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Abstract

Clinical and Laboratory Standards Institute guideline MM17—Validation and Verification of Multiplex Nucleic Acid Assays
discusses analytical validation and verification of qualitative multiplex nucleic acid assays. Topics covered include sample
preparation, a general discussion of multiplex methods and technologies, reference and quality control materials, data analysis, and
results reporting. Clinical validity and utility are briefly reviewed. Because of the variety and breadth of multiplex testing, specific
protocols for validation and verification are not included. However, detailed recommendations for appropriate analytical validation
and verification, based on the most current guidance documents, are provided.

Clinical and Laboratory Standards Institute (CLSI). Validation and Verification of Multiplex Nucleic Acid Assays. 2nd ed. CLSI
guideline MM17 (ISBN 978-1-68440-004-1 [Print]; ISBN 978-1-68440-005-8 [Electronic]). Clinical and Laboratory Standards
Institute, 950 West Valley Road, Suite 2500, Wayne, Pennsylvania 19087 USA, 2018.

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guideline, users should replace outdated editions with the current editions of CLSI documents.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 you or your organization is not a member and would like to become
one, or to request a copy of the catalog, contact us at: Telephone: +1.610.688.0100; Fax: +1.610.688.0700; E-Mail:
customerservice@clsi.org; Website: www.clsi.org.

CLINICAL AND
// LABORATORY

STANDARDS

INSTITUTE®


https://webstore.ansi.org/Standards/CLSI/CLSIMM17Ed2?source=preview

This is a preview of "CLSI MM17-Ed2". Click here to purchase the full version from the ANSI store.

Copyright ©2018 Clinical and Laboratory Standards Institute. Except as stated below, any reproduction of
content from a CLSI copyrighted standard, guideline, derivative product, or other material requires express
written consent from CLSI. All rights reserved. Interested parties may send permission requests to
permissions@clsi.org.

CLSI hereby grants permission to each individual member or purchaser to make a single reproduction of
this publication for use in its laboratory procedures manual at a single site. To request permission to use
this publication in any other manner, e-mail permissions@clsi.org.

Suggested Citation

CLSI. Validation and Verification of Multiplex Nucleic Acid Assays. 2nd ed. CLSI guideline MM17.
Wayne, PA: Clinical and Laboratory Standards Institute; 2018.

Previous Editions:
July 2007, March 2008

ISBN 978-1-68440-004-1 (Print)

ISBN 978-1-68440-005-8 (Electronic)

ISSN 1558-6502 (Print)

ISSN 2162-2914 (Electronic) Volume 38, Number 9



https://webstore.ansi.org/Standards/CLSI/CLSIMM17Ed2?source=preview

This is a preview of "CLSI MM17-Ed2". Click here to purchase the full version from the ANSI store.

Committee Membership

Consensus Council

Dennis J. Ernst, MT(ASCP),
NCPT(NCCT)

Chairholder

Center for Phlebotomy Education
USA

Mary Lou Gantzer, PhD, FACB
Vice-Chairholder
USA

J. Rex Astles, PhD, FACB, DABCC
Centers for Disease Control and
Prevention

USA

Lucia M. Berte, MA, MT(ASCP)SBB,
DLM, CQA(ASQ)CMQ/OE
Laboratories Made Better!

USA

Karen W. Dyer, MT(ASCP), DLM
Centers for Medicare & Medicaid
Services

USA

Thomas R. Fritsche, MD, PhD, FCAP,
FIDSA

Marshfield Clinic

USA

Loralie J. Langman, PhD, DABCC,
FACB, F-ABFT

Mayo Clinic

USA

Ross J. Molinaro, PhD,
MLS(ASCP)CM, DABCC, FACB
Siemens Healthcare Diagnostics, Inc.
USA

James R. Petisce, PhD
BD Diagnostic Systems
USA

Andrew Quintenz
Bio-Rad Laboratories, Inc.
USA

Robert Rej, PhD

New York State Department of Health —
Wadsworth Center

USA

Zivana Tezak, PhD

FDA Center for Devices and
Radiological Health

USA

Document Development Committee on Verification/Validation of Multiplex Nucleic Acid Assays

