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Immunohistochemistry is an analytical technique that applies an antibody reagent to detect and visualize an antigen in cytological
and surgical pathology microscopy specimens in the context of histomorphology and cytomorphology. The clinical-pathological
interpretation of the presence and patterns of the antibody-antigen reactions is performed in a manner similar to other molecular
pathology assays. Immunohistochemistry is used in diagnostic pathology for diagnosis, determination of prognosis, and
predictive assays for response to therapy. Accurate and reproducible results require quality assurance of the total test system
including the design control of the reagents and the preexamination (preanalytical), examination (analytical), and
postexamination (postanalytical) interpretation steps (processes) of the assay to ensure its clinical applicability. This guideline
focuses on validation of immunohistochemistry assays on formalin-fixed, paraffin-embedded pathology material. The audience
for this guideline includes the assay developer, the reagent supplier, laboratory histotechnologist who performs the assay, and the
laboratory director/pathologist who implements and interprets the assay.
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Clinical and Laboratory Standards Institute, 950 West Valley Road, Suite 2500, Wayne, Pennsylvania 19087 USA, 2011.
The Clinical and Laboratory Standards Institute consensus process, which is the mechanism for moving a document through
two or more levels of review by the health care community, is an ongoing process. Users should expect revised editions of any
given document. Because rapid changes in technology may affect the procedures, methods, and protocols in a standard or
guideline, users should replace outdated editions with the current editions of CLSI documents. Current editions are listed in
the CLSI catalog and posted on our website at www.clsi.org. If your organization is not a member and would like to become
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Foreword
This document is a revision of the previous CLSI document MM04. The goal for the revision is to
maintain the consensus recommendations of MM04 while incorporating new information that has accrued
since the 1999 publication. The emphasis of this guideline is the application of immunohistochemistry
(IHC) and immunocytochemistry (ICC) for the study of human tumor specimens. Other uses, such as
identification of microorganisms in specimens, are not addressed.
IHC is just one of the methods intended to assess the diagnosis, prognosis, and prediction of therapy for
human tumor specimens. However, IHC and ICC have unique utility through their power to apply
immunological methods to localize macromolecular targets within the context of standard
histomorphology and cytological morphology. This is particularly useful in tumors that are
morphologically anaplastic or are heterogeneous in their cellularity and differentiation.
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In the era of personalized or individualized medicine, physicians hope to identify the therapies that are
most likely to be effective and avoid therapies that are likely to have unwanted side effects. In order to
achieve personalized medicine (ie, individualized medicine), there is a global effort by pharmaceutical
and medical device researchers and developers to apply fit-for-purpose method development in the
successful identification of biomarkers. There is also an effort to ensure these biomarkers are accurate and
reliable for the calculation of the prognosis of the tumor of individual patients, and for predicting optimal
response to individualized therapies.1
I/LA28-A2 advances the MM04 recommendations for performance of immunohistochemical assays to
promote a better understanding of the requirements, capabilities, and limitations of these diagnostic
methods; to improve their intra- and interlaboratory reproducibility; and to improve their positive and
negative predictive values in diagnosis of disease.

M

MM04 was revised as I/LA28-A2 because ICC and IHC are based on immunological detection methods,
whereas CLSI molecular methods documents are concerned with nucleic acid-based assays. In addition,
I/LA28-A2 is intended as a companion document to CLSI documents I/LA232 and I/LA21.3
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This document contains detailed recommendations about preexamination (preanalytical) specimen
handling, processing, and preparation. Tissue specimens, especially formalin-fixed, paraffin-embedded
tissue are widely used in a variety of different assays today. The inclusion of these preexamination
(preanalytical) factors in this document is based on previously published literature and consensus best
practices.
Additionally, this document contains recommendations on design and statistical analysis of experiments
for estimating the precision of IHC assay results.

