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Lecture Outline: Part 1

1. Brief review of the fundamentals of cancer biology

and taxonomy of cancer

2.   Review of modern pathology histology laboratory

3. Next generation DNA sequencing and deep tumor

sequencing analysis

Fundamentals of cancer biology and

taxonomy of cancer
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Definition of cancer

Uncontrolled proliferation of cells

1 cell 

30 doublings

(8-10 years)

1 x 109 cells 1x1012 cells

Clinically detectable tumor Lethal tumor

1-2 years

Virtually all cancers are initiated by a single mutation

A single mutation is not enough to cause cancer

Most cancer cells derive from a single abnormal cell

Makohon-Moore A, Iacobuzio-Donahue CA. Pancreatic cancer biology and genetics from an evolutionary perspective.  Nat Rev Cancer. 2016 Sep;16(9):553-65. doi: 

10.1038/nrc.2016.66. Epub 2016 Jul 22. Review. PMID: 27444064
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Cancers develop in slow stages from mildly aberrant cells

Cancer cells differ according to the cell type from 

which they derive

Normal breast Breast cancer

Cancers arise in different tissues with different frequencies
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Lifetime total of stem cell divisions versus cancer risk in a tissue

Total number of lifetime stem cell divisions

Taxonomy of neoplasia: Anatomic site and 

cell of origin

Taxonomy of neoplasia: Cell of origin 

hematolymphoid

carcinoma

sarcoma
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NCCN GUIDELINES FOR TREATMENT OF CANCER BY SITE

NCCN Guidelines for breast cancer
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The modern pathology tissue processing laboratory

Formalin specimen container

Tissue cassettes in a rack 
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Tissue processor

Inside of the tissue processor

Paraffin embedding
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Microtome

Paraffin tissue block

Tissue slide transfer
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Automated slide stainer

H&E stained glass slides

Microscopic analysis of slides
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Invasive breast cancer

Cancer histologic grade

Low grade (1) Intermediate grade (2) High grade (3)

Breast cancer grade and overall survival

Mod Pathology ; 13 (7), 2000 730-735
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Breast cancer stage, TNM system

T = Tumor

N = Lymph nodes

M = Metastasis

Breast cancer stage, AJCC grouping

Breast cancer stage and overall survival
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Genetic lesions driving tumors

“New directions in science are launched by new tools 

much more often than by new concepts or ideas”

Freeman Dyson, 

Imagined Worlds

Really old DNA sequencing technology: 

chain-terminator 
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Sanger DNA sequencing method

February 2001: First draft of the human genome completed
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Next Generation DNA sequencing (NGS)

Sequencing by synthesis

Illumina MiSeq Instrument
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Ion torrent: Semiconductor chip based DNA sequencing

Ion torrent: semiconductor chip based DNA 

sequencing

Sequencing by voltage
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Assembly of next generation DNA sequencing data

Foundation Medicine Assay for Cancer

324 cancer associated genes interrogated by the FoundationOne CDx assay
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Foundation Medicine Assay for Cancer

Foundation Medicine Assay for Cancer

1. Cancer as a microevolutionary process

2.   Pancreatic cancer as a model of cancer evolution

3. Limitations of targeted therapy

3. Immunotherapy for cancer  

Lecture Outline: Part 2
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Charles Darwin: Origin of the species 

Darwin, Charles Robert. The Origin of Species. Vol. XI. The Harvard Classics. New York: P.F. Collier & Son, 1909–14; 

Bartleby.com, 2001. www.bartleby.com/11/. 

Clonal diversity within tumors

Intratumoral clonal evolution

Brosnan JA, Iacobuzio-Donahue CA. A new branch on the tree: next-generation sequencing in the study of cancer evolution Semin Cell Dev Biol. 

2012 Apr;23(2):237-42. doi: 10.1016/j.semcdb.2011.12.008. Epub 2012 Jan 8. Review. PMID: 22245832
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Cancer as a microevolutionary process

Cancer as an evolutionary and ecological process. Cancer as an evolutionary and ecological process. Merlo LM, Pepper JW, 

Reid BJ, Maley CC. Nat Rev Cancer. 2006 Dec;6(12):924-35. Epub 2006 Nov 16. 

Pancreatic cancer as a model of cancer evolution

Makohon-Moore A, Iacobuzio-Donahue CA. Pancreatic cancer biology and genetics from an evolutionary perspective.  

