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DNA sequencing of human tumor:
Next generation pathology
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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




Definition of cancer

Uncontrolled proliferation of cells

30 doublings
(8-10 years)

¢ mmmm) )

1x10° cells 1x10*2 cells

Clinically detectable tumor Lethal tumor

Virtually all cancers are initiated by a single mutation

A single mutation is not enough to cause cancer

LINEAR SCALE
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Deaths per million people per year
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Most cancer cells derive from a single abnormal cell

@ Stage 1: initiation

CECECI
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Cancers develop in slow stages from mildly aberrant cells

Invasive
In situ cancer
Cell with cancer :
mutation Dysp‘lasia

Hyperplasia

Cancer cells differ according to the cell type from
which they derive

Normal breast Breast cancer

Cancers arise in different tissues with different frequencies

Published inal edited form as:
Science. 2015 January 2; 347(6217): 78-81_ doi:10.1126/science. 1 260825

Variation in cancer risk among tissues can be explained by the
number of stem cell divisions

Cristian Tomasetti'” and Bert Vogelstein?”

Division of Biostatistics and Bioinformatics, Department of Oncology, Sidney Kimmel Cancer
Center, Johns Hopkins University School of Medicine and Department of Biostatistics, Johns
Hopkins Bloomberg School of Public Health, 550 North Broadway, Baltimore, MD 21205, USA

2Ludwig Center for Cancer Genetics and Therapeutics and Howard Hughes Medical Institute,
Johns Hopkins Kimmel Cancer Center, 1650 Orleans Street, Baltimore, MD 21205, USA
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Lifetime total of stem cell divisions versus cancer risk in a tissue
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Taxonomy of neoplasia: Anatomic site and
cell of origin
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Taxonomy of neoplasia: Cell of origin

hematolymphoid

carcinoma

sarcoma




National

Comprehensive

N[OOI Cancer

Network®

NCCN GUIDELINES FOR TREATMENT OF CANCER BY SITE

NCCN Guidelines for breast cancer

NCCN Guidelines Version 4.2018
Breast Cancer

N:

S mahensive NCCN Guidelines Version 4.2018

C
NCON I Breast Cancer

Network

Clinical Trials: NCCN believes.

that the bast management for any
ient with cancer is in a clrical

risl

Partiopaton in clinical vials i

‘especialy encouraged.

To find cinical vials oniine at

NCCN Member Instiutions.

NCCN Categories of

Evidence and Consensus: Al
ommendasons are category

2A unless othorwse indicated.

NCCN Categorios of
Preference

Al recomnendaticns are
considered appropeiate.

See NCCN Categories of
Proference
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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

Intermediate Grade

NSBR Grades
High Grade

Prabability of Survival

T 1.0

Years Since Breast Cancer Diagnosis

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

American Joint Committee on Cancer

Breast Cancer Staging g """

m T2 Taa

N = Lymph nodes
M = Metastasis

Breast cancer stage, AJCC grouping

ANATOMIC STAGE/PROGNOSTIC GROUPS
Stage 0 NO
StagelA __No
Stage 1B | Niml
N1mi
StagellA | | N1~
N1**
| . No
Stage IIB M
NO
StagelllA | N2
N2
N2
N1
| | N2
StagelllB | ___No
N1
| _ N2
Stage I1IC Any T N3
Stage IV Any T Any N

Breast cancer stage and overall survival

Bland K, & al. Canc
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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

4/9/2019
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[ GACTP >

ddATP b

ddTTP

(- cRyc c

Dye-labeled dideoxynucleotides are used to
generate DNA fragments of different lengths TCTGGTCTTATTTCC

130

Sanger DNA sequencing method

{Experimental Data) sequence0l.abi

February 2001: First draft of the human genome completed

4/9/2019
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Next Generation DNA sequencing (NGS)

Sequencing by synthesis

A
ANGCTTT AANGCcT TT

[lumina

lllumina MiSeq Instrument

[lumina
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lon torrent: Semiconductor chip based DNA sequencing

lon torrent: semiconductor chip based DNA
sequencing

i M;tal-oxide-sensing lay
Sensor

Floating
metal gate AV

Bulk Drain Source —»To column
Silicon substrate receiver

Sequencing by voltage

TAGCAAGGGA
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Assembly of next generation DNA sequencing data

/ Reference Genome Sequence

Foundation Medicine Assay for Cancer

Ga FOUNDATIONONE*CDx

¢ Forallsold umoc cancers

¢ Perter .

