Modern Uterine
Cytopathology

Moving to the Molecular Smear



Contributors

Mary S. Chacho, MD

Department of Pathology

School of Medicine

Yale University School of Medicine
New Haven, Connecticut, USA

Eduardo L. Franco, MPH, DrPH

Department of Oncology
McGill University
Montreal, Quebec, Canada

Lutz Gissmann, PhD

Deutsches Krebsforchungszentrum
Program Infection and Cancer
Heidelberg, Germany

Marie-Héléne Mayrand, MD, MSc, FRSCS

Department of Gynecology and Obstetrics
Department of Social and Preventive Medicine
Université de Montréal

Montreal, Quebec, Canada

Bernard Naylor, MB, ChB

Professor Emeritus of Pathology
University of Michigan
Ann Arbor, Michigan, USA

Dorothy L. Rosenthal, MD

Department of Pathologoy
The Johns Hopkins School of Medicine
Baltimore, Maryland, USA

Volker Schneider, MD, FIAC

Secretary General of the International Academy of Cytology
Germany

Andrea Spence, MSc, PhD (candidate)

Department of Oncology
McGill University
Montreal, Quebec, Canada

Christina von Knebel Doeberitz, MD
Institute of Molecular Pathology

University of Heidelberg

Heidelberg, Germany

Magnus von Knebel Doeberitz, MD, PhD
Institute of Molecular Pathology
University of Heidelberg
Heidelberg, Germany

Nicolas Wentzensen, MD
Institute of Molecular Pathology
University of Heidelberg
Heidelberg, Germany




Modern Uterine
Cytopathology

Moving to the Molecular Smear

Alexander Meisels, MD, FRCPC

Professor Emeritus of Pathology
Department of Pathology and Cytology
CHA-Hopital du Saint-Sacrement and
Faculté de Médecine, Université Laval
Québec City, Canada

Carol Morin, MSc, PhD

Clinical Professor of Pathology
Department of Pathology and Cytology
CHA-Hopital du Saint-Sacrement and
Faculté de Médecine, Université Laval
Québec City, Canada

B

PRESS
ASCP Press

American Society for Clinical Pathology
Chicago, IL



Publishing Team
Erik Tanck (designer/production manager)
Joshua Weikersheimer (publishing direction)

Notice

Trade names for equipment and supplies described herein are included as
suggestions only. In no way does their inclusion constitute an endorsement
of preference by the ASCP. The ASCP urges all readers to read and follow
all manufacturers’ instructions and package insert warnings concerning the
proper and safe use of products.

B

Copyright © 2007 by the American Society for Clinical Pathology
All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted in any form or by

any means, electronic, mechanical, photocopying, recording, or
otherwise, without the prior written permission of the publisher.

Printed in Singapore

11 10 09 08 07



Table of Contents

Preface ... .. e e et e, XV
Chapter One 1
Cytopathology of the Uterus: Historical Perspectives 1
Contributed by Bernard Naylor, MB, ChB
The Early Historical Era . . ...... ... ... e i e eeeeens 1
George N. Papanicolaou (1883-1962) ............iiiiiiriinnnitrnnnnnns 2
Hormonal Cytology . . . ... ... ... eneeeeteneeneeeeneeneeesoesneenseesassneennens 4
Papanicolaou and Babes: Their Earliest Observations of Cancer Cells ...................... 5
Papanicolaou and Traut: A Most Fruitful Collaboration . . ....................ccccvvvinne. 6
RuthM.Graham (1917-1978) .. ... ..ttt i i i i nannnnnnnns 7
J.Ernest Ayre (1910-1974) . .. ..ottt it ettt ettt e e e anannns 8
From Discovery to Consolidation .............ciiiiiiiiiiiiii i 8
Virus-Induced Changes: Herpetic and Condylomatous . .................... 9
Screening for Uterine Cancer . .......... ..ottt innnnnnernnnnns 10
The Procurement of Cytologic Specimens .............. ..., 11
The Pap Smear EXposé of 1987 . ... ..ot ittt et ittt eannnnens 12
Reporting of Gynecologic Cytology Specimens:
Development of The Bethesda System (TBS) .............. ... 13
The Development of Liquid-Based Preparations ......................... 14
The Move Toward Automated Screening of Papanicolaou Smears .......... 14
Epilogue . ... e 15
ReferenCes . ... i e e e e 16
Chapter Two 2
The Normal Uterus 19
L =1 (o 3 0 19
Physiology . ... e 20
The Uterus and the ERdometrium . .............c.cceeueeeeeeeeeeeeeeeeeeneaenennnnns 20
The Endocrine Cycle and the Menstrual Cycle . . ............coueueeieeneenennnnaennns 21
LI 1S3 =T Y/ 22
Histology of the Cervix ............iuiieennetineeneeenneenssensseansonsssnnsannnns 23
CYIOIOZY .« oo e oo ettt e e ettt 25

