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 Context.—Laboratories must validate all assays before
they can be used to test patient specimens, but currently
there are no evidence-based guidelines regarding validation of immunohistochemical assays.
Objective.—To develop recommendations for initial
analytic validation and revalidation of immunohistochemical assays.
Design.—The College of American Pathologists Pathology and Laboratory Quality Center convened a panel of
pathologists and histotechnologists with expertise in
immunohistochemistry to develop validation recommendations. A systematic evidence review was conducted to
address key questions. Electronic searches identified 1463
publications, of which 126 met inclusion criteria and were
extracted. Individual publications were graded for quality,
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and the key question findings for strength of evidence.
Recommendations were derived from strength of evidence,
open comment feedback, and expert panel consensus.
Results.—Fourteen guideline statements were established
to help pathology laboratories comply with validation and
revalidation requirements for immunohistochemical assays.
Conclusions.—Laboratories must document successful
analytic validation of all immunohistochemical tests before
applying to patient specimens. The parameters for cases
included in validation sets, including number, expression
levels, fixative and processing methods, should take into
account intended use and should be sufficient to ensure
that the test accurately measures the analyte of interest in
specimens tested in that laboratory. Recommendations are
also provided for confirming assay performance when
there are changes in test methods, reagents, or equipment.
(Arch Pathol Lab Med. 2014;138:1432–1443; doi:
10.5858/arpa.2013-0610-CP)

I

mmunohistochemical (IHC) testing is an essential component of the pathologic evaluation of many specimens
and increasingly provides key information that helps
determine how patients are treated. As with any test,
laboratories must ensure that IHC test results are accurate
and reproducible and that the test performs as intended.
Laboratories subject to US regulations are required by the
Clinical Laboratory Improvement Amendments of 1988
(CLIA) to verify the performance characteristics of any assay
used in patient testing before it is placed into clinical
service.1,2
Before reporting patient results for unmodified US Food
and Drug Administration (FDA)–cleared or FDA-approved
tests, laboratories must demonstrate performance characteristics for accuracy, precision, and reportable range of test
results that are comparable to those established by the
manufacturer. The laboratory medical director must determine the extent to which these performance specifications
are verified, based on the method, testing conditions, and
personnel performing the test. Manufacturers of FDAapproved or FDA-cleared test kits may provide the user
with recommendations and directions for verifying that the
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kit is performing according to the manufacturer’s specification. Typically, this is performed by testing known positive
and negative samples that either are supplied by the
manufacturer or have been tested by a validated reference-laboratory method.
Laboratories that introduce non–FDA-approved or non–
FDA-cleared tests (laboratory-developed tests) or modify
FDA-cleared or FDA-approved test systems (laboratorymodified tests) must, before reporting patient test results,
establish performance specifications for accuracy, precision,
analytic sensitivity, analytic specificity, reportable range, and
reference intervals.1 For tests that are reported qualitatively
or semi-quantitatively (most IHC tests), reportable range
and reference intervals are generally not applicable.
Good laboratory practice requires establishing optimal
antibody concentration and antigen retrieval and detection
methods. Analytic validation follows assay optimization and
is done by testing an appropriate tissue set to determine
analytic sensitivity and specificity. For tests without a gold
standard referent test, this usually involves determining
overall concordance with an appropriate comparator.
Validation procedures are intended to reasonably assure
that the test performs as expected. Once validation has been
completed, assays must be regularly monitored to detect
changes in analytic performance, usually by daily quality
control, periodic proficiency testing, and comparing positivity rates for selected markers (eg, hormone receptors,
HER2/neu) with expected positivity rates. Ongoing monitoring of assay performance is as important as initial assay
validation.
Although IHC test methods have steadily improved with
the introduction of automated staining platforms and
improved antigen retrieval and detection systems, results
are still affected by various preanalytic and analytic factors,
and the need for assay validation and ongoing monitoring
has not diminished. Assay validation is particularly important when a polymer-based detection system is used and a
negative reagent control is omitted. The College of
American Pathologists (CAP) Laboratory Accreditation
Program (LAP) accepts omission of this control, but only
if the assay has been properly validated (LAP checklist
ANP.22570).3
Unfortunately, recent studies4,5 have found significant
interlaboratory variation in validation practices and revealed
that many laboratories do not follow consistent procedures
when validating IHC assays. Comments received during the
open comment period for this guideline also revealed a
surprising lack of understanding among some respondents
of requirements for analytic validation. To address this
important shortfall in laboratory practice, the CAP convened
representatives to systematically review the published data
and develop evidence-based recommendations for analytic
validation of IHC assays.
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Objective
The panel addressed the overarching question, ‘‘What is needed
for initial analytic assay validation before placing any IHC test into
clinical service and what are the revalidation requirements?’’ The
scope questions are as follows:
1. When and how should validation assess analytic sensitivity,
analytic specificity, accuracy (assay concordance), and precision
(interrun and interoperator variability)?
2. What is the minimum number of positive and negative cases
that need to be tested to analytically validate an IHC assay for
its intended use(s)?
3. What parameters should be specified for the tissues used in the
validation set?
4. How do certain preanalytic variables influence analytic validation?
5. What conditions require assay revalidation?

Literature Search and Selection
Electronic searches of the English language–published literature
in Ovid MEDLINE, US National Library of Medicine PubMed, and
Elsevier Scopus databases were initially conducted for the time
period spanning January 2004 to May 2012; an update was
conducted through May 2013. In addition to peer-reviewed journal
articles, the search identified books, book chapters, and published
abstracts from English-language sources. Bibliographies of included articles were hand searched, and additional information was
sought through targeted grey literature electronic searches (eg,
Google) and review of laboratory compliance and guidance Web
sites (eg, Clinical and Laboratory Standards Institute, FDA,
National Guideline Clearinghouse, Wiley Cochrane Library).

Inclusion Criteria

METHODS
A detailed description of the methods and systematic review
(including the 7 key questions, quality assessment, and complete
analysis of the evidence) used to create this guideline can be
found in the supplemental digital content available at www.
archivesofpathology.org in the November 2014 table of contents.

Panel Composition
The CAP Pathology and Laboratory Quality Center (the Center)
convened expert and advisory panels consisting of members with
expertise in immunohistochemistry. Panel members included
Arch Pathol Lab Med—Vol 138, November 2014

pathologists, histotechnologists, methodologists, and CAP staff.
CAP approved the appointment of the project chair (P.L.F.) and
panel members.

