertainty of the procedure in the ATP (preci-
sion and accuracy), considering metrological parameters
of the batch (the average content of desloratadine and its
uncertainty). Finally, an assay of desloratadine should be
conducted in the RU according to the developed experi-
ment design, and the obtained values are to be assessed
against the predetermined acceptance criteria.

In the event of failure to comply with any ac-
ceptance criterion, an investigation is required to be car-
ried out to identify the root cause. If applicable, correc-
tive actions should be taken depending on their nature.

An experiment needs to be designed considering
the tasks prior accomplished in the SU at previous phases
of the procedure lifecycle and the knowledge gained du-
ring the method development and validation. The transfer
should deepen our understanding of the variability sources.
If necessary, the control strategy should be refined.

3. Materials and methods
The research was performed on a pilot-scale batch
of the pharmaceutical preparation Alerdez, film-coated
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tablets containing 5 mg of desloratadine, manufactured
by PJSC SIC “Borshchahivskiy CPP”, Ukraine, using a
validated spectrophotometric procedure for desloratadine
assay. The content of desloratadine per tablet is specified
to be £5 % of the labelled amount (from 4.75 mg to
5.25 mg). The tablet mass is ca. 105 mg.

In the study, an analytical balance Mettler Toledo
XP 205DR, Class A volumetric pipettes and flasks, PTFE
filter with pre-filter 0.45 um cat. No. SYTG0602MNXX104
manufactured by MDI were used. Absorbance readings
were measured on a UV-Vis spectrophotometer Lambda 25
equipped with a 1-cm cuvette (Perkin Elmer) at 282 nm and
350 nm.

A desloratadine reference standard of the State
Pharmacopoeia of Ukraine (SPhU Desloratadine RS)
fitted for assays by UV-Vis spectrophotometry was used
for the preparation of reference solution (assigned value:
99.7 %; target uncertainty: NMT 0.5 %, expressed as a
one-sided 95 % confidence interval).

All reagents met the requirements of the European
Pharmacopoeia.

Test solution. Weigh and grind 20 tablets to a
visually homogeneous fine powder using a mortar and
pestle. Transfer an accurately weighed portion of the
tablet powder equivalent to ca. 420 mg to a 1000-mL
volumetric flask. Add 800 mL of 0.1 M hydrochloric
acid and sonicate for about 20 min with intermittent
manual shaking. Cool and dilute the content of the flask
to volume with the same solvent, and mix. Pass through a
filter and use the filtrate.

Reference solution. Dissolve ca. 40 mg of SPhU
Desloratadine RS in 100 mL of 0.1 M hydrochloric acid.
Dilute 5.0 mL of the resulting solution with the same
solvent to volume in a 100 mL volumetric flask.

Absorbance readings are performed alternately for
each solution with the cuvette removal in at least three
parallel replicates.

Calculate the content of  desloratadine
(C19H19CIN,) per tablet (X;), in mg, by the formula:

X = Almexbex5><1000=Ai><m0><P><b
' A xm x100x100x100  A;xm, x 200 '

M

where A; — absorbance of the test solution, AU;
A, — absorbance of the reference solution, AU; my — mass
of the portion of SPhU Desloratadine RS, mg; m; — mass
of the portion of the tablet powder, mg; P —value as-
signed to SPhU Desloratadine RS, per cent; b — average
mass of tablet, mg.

4. Results

4.1. Formulation of the concept of the optimal
transfer of assay procedures

As framed in the aim, we need to develop the
alternative, scientifically sound principles of the trans-
fer of analytical procedures for assays of active phar-
maceutical ingredients (API) in finished drug products
that should be consistent with the current ICH recom-
mendations and take advantage of the lifecycle ap-
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proach and the developments of the State Pharmaco-
poeia of Ukraine.

Irrespective of whether the transfer of analytical
procedures is viewed as a separate process (the classical
approach) or an integral part of validation (the lifecycle
approach), it rests upon validation results. Therefore, we
approach the transfer in conjunction with the validation.

The ICH guideline on validation of analytical pro-
cedures lacks the scientifically justified acceptance crite-
ria for validation that could powerfully demonstrate the
suitability of the procedure for the intended use [3]. The
approach does not expressly rely on the concept of uncer-
tainty. For the transfer, the organisational steps are main-
ly presented. The criteria provided in the guidelines of
the World Health Organization [2] are neither science-
based nor recommended. They are not differentiated
between the assays of substances and finished drug pro-
ducts, one- and two-sided assay limits, and various
widths of two-sided specifications. This casts doubt on
their reasonableness.

As the classical approach does not put emphasis
on understanding the sources of variability, it may not
bring them under effective control. On top of this, it
addresses the events that take place over the procedure
lifecycle (development, validation, transfer, etc.) as the
separate processes that are not aimed at the subsequent
routine use. This often leads to the formal, one-off verifi-
cation of the fulfilment of the acceptance criteria. The
possible outcome is that the procedure may not dependa-
bly perform in the RU [4].

