
“Likely as the recent Cancer Moonshot Initiative highlights, this book well describes the importance 
of genetics/genomics-based personalized therapies to improve cancer treatments. This field is growing 
rapidly, and it is certain that many scientists should obtain professional knowledge of ‘cancer precision 
medicine’ to cure more cancer patients.”

Prof. Yusuke Nakamura
University of Chicago, USA

“At a time when an explosive increase in data has combined with rapidly evolving treatment 
paradigms, it has become particularly challenging for modern clinicians and medical researchers 
alike to put these advances in knowledge and practice into a proper context. It is in light of this 
predicament that this new volume edited by Dr. Il-Jin Kim provides a much-needed organization and 
harmonic understanding to the cacophony of information regarding the elusive realm of precision 
medicine. Covering an exhaustive array of topics ranging from the basic science of tumor modeling 
to the biology of tumor microenvironments to the horizon of cancer immunotherapy and advances for 
specific cancer types, this clearly written and very readable compilation provides a solid foundation 
for comprehending the rapidly advancing dawn of a truly new, personalized, precision approach to the 
treatment and, hopefully, the cure of cancer.”

Prof. Michael J. Mann
University of California, San Francisco

This book covers almost all fields of cancer genetics and genomics for personalized medicine. 
Targeted therapy, or precision medicine, or personalized medicine is becoming a standard 
treatment for many diseases, including cancer. However, how much do we know about the 
personalized medicine approach? This lucid book helps undergraduate and graduate students, 
professional researchers, and clinicians to better understand the key concept of personalized 
medicine.

The most up-to-date topics on personalized medicine in this book cover the recent trends in and 
updates on lung, gastric, liver, breast, and other types of cancers. Circulating tumor cell, cell-free 
circulating DNA, and microRNAs are discussed as new diagnostic and prognostic markers for 
cancer. The avatar mouse model is also discussed for maximizing treatment efficacy and prognosis 
prediction, and so is microenvironment as a drug resistance mechanism. With classical and new 
pathological approaches, the book provides a systemic overview of personalized immunotherapies 
and hyperthermic intraperitoneal chemotherapy, followed by new emerging fields of hereditary 
cancer, thereby equipping readers to eventually contribute in developing more advanced tools and 
therapies for curing cancer.
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He has published more than 70 papers, including in Science and Nature Communications. He has 
also received three awards from the American Association for Cancer Research for developing  
innovative genetic and diagnostic assays. Dr. Kim graduated from the College of Veterinary 
Medicine, Seoul National University, with a BS and DVM (magna cum laude), and a PhD in tumor 
biology. In 2010, he joined the UCSF faculty in the Department of Surgery. 

Kim

Il-Jin Kimedited by

Cancer Genetics and Genomics for Personalized Medicine

Cancer Genetics 
and Genomics for 
Personalized Medicine

ISBN 978-981-4669-87-0
V517



Cancer Genetics 
and Genomics for 

Personalized Medicine





for the World
Wind Power
The Rise of Modern Wind Energy

Preben Maegaard
Anna Krenz
Wolfgang Palz

editors

Pan Stanford Series on Renewable Energy — Volume 2

Cancer Genetics 
and Genomics for 

Personalized Medicine

II-Jin Kim
edited by



March 1, 2017 9:57 PSP Book - 9in x 6in 00-II-Jin-Kim-Prelims

Published by

Pan Stanford Publishing Pte. Ltd.

Penthouse Level, Suntec Tower 3

8 Temasek Boulevard

Singapore 038988

Email: editorial@panstanford.com

Web: www.panstanford.com

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

Cancer Genetics and Genomics for Personalized Medicine

Copyright c© 2017 Pan Stanford Publishing Pte. Ltd.

All rights reserved. This book, or parts thereof, may not be reproduced in any
form or by any means, electronic or mechanical, including photocopying,
recording or any information storage and retrieval system now known or to
be invented, without written permission from the publisher.

For photocopying of material in this volume, please pay a copying

fee through the Copyright Clearance Center, Inc., 222 Rosewood Drive,

Danvers, MA 01923, USA. In this case permission to photocopy is not

required from the publisher.