Published studies were selected for full-text review if they met
each of the following criteria:
1. English-language articles/documents that addressed IHC and
provided data or information relevant to 1 or more key
questions;
2. Study designs that included validation, method comparison,
cohort or case-control studies, clinical trials, and systematic
reviews, as well as qualitative information from consensus
guidelines, regulatory documents, and US or international
proficiency testing reports; and
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3. Articles/documents focused on the clinical use of IHC for
identification of predictive and nonpredictive markers and
analytic variables.

Exclusion Criteria
Editorials, letters, commentaries, and invited opinions were not
included in the study. Articles were also excluded if the full article
was not available in English, did not address any key question, and/
or focused primarily on assay optimization, quality control or
quality assurance, basic or nonhuman research, nontissue immunoassays, preanalytic and postanalytic variables, or clinical validation only.

Table 1.
Grade

Description

Convincing

Two or more level 1a or level 2b studies
(study design and execution) that had an
appropriate number and distribution of
challengesc and reported consistentd and
generalizablee results.
One level 1 or level 2 study that had an
appropriate number and distribution of
challenges and reported generalizable
results.
Two or more level 1 or level 2 studies that
lacked the appropriate number and
distribution of challenges OR were
consistent but not generalizable.
Combinations of level 1 or level 2 studies
that show unexplained inconsistencies OR
1 or more level 3f or level 4g studies OR
expert opinion.

Adequate

Quality Assessment
Grading the quality of individual studies was performed from
study design–specific criteria by the methodology consultant
(L.A.B.), with input as needed from the expert panel. The aim of
analytic validation is to determine a test’s ability to accurately and
reliably detect the antigen or marker of interest in specimens
consistent with those to be tested in clinical practice.6 Analytic
validity studies have a different design, compared to studies of
diagnostic accuracy or therapeutic interventions. For this reason,
the criteria needed to assess the quality of analytic validity studies
are different. Quality in this context is considered to be essentially
equivalent to internal validity and is assessed on the basis of study
design and execution, analyses, and reporting.6 The strength of
evidence for individual key questions or outcomes was assessed by
using published criteria.6 The criteria included the quality and
execution of studies, the quantity of data (number and size of
studies), and the consistency and generalizability of the evidence
across studies.6 Strength of evidence was graded convincing,
adequate, or inadequate (Table 1).

Assessing the Strength of Recommendations
Development of recommendations requires that the panel review
the identified evidence and make a series of key judgments. Grades
for strength of recommendations were developed by the CAP
Pathology and Laboratory Quality Center and are described in
Table 2.

Guideline Revision
This guideline will be reviewed every 4 years, or earlier in the
event of publication of substantive and high-quality evidence that
could potentially alter the original guideline recommendations. If
necessary, the entire panel will reconvene to discuss potential
changes. When appropriate, the panel will recommend revision of
the guideline to CAP for review and approval.

Disclaimer
The CAP developed the Pathology and Laboratory Quality
Center as a forum to create and maintain evidence-based practice
guidelines and consensus statements. Practice guidelines and
consensus statements reflect the best available evidence and expert
consensus supported in practice. They are intended to assist
physicians and patients in clinical decision making and to identify
questions and settings for further research. With the rapid flow of
scientific information, new evidence may emerge between the time
a practice guideline or consensus statement is developed and when
it is published or read. Guidelines and statements are not
continually updated and may not reflect the most recent evidence.
Guidelines and statements address only the topics specifically
identified therein and are not applicable to other interventions,
diseases, or stages of diseases. Furthermore, guidelines and
statements cannot account for individual variation among patients
and cannot be considered inclusive of all proper methods of care or
exclusive of other treatments. It is the responsibility of the treating
physician or other health care provider, relying on independent
experience and knowledge, to determine the best course of
treatment for the patient. Accordingly, adherence to any practice
guideline or consensus statement is voluntary, with the ultimate
1434 Arch Pathol Lab Med—Vol 138, November 2014

Grades for Strength of Evidence

Inadequate

From Teutsch et al.6 Reprinted with permission from Macmillan
Publishers Ltd.
a
Level 1 study: Collaborative study using a large panel of wellcharacterized samples; summary data from external proficiencytesting schemes or interlaboratory comparisons.
b
Level 2 study: High-quality peer-reviewed studies (eg, method
comparisons, validation studies).
c
Based on number of possible response categories and required
confidence in results.
d
Consistency assessed by using central estimates/ranges or testing for
result homogeneity.
e
Generalizability is the extension of findings and conclusions from 1
study to other settings.
f
Level 3 study: Lower-quality peer-reviewed studies OR expert panel–
reviewed US Food and Drug Administration summaries.
g
Level 4 study: Unpublished or non–peer-reviewed data.

determination regarding its application to be made by the physician
in light of each patient’s individual circumstances and preferences.
CAP makes no warranty, express or implied, regarding guidelines
and statements and specifically excludes any warranties of
merchantability and fitness for a particular use or purpose. CAP
assumes no responsibility for any injury or damage to persons or
property arising out of or related to any use of this statement or for
any errors or omissions.

RESULTS
Of the 1463 studies identified by electronic searches, 126
met inclusion criteria and underwent data extraction. These
included 122 published peer-reviewed articles, 2 book
chapters, and 2 grey literature documents. Among the
extracted documents, 43 did not meet minimum quality
standards, presented incomplete data or data that were not
in useable formats, or included only information based on
expert opinion. These articles were not included in analyses
or narrative summaries. The expert panel met 28 times by
teleconference Webinar from June 2010 through September
2013 and met in person on May 11 and May 12, 2013, to
review evidence to date and draft recommendations.
Additional work was completed via electronic mail. An
open comment period was held from July 8 through July 29,
2013. Eighteen draft recommendations and 5 methodology
questions were posted online on the CAP Web site.
A total of 1071 comments were received from 263
respondents (‘‘agree’’ and ‘‘disagree’’ responses were also
captured). Twelve of 18 draft recommendations achieved
more than 80% agreement; only 2 had less than 70%
agreement. Each expert panel member was assigned 1 to 2
draft recommendations for which to review all comments
Analytic Validation of Immunohistochemical Assays—Fitzgibbons et al

Table 2.
Designation

Grades for Strength of Recommendations
Recommendation

Rationale

Strong recommendation

Recommend for or against a particular analytic
validation practice (can include must or
should).