+ May by bty s theagey, smanceberapy. and chnies ral pesons

¢ Inchaes more than y00 gewes and biomarkers
4 Can ekl PD-La i crdered by your physician

LEABN MOBE

Ga OUNDATIONONE® LIQUID
¢ Al for ol el sumer cancers

4 Performesd on bload

o Tia i clled  Bquid blogwy
My ety ety s thevag, s eherapy. and chnics ] cgeions

+ Inchates more than 70 grves and Womarkers

GD FOUNDATIONONE "HEME

+ For blrad cancers like ke and lympboma. are for sarcomas

¢ Performed on blocd, hose marrow. o tasue
+ Moy bty el e theeagy, o by, and cinica 11l cpeions

4 Inchates more than 400 prmes and biomarkers

324 cancer associated genes interrogated by the FoundationOne CDx assay

Current Gene List*
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Foundation Medicine Assay for Cancer

2 BASE INSERTIONS AND. COPY NUMBER COPY NUMBER REARRANGEMENTS:
TECHNICAL SUBSTITUTIONS DELETIONS ALTERATIONS - ALTERATIONS -

INFORMATION AMPLIFICATIONS

Sensitivity >90% >99%

Specificity (PPV) >99% >99% >99% >99% >99%

Concordance MS! o7

Concordance TMB. >a0%e

Typical median depth
of coverage

Sample requiremants

Turn-around time 4-do,

Foundation Medicine Assay for Cancer

g

FOUNDATIONONE

Report Date

Date of Birth
Gender

FMI Case #
Medical Record ¥
Specimen 1D

Ciient
Ordering Physician
Additional Recipiant
FMI Client #
Pathologist

Specimen Received
Specimen Site
Date of Collection
Specimen Type

ABOUT THE TEST.

PATIENT RESULTS TUMOR TYPE: LUNG ADENOCARCINOMA

[ Genomic Alterations Identified!

ALK E
CDKN. S8

Additional Di I Genes with No
Alterations Detected
GFR

LK fusion
3285-1 G>A

Lecture Outline: Part 2

Cancer as a microevolutionary process

Pancreatic cancer as a model of cancer evolution

Limitations of targeted therapy

Immunotherapy for cancer

17
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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

Clonal Theory (Nowell 1976)

Intratumoral clonal evolution

Heterogeneity

Subclones with Varying Abilities to Invade,
Metastasize and Resist Treatment

Donahue CA. A new branch on the tree: next-generation se

eq in jolution Semin Cell Dev Biol
doi: 10.1016/j.semedb.2011.12.008. Epub 2012 Jan 8. Review. PMID:

18



Cancer as a microevolutionary process

«

neutral "

a8

Time

Copyright © 2006 Nature Publishing Group
Nature Reviews | Cancer

i evolutionary and ecological process. Merlo LM, Pepper JW,

as an evolutionary and ecological pre
Epub 2006 Nov 16.