Both the SPhU and lifecycle approaches to valida-
tion are aligned with the ICH guidelines but have distinct
features that may complement the classical methodology
and fill the gap. Further, we analyse some elements of
the two to determine the provisions that should be incor-
porated into the optimal transfer concept.

The lifecycle approach to the transfer of analytical
procedures has many advantages. It intends to adapt the
ICH Q8 systematic guidance for the manufacturing pro-
cess to the analytical procedure and employs the concept
of measurement uncertainty. The approach focuses on
the comprehension and control over the sources of varia-
bility. All phases of the procedure lifecycle, including the
transfer, aim to ensure the correct use of the procedure in
the subsequent routine analysis, which significantly in-
creases its robustness. The special attention is paid to the
study object specifics and its technology-related proper-
ties. These aspects may be overlooked when the classical
or the SPhU approach is undertaken.

The SPhU approach relies on the pharmacopoe-
ial decision rule that follows from the general notices
and requirements of the United States Pharmacopeia
(USP) [16], the European Pharmacopoeia (Ph. Eur.)
[17], and the International Pharmacopoeia (IP) [18]
stating that analytical variability is included in specifi-
cations. The Ph. Eur. and IP clarify that the conclusion
on compliance is made without considering the mea-
surement uncertainty, which is correct when the mea-
surement uncertainty is sufficiently small compared to
the width of the specification range [19]. With this in
mind, the SPhU formulated a principle of insignifi-
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cance for the Test Uncertainty Ratio, which for a 95 %
confidence level, should be not more than 1:0.32.
Under the SPhU approach, for assays in finished drug
products with the specification range of £5 %, the target
measurement uncertainty should be 5x0.32=1.6 %. Thus,
the only prerequisite for the SPhU approach is a 95 %
confidence level, which, however, is generally accep-
ted. The SPhU approach makes it possible to decide
with a 95 % confidence level, whether the true analyte
value lies within the specification range.

The stimuli article on the Analytical Target Pro-
file [20] presents an example where requirements for the
target measurement uncertainty are determined on the
assumption that batches are manufactured to a nominal
target value of 100 % of label claim. It follows that a
reliable decision on compliance may not be made in the
event an analyte content is close to the extreme values of
the specification limits. However, this is precisely the
task that official quality control laboratories should han-
dle. In our opinion, it is also of interest of manufacturers
that operate in the GMP environment. Moreover, we are
confident that pharmacopoeial procedures should be
designed to cope with this task. From our perspective, the
rationale for the target measurement uncertainty provided
in the article is somewhat unconvincing.

The Ph. Eur. and IP state that the limits are
evaluated based on normal analytical practice [18, 21].
Similarly, the USP declares that acceptance criteria
allow for analytical error [22]. A logical consequence
of this is the necessity for all laboratories that use
specifications established under the pharmacopoeial
decision rule (which applies to all specifications of the
USP, Ph. Eur., and IP) to comply with the normal
analytical practice. This primarily concerns volumetric
operations and standardisation of variation for analyti-
cal instruments. The EDQM issued guidelines [23]
upon which the SPhU laid down requirements for the
target measurement uncertainty for primary volumetric
operations (the use of volumetric flasks and pipettes,
transfer and graduated) [13]. Also, the SPhU defined
requirements for RSD for the spectrophotometric
methods for routine analyses proceeding from the
interlaboratory experiment (not more than 0.52 %) and
for the chromatographic methods for assays of fi-
nished drug products going from the requirements for
the target measurement uncertainty, which allows
monitoring over the implementation of normal analy-
tical practice in the laboratory. The requirements have
been used in proficiency testing schemes in Ukraine.

The approach of the SPhU enables predicting the
actual maximum measurement uncertainty out from the
text of the procedure, assuming that the specific sources
of variability are negligible. Such a prognosis is obligato-
ry in the preliminary design of the procedure. Besides,
for the analysis result to be legitimate, the laboratory
should ensure that the actual uncertainty for volumetric
operations and analytical instruments agrees with the
guidelines for normal analytical practice. Per the SPhU
approach, the procedure is designed considering the
requirements for normal analytical practice so that the

predicted uncertainty does not exceed the target mea-
surement uncertainty.

Having established requirements for normal ana-
Iytical practice and monitoring their implementation in
the laboratory may fundamentally change the goal of the
precision study in the procedure lifecycle, which during
validation turns to the confirmation that the variability in
results meets the predefined criteria, i.e. there are no
unanticipated and, therefore, uncontrolled interferences.
The control over the observance with the normal analyti-
cal practice in the RU makes it possible to narrow down
the transfer experiment size considerably.