Recommendation

Recommend for or against a particular analytic
validation practice (can include should or
may).

Expert consensus opinion

Recommend for or against a particular analytic
validation practice (can include should or
may).

Strength of evidence is convincing, based on
consistent, generalizable, good-quality
evidence; further studies are unlikely to
change the conclusions.
Strength of evidence is adequate, based on
limitations in the quality of evidence;
further studies may change the
conclusions.
Important validation element to address but
strength of evidence is inadequate; gaps in
knowledge may require further studies.

received and provide an overall summary to the rest of the
panel. Three draft recommendations were maintained with
the original language; 5 were modified with minor changes
for clarification and/or further explanation within the
manuscript, and 6 were considered extremely discordant
with major revisions made accordingly for a total of 14 final
recommendations. Resolution of all changes was obtained
by majority consensus of the panel. The final recommendations were approved by the expert panel with a formal
vote (with specific abstentions from R.S.F. and T.S.H.). The
panel considered laboratory redundancy, efficiency, and
feasibility throughout the whole process. Formal cost
analysis or cost effectiveness was not performed.
An independent review panel, masked to the expert panel
and vetted through the conflict of interest process, provided
final review of the guideline and recommended it for
approval by the CAP. The final recommendations are
summarized in Table 3.
Guideline Statements
1: Recommendation.—Laboratories must validate all
immunohistochemical tests before placing into clinical
service.
Note: Such means include (but are not necessarily limited to):
1. Correlating the new test’s results with the morphology
and expected results;
2. Comparing the new test’s results with the results of prior
testing of the same tissues with a validated assay in the
same laboratory;
3. Comparing the new test’s results with the results of
testing the same tissue validation set in another
laboratory using a validated assay;
4. Comparing the new test’s results with previously
validated non-immunohistochemical tests; or
5. Testing previously graded tissue challenges from a
formal proficiency testing program (if available) and
comparing the results with the graded responses.
The strength of evidence was adequate to support when
analytic validation should be done and that it should include
determination of analytic sensitivity and specificity (or
concordance in the absence of a gold standard referent test)
and precision (eg, interrun and interoperator) as part of
validation. The evidence was inadequate (ie, evidence was
not available or did not permit a conclusion to be reached)
to assess the precision of IHC assays in practice or how
validation should be done with regard to the listed
approaches, but did show that these approaches have been
used. The panel found that analytic validation provides a net
benefit for the overall performance and safety of IHC tests
Arch Pathol Lab Med—Vol 138, November 2014

by contributing to the avoidance of potential harms related
to analytic false-positive and false-negative test results.
Laboratories are required by CLIA (section 493.1253) to
validate the performance characteristics of all assays used in
patient testing, in order to ensure that the results are
accurate and reproducible.7 This includes establishment of
the analytic validity of all non–FDA-cleared/approved (or
‘‘laboratory-developed’’) tests.7 For qualitative assays such
as IHC, validation usually requires comparing a new assay’s
results with a reference standard and calculating estimates
of analytic sensitivity and specificity; however, because there
are no gold standard referent tests for most IHC assays,
laboratories must use another means of demonstrating that
the assay performs as expected.8–10 Publications addressing
IHC validation include independent comparisons of a new
test’s results to clinical outcomes, other validated IHC tests
(intralaboratory or interlaboratory), or previously characterized tissue validation sets.9,11–19 Non-immunohistochemical
tests may include in situ hybridization, flow cytometry, and
molecular, cytogenetic, or microbiologic studies. Laboratories may use a combination of comparison methods when
appropriate.
When correlating the new test’s results with expected
results, positive and negative tissues pertinent to each
intended clinical use must be included in the validation set.
Normal tissues (with 100% positive staining expected)
cannot comprise the entire validation set for markers
primarily used in diagnosing neoplasms, but may be used
in conjunction with neoplastic and lesional tissue as
appropriate. In some cases a section of tissue may contain
both antigen-positive cells and negative internal control
cells, and therefore serve as both a positive and negative
validation challenge. The laboratory medical director must
determine the most appropriate selection of tissues in the
validation set, but the validation set must not consist solely
of the same tissues used for antibody optimization.
Although not currently available for many markers, excess
tissue previously used in a proficiency testing or interlaboratory comparison program could also be used for assay
validation. Tissue from previously graded proficiency-testing
challenges could be tested and the results compared with
the graded responses from the program.
This recommendation applies to all assays in clinical use
(including those for pathogen-specific antigens such as
cytomegalovirus and Helicobacter pylori) irrespective of the
regulatory status of the primary antibody (eg, in vitro
diagnostic, analyte-specific reagent).
2: Recommendation.—For initial validation of every
assay used clinically, with the exception of HER2/neu,
estrogen receptor (ER), and progesterone receptor (PgR)
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Table 3.