3, Maley CC. Nat Rev Cancer. 2006

Pancreatic cancer as a model of cancer evolution

Normal PaniN-1

A, lacobuzio-Donahue CA. Pan
2016 Sep;16(9):553-65. doi: 10.1

Next generation DNA sequencing applied to tu
patients with advanced cancer

Johns Hopkins University Medical Center pancreatic
cancer research group

» Rapid autopsy provides high quality DNA from tumors (both primary and
MEESE)

« 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

19



Distant Metastasis Occurs Late during the Genetic Evolution of
Pancreatic Cancer

Shinichi Yachida', Sian Jones !, lvana Bozic®, Tibor Antal>%, Rebecca Leary*, Baojin
Fu', Mihoko Kamiyama', Ralph H. Hruban'.2, James R. Eshleman’, Martin A. NowakS,
Victor E. Velculescu¢, Kenneth W. Kinzler*, Bert Vogelstein®, and Christine A. lacobuzio-
Donahue'23”"

*Department of Pathology, The Sol Goldman Pancreatic Cancer Research Center, Johns
Hopkins Medical Institutions, Baltimore Maryland 21231 USA

2Department of Oncology, The Sol Goldman Pancreatic Cancer Research Center, Johns Hopkins
Medical Institutions, Baltimore Maryland 21231 USA

3Department of Surgery, The Sol Goldman Pancreatic Cancer Research Center, Johns Hopkins
Medical Institutions, Baltimore Maryland 21231 USA

“The Ludwig Center for Cancer Genetics and Therapeutics and The Howard Hughes Medical
Institute at The Johns Hopkins Kimmel Cancer Center, Baltimore, Maryland 21231 USA

*Program for Evolutionary Dynamics, Department of Mathematics, Department of Organismic and
Evolutionary Biology, Harvard University, Cambridge, Massachusetts 02138 USA

©School of Mathematics, University of Edinburgh, Edinburgh EH9-3JZ, UK

Comparative lesion sequencing

Evaluate for presence
of the same mutations
in genes A-F in additional samples
from same patient
Whole exome
sequencing
of index lesion

Founder mutations
genesACDandE

Mutation
in genes
AB,CDE
and F

Progressor mutations
genesBand F

sons leart from the pay
Epub 2011 Jul 11,

lacobuzio-Donahue CA. Genetic evolution of pa cancer genome sequencing project.
Gl 20

Gut. 2012 Jul;61(7):1085-4. doi: 10,1136

Clonal progression of pancreatic cancer

Parental Subclone #1 Subclone #2 o
clone

Gain of Gain of

mutation [ 3 mutation

ingene B in gene F

—_— R

Mutations
[ in genes

Qvuand/

l |

Distant metastasis #1 Distant metastasis #2

lacobuzio-Donahue CA. Genetic evolution of pancre 15 learnt from the pancreatic cancer genome sequencing project,
1t 2012 Jul:61(7):1085-94. doi: 10.1136/gut 2010236 011 Jul 11,

4/9/2019
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Geographic mapping of metastatic clones within a primary pancreas tumor

Slice number

Patient # Pa02

Primary

D l®

Carcinoma
Lymph  Colon Lver
Node Seross (index
Tesion)
Metastases

Patient # Pa03

Parental Clo g\

oy
oA
Iy

g
Ty
cwia
o
om03

\ eno
Faosse
\
pnm,:\

Carcinoma

v

tnden esion)

Metastases
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Patient # Pa07

Q72207_man
CBHEAT Human
scnsa

as 3

toc1Ies  SicAS

rosree

Funse sy

Primary
Carcinoma

Diaphragm Omentum  perttoneum
(inde lesion)

Metastases

Clonal progression of pancreatic cancer

St [V
]

T,
overge ot 172 31 i

n

"/1\

R

al neoplasia (PaniN) and time 7). One founder cell wishin s Pant lessan will

sced the parcatal cloms and heoe in endof T,

of 73 Eventually,the cellthat will give ar (end of T andd

beginning of 7). Unfortsmately, mast patients are nct diagnased satil well o ime inte
7 when calls of these metastaic subcloncs have already cscapod the pancress s

Erow within distant organs. The averaige time for intervals T, 7 and I for all seven
11 (scc also Supplementary Table 6)