Steven A. Miller, MD, PhD
Chairholder

University of California San Francisco
Medical Center

USA

D. Brian Dawson, PhD
Vice-Chairholder
University of Cincinnati
USA

Felicitas L. Lacbawan, MD, FCAP,
FACMG

Committee Secretary

Quest Diagnostics Nichols Institute
USA

Sophie Arbefeville, MD
University of Minnesota Medical
Center — Fairview

USA

Staff

Clinical and Laboratory Standards
Institute
USA

Marcy L. Hackenbrack, MCM,
M(ASCP)
Project Manager

Matthew J. Bankowski, PhD, MS,
D(ABMM), HCLD/CC(ABB),
M/SM(ASCP)

Queen’s Medical Center and John A.
Burns School of Medicine

USA

Sherry A. Dunbar, PhD, MBA
Luminex Corporation
USA

Elena Grigorenko, PhD
Diatherix Laboratories, LLC
USA

Julie Woolworth Hirschhorn, PhD,
TS(ABB)

Medical University Hospital Authority
USA

Megan L. Tertel, MA, ELS
Editorial Manager

Catherine E.M. Jenkins
Editor

Anne Igbokwe, MD
BloodSource
USA

Lawrence J. Jennings, MD, PhD
College of American Pathologists
USA

Lisa Kalman, PhD

Centers for Disease Control and
Prevention

USA

Xueying Sharon Liang, MD, PhD
FDA Center for Devices and
Radiological Health

USA

Mary Lowery Nordberg, PhD, MBA

Delta Pathology Group
USA

Kristy L. Leirer, MS
Editor

Laura Martin
Editor



https://webstore.ansi.org/Standards/CLSI/CLSIMM17Ed2?source=preview

This is a preview of "CLSI MM17-Ed2". Click here to purchase the full version from the ANSI store.

Acknowledgment for the Expert Panel on Molecular Methods

CLSI, the Consensus Council, and the Document Development Committee on Verification/Validation of
Multiplex Nucleic Acid Assays gratefully acknowledge the Expert Panel on Molecular Methods for serving
as technical advisors and subject matter experts during the development of this guideline.

Expert Panel on Molecular Methods

Barbara Zehnbauer, PhD, FACMG,
FACB

Chairholder

Emory University School of Medicine
USA

Stephanie E. Hallam, PhD, FACMG,
MBA

Vice-Chairholder

Claritas Genomics

USA

Stephen P. Day, PhD
USA

Sherry A. Dunbar, PhD, MBA

Luminex Corporation
USA

Acknowledgment

Lawrence J. Jennings, MD, PhD
College of American Pathologists
USA

Daniel Jones, MD, PhD
Ohio State University Hospitals
USA

Roger D. Klein, MD, JD, FCAP
Cleveland Clinic
USA

Steven A. Miller, MD, PhD
University of California San Francisco
Medical Center

USA

Ronald M. Przygodzki, MD
Department of Veterans Affairs
USA

Aaron Schetter, PhD, MPH
FDA Center for Devices and
Radiological Health

USA

Ted E. Schutzbank, PhD, D(ABMM)
St. John Hospital and Medical Center
USA

Sarah T. South, PhD, FACMG
23andMe
USA

Emily S. Winn-Deen, PhD
Rx Dx Advisors, Inc.
USA

CLSI, the Consensus Council, and the Document Development Committee on Verification/Validation of
Multiplex Nucleic Acid Assays gratefully acknowledge the following volunteers for their important
contributions to the development of this guideline:

Esther Babady, PhD, D(ABMM)
Memorial Sloan Kettering Cancer Center
USA

Himani Bisht, PhD

FDA Center for Devices and
Radiological Health

USA

Stephen P. Day, PhD
USA

Stephanie E. Hallam, PhD, FACMG,
MBA

Good Start Genetics

USA

Narayan Krishnaswami, MS, MBA
Thermo Fisher Scientific
USA

Annette Leon, PhD, MS, FACMG
Color Genomics, Inc.
USA

Geoff Otto, PhD
Foundation Medicine, Inc.
USA

Wanda C. Reygaert, PhD
Beaumont Health System
USA

Ted E. Schutzbank, PhD, D(ABMM)
St. John Hospital and Medical Center
USA

Yi-Wei Tang, MD, PhD
Memorial Sloan Kettering Cancer Center
USA

Zivana Tezak, PhD

FDA Center for Devices and
Radiological Health

USA

Rupa Udani, PhD
BloodCenter of Wisconsin
USA

Shalini Verma, MD
Roche Molecular Systems Inc.
USA



https://webstore.ansi.org/Standards/CLSI/CLSIMM17Ed2?source=preview

This is a preview of "CLSI MM17-Ed2". Click here to purchase the full version from the ANSI store.