Guideline Statements and Strength of Recommendations
Strength of
Recommendation

Guideline Statement
1. Laboratories must validate all IHC tests before placing into clinical service.
Note: Such means include (but are not necessarily limited to):
Correlating the new test’s results with the morphology and expected results;
Comparing the new test’s results with the results of prior testing of the same tissues with a
validated assay in the same laboratory;
Comparing the new test’s results with the results of testing the same tissue validation set in
another laboratory using a validated assay;
Comparing the new test’s results with previously validated non-immunohistochemical tests; or
Testing previously graded tissue challenges from a formal proficiency testing program (if
available) and comparing the results with the graded responses.
2. For initial validation of every assay used clinically, with the exception of HER2/neu, ER, and PgR
(for which established validation guidelines already exist), laboratories should achieve at least
90% overall concordance between the new test and the comparator test or expected results. If
concordance is less than 90%, laboratories need to investigate the cause of low concordance.
3. For initial analytic validation of nonpredictive factor assays, laboratories should test a minimum of
10 positive and 10 negative tissues. When the laboratory medical director determines that fewer
than 20 validation cases are sufficient for a specific marker (eg, rare antigen), the rationale for that
decision needs to be documented.
Note: The validation set should include high and low expressors for positive cases when
appropriate and should span the expected range of clinical results (expression levels) for
markers that are reported quantitatively.
4. For initial analytic validation of all laboratory-developed predictive marker assays (with the
exception of HER2/neu, ER, and PgR), laboratories should test a minimum of 20 positive and 20
negative tissues. When the laboratory medical director determines that fewer than 40 validation
tissues are sufficient for a specific marker, the rationale for that decision needs to be documented.
Note: Positive cases in the validation set should span the expected range of clinical results
(expression levels). This recommendation does not apply to any marker for which a separate
validation guideline already exists.
5. For a marker with both predictive and nonpredictive applications, laboratories should validate it as
a predictive marker if it is used as such.
6. When possible, laboratories should use validation tissues that have been processed by using the
same fixative and processing methods as cases that will be tested clinically.
7. If IHC is regularly done on cytologic specimens that are not processed in the same manner as the
tissues used for assay validation (eg, alcohol-fixed cell blocks, air-dried smears, formalin-postfixed
specimens), laboratories should test a sufficient number of such cases to ensure that assays
consistently achieve expected results. The laboratory medical director is responsible for
determining the number of positive and negative cases and the number of predictive and
nonpredictive markers to test.
8. If IHC is regularly done on decalcified tissues, laboratories should test a sufficient number of such
tissues to ensure that assays consistently achieve expected results. The laboratory medical director
is responsible for determining the number of positive and negative tissues and the number of
predictive and nonpredictive markers to test.
9. Laboratories may use whole sections, TMAs, and/or MTBs in their validation sets as appropriate.
Whole sections should be used if TMAs/MTBs are not appropriate for the targeted antigen or if the
laboratory medical director cannot confirm that the fixation and processing of TMAs/ MTBs is
similar to clinical specimens.
10. When a new reagent lot is placed into clinical service for an existing validated assay, laboratories
should confirm the assay’s performance with at least 1 known positive case and 1 known negative
case.
11. Laboratories should confirm assay performance with at least 2 known positive and 2 known
negative cases when an existing validated assay has changed in any one of the following ways:
Antibody dilution;
Antibody vendor (same clone);
Incubation or retrieval times (same method).
12. Laboratories should confirm assay performance by testing a sufficient number of cases to ensure
that assays consistently achieve expected results when any of the following have changed:
Fixative type;
Antigen retrieval method (eg, change in pH, different buffer, different heat platform);
Antigen detection system;
Tissue processing or testing equipment;
Environmental conditions of testing (eg, laboratory relocation);
Laboratory water supply.
The laboratory medical director is responsible for determining how many predictive and
nonpredictive markers and how many positive and negative tissues to test.
13. Laboratories should run a full revalidation (equivalent to initial analytic validation) when the
antibody clone is changed for an existing validated assay.
14. The laboratory must document all validations and verifications in compliance with regulatory and
accreditation requirements.

Recommendation

Recommendation

Expert consensus opinion

Expert consensus opinion

Recommendation
Recommendation
Expert consensus opinion

Expert consensus opinion

Recommendation

Expert consensus opinion
Expert consensus opinion

Expert consensus opinion

Expert consensus opinion
Expert consensus opinion

Abbreviations: ER, estrogen receptor; IHC, immunohistochemistry; MTBs, multitissue blocks; PgR, progesterone receptor; TMAs, tissue microarrays.
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(for which established validation guidelines already exist),
laboratories should achieve at least 90% overall concordance
between the new test and the comparator test or expected
results. If concordance is less than 90%, laboratories need to
investigate the cause of low concordance.
Strength of evidence was adequate to support a 90%
(versus 95%) overall concordance benchmark for analytic
validation of IHC tests (excepting HER2/neu, ER, PgR).
Supporting evidence for this recommendation is obtained
from published IHC validation studies, method comparisons, and proficiency testing or interlaboratory comparisons.
Examples include the following:
1. Median overall concordance in a 2-year interlaboratory
comparison of CD117 IHC and target results was
87.6%.20
2. Median overall concordance in 5 comparisons of
different HER2/neu IHC tests was 89.0% (range, 74%–
92%), with 2 of 5 studies greater than 90% concordant.13–16,19
3. Median overall concordance in 5 comparisons of HER2/
neu IHC tests to HER2/neu in situ hybridization tests was
88.2% (range, 66%–94%), with 2 of 5 comparisons
greater than 90% concordant.17,20–22
4. Median overall concordance in 6 comparisons of IHC
tests (PTEN [phosphatase and tensin homologue deleted
on chromosome 10], ER, PR, HER2/neu, MPT64, p16) to
alternative referent tests (eg, RNA expression, clinical
diagnosis) was 91.4% (range, 74%–99%), with 3 of 6
studies greater than 90% concordant.12,17,21–23
Summary concordance estimates (using a random effects
model) provided similar concordance estimates, but heterogeneity was high (I2 . 75% in all cases; P , .001) and could
not be explained by analysis of selected covariates (eg, tissue
type, antibody, study quality grade). The number of studies
was too small to allow analysis of the many possible
covariates.
These data illustrate the challenge of achieving an overall
concordance of 95%, even in large studies of IHC tests with
guidance recommending stringent protocol standards (ie,
HER2/neu, ER, PgR).10,24–26 Overall concordance of 90% was
achieved in nearly half of the above analyzed comparisons,
all of which were subject to many sources of variation (eg,
sample type; ischemic time; fixation, antigen retrieval, and
staining protocols; scoring). Therefore, laboratory validation
studies designed to minimize differences in such variables
would have a higher probability of meeting a 90%
concordance benchmark.
If the overall concordance estimate in an assay validation
study is less than 90%, laboratories should calculate positive
and negative concordance rates as well as the discordance
(using the McNemar test when sample size is appropriate)
to help investigate the cause of low concordance. The
McNemar test assesses the significance of the difference
between the discordant results (false positives and negatives) in a 2 3 2 contingency table. Refer to the supplemental
digital content for more information and link to available
resources.
3: Expert Consensus Opinion.—For initial analytic
validation of nonpredictive factor assays, laboratories should
test a minimum of 10 positive and 10 negative tissues. When
the laboratory medical director determines that fewer than
20 validation cases are sufficient for a specific marker (eg,
Arch Pathol Lab Med—Vol 138, November 2014

