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Abstract

Immunogenicity has always been an important consideration in the evaluation of pharmaceutical protein biologics. In this article, method
validation parameters relevant to enzyme immunoassays are described for assays applied to the analysis of anti-drug antibodies, with sf
cial considerations for immunogenicity to therapeutic monoclonal antibodies. Common strategies for experimental investigation of various
validation parameters are proposed. In addition, a novel, yet simple, approach is proposed to categorize the validation effort into two mutu:
ally interdependent phases, based on the characterization of validation parameters as “system descriptive” or “system controlled”. Systel
descriptive parameters are those that must be characterized but need not have pre-specified acceptance criteria for assay validation. In contr
system-controlled parameters should be understood early in assay development, and optimized and confirmed using a priori acceptance crite
in validation to assure sufficient control over them during routine bioanalysis. This approach not only streamlines the validation process but
also eliminates unnecessary redundancies. This validation method can be achieved with proper scientific rigor and remain within the realr
of GLP compliance. The authors hope that other research groups would engage in discussions on validation of anti-drug antibody assays

order to establish a consistent approach across the industry and academia.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction assay validation and why is it necessary? What are the val-

idation parameters necessary for ADA testing and how can

Monoclonal antibodies have demonstrated utility as bio- they be approached experimentally? And, can the method
therapeutic interventions for immune-mediated inflamma- validation process be streamlined to improve operational effi-
tory diseases and cancer. The protein sequence of sucltiency? Many of these points would be the same for ADA
drugs can be non-human, chimeric, humanized, or fully testing for any biologic product, however, some unique con-
human. Regardless of their composition, a vital safety con- siderations apply to immunogenicity testing for monoclonal
cern for regulatory agencies, drug manufacturers, clinicians, antibody drugs.
and patients, is the potential for anti-drug immune responses
(immunogenicity) elicited by drug treatmefif]. Anti-drug
antibodies (ADA) may cause adverse events including infu- 2, Anti-drug antibody (ADA) immunoassays
sion reactions and hypersensitivity. ADA binding to the drug
can potentially cause drug neutralization, altered biodistri-  Despite the emergence of novel technologies such
bution, or enhanced drug clearance rates, which can resultas Biacor® and BioVeris" (previously called IGER),
in reduced efficacy of the treatment. Thus, immunogenic- microtiter plate-based ELISAs are still the most widely
ity testing is required to demonstrate the clinical safety of used format for testing anti-drug antibodies due to their
new biotherapeutic products. The United States Food andhigh-throughput efficiency, simplicity, and high sensitiv-
Drug Administration (FDA) requires that anti-drug antibody ity. Although the general principles would apply to these
responses be detected, characterized appropriately, and corresther methodologies, the specifics of assay validation dis-
lated with any pharmacological and/or toxicological observa- cussed in this paper focus on ADA ELISAs. Either direct
tions[2]. Further, with the near-future entry of “follow-on”  or indirect sandwich-format ELISAs may work well for
or “generic” biologic drugs, immunogenicity will become non-clinical ADA detection (provided positive control anti-
a critical feature in demonstrating product comparability. body is available from the target species) and the aspects
Immunoassays contribute significantly to our understanding of assay validation discussed in this paper apply generally
of immunogenicity. Hence, immunoassays should be prop- to any type of ADA immunoassay. However, because mon-
erly developed and sufficiently validated before testing clin- oclonal antibody-based drug products are often chimeric,
ical samples. humanized, or fully human, it usually becomes impossible

At present, there is no perfect assay for determining to employ a sandwich ELISA using a secondary anti-human
immunogenicity. However, a number of assay methods antibody detection reagent to test clinical samples. Hence,
are available including ELISA, radio-immunoprecipitation ADA ELISAs in our laboratory are most often designed in
assay, electrochemiluminescence, surface plasmon resoa bridge-format, which provides high selectivity and pan-
nance, and bioassays, each with relative merits and weak-species ADA detection capability, making it feasible toimple-
nesses that have been discussed in recent publiciBebl ment a single assay format for both non-clinical and clinical
however, the enzyme immunoassay remains to be the mosstudies. Two formats of ‘bridge’ ELISAs are common (see
widely used. Irrespective of the assay format, once a testFig. 1): in which the drug is either coated directly onto the sur-
method is developed and optimized, validation should be face of polystyrene microtiter plate wells, or the biotinylated
performed to assure that the results are meaningful. Despitedrug is bound indirectly to the plate surface using strepta-
the fact that the FDA has increasing regulatory expectationsvidin. In either case, when a test sample is added to the plate,
on ADA testing, to date there are no specific guidelines for ADA in the sample binds to both the solid phase and solution
immunogenicity assay validation. phase drug. Solution phase drug is labeled so as to permit

The purpose of this paper is to provide our perspective on detection of binding. Common examples of detection sys-
the validation of ELISAs used to investigate clinical or non- tems include enzyme-conjugated dré&gg 1, format-1) and
clinical ADA immune responses to therapeutic monoclonal a chromogenic substrate, or a combination of biotinylated
antibodies with respect to the following questions: What is drug and streptavidin-conjugated enzyrgéy( 1, format-2)
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Fig. 1. Two formats of bridge ELISAs.