Yachida S1, Jones s, y R, Fu B, Kamiyama M, Hruban RH, Eshleman JR, Nowak MA, Velculescu VE, Kinzler KW, Vogelstein B,
uzio-Donahue CA. Distant metastasis occurs late during the genetic evolution of pancreatic cancer. Nature. 2010 Oct 28;467(7319):1114-7. doi

lacobuzio-Do
10.1038/nalure09515,

Limitations of targeted therapy

4/9/2019
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The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MARCH 8, 2012 VoL 366 NO.10

Intratumor Heterogeneity and Branched Evolution Revealed
by Multiregion Sequencing

One tumor, multiple subclones

A Biopsy Sites

RL(G3) & - ™

Q lng 0 \

/ ) im0

waa B o
g2 o

M2, retastedis
[

e

YR

Perinephric

M

Shared pimary Shared metasasis

Gerlinger et al. N Engl J Med. 2012;366:883.

Intratumoral heterogeneity

JlIL

's
T Mountain States
Tumor Institute
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Clonal (i.e. target) evolution

¢3636d c 31

Pactitaxel
+ carboplatin Osimartinin

Main mase

ADC
EGFR el E786-A750 dol 784
« focal smpiification + T7¢

Trestmant nitery Gomine - carspian

Tumes voma (00 M 3§

EGFR dal E74.ATES
Eiey

CAMAIA RIS

Monihs from dugnosis: 0 2
a

Tissus scastion:_LE1a

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

Patient # 50 year-old-woman with recurrent endometrial cancer

E.F, G POSTERIOR WALL OF BLADDER, SIGMOID COLON, AND BILATERAL ADNEXAL REMNANT, EN BLOC RESECTION
BUADDER, PARTIAL CYSTECTOMY

INVOLVING THE BLADDER ADVENTITIA AND MUSCULARIS PROPRIA
SUMOR MEASURES § 5l M
TUMOR FOCALLY PRESENT AT A PERIPHERAL MARGN

COLON, SEGMENTAL RESECTION
MULTIPLE NODULES OF , POORL! INVOLVING THE COLONIC MESENTERY
o INVOLVEMENT OF THE COLONIC MUSCULARIS PROPRIA BY CARCINOMA
XIMAL, DISTAL. AND MESENTERIC ROOT SURGICAL RESECTION MARGINS NEGATIVE FOR CARCINOMA
TAPERLCOLIC LINPH NODES NEGATIVE FOR CARCHOMA (014)

BILATERAL ADNEXAL REMNANT, RESECTION
MULTIPLE NODULES OF , POORL! RIGHT OVARY AND
BILATERAL REMNANT ADNEXAL TISSUE
'REMNANT OVARY AND ADNEXAL TUMORS MEASURE UP TO 5.5 CM IN SIZE
MULTIPLE DISCRETE PERITONEAL TUMOR NODULES IDENTIFIED, MEASURING UP TO 3.5 CM IN SIZE

FOUNDATIONONE"CDx

NO REPORTABLE ALTERATIONS WITH COMPANION DIAGNOSTIC (CDx) CLAIMS
See professional services section for additional information

OTHER ALTERATIONS & BIOMARKERS IDENTIFIED

Microsatellite status MS-Stable
Tumor Mutational Burden & Muts/Mb
ARIDIA Q780"

ATR L1017fs°9

€0274 (PD-L1) amplification

§ Refer o appendix for imutetion ststements related.

Plesse refer to appendix for Exple

) Signiicance Classifcation and for wa

JAK2 amplification

POCOIG2 (PD-L2) amplification
PIK3R] F456_QaS7del

PTEN Y88°

TPS3 R249G

mber aterutios. gene recrrangements, MSI or TME res

< of unknoun sigaiicance (VUS)

24
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Patient # 2: 70-year-old woman with a history of colon cancer 3 years ago,
now with a liver mass

Final Diagnosis
RIGHT LIVER LESION, CT-GUIDED CORE NEEDLE BIOPSY:
METASTATIC ADENOCARCINOMA OF COLONIC ORIGIN. SEE COMMENT.