Key Words

Anatomical pathology, antigen retrieval, biorepository, formalin fixation, immunocytochemistry,
immunohistochemistry, surgical pathology, validation, verification
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Scope

The purpose of this document is to provide guidance to all of the stakeholders involved with design and
implementation of immunohistochemistry (IHC) assays. It is intended for use by all clinical and reference
laboratories performing immunocytochemical assays on cytological preparations or immunohistochemical
assays on surgical pathology specimens, for the manufacturers of commercial reagents and test kits, and
for individuals and organizations involved in the development and implementation of laboratory quality
assurance (QA) programs for these assays.

Introduction

PL

2

E

This guideline presents information on the total product life cycle of the discovery, design, development,
verification, and analytical and clinical validation of IHC and immunocytochemistry (ICC) reagents, kits,
and systems. Its emphasis is that accurate and reliable IHC and ICC results require attention to the total test
system of the assay.

In preparing this guideline, the subcommittee considered the following needs of stakeholders in the total
life cycle of IHC tests:
Discovery of antigens and antibodies of biological and clinical interest

•

Development of research and investigational IHC assays

•

Translation to clinical applications: the intended use and indications for use of the test

•

Design, verification, and validation of an assay for clinical use

•

QA recommendations for laboratory-developed assays and commercialized assays by manufacturers,
and for routine clinical laboratory users of IHC assays
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•

•

Proficiency testing and other user issues

•

Regulation, harmonization, and standardization

The document emphasizes how to address the unique challenges to optimize immunological
methodologies applied to histological preparations and cytology.
This document is divided into three parts: Part 1 is the scientific theory and principles of the design and
development of IHC assays; Part 2 is the implementation of IHC tests by pathologists and technologists;
and Part 3 is the regulation issues and future developments in IHC assays. Figure 1 shows the participants
throughout the total IHC life cycle.
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Figure 1. Participants Throughout the Total Immunohistochemistry Life Cycle
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Appendix A1 provides statistical points to consider in the evaluation of IHC assays. Appendix B
compares and contrasts the characteristics of immunoassays such as enzyme-linked immunosorbent
assays (ELISAs) with strengths and limitations of IHC, the combination of immunological methods, and
histological and cytological morphology. Appendix C describes the essential features of the concept of
the total test or total test system as applied to an IHC assay. Total test is the definition of the test that
encompasses every step (process) and reagent of the assay, and validation process of the assay as a whole.
This is the unifying concept of this guideline. Validation of the assay is based on its clinical utility as a
diagnostic, prognostic, or predictive test, and does not require a rigorous molecular biology “truth.”
Appendix D is a risk-based regulatory checklist for manufacturers of IHC assays to use to check the
completeness of their submissions for regulatory clearance or approval for the marketing of new IHC
assays in the United States.
For ligand-binding assays, the concept of a total test assay is not unusual. In ELISAs, the antibody pair
and detection reagents, as well as assay conditions are fundamental to the assay specification.
Unfortunately, in IHC, these features of a “total test” are less appreciated and less applied.
See references from Taylor and Cote4-6 for the history of the invention and development of IHC.

3

Standard Precautions

Because it is often impossible to know what isolates or specimens might be infectious, all patient and
laboratory specimens are treated as infectious and handled according to “standard precautions.” Standard
precautions are guidelines that combine the major features of “universal precautions and body substance
isolation” practices. Standard precautions cover the transmission of all known infectious agents and thus
are more comprehensive than universal precautions, which are intended to apply only to transmission of
blood-borne pathogens. Standard and universal precaution guidelines are available from the US Centers
for Disease Control and Prevention.7 For specific precautions for preventing the laboratory transmission
of all known infectious agents from laboratory instruments and materials and for recommendations for the
management of exposure to all known infectious diseases, refer to CLSI document M29.8

2
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The Quality Management System Approach
Clinical and Laboratory Standards Institute (CLSI) subscribes to a quality management system approach in the
development of standards and guidelines, which facilitates project management; defines a document structure via a
template; and provides a process to identify needed documents. The approach is based on the model presented in the
most current edition of CLSI document HS01—A Quality Management System Model for Health Care. The quality
management system approach applies a core set of “quality system essentials” (QSEs), basic to any organization, to
all operations in any health care service’s path of workflow (ie, operational aspects that define how a particular
product or service is provided). The QSEs provide the framework for delivery of any type of product or service,
serving as a manager’s guide. The QSEs are:
Equipment
Purchasing and Inventory
Process Control