followed by a chromogenic substrate. The latter format has biological matrix such as serum or plasma. Notwithstanding
the benefit of signal enhancement; the former may be used tathe regulatory obligation to validate assays, it is important to
reduce non-specific or low-affinity antibody binding that may understand whether a newly developed (or “standardized”)
cause substantial interference in certain subject populationsassay will continue to perform as expected when applied to a
(e.g., rheumatoid factors in rheumatoid arthritis patients). large number of heterogeneous samples under actual analyt-
The optical density (OD) of the resultant colored product ical conditions over time. Without formal investigation, can
is recorded using a spectrophotometer. Within a unique lin- we assume that the results will be the same when the assay
ear range for any assay, the magnitude of the OD tends tois performed by different scientists, and on different days?
be directly proportional to the ADA level in the test sample. How do we know that the results are correct? Would a test
However, this relationship is unique for each sample, and is sample that is tested after a period of refrigeration or frozen
not accurately quantifiable. This is because each sample repstorage produce the same result as a fresh sample? Without a
resents a unigue biologic response individually selected from demonstrated understanding of the above issues, how can we
the patient’s repertoire and probably further modified through rely on the results produced by an assay? And most critically,
affinity maturation and epitope spreading. As a result, the are we using reliable data to make decisions regarding clini-
assay positive control is never identical to the ADA analyte. cal trials, and providing such information to the FDA? Thus,
validation is not just a regulatory burden, but also a critical
scientific and business obligation for a drug manufacturer.
3. Method validation Therefore, immunogenicity assays for human clinical trials
and non-clinical studies have to be carefully selected, devel-
For any analytical method, its performance and reliability oped, validated, and conducted.
must be demonstrated to ensure a high level of confidence The initial step in the development of a validation strategy
on the test results. Without an understanding of the system-is to define the analytical objectives of the assay, i.e., what
atic and random variations in an assay it is not possible to type of testsamples will be analyzed, and whatis the expected
set appropriate criteria that allow accurate differentiation of readout of the assay? Then, keeping in mind thétlation

a truly positive result from a truly negative resMalidation refers to the determination and maintenance of assay relia-

is the process of demonstrating, through the use of specific bility, the following questions must be addressed: (1) What
laboratory investigations, that the performance character- interferences might be expected from the sample matrix? (2)
istics of an analytical method are suitable for its intended What level of accuracy and sensitivity are required? (3) What
analytical use [6,7]. In the case of ADA methods, suitabil- level of imprecision is acceptable? (4) What are the robust-

ity includes proof that the assay consistently, reliably, and ness and ruggedness needs for the routine performance of
reproducibly detects drug-specific antibodies in a complex this assay? Each of the analytical method validation param-
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eters specified by regulatory documents such as specificity,sent the test population. For example, it has been observed
selectivity, accuracy, sensitivity, precision, robustness, stabil- that the ADA response generated during a toxicology study
ity, and ruggedness should be pondered carefully; known andin which rabbits are repeatedly treated with a human thera-
potential variables for each parameter must be identified andpeutic antibody will generate rabbit IgG of high affinity to
theirimpact investigated. Additional parameters unique to the the human 1gG constant region. An improved control analyte
analytical method should also be considered. The validity of for such an analysis might be an affinity-purified antibody
a cutoff value and the minimum required dilution are addi- from a hyper-immunized rabbit. In contrast, human subjects
tional parameters that apply to ADA ELISAs and must also acutely treated with the same human therapeutic antibody
be demonstrated. Considerations for each of these analyticapredominantly produce low-affinity IgM or IgG against an
parameters are further discussed below. epitope of the drug’s complementarity-determining region(s)

It should be noted at this point that specific recommen- [9]. Clearly, an assay validation based solely upon detection
dations on sample sizes (number of test subjects, number ofof the high affinity human Fc-specific rabbit analyte might
test samples, etc.) have intentionally been omitted in this arti- not be representative or adequate to support the validation
cle because factors such as reagent and sample availabilityand subsequent ADA analysis for human clinical trials.
sufficient statistical power, and the nuances of an assay can Specificity of analyte binding can be demonstrated by
affect sample size determination. Therefore, no single sta-immunodepletion analysis. Positive control(s) or positive
tistical recommendation can fulfill the needs of all method sample(s) can be tested in the assay after pre-incubation with
validations, although, when resources permit, the general ideathe drug (which should inhibit signal in the assay) or with
that “more is better” is a good general principle to follow. It  structurally similar molecules such as an unrelated antibody
is strongly recommended that a biostatistician review each drug molecule or purified human/animal immunoglobulin
method validation plan before execution. (which ideally might not influence drug-specific assay sig-

nal significantly).
3.1. Specificity
3.2. Selectivity

Specificity is the property of an analytical method to
unequivocally detect the target anali{g, and with minimal Specificity in the presence of components expected to be
or no cross-reactivity to unrelated analytes. It is important presentinthe sample matrix (interfering substances), referred
to validate specificity during validation, during revalidation to as ‘selectivity’, can be challenging to validate. In an ADA
triggered by a reagent change, or when a new method is com-assay, the specificity remains the same but selectivity can vary
pared with a standard method. between test samples due to the heterogenous and polymor-