LRy (= = o1 - J 30



vi

Meisels and Morin

Chapter Three 3
Infections and Other Benign Changes 31
INfeCtionNs . ..o et e e 31
Bacterial VAZINoSIs . ... ... ... ititeeieneneneneeeeeeaeeeesesesesesasasasasanenns 31
Chlamydia trachOmatis . ...............eeeeueeneeneeeeneeneenenesneenaonsaasanens 35
Trichomonas vaginalis .. ..............eueueeueeneeeeneeneenseeroesnsenseasanennns 37
Ll 7 - 39
VIFUSES . oo ettt ettt ittt eeeeeeneseneeaaseneeeneesasenssansannnnns 41
Other Microorganisms and Par@Sites . ...............oeeeueeenenenerneeaeeasoanaeens 44
Benign Changes .........c.iiii it i 44
Squamous Metaplasiai . .. .............oeuuuieueeaeeneneeneeaeensnesaeeasoasnasans 44
Keratinization and Epidermization . .. ...............coeuiiuiieuineenneenneenneennns 45
IRflammation . . . ........... ... ..ttt tint ittt intiineeineeeneeeneeenneennns 46
Repair and Therapy Effects . ......... ... iuiiiiiiiiiiiiiieinieinninneennns 48
Ionizing RadiQlion . ...............euueueneeeeeeeeeeeeeeeeesesesesasasaenannnans 49
CREMOLREIAPY . ... ..o oottt ittt ettt it ittt tae et enetnsaeennensensnnens 51
Electrocoagulation, Cryosurgery, and Laser Vaporization . ....................cccocou.. 52
Hormone TRErapy . ...... ... eeteeeeneneneneeeeeeaeeeesesesesesasasasasanenns 52
Intrauterine Contraceptive DeviCes . . .. .. .......uuueeeeeneneeeeeeeeresasasasasasanns 54
Patterns of Atrophy . . . ....... it e et i e 55
References . ...... ..o ettt e e 56
Chapter Four 4
Squamous Intraepithelial Lesions of the Cervix 63
Atypical Squamous Cells: ASC-US, ASC-H .......... ..., 63
HPV-Induced Changes ............iiiiiiiii i i iiinnnnnnnnns 69
KOTIOCYIOSTS .. .o oo ettt ettt eneneaeneeeeaeaeeeeeesesesesasasaennnnnans 69
DyYSKEratosis . ... .. ..o e ettt et et eeaeeaeeasaasasenseasoesaseaseasanenans 71
Atypical Dyskeratosis (HSIL) .. .........ceueueeneeneueeneeneenenesneenneneaasanens 74
Low- and High-Grade SILs . .........c ittt iiae e e innnnnens 79
Cellular Patterns of SIL . .. ... . ...ttt et eneeerneneeenseesaeeaneasaasaeens 80
Low-Grade SIL . ........... ..o ittt it ttneiteneensenenseneensenennns 80
High-Grade SIL . .......... ... ittt tnetaneneeeeneeasonsneeassnsensnnns 81
Histologic Aspects Of HSIL . . ........ .o euteieeeeeeeneeneeaseasneeaseanaaennns 83
Invasive Squamous Carcinoma . ..........cuuiiiinnrernnnnnnerrnnnnnens 84
Classification of Invasive Squamous Carcinoma . ...............c.eeeeueeeeeenneenaeens 84
Microinvasive CArcilOM@ .. .........c.c.ouueneunenteneenenseneensenensensensanennes 86
Cytology of Invasive Squamous CarciOMa@ . . . . ........ooouiiiienenneneennennnneneens 88
References ........ .t s 90



Contents

Chapter Five 5

Glandular Lesions of the Uterus

Endocervix .........ciiiiiiiiii e
Normal Endocervical Cells . ................cccoiiiiiiiiinnenn.
Endocervical Lesions ..............c.c..ouuiiiiiiiiiininneennnnn.