rare antigen), the rationale for that decision needs to be
documented.
Note: The validation set should include high and low
expressors for positive cases when appropriate and should
span the expected range of clinical results (expression levels)
for markers that are reported quantitatively.
Strength of evidence was inadequate to support the
recommended number of validation samples, but was
adequate to support distinguishing nonpredictive from
predictive IHC tests and using different numbers of
validation samples for each.
A key criterion for determining the number of samples
needed to validate an IHC assay is the test’s intended use:
whether it is used alone or as part of a test panel and
interpreted only in the context of other morphologic and
clinical data (most nonpredictive markers) or as a standalone test reported to physicians as independent diagnostic
information that may directly determine treatment (most
predictive markers and selected pathogen-specific assays,
such as viral antigens in transplant patients), for which the
risk of an incorrect result must be minimized.5,8,27 Some
tests can fall into both categories. Other criteria for
determining the number of validation samples include the
complexity of interpretation (ie, multiple test outcomes and
result categories require more samples) and the number and
range of control materials available.8 For example, an IHC
test with 3 or more result categories would require a larger
number of samples to ensure validation than one interpreted only as positive or negative.8
Validity in laboratory practice must be based on objective
observations. The most practical objective guidance for
determining the size of a validation set is statistical analysis.
Not surprisingly, the more samples that are run in a
validation set, the higher the likelihood that the concordance estimate reflects the test’s ‘‘true’’ concordance;
increasing the number of samples in a validation set
increases the confidence that the assay performs as
expected. Table 4 illustrates overall concordance estimates
with 95% confidence interval (CI) for 10 and 20 sample
validation sets with 0 to 2 observed discordant results.
Using a 10-sample validation set, the overall concordance
estimate (ie, the level of agreement between 2 tests) reaches
the 90% concordance benchmark with only 1 discordant
result. This concordance estimate has a 95% CI (the range of
values that has a 95% chance of including the ‘‘true’’
concordance) of 57% to 100%. Using a 20-sample validation
set, overall concordance meets the 90% benchmark with 2
or fewer discordant results and a 95% CI of 69% to 98%.
Both the ‘‘true’’ concordance and the number of validation
samples have an impact on the probability that a test will
reach or exceed the overall concordance benchmark of 90%.
For example, if the 95% concordance estimate (1 discordant
result) in the 20-sample validation set is a ‘‘true’’ representation of the relationship between the 2 tests, the probability
of achieving the 90% benchmark would be very high (92%).
The probability of achieving the benchmark if the 90%
concordance estimate in the 20-sample set is a ‘‘true’’
representation would be 68% (Stat Trek Binomial Calculator, http://stattrek.com/online-calculator/binomial.aspx; accessed November 7, 2013).28
With this in mind, the panel determined that use of 10
samples (5 negative and 5 positive) in a validation set for a
nonpredictive marker assay provides unacceptably broad
CIs with either 100% (CI, 68%–100%) or 90% (CI, 57%–
100%) concordance estimates. For predictive markers,

Analytic Validation of Immunohistochemical Assays—Fitzgibbons et al 1437

Table 4.

Validation Using 10- and 20-Tissue Validation Sets Against a 90% Concordance Benchmark
Concordance Estimate, % (95% CI)

No.

0 Discordant

1 Discordant

2 Discordant

10
20

100 (68–100)
100 (81–100)

90 (57–100)
95 (75–100)

80 (48–95)
90 (69–98)

Abbreviations: CI, confidence interval; No., number of validation tissues.

however, the critical relationship between the antibody/
testing method and the actual presence of the target analyte
for purposes of guiding specific therapeutic intervention or
predicting treatment response requires an even higher level
of confidence (see recommendation No. 4).
Although analytic assay validation principles are independent of the frequency of testing or the availability of
appropriate validation samples, the panel recognized that it
may be difficult for some laboratories to obtain the
recommended minimum number of positive validation
specimens for rare antigens. Working with other laboratories to pool positive cases or using validation sets prepared
by other laboratories may allow laboratories to meet this
recommendation.
The laboratory medical director is ultimately responsible
for demonstrating the validity of each assay and in selected
instances may determine that a validation set smaller than
20 samples is sufficient. In such cases, the medical director
must also provide and document an objective rationale for
this determination.
For validation results that do not meet the 90% standard,
the medical director will be responsible for determining
both the basis for this result and the appropriate mitigation
(testing of additional tissues, change in test conditions, or
use of a different antibody). In general, assays that cannot be
validated against this standard should not be used in clinical
practice.
Some nonpredictive markers are reported quantitatively.
Examples include, but are not limited to, immunoglobulin
G4 (IgG4) in sclerosing inflammatory disorders, activated
caspase 3 or Microtubule-associated protein 1 light chain 3
in ischemia or sepsis, and Phosphohistone H3 as a surrogate
of mitotic figure count. For such markers, we recommend
that the validation set include high and low expressors to
ensure test accuracy over the analytic range.
4: Expert Consensus Opinion.—For initial analytic
validation of all laboratory-developed predictive marker
assays (with the exception of HER2/neu, ER, and PgR),
laboratories should test a minimum of 20 positive and 20
negative cases. When the laboratory medical director
determines that fewer than 40 validation cases are sufficient
for a specific marker, the rationale for that decision needs to
be documented.
Note: Positive cases in the validation set should span the
expected range of clinical results (expression levels). This
recommendation does not apply to any marker for which a
separate validation guideline already exists.
Strength of evidence was inadequate to support the
recommended number of validation samples, but was
adequate to support distinguishing nonpredictive from
predictive IHC tests and using different numbers of
validation samples for each.
The statistical argument is updated here for predictive
factor assays. Table 5 provides overall concordance estimates with 95% CIs for a 40-tissue validation set and for a
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20-tissue set for those who will compute positive and
negative concordance estimates.
Using a 40-sample validation set, the overall concordance
estimates meet the 90% benchmark with 4 or fewer
discordances. The ‘‘true’’ concordance between the 2 assays
has only a 5% chance of falling outside the 95% CIs of the
concordance estimates, and can be lower or higher than the
estimate. If the 95% to 100% concordance estimates for the
40-sample validation set are a ‘‘true’’ representation of the
relationship between the 2 tests, the validation results
would meet the benchmark more than 95% of the time with
0 to 2 observed discordant results. The probabilities of
meeting the benchmark if the 92.5% or 90% concordance
estimates are a ‘‘true’’ representation would be 82%
(approximation) and 63%, respectively (Binomial Calculator,
Stat Trek; http://stattrek.com/).
In a 40-sample validation that does not meet the
benchmark, analyses such as the McNemar test may help
determine whether an observed difference in the offdiagonal represents a significant bias between the new
and referent tests. Table 6 provides an example. In this case,
the j statistic showed ‘‘substantial’’ agreement, but the
overall concordance estimate (87.5%) missed the benchmark by a small margin. The positive concordance of 75%
suggests false negatives could be occurring in the new test,
but the McNemar test is not significant, indicating that the 5
discordant results all in a single cell could have happened by
chance.
Some laboratories may choose to validate predictive tests
with tissue sets larger than the recommended minimum. For
validation sets of 80 samples or more, the McNemar test is
more useful in documenting whether observed differences/
biases between the tests are significant. For example, for an
80-tissue validation set in which the numbers in each of the
4 cells in Table 6 are doubled, the McNemar result for 10 to
0 asymmetry on the off-diagonal would be significant (P ¼
.004).
For validation results that do not meet the 90% standard,
the laboratory medical director will be responsible for
determining both the basis for this result and the
appropriate mitigation (testing of additional tissues, change
in test conditions).
5: Recommendation.—For a marker with both predictive
and nonpredictive applications, laboratories should validate
it as a predictive marker if it is used as such.
Strength of evidence was adequate to support the use of
the higher validation standard (eg, number of samples) in
the case of a marker with both nonpredictive and predictive
intended uses.
Immunohistochemical assays have a variety of clinical
applications including cell, tissue, or microbiologic identification, tumor diagnosis and prognosis, genetic and cancer
risk assessment, and prediction of response to targeted
therapies (predictive markers).
Although most IHC assays are interpretable only within
the context of the clinical and histologic evaluation of the
Analytic Validation of Immunohistochemical Assays—Fitzgibbons et al