In the case of ADA assays, the target analyte is generally phic nature of samples from higher mammals and humans.
polyclonal, comprised antibodies of various isotype classes, Hence, a reasonably sized population of representative sam-
specificities, and affinities; hence, no single positive control ples must be analyzed during validation to assure a proper
can accurately represent the target analyte. It follows then, estimate of assay selectivity. Albumin and gamma globulins,
that the selection of representative analyte(s) plays an impor-normally the major components of plasma or serum, can be
tant role in the validation process. For clinical assays, humana source of interference in an assay. Other components that
ADA is ultimately the analyte of interest. However, because may cause interference are specific proteins present in par-
assay development and validation typically precede clinical ticular disease populations (such as rheumatoid factor) and
trials, ADA positive controls from humans are rarely avail- substances that bind competitively with the analyte (includ-
able during initial assay development and validation. Even ing the drug itself or the drug target). Furthermore, lipemic
when a human positive sample becomes available, one mayand hemolyzed sera may also interfere with ADA detection
not have sufficient quantities, or patient consent, to use for in certain assays. Thus, selectivity is a critical parameter that
this purpose. Furthermore, ADAs tend to be unique to each determines the reliability of an ADA assay, and must be
drug program, leaving the investigator with the challenge validated. Experimental approaches to common selectivity
of obtaining representative positive samples for each assayvariables are discussed below; nevertheless, it may be nec-
development and validation. The situation is further compli- essary to use an imperfect assay with selectivity problems
cated by the fact that ADAs are polyclonal, and so while despite sufficient attempts at method development and opti-
an ADA assay may function across isotypes, species, etc.,mization. In such a case, these problems should be described
assay performance may vary quite noticeably when com- in the validation report.
paring antibody responses of disparate properties, and when To evaluate selectivity, immunoglobulins or another
making comparisons across species. Thus, the so-called angpotential interfering substances may be spiked into positive
lyte in an ADA assay is not a defined molecule, but rather a and negative samples. Positive samples, or mock positive
group of different molecules sharing a capacity for drug bind- samples (positive control antibody added to a chosévena
ing. When establishing specificity, accuracy, and sensitivity, it matrix), and negative samples should be prepared with a
may be informative to employ several control analytes from biologically high but relevant concentration of each poten-
different sources or individuals that may reasonably repre- tial interfering substance. The samples with and without the
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interfering substance are then tested and the mean signabbserved effect of this interference is an apparent reduction in
recovered (with added interfering substances) versus the tarthe assay signal that could yield a false negative result. Prepar-
get (no added interfering substance) is calculated. A typical ing a set concentration of positive controls or samples with
acceptance criterion for recovery is 80—125%, in which case varying amounts of experimentally added drug can mimic
it can be concluded that there is no substantial interference.the presence of pharmaceutically administered drug in a sam-
Otherwise, it should be inferred that the substance signifi- ple. Testing such samples can provide information about the
cantly interferes with analyte detection. degree of antigen interference that may exist. At present,
The effect of the sample matrix (typically serum or significant efforts are underway to discover a means of effec-
plasma) should be evaluated if more than one sample matrixtively uncoupling or measuring the drug-ADA complex to
could potentially be tested using the assay. Matching samplesenable detection, or to detect ADA despite the presence of
(such as serum and plasma) from the same donor should béound drug. However, this is complicated by an increased
compared. Mock positive samples may be prepared by spik-elimination in vivo of high molecular weight complexes, thus
ing the positive control into rige serum and plasma samples. precluding an accurate quantitation of the induced immune
Naive donor serum and plasma can also be used as the negaesponse.
tive samples. Itis likely that positive samples will need to be
represented by mock positive samples. The acceptance cri3.3. Dilutional linearity
terion is that the matrix should not alter the assay outcome,
i.e., this validation test passes if positive and negative sam- The linearity of an analytical procedure is its ability
ples give comparable results when the respective samples inwithin a given range) to obtain test results that are directly
both matrices are compared. proportional to the concentration of analyte in the sarifjle
Selectivity investigations should also include a compari- Estimations of ADA concentration should be limited to titer
son of specificity of the analyte within normal and disease- estimation due to the inherent dissimilarity between actual
state serain view of the possibility that interfering substances samples and the “reference standard”. When ADA is esti-
may be prevalent in some populations or disease states. limated as a titer, dilutional linearity is nice to evaluate but not
is generally recommended that clinical tests be validated critical. One should ensure that the positive control dilutes lin-
using sera from the target population, whether patients or early within a reasonable range, and that the positive control
healthy volunteers. Likewise, non-clinical studies may exam- used to assure system suitability (the day-to-day plate perfor-
ine healthy animals or include disease models. If the assay ismance or consistency positive control) falls within a linear
expected to test specific populations (and if specimens areregion of the dilution curve rather than on a plateau or aregion
readily available), then healthy and disease model/patientof the curve that might include a prozone (hook) effect. If,
samples can easily be compared. However, if the specifichowever, the determination of ADA-positive samplesis based
target indications or disease models have not been conclu-on interpolation from a reference standard curve, then it is
sively identified at the time of method development and very important to demonstrate linearity. Linearity is gener-