ISBN 978-981-4669-87-0 (Hardcover)

ISBN 978-1-315-36476-6 (eBook)

Printed in the USA



March 1, 2017 9:57 PSP Book - 9in x 6in 00-II-Jin-Kim-Prelims

Contents

Preface xiii

1 Personalized Medicine for Cancer: Introduction and
Overview of the Book 1
Il-Jin Kim and David Jablons
1.1 Changing the Treatment Paradigm for Cancer 1

1.2 Companion Diagnostics and New Sequencing

Technologies 3

1.3 Early Detection of Cancer and Tumor

Recurrence Monitoring: Circulating Tumor

Cell (CTC) and Circulating Tumor DNA

(ctDNA) 5

1.4 Cancer Animal (Mouse) Models and

Microenvironment for Personalized Medicine 6

1.5 Personalized Immunotherapy 7

1.6 Hereditary Cancer Syndromes and Potential

Treatment 7

1.7 Future Directions 8

2 Personalized Medicine in Lung Cancer 15
Daniela Morales-Espinosa, Silvia Garcı́a-Román,
and Rafael Rosell
2.1 Introduction 15

2.1.1 Predictive Models 16

2.1.2 The Molecular Diagnostics Approach 17

2.1.3 Conventional Chemotherapy 19

2.1.3.1 Cisplatin 19

2.1.3.2 Pemetrexed 20



March 1, 2017 9:57 PSP Book - 9in x 6in 00-II-Jin-Kim-Prelims

vi Contents

2.1.3.3 Gemcitabine 21

2.1.3.4 Taxanes 22

2.2 Genetic Alterations and New Potential Targets 23

2.2.1 Receptor Tyrosine Kinases 24

2.2.1.1 EGFR inhibitors (first and second

generation) 24

2.2.1.2 ALK rearrangement (first and second

generation) 25

2.2.1.3 ROS1 26

2.2.2 Epigenetic Factors 27

2.2.3 Transcription Factors 30

2.2.4 Repurposing Drugs 32

2.3 Conclusions 33

3 Genome-Based Personalized Medicine in Liver Cancer 39
Jae-Jun Shim and Ju-Seog Lee
3.1 Introduction 39

3.1.1 Epidemiology of Liver Cancer 39

3.1.2 Clinical Characteristics of Liver Cancer 40

3.2 Why Personalized Medicine is Important in Patients

with Liver Cancer? 41

3.3 Methods and Results of Genomic Profiling of Liver

Cancer 42

3.3.1 Comparative Genomic Hybridization (CGH) 42

3.3.2 Microarray-Based Technology 43

3.3.3 Next-Generation Sequencing 44

3.3.4 Integromics: Integration of Multiple -omic Data 45

3.4 Conclusion 47

4 Applications of Circulating DNA Analysis in Personalized
Medicine 53
Dana W. Y. Tsui and Muhammed Murtaza
4.1 Biological Characteristics of Circulating DNA 53

4.1.1 History 53

4.1.2 Biological Characteristics 54

4.2 Molecular Methods for Circulating DNA Analysis 55

4.3 Circulating Tumor-Specific DNA in Cancer Patients 58



March 1, 2017 9:57 PSP Book - 9in x 6in 00-II-Jin-Kim-Prelims

Contents vii

4.3.1 Monitoring of Tumor Burden and Disease

Response 58

4.3.2 Molecular Stratification for Targeted Therapies 59

4.3.3 Analysis of Clonal Evolution and Therapeutic

Resistance 60

4.4 Circulating DNA for Noninvasive Prenatal Diagnostics 60

4.4.1 Noninvasive Diagnosis of Fetal Genetic

Diseases 61

4.4.2 Noninvasive Prenatal Diagnosis of

Down-Syndrome 61

4.4.3 Noninvasive Sequencing of the Fetal Genome 62

4.4.4 Clinical Implementation of Prenatal Diagnosis 63

4.5 Circulating DNA in Transplant Recipients 63

4.6 Pre-analytical Considerations 63

4.7 Conclusion 65

5 Circulating Tumor Cells and Personalized Medicine 77
Jin Sun Lee, Mark Jesus M. Magbanua, Marc R. Jabon,
and John W. Park
5.1 Metastasis and Circulating Tumor Cells 77