Endometrium ....... ... e
Classification of Endometrial Lesions ..............c.ccueeeeunnn.
Endometrial Cytology on Routine VCE Smear ....................
Indirect Signs ............ouuiieeieeeeeneeneeerneennennnnns
Endometrial Sampling . ................ci ittt

ReferenCes .. .vi ittt ittt et e e e

Chapter Six 6
Hormonal Cytology

Assessment of Hormonal Activity ......................
Cytologic Findings ...........ciiiiiiiiiiiiiiiinnnnns
ALBIrth ..........iee ittt taeeneeareasaeenaaanennns
InChildhood . ............ .. i uiuiiueeieennennnarneennennnnns
ALPUDErty . ....... ittt ittt
During the Reproductive Years ................cccoviiiiiiennenn.
During Pregnancy .............c..oeeeieneeeaennnsaeeeeeenenss
After Menopause . . .. .........c.oueueeeeneeneenneerneenenanennns
Interpretation of the Hormonal Patterns .................
References ..........ciiiiiiiiii i i i i

Chapter Seven 7

Rare Lesions of the Uterus
Contributed by Volker Schneider, MD, FIAC

Pregnancy-Associated Lesions ........................
SaArCOMAS .. .u ittt ittt e e
Sarcoma Botryoides (Embryonal Rhabdomyosarcoma)
LeiomyosarcoOma . . . ... .......ouuuueeinuneaneneenrneeanennnnns
Endometrial Stromal Tumor . ................c.cciiiiiiieennn..
Malignant Mesodermal Mixed Tumor (MMMT) ..................
Lymphomaand Leukemia ................ ... . ...,
Malignant Melanoma ............ ...
Neuroendocrine Carcinoma ..........c.ovuininennnnrnns
References ........ ...ttt

vii



viii

Meisels and Morin

Chapter Eight ol
Prevention of Uterine Cancers 136
Contributed by Marie-Hélene Mayrand, MD, MSc, FRSCS and Eduardo L. Franco, MPH, DrPH
Epidemiology and Cancer Prevention ........... ... 136
Epidemiologic Approaches to Evaluating Prevention Strategies ........... 136
Evaluation of Primary Prevention ...............c..eeeeeeeaeeneenroasaeeneeasansns 136
Evaluation of Screening Strategies . . ............c.uueueuntineneenreneaneneeneennns 137
When Should We Consider Screening? . ...........c...eeeeeueeneeereeenaenneananens 137
How do we Evaluate Screening Strategies? ..............c.uuiiiiiiieeeeennnns 139
Available Evidence in Favor of Screening for Uterine Cancers ..............c.coeeeen.. 140
Prevention Options for Endometrial Cancer ..............ciiiiiiinnnnn. 142
Prevention Options for Cervical Cancer ............ciiiiinrrrrnnnnnns 143
Primary Prevemtion . . .. ... ..... ..o uuuneiuuneneeneeneeneaeeneeesoesaeonsensonsns 143
SCPEEMING . .o oottt ettt et eeeeeeeeeaeaeesesesesasasasasnsnsenss 144
Screening Delivery . ... ... ... ... i iieieieeeeeeeeeeeeaeeeeeenerasasasacnsnaenns 144
SCreening TeStS . ... ... ..o u e ieneneneneneneneeeeeeeeeeeeeeeeesesnsnsaenenanans 144
HPYV Testing as a Primary Screening Tool . ................ccuieeeiueennenneannnnns 147
References ....... ..ot it i it it 150
Chapter Nine 9
Epidemiology of Uterine Cancers 155
Contributed by Andrea Spence, MSc, PhD (candidate), and Eduardo L. Franco, MPH, DrPH
Cancerof the Uterine CerviX ..........ouiuiiiiiini i iii i ianennnnnnnns 155
Descriptive Epidemiology . . ... ... ... ..o ue ittt eneneeeeeeeeeeeeeeeerananannnnns 155
Y A T 71 ) A 158
HPYV Infection as the Proximate Etiologic Factor . ...............ccouuiiiieieenennnn. 160
Cancerofthe Uterine Corpus . ....coiiiiiiiiii it et i e et et e aa s e eaenens 162
Descriptive Epidemiology . .. ............ueititieneeneeeeeeeeeeeeaeasenanannnnns 162
RiSKk FACIOTS . . . .o oo oo ittt ettt ettt teteeeeesesaeasaensneneneneseeaeeaannnns 162
References . ... .ot e 165
Chapter Ten 10
Human Papillomaviruses 169
Historical Review of Papillomaviruses ............ ... iiiiiiiinnnnnn. 169
Morphologic, Physical, and Chemical Properties of Papillomaviruses ....... 171
Genomic OFAMIZALION . . .........ouuueieuneneneeaeeneeesnesasonsnesaesassasnnss 173
Classification of Papillomaviruses .................uoueiiuiiuiiinneneneneennennnnns 174
High- and Low-Risk Papillomaviruses . . .............eeeeeeeneneneneeeeeeneaeaeanns 175