validation, it is recommended that sera from a number of ally expressed as the regression coefficient, the slope, and the
disease states be investigated in addition to normal donory-intercept, of the curve within a specified range (“limits”).
sera. Mock positive samples should be prepared by adding
analyte into multiple individual serum/plasma samples from 3.4. Accuracy
naive patients from the intended population, or a pooled
normal human serum if target disease sera are unavailable. Accuracy is the agreement between an experimentally
Recovery of the positive signal is evaluated by comparing measured value and an accepted reference (standard) or a
the mean results of the patient and reference populationstheoretical “true” value. In other words, it is a measure of
spiked with the same amount of analyte. As with the com- the “trueness” of a methof8] and describes systematic
parison of interfering substances described earlier, a typicalerror (mean bias) of a test. Accuracy of a new method is
acceptance criterion for mean recovery is 80-125% (i.e., estimated by comparing it with the results of another test
mean OD recovered from the patient population compared method of known accuracy and precision (i.e., a “gold stan-
to the mean OD recovered from the healthy population). dard” method), or through reference material of known or
If recovery is higher or lower than this range, then the generally accepted composition. ADA assays are unique by
validation report should indicate that there is some degree nature because there is generally no comparative or standard
of interference due to target disease state serum/plasmanethod available to determine accuracy. ADA immunoas-
components. says are quasi-quantitative due to limitations imposed by the
A unique feature of ADA assay selectivity is that the drug selection of generic reference standards intended to represent
itself can act as an interfering substance. This issue can aris& variety of potential polyclonal responses. Therefore, the
depending on the length of time since the last dose of drug approach here is generally an assessment of spike-recovery,
was administered (the “wash-out” period) and its pharma- i.e., repeated measurements of the same spiked sample under
cokinetic profile. The drug may already be bound to ADA, specified conditions. Therefore, the accuracy of ADA assays
or can compete with the capture of ADA in the assay. The is inferred from selectivity.
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3.5. Cutoff value purified specific antisera for the determination of the quan-
titation limit. This is determined via limiting dilution of a
Since ADA immunoassays are quasi-quantitative due to reference analyte whereby the quantitation limit is the great-
the limitations of the reference standard, sample positivity est concentration of the analyte able to reproducibly generate
is usually determined using a threshold limit of non-specific a signal in excess of the assay cutoff. Due to limitations inher-
background (an OD value), also referred to as a “cutoff” or ent in the use of a representative analyte, it is preferable to
“cutpoint”. An assay cutoff is determined by analyzing sam- use at least two positive control analytes, preferably having
ples from nave individuals, preferably those afflicted with  different characteristics with regard to affinity, isotype, or
a target disease, or animals of a disease model. Alterna-clonality for the determination of ADA assay sensitivity. For
tively, healthy donor samples could be used when it is not ADA ELISAs, sensitivity varies proportionally with the cut-
feasible to obtain specimens from a specific disease groupoff, and so the latter must be validated carefully. Again, it is
or disease model. N\ee samples producing unusually high important to note that the sensitivity of ADA assays will also
OD results are excluded from data analysis only if the reac- vary based on the positive controls utilized, and it is impos-
tivity is shown to be drug-specific. These data are used to sible to determine the ‘true’ quantitation limit because no
determine a cutoff value that is calculated to yield a false positive control or sample can completely mimic all possible
positive rate of at least 5%. One might ask why it would be polyclonal ADA responses.
desirable for an ADA assay to have a 5% incidence of false
positive results. In fact, the final incidence of false positives 3.7. Precision
is much less because ADA evaluations typically also include
a competitive binding step in whiglvrentially positive sam- Precision is a measure of the degree of reproducibility of
ples must demonstrate specific binding to the drug before athe analytical method under normal operating circumstances.
sample is determined to beuly positive or negative. This  In other words, it is the degree of agreement among individ-
type of multi-step approach allows one to maintain the low- ual test results when a procedure is applied repeatedly to a
est practical cutoff, thus permitting the detection of lower homogenous samp|&0]. Precision is measured mathemati-
affinity/concentration antibodies. Ultimately, this facilitates cally by the random error, or imprecision, between replicate
a broader comparison of ADAs relative to safety and efficacy. experiments. It comprises repeatability and intermediate pre-
In our experience, it is not desirable to have an ELISA cision[8]. Generally, positive control(s), negative control(s),
assay cutoff less than 0.2 OD units because precision deteri-and a diluent sample (representing infinite dilution of sam-
orates as absorbance values fall below that level. If the resultsple during titration) are run on at least three separate days
fit a normal distribution curve (also called Gaussian distribu- by at least two or three separate analysts. In each run, an
tion or “bell curve), a common approach to selecting the analyst prepares at least three plates, with at least three repli-
cutoff is via the mean OD and standard deviation of aiyea  cates of each sample. The test samples should originate from
sample test results and defining the cutoff as the mean plusidentical aliquots prepared in advance by one individual.
1.645 times the standard deviation. Statistically, this should This single comprehensive experiment can yield all of the
provide a false positive result of 5% in aima population. data required to estimate the various types of assay preci-
If the results do not fit a normal distribution, or the cutoff is sion. The assay precision of a quasi-quantitative ADA assay
much less than 0.2 OD units, this type of calculation isinvalid can vary depending on the concentration of positive control
and an alternative estimation of the cutoff must be performed, one chooses to use. Using a positive control at a high and a