The knowledge about the variability sources spe-
cific to the procedure should be gained during the deve-
lopment and validation of the procedure. In the transfer,
it is sufficient to control that their amplitude has not
critically increased in the RU. Note that the SPhU ap-
proach takes account of the fact that the amplitude of
variability sources in the laboratory may vary greatly
over time. From our experience, the precision of mea-
surements largely depends on the technical condition of
analytical instruments. Besides, random variability may
be attributed to the work of the analyst due to both objec-
tive (e.g. expertise) and subjective (e.g. physical state)
reasons. The SPhU approach ensures that the compliance
of variability with the maximum allowable level regula-
ted by normal analytical practice requirements is con-
trolled throughout the procedure lifecycle.

In line with the classical policy, the lifecycle ap-
proach proposes to study precision in the RU in a short-
term experiment. From where we stand, this way seems
biased since the results collected in a short-term experi-
ment, such as transfer, do not reflect the maximum pos-
sible variation that may occur in the laboratory. Addi-
tionally, provided the normal analytical practice is moni-
tored in the laboratory as per the SPhU, the control over
the precision during the transfer duplicates the work
already done in the RU. Satisfying recommendations of
the SPhU provides an opportunity to unburden the RU
significantly during the transfer by employing a confir-
mation approach (demonstration of the accordance of
results with the predefined requirements in a minimal
experiment) instead of the proof approach (studying
precision in an extensive experiment). The observance
with the normal analytical practice is controlled when the
analytical procedure validation is carried out following
the SPhU. It is verified in the development of the SPhU
monographs. With the SPhU approach, the viewpoint of
studying intra-laboratory precision may be rethought.

The revised draft general chapter <1220> [14] and
the example of an ATP in work [20] suggest calculating
intermediate precision “as the sum of the two compo-
nents attributable to the different sources of variability:
variation observed when an analytical procedure is used
repeatedly to assess the same sample over a short period
by a single analyst using the same equipment and varia-
tion that occurs when an analytical procedure is used in
the same laboratory under random conditions such as
different analysts, equipment, or days.” We would like to
point out that this approach has been recommended for
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biopharmaceutical applications in work [24]. As it is
impossible to standardise a biological object, the consi-
deration of the actual variation between experimental
runs is required. The SPhU advances standardising the
variation for all components of the analytical system,
which is possible, and we believe necessary, in the case
of chemical analyses.

The variation in the performance of various spec-
trophotometers is also under control in the SPhU ap-
proach. Our 18-year experience as the official proficien-
cy testing provider in Ukraine makes us assert that for
spectrophotometric measurements performed with the
cuvette removal, the main source of deterioration in the
precision results is often the dilapidated cuvette holder
[25]. As far as we know, the measurements with the
cuvette removal are the basic way of performing parallel
measurements in quality control of medicines. Spectro-
photometer manufacturers, however, control the preci-
sion of the absorbance measurement without removing
the cuvette. In this regard, a national part to the mono-
graph Absorption Spectrophotometry, Ultraviolet and
Visible (2.2.25) that standardises RSD for 30 parallel
measurements (<0.52 %) has been introduced in the
SPhU [26]. Obtained in the interlaboratory experiment
and proved to be feasible for all modern spectrophotome-
ters, this value ensures that requirements for the target
measurement uncertainty of 1.6 % are met when using
the procedures in which a minimum of three parallel
measurements and two sequential dilutions by taking
aliquots are stipulated. Thus, if the SPhU approach is
pursued, it becomes unnecessary to study the precision
depending on the day, analyst, and spectrophotometer.

From the point of view of the authors, the lifecy-
cle approach to partitioning variation between measure-
ment runs remains incomplete in terms of the QbD con-
cept since it may not lead to the understanding of sources
of variability in interlaboratory precision, which is a
prerequisite for their reliable control. In contrast, follo-
wing the SPhU approach, one can understand and con-
tinuously control them. In view of the above, the intra-
laboratory precision calculation may be useful as an
additional check on the conformity to normal analytical
practice. However, carrying out such an extensive expe-
riment during the transfer seems irrational.

The SPhU uses one-sided confidence intervals for
a 95 % confidence level to estimate uncertainty, which is
generally accepted. The lifecycle approach advocates
utilising tolerance intervals, including at the Procedure
Performance Qualification Stage [20], which we consi-
der non-transparent as it requires setting an additional
parameter (proportion) as opposed to the confidence
intervals. For tolerance intervals, both the confidence
level and the proportion may be set somewhat arbitrarily.
In the provided examples, the proportion of 60 % and
90 %, and the level of confidence of 90 % and 50 % are
used. This creates a risk of manipulating conclusions
about the suitability of the procedure by adjusting pa-
rameters for tolerance intervals. Besides, the approach
assumes that the experimental data from which the tole-
rance interval is calculated will belong to the same popu-
lation as the future data. Given that the variation in the
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laboratory results may vary significantly over time, we
view the use of tolerance intervals as an incorrect metro-
logical model. Work [27] suggests evaluating precision
from the data obtained in the stability study in the course
of pharmaceutical development, i.e. acquired over a
sufficiently long period, which ensures a valid estimate
of precision. We find this approach rational.