Information Management
Occurrence Management
Assessments—External
and Internal

Process Improvement
Customer Service
Facilities and Safety

E

Documents and Records
Organization
Personnel

X
AST04
C24
EP05
EP12
EP15
EP19
EP21
GP28
I/LA02
I/LA21
I/LA23

I/LA21

I/LA21

MM06
MM17

Facilities and
Safety

I/LA21

Customer
Service

Process
Improvement

Occurrence
Management

Assessments
—External
and Internal

I/LA21

I/LA21
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Information
Management

Process
Control

AST04

Purchasing
and Inventory

Equipment

AST04

M

I/LA21

Personnel

AST04

Organization

Documents
and Records

I/LA28-A2 addresses the QSEs indicated by an “X.” For a description of the other documents listed in the grid,
please refer to the Related CLSI Reference Materials section on page 138.

I/LA21
I/LA23
M29

MM06

SA

Adapted from CLSI document HS01—A Quality Management System Model for Health Care.
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Path of Workflow
A path of workflow is the description of the necessary steps to deliver the particular product or service that the
organization or entity provides. For example, CLSI document GP26⎯Application of a Quality Management System
Model for Laboratory Services defines a clinical laboratory path of workflow, which consists of three sequential
processes: preexamination, examination, and postexamination. All clinical laboratories follow these processes to
deliver the laboratory’s services, namely quality laboratory information.
I/LA28-A2 addresses the clinical laboratory path of workflow steps indicated by an “X.” For a description of the
other documents listed in the grid, please refer to the Related CLSI Reference Materials section on the following
page.

I/LA23
MM06

I/LA23
MM06

X

GP15

I/LA23
MM06

Sample
management

E

I/LA23
MM06

I/LA02
I/LA23
MM06

Results reporting
and archiving

AST04

Interpretation

X
AST04

Postexamination

PL

MM06

GP15

Results review
and follow-up

X

Examination

Examination
Sample
receipt/processing

Sample collection

GP15

AST04
GP15

Sample transport

Examination
ordering

Preexamination

I/LA02
I/LA23
MM06

GP15

I/LA02

I/LA23

MM06

SA
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Adapted from CLSI document HS01—A Quality Management System Model for Health Care.
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Related CLSI Reference Materials∗
Glucose Monitoring in Settings Without Laboratory Support; Approved Guideline—Second Edition
(2005). This document contains guidelines for performance of point-of-care (POC) glucose monitoring
systems that stress quality control, training, and administrative responsibility.

C24-A3

Statistical Quality Control for Quantitative Measurement Procedures: Principles and Definitions;
Approved Guideline—Third Edition (2006). This guideline provides definitions of analytical intervals,
planning of quality control procedures, and guidance for quality control applications.

EP05-A2

Evaluation of Precision Performance of Quantitative Measurement Methods; Approved Guideline—
Second Edition (2004). This document provides guidance for designing an experiment to evaluate the
precision performance of quantitative measurement methods; recommendations on comparing the resulting
precision estimates with manufacturers’ precision performance claims and determining when such
comparisons are valid; as well as manufacturers’ guidelines for establishing claims.

EP12-A2

User Protocol for Evaluation of Qualitative Test Performance; Approved Guideline—Second Edition
(2008). This document provides a consistent approach for protocol design and data analysis when evaluating
qualitative diagnostic tests. Guidance is provided for both precision and method-comparison studies.

EP15-A2

User Verification of Performance for Precision and Trueness; Approved Guideline—Second Edition
(2006). This document describes the demonstration of method precision and trueness for clinical laboratory
quantitative methods utilizing a protocol designed to be completed within five working days or less.

EP19-R

A Framework for NCCLS Evaluation Protocols; A Report (2002). This report describes the different
types of performance studies that are conducted to evaluate clinical assays.