preferably in consultation with a biostatistician. low concentration is recommended to demonstrate the pre-
cision within the assay range. Negative controls are merely
3.6. Sensitivity required to generate signals less than the assay cutoff 95%

of the time, however, positive controls are evaluated more
Sensitivity is traditionally defined as the amount of ana- rigorously.

Iyte required to produce a significant change in signal versus  Repeatability, or intra-assay precision, is the variation
that obtained in the absence of analyte. There are two mea-between replicate samples on the same plate (well-to-well
sures of sensitivity: detection limit (often referred to as the variation within plate). For each sample, the replicate assay
lower limit of detection, LLOD) and quantitation limit (often  results of each analyst are calculated separately (mean, S.D.,
referred to as the lower limit of quantitation, LLOQ). Detec- %CV) on each individual day of testing, and then repeata-
tion limit is useful for ‘limit’ tests, which measure “positive  bility is expressed as the overall average S.D. and %CV.
versus negative” results, i.e., assays that merely substanti-Typically, repeatability for OD results above 0.2 is expected
ate that the amount of analyte is above or below a certainto be <20%.
level [10]. Quantitation limit, on the other hand, is useful Intermediate precision comprises inter-assay precision
for quantitative assays. As indicated earlier, ADA assays are (variation between separate plates), inter-day precision (day-
quasi-quantitative, but regulatory agencies prefer the vali- to-day variation for an analyst), and inter-analyst precision
dation to report sensitivity in concentration units, not titers. (analyst-to-analyst variation). Intermediate precision is cal-
Thus, oneisrequired to use monoclonal antibodies or affinity- culated using the mean OD results of the sample replicates.
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For inter-assay precision, the mean ODs of replicate sam-3.10. Stability

ples from each of an analyst’s plates are used to calculate

an inter-plate mean OD result, the S.D. and %CV. The aver-  Stability studies evaluate assay performance under the
age inter-plate S.D. and %CV of the various analysts on the intended storage conditions. Ideally, the conditions should
various days is calculated and this represents the overall inter-mimic the expected sample and reagent handling conditions,
assay precision of the method. For inter-day precision, the storage temperature(s), and varying lengths of storage time.
inter-plate mean OD results of each analyst over the days areWhile regulatory guidances on method validatj8r10] do
used to calculate the inter-day S.D. and %CV per analyst. not address this type of stability testing, it is an important
Then these values from each analyst are combined to deriveaspect of method validation. The stabilities characterized
the average inter-day precision. Finally, for inter-analyst pre- should include the controls, test samples, the coated assay
cision, the inter-plate mean OD results of all analysts are usedplate (if applicable), and other critical reagents. Some man-
to calculate the inter-analyst S.D. and %CV each day. Then ufacturers provide expiration dates for purchased reagents,
values from each day can be combined to derive the averageand these may be adopted in lieu of in-house stability valida-
inter-day precision. Typically, intermediate precisigB0% tion. Comparing freshly prepared controls and samples with

is considered acceptable. those that have been stored under conditions to be used for
non-clinical or clinical studies can determine the stability of
3.8. Robustness samples and controls. Common stability parameters include:

freeze—thaw cycles,&C storage;-70°C storage, and the sta-

Robustness is an indication of the reliability of an assay, bility of diluted samples and critical reagents. Real clinical
assessed by the capacity of the assay to remain unaffecte@r non-clinical specimens might not exist during validation,
by small, but deliberate, variations in method paramg&rs or may be otherwise unavailable for validation testing. In this
The focus of robustness is to analyze assay consistency undecase, spiking analyte-negative matrix with the positive con-
relevant, real life changes in standard laboratory situations.trol can generate a mock positive sample. Multiple positive
Parameters to test during robustness testing should be basesamples at different concentrations are preferable, if avail-
on knowledge of the assay and associated risks. One shouldble. The laboratory should determine the mean recovery of
assess which conditions are likely to vary in an assay, in a stored versus fresh positive controls and any positive sam-
particular laboratory, and design appropriate tests to examineples. The acceptance criteria for the positive control(s) and
the parameters that are deemed critical. These may includesample(s) are that they must generate positive results, with
changes in microtiter plate lots, incubation times, tempera- a mean recovery of 80—-125% after storage. We have never
ture, number of washes, reagent lot and concentrations, orobserved a negative sample becoming positive for ADA dur-
instrumentation. Critical changes would be detected becauseng storage, and recommend that a single negative control
they would lead to failed control values. To some extent, such sample is sufficient for the stability study. The acceptance
changes may occur during the previously described validation criterion for this control sample is that it reproducibly gener-
steps, and as such are understood prior to robustness experates a negative result.
mentation; however, one should make deliberate, controlled, In afreeze—thaw study, at least three aliquots of each sam-
and finite changes in order to describe these parameters morele are prepared and stored frozetvQ°C, or other relevant