Contents
AADSTIACT ...ttt h bbbt a e bbbt et h et h et eb et he ettt teenee 1
Committee MeEMDETSIIP.......iiitiiiiiiiieiie ettt ettt e et e et estaesnbeebee e enneenseeneas il
FOTE@WOTA ...ttt e a e bbbttt s bt et e she et bt e bt e e b e eaee vii
Chapter 11 INIrOAUCTION ....eoutiiiiiiiieiece ettt et ettt et et esateebeesaeesanaee e 1
1.1 o100 1 TSRS 1
1.2 Back@round.........oouiiiiiiiee et st 2
1.3 Standard PreCatutions. ........coueieeieeieie ettt 2
1.4 TRIMINOLOZY ..ottt ettt et e e e e e e e sbeeeaeeesasaeesaeeensaeennreas 2
Chapter 2:  Validation and Verification Testing Processes for Multiplex Nucleic Acid Assays....... 13
2.1 Method SElECtiON ......c..eiiiiiiiiiiiiee e 15
2.2 Specimen and Reagent ASSESSMENt........cccveeiiiieriieriieeciee ettt 20
23 TeStING PrOCEAUIE ..c...eeiiiiiiiiiieie et 29
2.4 Validation and Verification ProtoCOILS ..........ccceoieiiiiniiiiiieieeieceeeesee e 39
2.5 Analytical Validation of a Laboratory-Developed Test..........cccevverieecieeniesieeieeeenns 42
2.6 Analytical Validation of a Modified In Vitro Diagnostic ASSay .........ccceceveeererrennens 55
2.7 Verification of an In Vitro Diagnostic ASSaY........ccceeevereeriereerieeienieeieseeeesreeseseeenns 57
2.8 Validation and Verification SUMMATIES............cccueeieerieeriieiieeieeseeeee e eee e 59
Chapter 3:  CONCIUSION.....ccuiiiiiiieciie ettt e et e et e e st eestaeeebeeesssaeessaeeanseesnsseesnsaeenenns 62
Chapter 4:  Supplemental InfOrmation.........cccueiiuiiiiiiiiiiiee e 62
RETETEICES ...ttt ettt 63
Additional RESOUICES .......couviiiiiiiiiiiiiiieteeeet ettt 69
Appendix A. Overview of Target Amplification Technologies...........cccevvevveevienieecieenieennen. 70
Appendix B. Testing Reference Materials for Cell Line-based Genomic DNA
SAMIPIES ...ttt ettt et e et et e e e e e taeenaeebe e saeenaeereenseaeensaennaeans 85
Appendix C. Example Protocol for Validating Laboratory-Developed, Multiplex
INUCIEIC ACTA TESES ...ttt ettt sttt ettt e 87
Appendix D. Example Protocol for Validating Modified Multiplex In Vitro Diagnostic
AASSAYS 1eteeeuiteeeiie et e et e e et e e et e e e e et —e e ttae e —ee ettt e et aeeantee ettt eanbeeeantee e naeeansaeeanteeeanaeeeeteeennreeans 92
Appendix E. Example Protocol for Verifying Multiplex In Vitro Diagnostic Assays............. 98
The Quality Management System Approach..........ccoceeveiiiiiiiiiiiiiieiieeee e 102

Related CLSI Reference Materials .......oooovvviiiiiiiiiiiiiiii e 104



https://webstore.ansi.org/Standards/CLSI/CLSIMM17Ed2?source=preview

This is a preview of "CLSI MM17-Ed2". Click here to purchase the full version from the ANSI store.

Vi



https://webstore.ansi.org/Standards/CLSI/CLSIMM17Ed2?source=preview

This is a preview of "CLSI MM17-Ed2". Click here to purchase the full version from the ANSI store.

Foreword

Nucleic acid testing is one of the fastest growing fields in laboratory medicine. First-generation nucleic acid
tests concentrated on measuring the presence or quantity of a single target, often using a single internal
control. Recently, the multiplex nucleic acid testing field has expanded greatly for both laboratory-
developed and marketed tests.