Table 5.

Validation Using a 40-Tissue Validation Set (20 Positive and 20 Negative)
Against a 90% Concordance Benchmark
Concordance Estimate, % (95% CI)

No.

0 Discordant

1 Discordant

2 Discordant

3 Discordant

4 Discordant

20
40

100 (81–100)
100 (90–100)

95 (75–100)
97.5 (86–100)

90 (69–98)
95 (83–99)

85 (63–96)
92.5 (79–98)

80 (58–92)
90 (76–97)

Abbreviations: CI, confidence interval; No., number of validation tissues.

specific case, the results of predictive factor testing often
directly influence how patients are managed. Some IHC
assays are used for more than 1 purpose—the same antigen
may be assessed to determine a patient’s eligibility for a
targeted therapy as well as part of a panel in determining
tumor type.
Assay validation procedures must take into account the
test’s intended uses. When a marker will be used in both
predictive and nonpredictive applications, assay validation
should follow the recommendation for predictive markers
because of its greater stringency.
When assessing the analytic validity of a predictive
marker, cases should be selected to ensure that the new
assay is concordant with its comparator over the expected
range of clinical results. When validating the same marker
for nonpredictive uses, cases should be selected to ensure
that the test has acceptable concordance. Assays, such as ER
or CD117 (c-KIT), that have been optimized to detect low
levels of antigen for predictive uses could have high falsepositive results (low negative concordance) when used as a
lineage marker. Laboratories may choose to perform
separate validations for the marker’s predictive and nonpredictive applications.
6: Recommendation.—When possible, laboratories
should use validation tissues that have been processed with
the same fixative and processing methods as cases that will
be tested clinically.
Strength of evidence was inadequate to address the
influence of fixation, the type of decalcification solution,
the time in decalcification solution, or validation tissues
processed in another laboratory on analytic validation;
however, the strength of evidence was adequate to support
that laboratories should, whenever possible, use the same
fixative and processing methods as cases tested clinically, in
order to validate using representative specimens.
Fixative type, fixation time, tissue processing, and other
preanalytic variables significantly affect the performance
characteristics of IHC assays. To reduce the risk of falsenegative and false-positive comparisons, validation materials should be handled in a manner similar to clinical
specimens. Reference laboratories that test tissues from
outside facilities usually cannot control differences in
specimen handling and processing but should consider
such differences when interpreting results.
Key criteria in grading the quality and strength of
evidence for analytic validation include the internal validity
of the studies and the consistency and generalizability of the
results.6,29 To generalize the laboratory’s analytic validation
results, the tissues included in a validation set must be
representative of the specimens received in routine practice
and must provide a representative range of expression
intensities and patterns.
Although it is ideal if validation materials are identical to
patient test specimens (eg, formalin-fixed tissue sections;
Arch Pathol Lab Med—Vol 138, November 2014

cell blocks from cytologic specimens initially fixed in
alcohol; decalcified tissues), it is generally not practical to
maintain complete validation sets specific for all possible
specimen types, fixatives, and times in decalcification
solution. It is reasonable for laboratories to test a selected
panel of common markers to show that specimens of
different type or processed differently exhibit equivalent
immunoreactivity (LAP checklist ANP.22550).3
Note that there have been reports of false-positive and
false-negative reactions for some markers after alcohol
fixation. Although there are currently few data on this
subject and more evidence is needed, the laboratory medical
director should consider this possibility when selecting
markers for the panel.
7: Expert Consensus Opinion.—If IHC is regularly done
on cytologic specimens that are not processed in the same
manner as the tissues used for assay validation (eg, alcoholfixed cell blocks, air-dried smears, formalin-postfixed
specimens), laboratories should test a sufficient number of
such cases to ensure that assays consistently achieve
expected results. The laboratory medical director is responsible for determining the number of positive and negative
cases and the number of predictive and nonpredictive
markers to test.
The strength of evidence was inadequate to address the
criteria and number of samples needed for validation with
cytology specimens.
Laboratories typically optimize and validate their IHC
assays by using formalin-fixed, paraffin-embedded tissues
but may use cytologic specimens in some circumstances;
however, cytologic specimens usually have different fixation
and processing methods and these factors may have
unknown effects on IHC test results. Although separate
validation of all markers on all potential cytologic specimens
is generally not feasible, laboratories should determine

Table 6. 2 3 2 Contingency Table of a 40-Tissue
Validation Set That Did Not Meet the Benchmark
With Associated Statistical Testsa–c
Comparator Test
New Test
Positive
Negative
Total