fully. temperature) for at least 24 h, then thawed. The thawing pro-
cedure may be assay specific, &C} room temperature,
3.9. Ruggedness or 37°C, but should be clearly defined. When completely

thawed, the samples should be refrozen to the original tem-

The term ruggedness is absent from ICH method valida- perature for atleast 12 h before repeating the thawing process,
tion guidance$8,11], while the validation monograph inthe and at least one replicate aliquot of each sample should go
United States Pharmacopdi0] describes it as including  through at least three freeze—thaw cycles. The freeze—thaw
inter-laboratory precision as well as inter-analyst precision. cycles should be staggered so that all samples are tested
The ICH documents deal with inter-laboratory variation sim- together against samples freshly prepared in an identical man-
ply as another element of precision, termed ‘reproducibility’. ner to their frozen counterparts.
Ruggedness is best defined as a combination of precision and In a study of sample stability at°€, the samples or con-
robustness between laboratories. It can be imagined as robusttrols should be thawed and then stored &C4or a relevant
ness testing wherein the test parameter is an entire laboratoryperiod of time, such as 28 days. In this example, a minimum
unit with its own characteristic imprecision. Thus, rugged- of two time points (days 0 and 28) are needed, but intermedi-
ness is useful for assessing the “transferability” of an assay, ate time points such as days 7 and 14 are also recommended.
i.e., the validity of testing samples in two or more laborato- Multiple aliquots of each sample and the controls should be
ries. When a single laboratory performs the assay, however,prepared and stored af70°C, the exact number of aliquots
ruggedness becomes a non-issue. Investigations of ruggeddepending on the number of time points one plans to evaluate
ness are complex, involving many other parameters foravalidin the study. The first set of aliquots (positive and negative
inter-laboratory comparison. controls, and at least one sample/mock sample) are thawed



D. Geng et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 364-375 371

and held at 4C from day 1: these will become the 28-day at—70°C in small, preferably single-use, aliquots that can
stability samples. Similarly, sets of aliquots are thawed on be discarded a short time after thawing.

days 7, 14 and 21 and also held &tC} representing the

21-, 14- and 7-day stability samples. The last set of aliquots 3.11. System suitability controls

is thawed on day-28, and serve as freshly thawed (“day-0")

comparator samples. All samples are then tested together,and Because ADA assays often lack a standard curve, positive
recoveries of the spiked positive control in the various sta- and negative control ranges are validated and monitored dur-
bility test samples are calculated relative to the comparator ing the study to assure the continued reliability of the assay

samples. under routine performance. During validation, the assay con-
Antibody samples and controls are generally assumed totrols should be tested multiple times by multiple operators
be stable as long as they are stored frozen®°C. How- over a period of time. The overall results should be used to

ever, for a validated assay, this must also be demonstratedcalculate a meaitt 2S.D. or meas: 3S.D. range for each of
Experimentally, this is demonstrated in the same manner asthe positive and negative controls (QC samples), comprising
the 4°C stability study described above, except that aliquots the acceptance range for routine assay runs.

are instead stored at70°C and individual aliquots analyzed

periodically for extended intervals up to several years. The

same process could be applied to samples store@@tC. 4. Streamlining the method validation process
Note that assay “drift” may be difficult to distinguish from
loss of stability of the control samples-a70°C. In order to proceed in a logical fashion, ADA assay per-

In some analytical situations, it is more convenient to formance criteria must be defined early in the course of assay
dilute samples one day prior to analysis and store overnightdevelopmenf4]. In the final stages of assay development,
at 4°C. However, it is important to demonstrate the stabil- the method becomes locked in because it appears to meet
ity of diluted samples if the laboratory plans to store them those performance criteria. At that point, it is typical to con-
for extended periods of time preceding analysis. To test the duct informal pre-validation studies, prior to commencement
stability of diluted samples, positive and negative samples of formal validation, in order to more fully verify assay
or mock samples are prepared at the final dilution used for performance and obtain unprejudiced (or “more accurate”)
analysis, and stored under the conditions that will be used topre-specified acceptance criteria for validation parameters.
store actual test samples (for exampléC4overnight). The Generally, subsequent formal validation studies, performed
stored samples are analyzed side-by-side with freshly dilutedfor the purpose of meeting good laboratory practice (GLP)
samples and the results compared. regulations, generate data that are just “more of the same”.

For operational efficiency, it may be desirable to store This “validation after validation” redundancy seems to waste
batches of coated and blocked assay plates for later use. Plata significant amount of resources. If a laboratory consistently
stability is assessed using one batch of coated plates to tesbperates according to GLPs, it would seem reasonable to use
positive and negative samples (assuming frozen samples to b@re-validation data, or even late-stage development results
stable, these would be prepared and frozen ahead of time) ato help satisfy certain validation criteria, saving both time
consecutive time points during plate storage (e.g., through 7and effort. Thus, a focused and more efficient approach is
days at £C). The use of freshly prepared sample at each time warranted, and our proposal is described below.
point is recommended only if sample stability is an issue. At Fig. 2depicts a generic, high-level outlook of the process
a minimum, the first and last (e.g., days 0 and 7) time points from method development to bioanalytical testing of clinical
must be evaluated, but analyzing more time points in betweenand non-clinical samples. To facilitate improved efficiency in
would allow one to observe trends. the method validation process, it is proposed that validation

The percent signal (OD) recovered from positive samples parameters be categorized into ‘system-descriptive’ versus
is calculated each day as a percentage of the result derivedsystem-controlled’. The word ‘system’ is applied here to
from the freshly coated (day 0) assay plate. If multiple pos- emphasize that a valid assay comprises much more than the
itive samples are tested, the mean percent recovery is alsanethodological steps alone; in fact, the laboratory equipment,
calculated. A typical acceptance criterion for the positive electronics, assay performance controls, the samples to be
sample is 80-125% recovery of the signal from the freshly analyzed, and other variables, constitute an integrated system
coated plate. (the assay).