Contents

HPV iInfection ....... ... ittt et e 177
HPVERIry PatRWay . ......... .ttt ittt ittt aneeaneeineeneenneenns 177
HPV Life Cycle . ... .. ...ttt ittt ttteteeeeeeaeaseeneneneneneeesaeaeananns 178
Integration of HPV DNA .. ... ...ttt iateneeerensaneneensennns 179

Propagation of Papillomaviruses in Tissue Culture ...................... 180

Specific Anatomic Tropismof HPV .......... ... ... .. i, 180

Diversity of HPV and Associated Lesions . .............cciiiiiiinnnnnns 180

Transmission of HPV Infections . ........ ... i 180

Coinfection with Multiple HPV Types ....... ..t e e 182

Pathogenesis of HPV Infections .. ......... ... . i 182
Cervical Transformation Zone and Histopathogenesis ................c.cueeeeenenenn. 182

Clearance, Persistence, and Progression of HPV Infection ................ 184

Prevalence of HPV Infection .......... ... .. i 186
Prevalence Dy Age .. ... ... it ie ettt teeeeeeesaeeaeeesoesaeensaanannns 189
Prevalence by HPV GEROIYPES .. ... ov e e e e et e eneeesneeaeenseesoesasenseasansns 190

References ....... .ot i i i e e 190

Chapter Eleven 11

Cervical Carcinogenesis 201

The Cell CycCle . . .. e e e e e e e e e e e e e e e 202
The Normal Cell Cycle . .. ..... ...ttt neeeeeeeaeenseesaesanensaanans 202
Surveillance MechAmismis . .............ouiuiinieneuneineneeneenenneneensenennns 203
Control of DNA Replication . ............. ..o iuiiiiieneneneeeeeeneeeaeenanannnnns 205

Cell Cycle Proteins and Cervical Neoplasia .................. ..., 206

Viral and Host Genes Involved in Cervical Carcinogenesis ................ 207
VIFAl ONCOZENES . .. ..ottt teeeeasasasasaeaeneeesesaeanananas 208
Proto-oncogenes and Cellular Oncogenes . . ................oueieeeeueennennennnnnns 210
Tumor SuppressSor GEMES . ... ........uuuiieieuntneeneeeeeeeaeenseesaesasensensnns 211
Telomerase ACHVILY . .. ..o ettt ittt et eeeesasesasasaeaeneeaeeoaeanananas 212

Genetic and Epigenetic Changes ............cciiiiiiiiiiininnneeennnn 212
Epigenetics: Alterations in DNA Methylation and Histones ..................ccccc.... 212
Loss of Heterozygosity and Cervical Cancer .. ...............oouueiiuieiieneennnnnn. 214
Loss of Imprinting and Cervical CAnNcer .. ............c..eeeueeneeerneeneenseananens 214
Microsatellite Instability and Cervical Cancer ................c.ccoeeiuiianeneenennnns 214

The Immune System ... ... ... i e e 215
The Immune System and Genetic Susceptibility ...............ouieieieeneeenenenennns 215
Immune Evasion, HPV, and Cancer . .. .............uuueueieneneneneneeeenenennanns 216

Fight Against Cancer . ....... ... .. i i 218

References . ..... .o i e e e e 218

ix



Meisels and Morin

Chapter Twelve 12

Biomarkers in Screening of Cervical Cancer

in Modern Gynecological Cytopathology 227
Contributed by Magnus von Knebel Doeberitz, MD,

Nicolas Wentzensen, MD, and Christina von Knebel Doeberitz, MD

Aims and Scope of Novel Cervical Cancer Screening Technologies ........ 227

Molecular “Gate Keeper” Events in the Natural History
of Cervical Cancer and its Precursor Lesions ................. ..., 229

Biomarkers for Identifying Cervical Epithelial Cells

With Deregulated Viral Oncogene Expression ...............c.ciiuuna... 233
Structural Chromosomal ADerrations ................c.c..oieeeeeeenraneneeaneannnns 233
Changes of the Gene Expression Profile ................. ... ... ... .... 234