Conventional approaches to the transfer of analy-
tical procedures are classified into four types: compara-
tive testing of the same batch by both the SU and the RU,
co-validation between two or more laboratories, revalida-
tion, and transfer waiver [28]. Although the first one is
the most used technique for the transfer of procedures
intended for assays, we consider comparative testing
insufficiently effective without scientifically substantia-
ted requirements for the target measurement uncertainty
since it may not lead to the demonstration of the suitabi-
lity of the procedure in the RU. Co-validation and revali-
dation in the RU are costly and time-consuming and,
therefore, should be avoided whenever possible. The
lifecycle approach overloads the RU with works that do
not contribute to effective control over variability
sources. From our point of view, the most effective tech-
nique is to establish metrological characteristics for the
batch of the pharmaceutical preparation intended for
transfer (the mean API value and the variation in API
values between dosage units) in the SU and compare
transfer results against them in the RU. In such instance,
a batch of the pharmaceutical preparation acts as a refe-
rence standard, and small-size transfer results are com-
pared with a large array of those obtained in the SU.
Such an approach is unique as it is not considered in the
classical and lifecycle systems.

Considering all the above, we define the concept
of the optimal transfer of analytical procedures for assays
as follows:

1. The transfer should be seen as an integral part
of the overall procedure lifecycle that centres on ensuring
a solid performance of the analytical procedure in the
subsequent routine use and rests on the knowledge of
variability sources acquired at the previous phases of the
procedure lifecycle, bearing in mind that their amplitude
may change over time. This should be considered in the
analytical control strategy and the transfer experiment
design. In routine use, the knowledge about variability
sources should be refined, and the analytical control
strategy should be adjusted if necessary.

2. The maximum amount of work should be done
in the SU prior to the transfer during an extensive long-
term study of the procedure (knowledge-gathering, pri-
marily, identification of significant sources of variabi-
lity). The transfer should be aimed at confirming in a
minimal experiment that the knowledge about the ampli-
tude of the sources of variability is applicable to the RU.
In the transfer process, the RU should demonstrate com-
pliance with all acceptance criteria, which, with high
reliability, indicates that the results obtained in the sub-
sequent long-term use of the procedure will be accurate.
The study of precision in the RU seems less practical as
the results obtained in a short-term experiment are not
representative.



Scientific Journal «ScienceRise: Pharmaceutical Science»

Ne6 (28)2020

3. The laboratory (both the SU and the RU)
should ensure observance with the normal analytical
practice, e.g. as defined by the SPhU.

4. The transfer should be conducted in the mini-
mal experiment as follows™:

— verify whether the RU has sufficient knowledge
to correctly reproduce the procedure (if necessary, a
preliminary reproduction of the procedure in the RU
should be done);

—check whether the analytical control strategy
works in the RU;

— examine whether the requirements for the criti-
cal ATP criteria (precision and accuracy) are met.

*Note: applicable only if clause 3 is fulfilled.

The results can be used for the assessment of the
variability sources that have not been identified in the SU.

5. The transfer should consider the specifics of the
analysis object and the effect of the manufacturing pro-
cess on those its properties that may lead to failure to
comply with specifications. Evaluation of the variation
stemmed from the technology and the study object is
desirable for the assessment of transfer results. The com-
parison of the results obtained in the SU and the RU
seems less effective.

6. Appropriate statistical tools and acceptance cri-
teria should be used, e.g. those laid down in the SPhU
(recommendations for the target uncertainty, accuracy,
and normal analytical practice, the use of confidence
intervals instead of tolerance intervals, and the use of
normalised coordinates). The criteria should come from
the quantitative estimation of the impact of the variability
sources based on the risk of wrong conclusions on com-
pliance.

4.2. Experimental verification of the advocated
concept of transfer

Verification of the proposed methodology should
be done on a real object of analysis according to the
developed experiment design. All tests of the analytical
control strategy must be performed. If necessary, the
analytical procedure can be preliminarily reproduced in
the RU. The transfer results should showcase the correct-
ness of the analytical control strategy application, the
compliance with the requirements for accuracy and
measurement uncertainty, and the absence of new signi-
ficant variability sources.

For the transfer, a validated analytical procedure
for desloratadine assay in the pharmaceutical preparation
Alerdez, 5 mg desloratadine film-coated tablets, was
chosen. The batch of desloratadine tablets that was ex-
tensively researched during the stability study was se-
lected. The experiment was conducted considering the
tasks completed at the previous phases of the analytical
procedure.

Prior to the research, an ATP for the spectropho-
tometric procedure for the assay of desloratadine in the
pharmaceutical preparation Alerdez was developed using
the SPhU and the lifecycle approach. The procedure was
optimised considering the uncertainty prognosis made
from the SPhU requirements for normal analytical prac-
tice. Preliminary validation of the procedure was carried

out on model solutions using the standardised scheme
[14]. Technological variability was studied on the select-
ed batch of desloratadine tablets to improve the avera-
ging strategy and identify the risks of non-observance
with the tests Assay and Uniformity of Dosage Units
[29]. During pharmaceutical development, the risks
stemmed from the specifics of the object of analysis,
such as inhomogeneity of the test sample, were reviewed,
and the precision of the procedure was studied.