Lastly, the stability of other critical assay reagents should  System-descriptive parameters are assay features that “are
be considered. For reagents stored according to the manufacwhat they are”, and once established, are not expected to
turer’'s recommendations, stability testing is not necessary. significantly vary for a well-optimized method. Hence, they
Key reagents synthesized by the testing lab, such as antibodymust be characterized but need not have pre-specified accep-
conjugates, require stability testing. This can be performed tance criteria for assay validation. In contrast, changes in
in an analogous manner to that described above for samplesystem-controlled parameters can affect system descriptive
stability. If reagent stability is unknown or found to be a parameters, potentially producing unreliable assay results.
problem, it is recommended that critical reagents be frozen Even though an SOP is followed, assay results (thereby
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the validated assay procedure containing a priori
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Fig. 2. The typical process from method development to bioanalytical testing of clinical and non-clinical samples.

assay reliability) can depend on the particular laboratory, as shown irFig. 3 method development and optimization,
the analyst(s), equipment, reagent lots, incubation times andsystem-descriptive validation, system-controlled validation,
temperatures, etc. System-controlled parameters should bend in-study monitoringlable lindicates the parameters and
understood early, described in the SOP, and confirmed usingthe stages in which they might be validated.

a priori acceptance criteria in validation to assure sufficient

control over them during routine bioanalysis. 4.1. Method development and optimization
For ADA assays, we propose that specificity/selectivity,
minimum required dilution, dilutional linearity, and accu- Requisite pre-validation method development must be

racy, cutoff value, sensitivity (which depends on cutoff), and performed to culminate in an assay what is expected, with
stability are system-descriptive validation parameters. On thea high degree of confidence, to be “validate-able”. In other
other hand, precision, robustness and ruggedness should be/ords, an optimal method should be chosen after comparing
considered system-controlled. Based on this, the lifespan ofdata between multiple methods with respect to specificity,
an ADA immunoassay could be categorized into four phases minimum required dilution, non-specific background, signal-

Table 1
Validation parameters and the stages of validation

GLP method development and optimization System-descriptive validation System-controlled validation
Specificity X
Selectivity X
Dilutional linearity X
Accuracy X x
Cutoff value X
Sensitivity X
Precision X
Robustness X
Ruggedness X
Stability Xp X
System suitability controls X

a Confirmation only.
b |If applicable, using the optimized assay.
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Method 1. Secure reagents and positive controls.

Development & 2. Initially develop multiple assay types.

Optimization 3. Choose the best method using data on specificity, non-
specific background, signal-to-noise ratio, minimum required
dilution, accuracy, sensitivity, and robustness of each assay.
4. Document the optimized assay procedure.

5. Prepare a validation plan.
System-Descriptive 1. Use target disease sera (or at least normal donor sera) to

. . confirm minimal required dilution, determine cutoff OD value,
Validation and demonstrate assay selectivity.
(“what you see is what

you get”’; a priori
acceptance criteria not
required)

2. Confirm accuracy. Establish dilutional linearity, if applicable.

3. Establish assay sensitivity (LLOQ) using purified positive
control(s) and the determined cutoff OD value.

4. Determine stability of controls, neat or diluted samples, and
assay-critical reagents.

5. Collect data on robustness and precision to establish
assay specifications for the final validation stage

6. Develop acceptance ranges for the positive and negative
QC samples.

7. Write the standard operating procedure (SOP) for the
method, including the specifications and acceptance criteria.

1. Using the SOP and  a priori acceptance criteria, test assay
Validation precision and robustness. If and when applicable, test

(a priori acceptance ruggedness.
criteria required) 2. Write a validation report (using data from Stages-11 and II1
only) and obtain management approval before analyzing

clinical/pre-clinical study samples.

1. Use the pre-established acceptance ranges (QC criteria)
In-Study o )
A to assure that the assay remains in a validated state and
MO]‘IltOl‘ll’lg produces meaningful results. Trend the performance of run
QCs.

2. Qut-of-specification (OOS) checks: Higher than expected
rates of run failures should be investigated. Minor corrections,
not involving procedural changes (such as analyst re-training)
can be addressed without method re-validation. Major
corrections, such as changes to the method or analytical
instruments may require re-development (Stage-I), and/or
revalidation (Stages-1I & III).