EP21-A

Estimation of Total Analytical Error for Clinical Laboratory Methods; Approved Guideline (2003).
This document provides manufacturers and end users with a means to estimate total analytical error for an
assay. A data collection protocol and an analysis method that can be used to judge the clinical acceptability of
new methods using patient specimens are included. These tools can also monitor an assay’s total analytical
error by using quality control samples.

GP15-A3

Cervicovaginal Cytology Based on the Papanicolaou Technique; Approved Guideline—Third Edition
(2008). This document discusses procedures for cervicovaginal specimen collection, as well as the
preparation, fixation, staining, and storage of Papanicolaou-stained cervicovaginal cytology slides.

GP28-A

Microwave Device Use in the Histology Laboratory; Approved Guideline (2005). This document
provides recommendations for reproducing the performance of microwave-accelerated procedures to prepare
biological specimens in the histology laboratory.
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AST04-A2

I/LA02-A2

Quality Assurance of Laboratory Tests for Autoantibodies to Nuclear Antigens: (1) Indirect
Fluorescence Assay for Microscopy and (2) Microtiter Enzyme Immunoassay Methods; Approved
Guideline—Second Edition (2006). This document addresses the criteria for ANA testing by
immunofluorescence and by enzyme immunoassay, including test components, quantification of results, and
classification criteria.

I/LA18-A2

Specifications for Immunological Testing for Infectious Diseases; Approved Guideline—Second
Edition (2001). This document addresses specimen collection, handling, and storage, as well as performance
criteria for the comparison of immunological test kits and specifications for reference materials.

I/LA21-A2

Clinical Evaluation of Immunoassays; Approved Guideline—Second Edition (2008). This document
addresses the need for clinical evaluation of new immunoassays and new applications of existing assays, as
well as multiple assay formats and their uses. As a guide to designing and executing a clinical evaluation, this
document will aid developers of “in-house” assays for institutional use, developers of assays used for
monitoring pharmacological effects of new drugs or biologics, and clinical and regulatory personnel
responsible for commercializing products.

∗

CLSI documents are continually reviewed and revised through the CLSI consensus process; therefore, readers should refer to
the most current editions.

138

©

Clinical and Laboratory Standards Institute. All rights reserved.

Volume 31

I/LA28-A2

Related CLSI Reference Materials (Continued)
Assessing the Quality of Immunoassay Systems: Radioimmunoassays and Enzyme, Fluorescence, and
Luminescence Immunoassays; Approved Guideline (2004). This guideline addresses components for
harmonizing and assessing the quality of immunoassay systems for several commonly used dose-response
indicator categories, eg, radioisotopes, enzymes, fluorescence, luminescence, reagents, and experimental
components criteria essential to characterizing an immunoassay.

LA01-A2

Assessing the Quality of Radioimmunoassay Systems—Second Edition; Approved Guideline (1994).
This document contains definitions, procedures, and related information on receptors, radiolabeled analytes,
separation reagents, and calibrators for properly assessing radioimmunoassay systems.

M29-A3

Protection of Laboratory Workers From Occupationally Acquired Infections; Approved Guideline—
Third Edition (2005). Based on US regulations, this document provides guidance on the risk of transmission
of infectious agents by aerosols, droplets, blood, and body substances in a laboratory setting; specific
precautions for preventing the laboratory transmission of microbial infection from laboratory instruments and
materials; and recommendations for the management of exposure to infectious agents.

MM06-A2

Quantitative Molecular Methods for Infectious Diseases; Approved Guideline—Second Edition (2010).
This document provides guidance for the development and use of quantitative molecular methods, such as
nucleic acid probes and nucleic acid amplification techniques of the target sequences specific to particular
microorganisms. It also presents recommendations for quality assurance, proficiency testing, and
interpretation of results.

MM17-A

Verification and Validation of Multiplex Nucleic Acid Assays; Approved Guideline (2008). This
guideline provides recommendations for analytical verification and validation of multiplex assays, as well as
a review of different types of biological and synthetic reference materials.
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