Evidence-Based Approaches to Identify Differentially Expressed Genes
in Dysplastic Cervical Cells .. .......... .. i uiiiueieeetneeneenrenraeeneeaneannnns 234

p16'NK4a Immunocytochemistry as a Screening Tool in Cervical Cytology . . .. 237

p16™5% [mmunocytochemistry as a Screening Tool in Cervical Cytology . .............. 240
Advantages of Using p16'V%% Biomarkers in Cervical Cytology ....................... 240
References ........ ... i i i it it s, 242
Chapter Thirteen 13
Human Papillomavirus Vaccines 247
Contributed by Lutz Gissmann, PhD
Immune Biology of Papillomavirus Infections . . ......................... 247
Lessons Learned From AnimalModels ................ ... ... oot 248
Papillomaviruses in Their Natural HOSES . . . . .........uuitiieneneneneeeenenennanns 248
Experimental Models for Immune Therapy . ............c.oueueueneneeeeeeneneaeanns 250
Prophylactic Vaccines ...........c.c.i ittt ittt e eeeannnnns 250
TherapeutiCc VaCCines . ..ot ii ittt ittt ettt taa e 252
Peptides .. .. .. ... eieie ittt ettt 255
Proteins ...........unuuniiiiiiiii ittt ittt i it it it e 255
Recombinant Vectors ............. ..o iiuuiniiniiuiiieeeiineeeenieeeenneeeenns 256
AULOLOGOUS DCS . . .. ..ttt ittt ettt etaeatataeaeaeaeaeaa, 256
Second-GenerationVaccines .............c.iiiiiiiiiiiiiiiniiaiaea 256

R T (=Y (0= 0 (o= 257



Contents

Chapter Fourteen 14

Quality Assurance in Cervical Cytology Smear

and Tissue Preparations 265

Quality Assurance in Cervical Cytology ...........ciiiiiiiiiinennnnn. 265

Conventional Pap Smear .........ouiiitiiiiin ittt eeaannnrennns 268
Sampling . ... ... ..ottt e e i e e e e e 268
Papanicolaou Staining Technique . ............. ..o ittt eneneneneeeeaeaeananns 270
AUtomatic SIAINING . ... .. ..ttt ettt ettt teeeeesasasesasasasasnensnaenns 270
Automatic Coverslipping ........... .. ittt iiiiit it iiiiatinnineneennennnnns 270
StAiNIng ReACHION . . ....... ... ittt it iteneeeeeeeeaeesesesesesasasasnsnennns 272
Interpretation .. .............ueiuieinennnneneeneeneeneaeeneeesonsasoneensonnns 272

What is an “Inadequate” Smear? ......... ..ttt it 272

Liquid-based Pap Smear .......... ... i e, 276
Automated and Semi-Automated Technologies . ................cccciiuiiiieienennnnn. 277
Manual LBC Preparation . ..............c.oeueuieieeneenenneneensonsnneneensensns 278

Routine Histology . ... oo i sttt e e e e e 279
Tissue FIXAHOM . ........onuu it et et et neneaeasasaeaeaesesesesasesasasoesesasanass 280
Dehydration, Embedding, and Sectioning . ................c.ceeieieueeneennennnannns 280

References . ...t e 280

Chapter Fifteen 15

The New Technologies:

Liquid-Based Cytology Imagers and Screeners 283

Contributed By Mary S. Chacho, MD

PapNetand AutoPap .......... ..o i i i nnnnnnnnns 283

ThinPrep and SurePath . .......... . .. i i i e 284

Computer Devices: Imagers and Screeners ..............ccviiiinnnnnnn. 289
FocalPoint Slide Profiler. . . ......... .. .o e iueeeeeeeeneneeeeeerarneneanenanannns 289
ThinPrep Imaging SYStem . .. ... ......ceeeeeueeneeneeerneeaeenseesaeeaeeasaasans 290