All previous phases of the analytical procedure
were based on the systematic approaches proposed in the
lifecycle concept: procedure lifecycle, analytical target
profile, quality risk management, control strategy,
knowledge management, analytical quality by design,
and measurement uncertainty. The SPhU metrological
approach was employed for the organisation of the ex-
periment and the establishment of acceptance criteria.
Each step was used to enrich our knowledge about the
sources of variability and develop a control strategy. The
results were monitored for the consistency with the target
uncertainty and the normal analytical practice.

In the present research, we need to balance the un-
certainty of the API value for the batch of desloratadine
tablets selected for the transfer considering the knowledge
of the analytical and technological variability acquired at
the previous phases of the procedure lifecycle, and to
develop the acceptance criteria for the accuracy and preci-
sion of the analysis results taking into account the budget
of the total variability. The SPhU and lifecycle approaches
should be used to accomplish the tasks.

Analytical control strategy

An ATP for the procedure for assay of deslorata-
dine in film-coated tablets was developed per the SPhU
approach considering the risk of incorrect accept/reject
decisions. The ATP is furnished in Table 1.

Table 1
The analytical target profile for the desloratadine assay
procedure

Specification limits, % +5

Risk of wrong (false negative) decisions (o), % 5

Target uncertainty (Urarger), % 1.6

Bias, % 0.51

During the development and validation of the pro-
cedure, we identified the following significant variability
sources that should be under control by the analytical
control strategy: filtration efficacy, test sample inhomo-
geneity, and sample preparation uncertainty (associated
with weighing and dilutions).

When using membrane filters with the same pore
size (0.45 um) and type of material (PTFE), the diffe-
rence in filtration efficacy was observed subject to the
make of the filter. Moreover, the use of particular filters
led to the slip of placebo components resulting in the
opalescence of the solution and an unacceptable overes-
timation of the analysis results.

Since the opalescence effect resulted in the wave-
length-independent absorption, it was proposed to mea-
sure the absorbance of the test solution at 350 nm as the
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analytical control strategy. The ratio of the absorbance of
the test solution at 350 nm to the absorbance of the de-
sloratadine reference solution at 282 nm (the maximum
peak of the test solution), expressed in per cent, should
be insignificant (< 0.51 %).

Due to the physical differences between the tablet
coat and the tablet core, the underestimated assay results
with the trend to an increase during the consecutive test
portion taking were obtained. The first test portions were
enriched by the film coat whereas the last ones — with the
tablet core. The problem was solved by increasing the
test portion mass used for the preparation of the test
solution and implementing the analytical control strategy
in the routine use of the analytical procedure (the control
over the difference between the assay results obtained for
the first and fourth test portions) [15].

The study of the analytical procedure precision
from the stability data collected during the pharmaceu-
tical development of the pharmaceutical preparation
Alerdez showed that although the requirements for the
target measurement uncertainty (Urarger) Were fulfilled,
the variation in the absorbance for reference solutions
(1.1 %) exceeded the criteria for normal analytical
practice (0.69 %). The problem was solved by valida-

ting the specific absorbance (A') for the reference

solution that should be monitored as the analytical
control strategy in the routine analysis (studied for six
months on three spectrophotometers). The obtained
confidence interval for the validated value of specific
absorbance (0.72 %) was almost equivalent to the
predicted value of uncertainty for normal analytical
practice (0.69 %).

Budget of analytical and technological varia-
bility

To control the precision and accuracy of results
during the transfer, the batch of the preparation Alerdez
selected for the transfer of the analytical procedure was
studied in depth during pharmaceutical development.

The following metrological parameters for the
batch were established:

1. Grand mean value

X =98.9% )

The grand mean value was determined during the
validation and stability studies.

2. Uncertainty of the API value in dosage units

The uncertainty of the API value in dosage units
(4upu), expressed as a confidence interval for a single value,
was calculated by the results of the test for Uniformity of
Dosage Units performed by the Ph. Eur. (2.9.40) in nine
repeats during pharmaceutical development.

Aoy =RSDp, xt(a;df)

3
Ayoy =2.9x1.66=4.82 % ®)
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where RSD,,, — estimated value of the technological

variability; t— Student’s t-test value; a — level of signifi-
cance; df — number of degrees of freedom used to esti-
mate the uncertainty of the API value in dosage units
(here, df=89).

Note that the technological variability was much
greater than the analytical one. The measurement uncer-
tainty calculated for nine model solutions in the valida-
tion study of linearity was 0.55 %, i.e. insignificant com-
pared to Aypy (by the SPhU, the insignificance coeffi-
cient is 0.32 when comparing the confidence intervals).
Therefore, the fact that the obtained estimate of the tech-
nological variability includes the actual analytical varia-
bility does not lead to the overestimation of the techno-
logical variability.