Positive
15
5
20

Negative
0
20
20

Total
15
25
40

a

Overall concordance: 35 of 40 ¼ 87.5% (does not meet 90%
benchmark); positive concordance: 15 of 20 ¼ 75%; negative
concordance: 20 of 20 ¼ 100%.
b
j: 0.75; McNemar test: P ¼ .13.
c
The j statistic shows ‘‘substantial’’ agreement, but the overall
concordance estimate misses the 90% benchmark. Positive concordance of 75% could suggest that false negatives are occurring in the
new test, but the McNemar test is not significant, indicating that the 5
discordant results all in a single cell could have happened by chance.
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whether cytologic specimens have equivalent immunoreactivity to routinely processed, formalin-fixed tissue.
To assess the extent to which differences in cytologic
specimen types and processing steps influence IHC test
results, laboratories should test a selected set of commonly
ordered markers (eg, keratin, CD45, S100, ER) in a set of
cytologic specimen types used for IHC staining. The results
should be correlated with expected results in routinely
processed (control) tissues and with other applicable test
results (eg, surgical specimen of primary neoplasm). The
laboratory medical director must determine the number of
cases and markers to test, bearing in mind the possibility of
spurious results in alcohol-fixed materials. This assessment
should be repeated when there is a change in cytologic
fixative, collection media, sample preparation, or processing.
If an assay has not been fully validated on cytologic
specimens, laboratories may include a disclaimer in their
report that results should be interpreted with caution.
No primary studies, systematic evidence reviews, or
qualitative documents were identified that addressed the
specific question regarding the number and type of cytology
specimens that are needed in a validation set for a new IHC
assay. Studies30–36 were identified that compared cytology
specimens to formalin-fixed tissue sections for ER, PgR,
and/or HER2/neu IHC testing. Most concordance estimates
were high (90%), but the studies were small and used
different fixatives, fixation times, and cytology specimen
types (eg, smears, thin-layer, cell blocks). No two studies
could be directly compared.
8: Expert Consensus Opinion.—If IHC is regularly
performed on decalcified tissues, laboratories should test a
sufficient number of such tissues to ensure that assays
consistently achieve expected results. The laboratory medical director is responsible for determining the number of
positive and negative tissues and the number of predictive
and nonpredictive markers to test.
The strength of evidence was inadequate to address the
criteria and number of samples needed for validation with
decalcified specimens.
Decalcifying solutions vary in their effects on retention
and integrity of nucleic acids and proteins. Results of IHC
testing on decalcified specimens are unpredictable because
of wide variations in specimen types and sizes, the length of
time specimens are held in decalcification solution, and the
particular solution(s) used. Although separate validation of
all markers on all potential decalcified specimen types is not
feasible, laboratories should determine the extent to which
their decalcification procedures affect test results, particularly among specimen types that commonly have IHC
testing, such as bone marrow biopsy samples.
No primary studies, systematic evidence reviews, or
qualitative documents (eg guidelines, consensus meeting
reports) were identified that address the specific question
regarding the number of decalcified bone marrow specimens
from positive and negative cases needed in a validation set
for a new IHC assay. Nine articles and documents25,26,37–43
addressed the potential influence of decalcification as a
modifier in the analytic validation process. Some authors26,38–40 report variability in decalcification protocols
and in preservation of antigenicity in IHC tests. Two IHC
guidelines recommend interpreting IHC results on decalcified samples with caution because of the possibility of
antigen (and tissue) loss, but others report good morphology
and successful staining with protocols using different
fixatives, acid or EDTA decalcification, and paraffin or resin
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embedding.37,40,42,43Although the evidence was inadequate,
these observations emphasize the need for a defined
protocol and a validation plan that will ensure robust and
reproducible IHC results in decalcified specimens.
Compared with other specimens, bone marrow biopsy
samples are more consistent in size and in the time needed
for decalcification, and are usually subject to standardized
processing and decalcification protocols. To assess the
influence of their decalcification procedure on IHC test
results in bone marrows, laboratories should test a selected
set of commonly ordered markers (eg, CD3, CD20, CD138)
in a series of cases. The results may be correlated with
expected results in routinely processed (control) tissues and
with other applicable test results (eg, flow cytometry, IHC
testing of lymph node in same patient). The laboratory
medical director must determine the number of cases and
markers to test. This assessment should be repeated when
there is a change in decalcifying solution or fixative type.
For specimen types other than bone marrow samples,
laboratories may include a disclaimer in their reports that
the assay has not been fully validated on decalcified tissues
and that results should be interpreted with caution given the
possibility of false negativity on decalcified specimens (LAP
checklist ANP.22985).3
9: Recommendation.—Laboratories may use whole
sections, tissue microarrays (TMAs), and/or multitissue
blocks (MTBs) in their validation sets as appropriate. Whole
sections should be used if TMAs/MTBs are not appropriate
for the targeted antigen or if the laboratory medical director
cannot confirm that the fixation and processing of TMAs/
MTBs is similar to clinical specimens.
Strength of evidence was adequate to support TMA usage;
however, there are many variables to be considered and
thorough validation is needed for each marker. Strength of
evidence was inadequate to recommend the routine use of
TMA samples.
Whole sections usually provide more antigen-positive
cells and negative internal control cells within each section
than TMAs/MTBs, but the latter can be designed to contain
multiple previously tested positive and negative tissues. This
allows for comparison of results in multiple tissues tested
with an identical assay protocol and, when properly
selected, a cost-effective validation strategy. Because of the
small size of each tissue sample, however, TMAs and MTBs
may be inappropriate for antigens with limited tissue
expression, heterogeneous distribution, or restricted compartmentalization within tissues. The laboratory director
must use information from the literature and clinical
judgment to determine if TMAs or MTBs are useful for
validating a given assay.
Comparisons of overall concordance between IHC assays
performed on whole sections and TMAs have been done
with at least 9 markers, but primarily with ER, PgR, and
HER2/neu.44–55 Summary estimates of concordance (random
effects model) were computed, but heterogeneity was high
across the studies (I2 . 75; P , .001), and specific sources of
heterogeneity could not be identified. Consequently, concordance is reported as ranges and median values for
specific markers, all in breast cancer tissues.
Median overall concordance estimates for ER, PgR, and
HER2/neu were 95% (range, 84%–99%), 91% (range, 81%–
93%), and 93% (range, 73%–100%), respectively, but
concordance estimates in our review only met or exceeded
the 90% standard in about two-thirds of cases. Comparisons
Analytic Validation of Immunohistochemical Assays—Fitzgibbons et al