L0 o o7 11 1= o] o 291

Acknowledgements . ......... ...t i i e e e 291

References ...t e 291

xi



xii

Meisels and Morin

Chapter Sixteen 16
A Brief History of Cytology Automation 293
Contributed by Dorothy L. Rosenthal, MD
The Barly Years . . ... e e e e e et et e e e e et e e e 293
Solutions to0 Problems . . . ............ueuueeeenneneeeeneeneeaseesaeeneeanonnnnns 294
More Problems .. ............ouueeneeneeneneeneeneeesaesasenseesaesasensaanansns 294
ComPlICALIONS . ... ...ttt ettt eneeneeeenesneeneaesnesnsonsnesneennonennss 295
The Great Race for Cytology Automation ...................cciiinnn... 295
Moderrn TIMeS . .. .. ... uneeeeeeeeeeeeeeeeeeaeasoeasaeaenenesesasasasanns 295
Prior to Signing the CORIFACE . ..............uiuiiiieneentnneneenroneaneneensnnnns 297
Versatility . . ... ...ttt ettt ittt et taeenseneaeeneeasonsasenesnnonsns 297
Goals Readjusted . ............ ... i ii ittt tneetnetatensnaraeeaneannnns 298
ToQC Oor Notto QC” ..ottt it et ittt et ea e ae e nanennns 298
QC ReVISITed .. ... ...ttt teeneeneeesneeneeesuesaesosensnssneennonnnnns 301
Financial Justification . ......... ... . i 301
Robotic Risk Management . . . ... ... ... i i 301
Scannersonthe Witness Stand ............ ... ... ... ... 302
Damage Control . ...t it s 302
Back To The Future . ........ ... i i s 302
References . ... e 303
Chapter Seventeen 17
A New Era in Molecular and Serologic Diagnosis of HPV
Infections: Technical Considerations 305
Introduction . ... ... e 305
Value of HPV Testing in Clinical Practice ................... ... oo, 305
Usefulness of HPV TeSHNG .........c.oouoniuntuititentneateneenrenenneneeneennns 306
HPV Detection Approaches . ........... it ittt eeannnnns 307
Types of HPV Testing Technologies . .............c.cceueeeeueeneeneneeneenaenenannns 307
HPYV Testing in Routine Clinical Laboratories . ................cueeeeueeneeneeannnens 309
DNA/RNA Testing . ... i v it i i i i i i aannnns 311



Contents

DNA/RNA SIFUCIUTES . . .o oo oo ottt ittt it ittt it ittt neenneennns 310
Principle of HYyDridization. . . .. .......... ..ottt eineneeneonenneneeneennas 310
HPV ISH ASSays ... iiiiiiiiii ittt eae e e s aanee s saaannaennnnnns 312
Principle of ISH . .. ... ...ttt ittt ittt et eeeeesaeeneeesoesaeensaasannns 313
Commercial ISH ASSAYS . . .« oo oue et ettt et e eneeaeeeseesaeeasensaasneeasoasnnns 314
HPV Solution Hybridization Assay . .........c.ciiiiiiiiiiiiiiinnnnnnnns 315
Specimen Collection, Transport, and Storage for HCII ....................ccccvvuu.. 315
Principle of HC II High-Risk HPV DNA TeSt . ... ......ouuiiiiiitntnranennennnnnns 317
Interpretation of Results Obtained with HCII ...............cccueiiuiiiieneenennnns 317
A Third Generation of Hybrid Capture . . ............ ... uueuueeeeeneneeneenneannnns 319
HPV PCR ASSaysS .....'i'iiiiiiiii i senannnnnnnnnns 319
Principle Of PCR . .. ...ttt ittt ittt ittt ittt ettt itneeneeaneenns 319
Specific and General Primer ASSAYS . . ... ......uuueeeeeeeneeneensensaeeneeaseannnns 321
Commercial PCRASSAYS ... ...ttt et eeeeeneensnesneeasensaasaeeanaannnns 322
Real-Time PCR . ........coouuniii ittt ittt iiiieeeeiineeeeennneeenns 326
HPV RNA ASSay .....iiiiiiiii et aaaaannnnnns 334
Nucleic Acid Sequence—Based Amplification ...................c.cccciiiiiiiiinnonn. 335
PreTect HPV-Proofer ASSAY . .. ... ... eeeueeneeeeeeeneeaeeneeesoesaeeasaasansns 336
HPV Genotyping MiCroArrays . .........iiiiiiiininnnnnnnnnnnnnnnnnns 337
Principle of MICFOAITAYS .. ........eeeeie et eeeeeeeeeeaseeneaeneneneeeeaeasasanas 337
Commercial HPV Genotyping MiCrOQITAYS . . ..........cuuuieuiennenenneneennennnnns 339
The Future of Microarray-Based Technologies . ................cccuuiiiiiiiennnnenns 340
Fluorescence Chain Reaction: The Molecular Superlighting System. ........ 341
Serologic IMMUNOASSAYS .« ..ottt ittt ittt ettt ettt i en e 341
Virus-like Particles (VLPS) . .. .. ...ttt teteteeasneneneneeeeeeaeaeenanns 341
HPV Multiplexed ASSAYS . ..........uuuniiuiiiiin ittt iiietineeineeineenneeeneenns 342
Immunocytochemical Detection of Biomarkers. . ..............coiiina.. 342

MCM?2 and TOP2A Protein Detection by Immunocytochemistry or Inmunohistochemistry 343

p16'NK4a Detection By Immunocytochemistry .. ...........c.ooueuneeeneeennennnennnn. 345
QA Programs forHPV Testing ....... ... enn 346
Safety in the Cytopathology Laboratory ................ .. it 346
CONCIUSION ..ttt e i e i s 346
References .. ... ..o i e i e s 347

xiii



xiv

Meisels and Morin

Chapter Eighteen 18

Cytology of the Future:

From the Pap Smear to the Molecular Smear 359

What Will Cervical Cytology Be? ... ..o e e 359

Screening Strategies for CervicalCancer .............. ... 359
Usefulness of HPV GENOIYPING . . . ..o oo ovvint ettt et tetntaeeneensensasensensansns 359
Cytomorphology and HPV . . ... ... ...ttt tteeeenerneeasensnesneeaneannans 361
HPYV Testing and Predictive Biomarkers . ...............oeeiueueneneeeeeeneneneanns 361

Cytology ofthe Near Future .. . ... ... i e e ns 363

The Molecular SmMear .. ...t e et et et ettt e e e eeeeneannans 363

ReferenCes . ... i i e e e e 365

Appendices

Appendix 1

Guidelines for the Management of Women With Cytologic Abnormalities . . . . 369
Appendix 2

Technical Tipsand Procedures . ...........ciiiiiriiinnnnerennnnnnns 375
Section 1. Preparation of reagents for staining Papanicolaou Smears . .................. 375
Section 2. Automatic and Manual Papanicolaou Staining Procedures ................. 376
Section 3. HiStology . ..........uuiiiniinte ittt eieeetaeeaeensensaeenesasonnnnss 377
Section 4. Inmunocytochemistry: MCM?2 and TOP2A Detection . . ..................... 378
Section 5. Immunocytochemistry for p16 Detection in Histology Preparation
(CINtec p16'NK4 Histology Kit; DakoCytomation) . . ................o.euueeeneennenns 379
Section 6. Biotinyl-Tyramide-Based In Situ Hybridization for Detection of HPV-DNA . . .. 380
Section 7. HPV DNA Detection in Paraffin-Embedded Cervical Tissues . ................ 380
Section 8. PCR Detection of HPV-DNA Extracted from Paraffin-Embedded Tissues . ... .. 381
Section 9. Use of Liqui-PREP System with Digene Hybrid CaptureII . ................. 381

Appendix 3

Manufacturer’'s INdeX .. ..o ittt ittt et ettt e e e e nnnnnns 382
Glossary 385
Index 401




Preface

The last century was the golden age of
cytopathology for the prevention of intraepithelial
and invasive neoplasia of the uterine cervix.
Cytology produced a decrease of more than 80% of
cervical mortality in areas where opportunistic or
organized screening programs were implemented.
Cytopathology was also important in the discovery
of the etiologic agent of cervical cancer.

We are now in a new century. The principal
etiologic agent, the human papillomavirus, has been
identified, and prophylactic vaccines are now
available. Newly recognized biomarkers linked to
the cell cycle may help to reach more sensitive and
specific diagnoses of precancerous and cancerous
lesions of the uterine cervix. Additional new
approaches such as liquid-based cytology and
computer-assisted screening have become
available. Sensitive testing technologies for the
detection of papillomaviruses are now applicable in
nonspecialist laboratories. Longer screening
intervals and better management of risk in women
may be possible. Therefore screening strategies
need to be reevaluated and updated in the context of
this new scientific environment.

Cytomorphology will remain an important
technique for cervical cancer screening in the next
twenty years, while gradually being replaced by
molecular approaches in the context of prophylactic
HPYV vaccines that will help to further decrease the
morbidity of cervical intraepithelial lesions and
invasive carcinoma. Knowledge centered on cyto-
morphology alone will not be sufficient for students
who wish to enter the field of cytopathology now.
Real knowledge of molecular biology is mandatory.
‘We have designed our book to be a reference guide
that bridges the gap between cytomorphology,
molecular biology, and molecular technologies.

But the real revolution took place back in 1976
when cervical intraepithelial lesions were linked for
the first time to human papillomaviruses. The
intervening 30 years have witnessed increasing
understanding of cervical cancer. Claiming that
cytology will remain forever the invincible
screening tool for prevention of cervical cancer is
untenable in face of that discovery. The Pap smear
will inevitably be replaced by the “molecular smear,”

ie, by molecular technologies. Meanwhile cervical
cytology remains a crucial part of cervical screening.