3. Total variability in assay results
The total variability in assay results (Ay) was pre-
dicted as follows:

2
A = Juz, +| B
z Target \/ﬁ
4.82

Ae = [1.62
> (ﬁ

where A, — uncertainty of the API value in dosage

units; n — number of dosage units taken for averaging;
Urarget — target measurement uncertainty.

In EqQ. (4), we used the target measurement uncer-
tainty since the assay involves an operation of tablet
grinding, and the uncertainty introduced by the sample
heterogeneity cannot be predicted based on the require-
ments for normal analytical practice. In any case, the
actual measurement uncertainty should not exceed the
target measurement uncertainty, which is monitored by
the analytical control strategy.

The total variability includes the uncertainty of
the analytical procedure, the uncertainty of the API value
in dosage units, and the corresponding averaging strategy
(20 dosage units).

The budget of analytical and technological varia-
bility in the batch of desloratadine tablets used for the
transfer is shown in Table 2.

: @
J =1.94%

Table 2
The budget of analytical and technological variability

Type of variation Uncer-
tainty

Analytical variability (Urarger), % 1.6

Technological variability (A, ), % 4.82

(for the individual tablet)

Total variability in assay results, (Az ), % 1.94

(for the mean of 20 tablets)

Grand mean value (X)), % 98.9
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Design of the transfer experiment

The transfer experiment design was developed,
taking into consideration the ATP (requirements for
uncertainty — precision and bias) and the developed ana-
Iytical control strategy.

The verification of precision and bias in the RU
was based on the budget of the analytical and technologi-
cal variability made for the batch of Alerdez earmarked
for the transfer (Table 2). The transfer experiment design
is illustrated in Fig. 1.

( Start )
v

Prepare a Reference Solution

Control of Sample
Preparation Uncertainty

Investigate the Root
Cause

Prepare a Test Solution <

Carry out an Assay

Prepare a new
test sample
and perform -

additional

assays \

Control of Filtration Efficacy

Control of Test Sample
Homogeneity

Control of Precision

Control of Accuracy

Pass Consider more

_—~ thorough
—~ grinding

Vs Change Filter

Fail

Fail

Investigate the Root
Cause

( End

)

Fig. 1. Design of the transfer experiment

1. Control over the sample preparation uncertainty

We propose to control the sample preparation un-
certainty by the specific absorbance of reference solu-
tions, which allows us to monitor the compliance with
the normal analytical practice.

Prepare a reference solution and measure the ab-
sorbance according to the analytical procedure. Calculate
the specific absorption of the desloratadine reference

solution ( A") by the formula:

A= Ajganm x1000x1000 -
c x100% ’

where A,,.. — absorbance of the desloratadine reference

solution at 282 nm, AU; ¢ — mass concentration of de-
sloratadine in the reference solution, pg/mL.

Acceptance criteria: the obtained value of the spe-
cific absorption of the desloratadine reference solution
should lie within the following limit:
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Al €[3.202...3.249] x 107 (6)

The limit was established for normal analytical
practice. Nonconformity to the acceptance criteria may
indicate an increased amplitude of variability from the
controlled sources (analytical instruments, volumetric
glassware, reference standards, uncertainty introduced
by the analyst when performing standard procedures
of sample preparation such as weighing, dilutions,
etc.)

2. Control over the membrane filtration efficacy

Prepare a test solution and measure the absor-
bance at 350 nm.

Acceptance criteria:

The absorbance of the test solution at 350 nm
( Assonm ), AU, should be not more than the following

limit;
Ao £0.0032, @)

where 0.0032 — coefficient that ensures that the back-
ground absorption is insignificant compared to the nomi-
nal absorbance for a 100 % desloratadine solution.

The limit was established for the maximum value
of bias by the ATP. Nonobservance with the acceptance
criteria may be attributable to a slip of placebo compo-
nents through the membrane filter, resulting in the sys-
tematic overestimation of the analysis results. If this a
case, the filter batch or type should be changed.

3. Control over the test sample homogeneity

Prepare a test sample following the procedure.
Make four test solutions from the test portions taken
sequentially and perform assays.

Acceptance criteria:

The assay results obtained for the first and fourth test
portions should not differ by more than 2.3 % (Eg. 8) [15].

TS, ~TS,| < V2 xU

Target; ’ (8)
|TS1 —T84| <2.3%
where TS; — result of the assay in the first test solution, %;
TS, — result of the assay in the fourth test solution, %;
Urarget — target measurement uncertainty, %.
Noncompliance with the acceptance criteria is
highly likely the result of the insufficient test sample
homogeneity. More thorough execution of tablet grinding
is required. Increasing the time and the grinding force
may reduce the inhomogeneity of the test sample.

4. Control over the precision

Analyse all test solutions prepared for Control
over the test sample homogeneity. Calculate the confi-
dence interval for a single value of the analysis results
for four test solutions (4).