Nat Rev Cancer. 2016 Sep;16(9):553-65. doi: 10.1038/nrc.2016.66. Epub 2016 Jul 22. Review. PMID: 27444064

Next generation DNA sequencing applied to tumors in 

patients with advanced cancer

Johns Hopkins University Medical Center pancreatic 

cancer research group

• Rapid autopsy provides high quality DNA from tumors (both primary and

metastatic)

• Next generation DNA sequencing technologies have revolutionized

the study of cancer genomes

• Next generation DNA sequencing methods provide the technical

resolution needed to decipher clonal evolution
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Comparative lesion sequencing

Iacobuzio-Donahue CA. Genetic evolution of pancreatic cancer: lessons learnt from the pancreatic cancer genome sequencing project. 

Gut. 2012 Jul;61(7):1085-94. doi: 10.1136/gut.2010.236026. Epub 2011 Jul 11.

Clonal progression of pancreatic cancer

Iacobuzio-Donahue CA. Genetic evolution of pancreatic cancer: lessons learnt from the pancreatic cancer genome sequencing project. 

Gut. 2012 Jul;61(7):1085-94. doi: 10.1136/gut.2010.236026. Epub 2011 Jul 11.
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Geographic mapping of metastatic clones within a primary pancreas tumor

Patient # Pa02

Patient # Pa03
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Patient # Pa07 

Clonal progression of pancreatic cancer

Yachida S1, Jones S, Bozic I, Antal T, Leary R, Fu B, Kamiyama M, Hruban RH, Eshleman JR, Nowak MA, Velculescu VE, Kinzler KW, Vogelstein B, 

Iacobuzio-Donahue CA. Distant metastasis occurs late during the genetic evolution of pancreatic cancer. Nature. 2010 Oct 28;467(7319):1114-7. doi: 

10.1038/nature09515.

Limitations of targeted therapy 
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Gerlinger et al. N Engl J Med. 2012;366:883.

One tumor, multiple subclones

Intratumoral heterogeneity
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Clonal (i.e. target) evolution

Lee et al. J Clin Oncol. 2017;35:3065.

Patient # 1:      50 year-old-woman with recurrent endometrial cancer
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Patient # 2:  70-year-old woman with a history of colon cancer 3 years ago, 

now with a liver mass

Do targets behave the same in different tumors?

Hyman et al. N Engl J Med. 2015;373:726.



4/9/2019

26

Do targets behave the same in different tumors?

Drilon et al. N Engl J Med. 2018;379:111.

Le Tourneau et al. Lancet Oncol. 2015;16:1324.

NCI MATCH TRIAL 2016

• Molecular Analysis for Therapy Choice

• Trial run by NCI

• Basket trial

• 24 treatment arms

• Enroll 5000 patients

• Open July 2015 – June 2022

• End points are ORR and PFS
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Wang DH, Park JY. Precision Medicine in Gastrointestinal Pathology. Arch Pathol Lab Med. 2016 May;140(5):449-60. doi: 

10.5858/arpa.2015-0317-RA. PMID: 27128302 

Clinical trial design: Traditional v. Basket
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NCI MATCH: targeted agents

Afatanib

Crizotinib

Osimertinib

NCI MATCH: targeted agents

Dabrafenib + trametinib

Taselisib

GSK2636771
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NCI MATCH: Monoclonal antibody biologic therapies

Ado-trastuzumab emtansine

Nivolumab

Humanized mouse monoclonal IgG4 anti-PD-1 antibody

Targeted treatment of the b clone in a pancreatic cancer

• Every cancer is a unique organism

• Clinically detectable cancers (>109 cells) are a complex

mosaic of distinct clones

• The most common driver mutations identified in cancers

are not targetable at the current time

• No matter how effective a targeted therapy, resistant cancer

cells will always grow back to fill the void

• Targeted therapy can only slow down advanced cancers, 

you cannot hope to kill every single subclone in a genetically diverse

tumor

Implications of deep sequencing of tumors
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Navican precision cancer care©: Intermountain health in Utah

Cost of cancer care – the drugs

The first immunotherapy
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Immunotherapy: overview

Checkpoint

Inhibitors

CAR T cells

Immunotherapy in Oncology

Immunohistochemistry: anti-PD-L1
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Chimeric antigen receptor (CAR) T-cells

Chimeric antigen receptor (CAR) T-cells
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Chimeric antigen receptor (CAR) T-cells

Immunotherapy: CAR T cells

Pagel et al. JAMA Oncol. 

2017;3:1595.

Grupp et al. N Engl J Med. 2013;368:1509.
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Thank you

matt.burtelow@gmail.com