These assays use various platforms and technologies and measure both DNA and RNA targets. Although
the chemistry technologies applied to multiplex nucleic assays may be different, sample handling, control
strategies, data assessment, and results reporting are independent of any reagent set that might be used. In
this guideline, multiplex assays are defined as assays in which two or more targets are simultaneously
detected through a common process of sample preparation, amplification (target or signal), detection, and
interpretation.

For a multiplex nucleic acid test to reliably achieve its intended use, process control is needed from sample
acquisition and nucleic acid preparation for testing to data evaluation and results reporting. The competition
among reactions in multiplex assays may necessitate more stringent requirements for sample purity, sample
input, reagents, and platforms to avoid nonspecific reactions and background signal. Compared with single
measurand assays, multiplex assays need more controls, more complex performance evaluation and data
analysis algorithms, and more complex results reporting. Obtaining sufficient and appropriate control and
reference materials (RMs) to properly validate and verify multiplex nucleic acid tests is a major challenge.

This guideline is designed to assist laboratories and manufacturers in developing, validating, verifying,
controlling, analyzing, and implementing multiplex nucleic acid tests for diagnostic use. It provides
recommendations for various aspects of multiplex test validation and verification and also includes a
general overview of technologies currently in use for multiplex testing. The types of control and RMs that
may be available for validation, verification, and daily quality control testing for multiplex assays are
extensively discussed. Evaluation of adequate performance, as well as interpretation and reporting of
multiplex testing results, is still evolving, and additional guidance documents from regulatory and standards
organizations need to be developed. However, this guideline provides the most up-to-date recommendations
currently available.

Overview of Changes

This guideline replaces the previous edition of the approved guideline, MM17-A, published in 2008.
Several changes were made in this edition, including:

Reorganized to fit the CLSI quality management system and path of workflow format
Moved technologies overview to Appendix A

Provided detailed, updated information on specimen types

Added or revised information on RM types and uses

Included guidance on using an error-based approach to validation and verification

NOTE: The content of this guideline is supported by the CLSI consensus process and does not necessarily
reflect the views of any single individual or organization.

Key Words

Genotyping, laboratory-developed test, multiplex, multiplex assay, validation, verification
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Validation and Verification of Multiplex Nucleic Acid Assays

Chapter 1: Introduction

This chapter includes:

e Guideline’s scope and applicable exclusions

e Background information pertinent to the guideline’s content
e Standard precautions information

e “Note on Terminology” that highlights particular use and/or variation in use of terms and/or
definitions

e Terms and definitions used in the guideline

e Abbreviations and acronyms used in the guideline

1.1 Scope

This guideline provides recommendations for qualitative multiplex nucleic acid assay validation and
verification. This guideline focuses primarily on analytical validation, analytical verification, and QC and
briefly discusses establishing clinical validation and clinical verification for these assays. The intended
audience includes laboratory directors, medical microbiologists, laboratory technologists, QA personnel,
and assay manufacturers. This guideline is not intended to be regulatory guidance but to provide current
best practice recommendations. Additional regulatory and/or accreditation requirements may apply.

The design, acquisition, and appropriate use of different control materials are extensively reviewed. Current
assay formats are used to illustrate proper validation and verification protocols, and appropriate data
analysis and results reporting for multiplex assays are described. Because traditional single-measurand
protocols are difficult or impossible to perform with multiplex assays, an error-based approach to validation
and verification is presented. This error-based approach may be applicable to multiplex assays performed
with a single test method, for which the performance characteristics for different measurands are expected
to be similar.

This guideline describes general considerations and recommendations for multiplex testing platforms but
does not discuss some basic technologies covered in detail in other CLSI molecular methods guidelines
(eg, this guideline does not specifically discuss many microarray-based detection platforms or next-
generation sequencing). Appendix A provides an overview of some currently available multiplex testing
technologies. For additional information, see CLSI documents MMO1,' MMO03,> MMO06,> MMO09,* MM21,°
MM22,° and MM23.’

This guideline discusses multiplex assays for genotyping and pathogen detection and excludes gene
expression assays. This guideline also does not cover assays measuring individual targets that are then
evaluated together to yield a composite score or classifier as a result.
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