Acceptance criteria [15]:

If the confidence interval is lower or equal to
1.6 %, the precision is acceptable, and the RU demon-
strates the compliance.
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If the confidence interval is greater than
1.94 %, the precision is considered insufficient, and
the RU is not compliant. The root cause should be
investigated.

If the confidence interval is between 1.6 % and
1.94 %, inclusive, the precision is considered questiona-
ble. If this is the case, a new test sample should be pre-
pared using the next 20 dosage units, and additional
assays should be performed. Calculation of the standard
deviation for single assay results and the pooled confi-
dence interval for all assay results should be made. If the
pooled confidence interval is lower or equal to 1.6 %, the
precision is considered acceptable and the performance
of the RU compliant. Otherwise, the conclusion is made
of insufficient precision.

In scenarios where the acceptance criteria are not
met, the root cause should be investigated.

Failure to comply with the acceptance criteria
may lie in the fact that there is a new source of variability
in the RU or that known sources are out of control.

5. Control over the accuracy

For the test results obtained during Control over
the precision, calculate the maximum difference between
a single assay value and the grand mean.

Acceptance criteria:

The difference between the single assay value and
the grand mean value should not exceed the total varia-
bility in assay results:

max|TSi —Y| <As
_ : )
max|Ts, - X| <1.94%

Noncompliance with the acceptance criteria may
indicate a new source of variability in the RU or that
known sources are out of control.

If both the precision and accuracy criteria are met,
the transfer is considered successful.

Results of the transfer

The results of the transfer of the analytical proce-
dure for the desloratadine assay in the pharmaceutical
preparation Alerdez are furnished in Table 3.

The results presented in Table 3 indicate that
the transfer of the analytical procedure for the assay of
desloratadine in film-coated tablets Alerdez was a
success.

The RU demonstrated an ability to perform the
procedure as intended, which is evidenced by the com-
pliance with the requirements for normal analytical prac-
tice and acceptance criteria. The membrane PTFE filter
with pre-filter 0,45 um (MDI) was suitable for the pur-
pose, and its replacement was not required. The suffi-
cient homogeneity of the test sample was achieved fol-
lowing the observance with the transferred knowledge
about tablet grinding. There was neither an increase in
the amplitude variability nor a systematic shift in the
assay results observed, i.e. no new variability sources
were identified.



Scientific Journal «ScienceRise: Pharmaceutical Science»

Ne6 (28)2020

Table 3
Results of the analytical procedure transfer

Assay results

X1, % 98.3
X0, % 99.5
X3, % 99.7
Xy, % 99.5
Mean, % 99.25
Control over the sample preparation uncertainty
Calculated specific absorption of the de- 323.3
sloratadine reference solution ( A')
Deviation from the validated A (322.6), % 0.22
Acceptance criteria, % <0.72
Conclusion: pass
Control over the membrane filtration efficacy
Ratio of the absorbance of the test solution at 0.16
350 nm to the absorbance of the desloratadine
reference solution at 282 nm ( A/ Aogonm )» %0
Acceptance criteria, % <0.51
Conclusion: pass
Control over the test sample homogeneit
Difference between the assay values obtained 1.2
for the first and fourth test solutions
(|T81 _TS4| ), %
Acceptance criteria, % <2.3
Conclusion: pass
Control over the precision
Confidence interval for a single value (Aj), % 151
Acceptance criteria, % <1.6
Conclusion: pass
Control over the accuracy
Maximum deviation from the grand mean 0.8
value (max|Ts; - X|), %
Acceptance criteria, % <1.94
Conclusion: pass

5. Discussion

The RU had sufficient experience in performing
analytical procedures for assays by UV-Vis spectropho-
tometry, and preliminary reproduction of the procedure
was not required. The experiment was conducted by the
developed protocol design. The results obtained in the
RU met all acceptance criteria.

The RU demonstrated that significant sources of
variability identified in the SU were under control, and
there was no critical impact of others on the measure-
ment uncertainty. Consequently, there was no need to
refine the analytical control strategy at the time of the
transfer. However, it is vital to monitor the procedure
performance in the routine use and refine the knowledge
during the continued procedure verification stage.

It should be noted that the SPhU requirements for
the target measurement uncertainty and accuracy that we
propose to use for the transfer of analytical procedures
are quite stringent. Their fulfilment in the laboratories
adhering to the SPhU approach (virtually all laboratories
of the pharmaceutical sector in Ukraine, both regulatory

authorities and pharmaceutical companies) is ensured by
personnel training and testing by inter- and intra-
laboratory proficiency testing programs specially deve-
loped by Ukrainian Scientific Pharmacopoeial Center for
Quality of Medicines to control the observance with the
normal analytical practice.