Fig. 3. The lifespan of an ADA immunoassay.

to-noise ratio, accuracy and sensitivity, and consideration of can be collected from the GLP-compliant parts of the method
other factors including technical difficulty and throughput. development work. For example, specificity is inherent to the
Fig. 3lists only a few important steps in method develop- analyte(s) chosen to build an assay; therefore, it need not be
ment; for guidance on assay development strategies refer tare-demonstrated during validatiorable 2shows an example
Mire-Sluis et al[4]. Method development efforts must result  of specificity data for an ADA assay of a new biological prod-
in an assay protocol that can be executed during the initial uct in our laboratory during method development and subse-
validation phase. quently in a formal validation. During method development
Itis a common industry practice to execute method devel- studies, one operator performed the experiment twice over
opment and optimization to determine acceptance criteriatwo days. In the validation stage, two operators performed the
for the various validation parameters. Method development experiment twice each over two days. Identical results were
work should provide preliminary estimates of specificity, found, as expected, between method development and valida-
accuracy, minimum required dilution, and sensitivity of the tion stages. Validating something that was already established
method. In our opinion, system-descriptive validation data wasted resources and two additional analyst-days. Similarly,
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Table 2
A comparison of method development vs. validation sample data of assay specificity

%Inhibition (specificity)

mAb#1 mAb#2 mAb#3
Method development Validation Method development Validation Method development Validation
Protein-XA 992 997 990 995 961 967
Protein-XB 989 975 57.9 631 566 536
Peptide-XC 108 1005 228 250 50 33
protein-XD 991 975 988 981 983 959
Control protein-Y (074 —24 -34 27 —-125 —4.9
Control protein-Z 40 9.8 27 4.2 -0.2 23
there may be other parameters that need not be validated afte 35, OPre-validation @Validation
GLP method development. 3]
[]
=
4.2. System-descriptive validation g 23 J J_
Once an optimized assay is available, the system- 2 T T T 1
descriptive validation phase can begin. In practice, it is an © 05 I 1
extension of the method optimization phase, as long as the
e_stablisheq assay prqcedure remains unchanged, and asme pAb-1 oAbl mAb?  mAbs3
tioned earlier, validation data could be obtained from prior
development work. As listed iRig. 3, several critical vali- Fig. 4. A comparison of pre-validation vs. validation data of assay positive

dation parameters can be described in the system-descriptivegontrol ranges is shown as an example. The columns represent mean OD
validation stage. While some target disease sera may haveé"d the error bars represent 2S.D.

been tested in the method development stage, it is in the o
system-descriptive validation stage that a large number offtive controls across 38 runs over 30 .d'ays. In the validation
samples should be analyzed using the optimized assay, resultSt29€, tWo operators tested the positive controls across 37
ing in the best approximation of a valid cutoff value. If NS over 29 days. As shown Hig. 4, both pAb and mAb

selectivity was not demonstrated during GLP-compliant parts CONtrols gave identical results between pre-validation and val-
of the method development, it must be characterized in this idation studies, clearly showing that time, eff_ort, f"md money
stage. For most ADA assays, accuracy can be inferred fromWere wasted. Thus, when thorough pre-validation work is
spike-recovery selectivity results; separate experimentationP€rformed, repeating the same work in a formal validation
to demonstrate accuracy is redundant. Sensitivity should beC@n Pe redundant, inefficient, and expensive.

determined using the validated cutoff value. Using all the

data obtained, acceptance criteria for the system-controlled4.3. System-controlled validation

final validation parameters (precision and robustness), and

the system suitability controls (the positive and negative QC  Given that a significant amount of validation was achieved
samples run on each plate during analytical testing) shouldin the prior two phases, the final validation phase prior to
be initiated at this stage. Sometimes stability is tested usingthe bioanalysis of clinical samples could be relatively short.
the newly developed assay (rather than an alternate, estabAs shown inFig. 3, it comprises the use of the SOP and
lished, method), in which case itis recommended that critical Pass/Fail acceptance criteria to test precision and robustness
system-descriptive validation parameters be understood prior(@nd ruggedness, if applicable), culminating in a validation
to commencing stability studies. This approach will avoid report approved by company management. It is critical to
repeating stability studies should the validation be terminated assure that clinical and non-clinical sample analyses do not
due to unsatisfactory results. System-descriptive validation commence withoutan approved pre-study validation and doc-
work should culminate in the development of an SOP that umented training of the analysts.

includes assay acceptance criteria, raw data flow, storage

of data, data manipulations, analysis and/or interpretations,4.4. In-study monitoring

etc. Once properly understood, these validation parameters

need not be re-tested in a formal validation. For example, A critical component of the assay lifespan that is often
in our laboratory, polyclonal (pAb) and monoclonal (mAb) unrecognized is the need for in-study monitoring and peri-
positive control antibodies were tested multiple times dur- odic re-validation. The acceptability of analytical data corre-
ing pre-validation and subsequently in a formal validation. sponds directly to the criteria used to validate the method.
During pre-validation studies, one operator tested the posi- Thus, once the analytical method has been validated for
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routine use, its accuracy and precision should be monitoredbelieve that this can be accomplished within the realm of
to assure that the method continues to perform satisfactorily GLP compliance, and welcome further discussion.

[7]. Monitoring the run-to-run performance of QC samples

assures that the assay is performing as well as it did during
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