5.1.1 The Metastatic Process 78

5.1.2 Circulating Tumor Cells 79

5.2 Enrichment and Detection of CTCs 79

5.2.1 Enrichment 80

5.2.2 Detection 82

5.2.2.1 Immuno-cytomorphological approach:

Immunocytochemistry (ICC) 82

5.2.2.2 Molecular approach: Real-time

reverse transcription polymerase

chain reaction (RT-PCR) 84

5.3 Clinical Implications of CTC Detection and

Enumeration 84

5.3.1 Breast Cancer 85

5.3.2 Prostate Cancer 86

5.3.3 Colorectal Cancer 87

5.3.4 Lung Cancer 88

5.4 Molecular Characterization of CTC and Personalized

Medicine 89



March 1, 2017 9:57 PSP Book - 9in x 6in 00-II-Jin-Kim-Prelims

viii Contents

5.4.1 Tumor Biomarkers in CTCs 89

5.4.2 Molecular Analysis of CTCs 90

5.4.3 Clinical Trials for Personalized Medicine 90

5.5 Summary 92

6 Mouse Models in Personalized Cancer Medicine 103
M. E. Beaulieu, T. Jauset, D. Massó-Vallés, L. Soucek,
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Preface

On a busy morning one day, I got an email from a publisher asking

for a new publication on precision and personalized medicine for

cancer treatment and research. By that time, I had led several

relevant projects, including the development of new next-generation

sequencing (NGS) technologies and corresponding bioinformatics

programs. There were surely successful and commercial products

developed from these projects (which are now available in the

genetic analysis market in the world), yet I was not sure if I would

be able to write or edit a textbook on a big topic like personalized

medicine. Previously, I only had had a chance to join two scientific

books as a single-chapter contributor, but had never written or

edited a whole book by myself. It seemed quite overwhelming to

me at the time. However, as several months passed since I received

the first email about this opportunity, I began to open my mind and

be more positive towards the idea. In fact, I had been working on

personalized medicine, cancer genetics, companion diagnostics, and

cancer biomarker discovery for more than 15 years by then. Thus, I

thought it would be good to organize and integrate all the knowledge

that I have along with that which top-level scientists, researchers,

and medical doctors have been gathering regarding personalized

medicine in cancer. Consequently, I gladly decided to embark on

this project even though I was very busy developing multiple new

sequencing and genetic technologies. First, I tried to select the topics

that could be the most beneficial for the people engaged in training

such as graduate students, medical residents, and other high-

level professionals who are relatively unfamiliar with personalized

medicine. The next thing I did was the most time-consuming and

challenging work—finding the most suitable people who can write

on the topic with up-to-date knowledge and information in a plain
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xiv Preface

language. As a matter of fact, it took me almost an entire year to find

all the world-class authors for each chapter. I really appreciate all the

contributors of each chapter in this book. Without their contribution

and efforts, the book could not have been published. I thank them

for their patience and support because it took much longer than

expected to finally get this book published. I also appreciate my good

friend and colleague Pedro Mendez, who designed the cover for this

book. I must say that he is the most artistic person I have ever met

in my group. I also thank James Kim for his editorial assistance and

sincere friendship. I thank the whole team at the UCSF Thoracic

Oncology Program and CureSeq for their support and inspiration

on precision medicine and companion diagnostics in developing

new weapons (the world’s fastest mutation screening assay) fighting

cancer. Finally, I thank Stanford Chong greatly for suggesting and

giving me a chance to publish this book, and Sarabjeet Garcha for

all the help and communication.

I would like to offer my wholehearted gratitude to my family who

supported me not only in the writing of this book but also in all my

work in general. My parents, Ho-Young Kim and Yong-Soon Bang, in

Korea taught me well to maintain a strong passion for my life’s goals,

and also to give endless love to my family. My wife, Hio Chung Kang,

and my two sons, Thomas Kunhee and Benjamin Kunjune Kim, are

truly the very source of all my sweat, effort, motivation, and energy

behind the achievements.

We are already in the era of personalized and precision

medicine for curing cancer. Technologies and methods will develop

continuously and evolve rapidly. However, grasping the core concept

and principles will constantly remain crucial until we finally cure

cancer. I really hope this book will be helpful and informative to

current and future heroes and heroines in their fight against, and

the eventual conquest over, cancer.

Il-Jin Kim
February 2017
San Francisco