From the experience of the authors, there are
commonly underestimated sources of variability that
should be standardised and monitored such as the un-
certainty introduced by the analyst, the inhomogeneity
of the reference standard [30] and the test sample [15].
They are monitored by the developed analytical control
strategy. Without their understanding, scientists may
question the informativeness of assay results for narrow
specification limits, primarily, for assays of drug sub-
stances [31, 32]. Given that the laboratory is specially
trained to observe the normal analytical practice, it can
be decided that the requirement for the the target meas-
urement uncertainty to be insignificant in relation to the
narrowest specification limits of £5 % of the API la-
belled amount specified for finished drug products is
achievable.

We propose a novel way to confirm the correct-
ness of the results obtained in the RU, where the mean
API value in the tablet batch is established, and the
budget of technological and analytical variability is ba-
lanced. First, it allows the analyst to control not only the
precision but also the accuracy of the analysis results in
the RU. Second, the knowledge of the variability budget
makes the assessment of the result independent from the
fact that the assay is carried out on the sample whose
mean API value differs from the grand mean of the
batch. An additional advantage of our approach is that
the batch intended for the transfer may serve as a test
item for personnel testing.

To our way of thinking, the deviation of the mean
API value from the nominal one is primarily attributed to
the average tablet mass deviation from the nominal va-
lue. This parameter is not standardised in official guide-
lines. As far as we are concerned, some pharmaceutical
companies use an empirical criterion for deviation of
< 1.5 %. Therefore, the deviation of the API value from
the nominal one can reach 1.5 % under GMP conditions.
From our perspective, it is crucial to consider the actual
deviation of the grand mean from the nominal value
when assessing the correctness of the results.

In the example provided in work [20], an assump-
tion is made that an actual APl value in the batch is
100 %. This contradicts our results obtained during the
transfer of the analytical procedure for desloratadine
assay in tablets. The actual deviation of the mean API
value from the nominal content was about twice the

SPhU criterion for the bias of 0.51 % ( X =98.9 %).

This allows us to conclude that the transfer con-
cept and the acceptance criteria advocated in this paper
are acceptable for the pharmaceutical preparation
Alerdez. The concept may be applicable to the transfer of
other analytical procedures for assays in finished drug
products.

Study limitations. The success of the procedure
transfer by the proposed strategy might be attributed to
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the fact that the pharmaceutical preparation Alerdez is a
‘problem-free’ research object. The technological and
analytical variability exhibited by the studied object was
relatively low, which guaranteed full agreement with the
acceptance criteria. Yet, since the developed concept has
not been tested on other pharmaceutical preparations, it is
early to claim its universal applicability. There might be
a need to make some adjustments.

Prospects for further research. Although feasi-
ble for the analytical procedures lacking or managing
specific sources of variability, the SPhU requirements for
bias are quite stringent. They may not be reached when
special sample preparation techniques are required (e.g.,
extraction or chemical reaction with the analyte). The
SPhU approach was not designed to relax the require-
ments for bias by tightening those for precision, not un-
like the general monograph Statistical Tools for Proce-
dure Validation <1210> of the USP that suggests such a
statistical tool for tolerance intervals [33]. In view of this,
using a similar statistical tool for confidence intervals
based on the SPhU approach is prospective.

6. Conclusion

The paper outlines the strengths and weaknesses
of the conventional and lifecycle approaches to the
method transfer and presents a new science-based con-
cept of the successful transfer of analytical procedures
for assays. The concept is consistent with the ICH rec-
ommendations, takes advantage of the lifecycle metho-
dology (quality by design, quality risk management,
procedure lifecycle, control strategy, and knowledge
management), and employs the metrological develop-
ments of the State Pharmacopoeia of Ukraine to the ex-
periment design and acceptance criteria (requirements for
target measurement uncertainty, accuracy and precision
of the analytical procedure, observance with normal
analytical practice in the laboratory, and the use of one-
sided 95 % confidence intervals).

The devised strategy excludes proving precision
during the transfer (in the short-term experiment). We
believe that it is more rational to assess the precision
from the stability study (in the long-term experiment)
and refine the knowledge in the routine use. Provided the
normal analytical practice (the maximum permissible
variability attributed to analytical instruments and the
work of analysts) is observed, the transfer experiment
design may be narrowed down to the confirmation in the
minimal experiment that the amplitude of the significant
variability sources identified during the development and
validation of the analytical procedure lies within the
predefined range.

We have designed and successfully completed the
transfer of the validated analytical procedure for de-
sloratadine assay in film-coated tablets following the
embraced concept. For the batch intended for the trans-
fer, the budget of analytical and technological variability
was balanced. The deviation of a single assay result from
the grand mean was proposed to use as the criterion for
accuracy during the transfer. As the criterion for preci-
sion, the requirement for a one-sided confidence interval
for a series of assay results not to exceed the target un-
certainty of the procedure was used.

The findings of the research support the proposed
strategy. All requirements established in the analytical
control strategy for significant variability sources (filtra-
tion efficacy, test sample homogeneity, and sample prep-
aration uncertainty) and the analytical target profile for
precision and accuracy were fulfilled in the receiving
unit. However, given that the present study has been
carried out on a ‘problem-free’ pharmaceutical prepara-
tion, further investigation is required.
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