We hope that Modern Uterine Cytology:
Moving to the Molecular Smear will be an
important tool of use to everyone wanting to learn
more about the interplay of cytology and molecular
technologies in diagnosis. Modern Uterine Cyto-
pathology will allow all those involved in the study
of cervical cancer (cytologists, cytopathologists,
pathologists, cytotechnicians, biologists, virologists,
and epidemiologists) to get a global theoretical and
practical vision of cell morphology, the classifica-
tion of lesions (The Bethesda System), quality
assurance in cervical cytology, the human papillo-
mavirus and other infections, cervical carcinogen-
esis, the epidemiology and prevention strategies of
cervical lesions; the HPV vaccines; and the new
technologies for the study of cell morphology
(liquid-based cytology and automatic screeners)
with emphasis on recent developments in the
detection of HPV and cell biomarkers. The principles
of specialized techniques are fully described without
cumbersome details of procedures. The necessary
establishment of a quality assurance program for
HPV testing and a safety program in the
cytopathology laboratory are also discussed.
Appendices were added: One illustrates a series of
algorithms for the management of women with
cytological abnormalities elaborated by the
American Society for Colposcopy and Cervical
Pathology (ASCCP); another reports on technical
tips and special procedures; the third provides a
current marketplace of suppliers. A glossary
contains more than 400 definitions.

For over half a century cytology achieved great
reductions in mortality due to cancer of the cervix
in all countries where screening encompassed a
majority of women, whether in an organized
screening program (North European countries) or
in a random manner (North America). It was
practiced by well trained and dedicated cytotech-
nologists and cytopathologists in a simple way,
using only unsophisticated means: Glass slides,
coverslips, stains, and microscopes. Every cell on
the cell spread was examined by the human eye and
a diagnosis was reached based on past experience.
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In order to be effective cytology has to be available
as nearly as possible to every woman. Even in the
best of circumstances, conventional cytology
suffered from drawbacks, most importantly a false-
negative rate that has been estimated to vary
between 5% and 50%. Only the regularly repeated
examination can obviate this problem.

The development of liquid-based cytology was
intended to remedy the sometimes high rate of
inadequate cell samples and to lessen the rate of false-
negative results. Efforts to automate cytology, started
by George Wied and others, met with very limited
success. Wied’s TYCAS system was highly proficient
in diagnosing individual cases, but could not be
applied as a screening tool because it was too slow
and too expensive. Cytology became a challenge to
the industry because it, with anatomic pathology,
remained a non-automated laboratory procedure.

Electronic robots are beginning to screen slides,
some of which will no longer be examined by human
eyes. Typing for papillomaviruses can be automated,
but only indicates infection, and at most an
increased risk to develop a lesion. More specific
markers for early neoplastic changes within cells are
being developed and will probably be automated.

The emergence of vaccines will further limit
the scope of cytology. Eventually only unvaccinated
populations will be screened, and sooner or later the
usefulness of gynecologic cytology will be consid-
erably reduced, marking the end of applicability for
the extraordinarily successful pap smear technique.

However we do not have a crystal ball to show
us unequivocally where cytology is going. We
should consider the sociologic impact of the new
technologies. These new strategies will be mostly
related to molecular approaches in the context of
extensive vaccination programs against HPV, the
main cause of cervical cancer. This development
raises many questions. Is it possible to estimate

when this evolution will definitively take place?
What is going to happen to cytopathologists and
cytotechnologists within the next twenty years?
How long are we going to continue to teach and
train cytopathologists and cytotechnologists? How
are women going to react about giving up cervical
smear as a screening tool of cervical cancer? Will
they embrace a recognition that cervical cancer is
an STD issue? How can they be prepared to accept
new technologies and screening protocols? Old
habits are difficult to break, not only for the public,
but also for the medical profession.

This new book is designed to be a practical
reference guide to the complex domain of cervical
cytopathology taking into account the develop-
ments of the last 30 years, but it cannot—and does
not try to—answer many of those questions.
Modern Uterine Cytopathology: Moving 1o the
Molecular Smear instead focuses on the needs of
working cytology and allied professionals.

We are most fortunate to have the collaboration
of some of the world's premier experts in the field of
historical perspectives on cytology and cytology
automation; rare lesions of the uterus; epidemiology
and prevention of cervical cancers; biomarkers in
screening of cervical cancer; human papillomavirus
vaccines; and new technologies on liquid-based
cytology and computer assisted screeners. The
Author/Editors are deeply indebted to all contribu-
tors who generously gave their time, enthusiasm,
and invaluable help to make this text possible.

Finally the authors sincerely thank the ASCP
Press, particularly those who worked most directly
on the layout of the book, and particularly Joshua
Weikersheimer for finding ways to make this new
book even more than we had envisioned.

Alexander Meisels, MD, FRCPC
Carol Morin, MSc, PhD
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