of overall concordance for ER and PgR from an earlier
systematic review were 97% and 93%, respectively.52
10: Expert Consensus Opinion.—When a new reagent
lot is placed into clinical service for an existing validated
assay, laboratories should confirm the assay’s performance
with at least 1 known positive case and 1 known negative
case.
The strength of evidence was inadequate to address
conditions requiring assay revalidation and whether revalidation should be the same as initial validation.
Confirmation that assay performance has not changed is
necessary when a new lot of primary antibody or antigen
retrieval or detection reagent is used. For predictive markers,
testing both high and low expressors may be useful.
Including a weakly positive sample is recommended when
there is a specified cut point for positivity (eg, ER) (LAP
checklist COM.30450).3 Including 2 positive cases (1 weak
and 1 strong) should be considered for new reagent lots of
predictive marker antibodies.
11: Expert Consensus Opinion.—Laboratories should
confirm assay performance with at least 2 known positive
and 2 known negative cases when an existing validated
assay has changed in any one of the following ways:
1. Antibody dilution;
2. Antibody vendor (same clone);
3. Incubation or retrieval times (same method).
The strength of evidence was inadequate to address
conditions requiring assay revalidation and whether revalidation should be the same as initial validation.
Confirmation that assay performance has not changed is
necessary when there are minor changes to the assay
method. Public comments received on this recommendation
were more contentious than for most other recommendations. Some argued that these changes fundamentally
change the nature of the assay and therefore should require
full assay revalidation, while others noted that the number
of cases needed to ensure the assay is performing as
expected will vary by antibody. The importance of not
replacing the pathologist’s judgment with arbitrary minimum numbers was also stressed. From the comments
received, the panel concluded that re-assessing assays with
at least 2 positive and 2 negative cases was a reasonable
compromise in ensuring assay performance and provides
the laboratory medical director flexibility to increase the
number as needed.
For predictive markers, laboratories testing both high and
low expressors may be useful. Including weakly positive
samples is recommended when there is a specified cut point
for positivity (eg, ER). Major changes in antibody dilution or
incubation times (as defined by the laboratory) may warrant
testing more than 2 negative and 2 positive cases.
12: Expert Consensus Opinion.—Laboratories should
confirm assay performance by testing a sufficient number of
cases to ensure that assays consistently achieve expected
results when any of the following have changed:
1. Fixative type;
2. Antigen retrieval method (eg, change in pH, different
buffer, different heat platform);
3. Antigen detection system;
4. Tissue processing or testing equipment;
5. Environmental conditions of testing (eg, laboratory
relocation);
Arch Pathol Lab Med—Vol 138, November 2014

6. Laboratory water supply.
The laboratory medical director is responsible for determining the number of positive and negative cases and the
number of predictive and nonpredictive markers to test.
The strength of evidence was inadequate to address
conditions requiring assay revalidation and whether revalidation should be the same as initial validation.
Recommendations 10 and 11 apply to changes in 1
antibody or assay, but this recommendation applies to
changes that affect most or all of a laboratory’s assays. Full
revalidation of every assay in this situation is not practical,
but an assessment is needed to ensure that results of testing
under new conditions are comparable to the results of prior
testing. The laboratory medical director must determine the
extent of this testing based on the nature of the change. A
representative panel of predictive and nonpredictive markers could be selected to assess the impact of the change.
Based on those results, more thorough testing may be
needed, particularly for predictive markers, but if results on
this panel are acceptable, remaining assays could be verified
less rigorously. Markers selected for testing should include
those with different immunolocalizations (ie, nuclear,
membranous, cytoplasmic) as appropriate for the laboratory.
When feasible, comparing the results of staining after the
change with the slides from initial assay validation may help
to determine if the intensity of staining has changed.
Laboratories are required to verify method performance
specifications after an instrument is moved to ensure that
the test system was not affected by the relocation process or
environmental changes (LAP checklist COM.40000).3
13: Expert Consensus Opinion.—Laboratories should
run a full revalidation (equivalent to initial analytic
validation) when the antibody clone is changed for an
existing validated assay.
The strength of evidence was inadequate to address
conditions requiring assay revalidation and whether revalidation should be the same as initial validation.
Although a limited re-assessment of assay performance is
sufficient when there are minor changes in assay conditions
(eg, antibody dilution or incubation time), introduction of a
different antibody clone represents a fundamental change to
the assay and requires complete revalidation. This is because
different antibody clones are raised against different
epitopes on the target protein and their performance
characteristics may significantly vary. This phenomenon is
exemplified by the expression of TTF-1 (thyroid transcription factor 1) in carcinomas other than those of thyroid or
pulmonary origin. Multiple studies56–58 have shown low
levels of expression in metastatic and primary colorectal
carcinomas, carcinomas of gynecologic origin, and glial
neoplasms, using the SPT24 clone. By contrast, the 8G7G3/1
clone is uniformly negative in these tumor types. Similar
data exist for CDX2.59
14: Expert Consensus Opinion.—The laboratory must
document all validations and verifications in compliance
with regulatory and accreditation requirements.
For laboratories subject to US regulations, CLIA specifies
that ‘‘records of the laboratory’s establishment and verification of method performance specifications must be
retained for the period of time the test system is in use by
the laboratory, but not less than 2 years.’’ 1 Laboratories
accredited by CAP must retain records of method performance specifications while the method is in use and for at
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least 2 years after discontinuation of the method (LAP
checklist COM.40000).3
In addition to written procedures that describe their
validation and revalidation processes, laboratories should
have documentation, signed by the laboratory medical
director, of the validation, verification, or revalidation
studies and approval of each test for its intended clinical
use(s).
Note on Evidence Analysis for Revalidation Recommendations
(No.10–No.13).—No objective evidence was identified that
addressed requirements for revalidating IHC assays when
there are changes to an existing validated assay (eg, new
reagent lot, change in antibody dilution, changes in
equipment). Refer to the full analysis of key question 6
and key question 7 regarding revalidation in the supplemental digital content for further discussion of the evidence.
CONCLUSION
Physicians and patients rely on accurate diagnostic and
prognostic testing in the clinical laboratory. Established
guidelines for validating and revalidating immunohistochemistry tests used on clinical specimens are important in
ensuring accuracy, reproducibility, and consistency of test
results. The potential harms of false-positive and falsenegative results due to inadequate validation need to be
recognized and addressed. This guideline is intended to help
laboratories improve the accuracy of testing and reassure
clinicians and patients that accepted procedures from
evidence-based and expert consensus–based recommendations are being followed. Direction for re-assessing assays
when changes have occurred or when results are not as
expected is also provided.
We thank the Center advisors Raouf Nakhleh, MD, Sandi
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