PENDING FOUNDATION ONE® CDx TESTING

FOUNDATIONONE®“CDx

C: ion Di ic (CDx) A: iated Finding:
KRAS  wildtype (codons 12 &13) Erbitux® (Cetuximab)
KRAS/NRAS Vectibix® (Panitumumab)

wildtype (codons 12,13, 59, 61, 117, & 146 in exons.
23&4)

OTHER ALTERATIONS & BIOMARKERS IDENTIFIED

Microsatellite status MS-Stable EPHBI AS22T
Tumor Mutational Burden S Muts/Mb PIK3CA E542K
APC $457° P53 X

ements. MSI or TME rsult i this secton,

wn signiicance (VU5

Do targets behave the same in different tumors?

ORIGINAL ARTICLE

Vemurafenib in Multiple Nonmelanoma
Cancers with BRAF V600 Mutations

Table 2. Preliminary Best Response According to Cohort.*

Colorectal Cancer - (N=15) (N=7)

Vemurafenib
(N=10)

1 postbaseline 19 10 2 1
t— no.

0 1y 104)

In conclusion, we found that the BRAF V600
mutation is a targetable oncogene in some, but
not all, cancer types. Histology-independent,

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

25
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Do targets behave the same in different tumors?

ORIGINAL ARTICLE

Efficacy of Larotrectinib in TRK Fusion—
Positive Cancers in Adults and Children

A Masimum Changa in Tu

Mairmam Change in Tumar Size (%)

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

Molecularly targeted therapy based on tumour molecular
profiling versus conventional therapy for advanced cancer
(SHIVA): a multicentre, open-label, proof-of-concept,
randomised, controlled phase 2 trial

an-Pire Delord, Anthony Gongalves, Celine Gavoile. Coraline Dubot, Niolas lsambrt, Mario Compone. Ofvier Tredor
—M ry targeted agent
—— Treatment at physician's choice

g
2
i

£
&
2

:

HR0-88 (95% CI 0-65-1-19); p=0-41
o T T T T T 1

4 & [ 10 n
Numberatrisk me (menths)
Molecularly 99 62 20 10 5 2 o
targeted agent
Treatmentat 55 50 19 2 E 1 o
hysician's choice 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

26



Clinical trial design: Traditional v. Basket

A. Traditional B. Basket
Patient Group Patient Group
(single histology) (multiple tumor types)
Treatment Control Genomic Genomic Genomic
m ) Target A Target B Target C

NCI-MATCH CLINICAL TRIAL

THIS PRECISION MEDICINE TRIAL NCI-MATCH* IS FOR ADULTS WITH

EXPLORES TREATING PATIENTS o solid tum luding ra
BASED ON THE MOLECULAR yTRpRon
PROFILES OF THEIR TUMORS

ABOUT 5,000
CANCER PATIENTS
WILL BE
SCREENED WITHA
TUMOR BIOPSY

ey
THE BIOPSIED {wl
TUMOR TIsSUE 1!
W WILLUNDERGD  \ 2"

GENE
GENE SEQUENCING WILL LOOK FOR CHANGES IN 143 GENES QEENIIITNTT S

4/9/2019

IF APATIENT'S TUMOR HAS A GENETIC ABNORMALITY THAT MATCHES ONE TARGETED BY A DRUG
USED IN THE TRIAL, THE PATIENT WILL BE ELIGIBLE TO JOIN THE TREATMENT PORTION OF NCI-MATCH

:
@

v %

NOT ALL PATIENTS WILL

Y Y
HAVE TUMORS WITH AN
ABNORMALITY THAT
MATCHES A DRUG BEING .
TESTED * ~

27



Workflow and Turnover Time of the Assay

Path Review
Nucleic Acid g
e
Library/Template Prep _Jciing
L,
=
Data Analysis 8 )
aMOI Report g\
Review =

Nationa! Cancer Institute

aMOI = actionable mutation of interest

NCI MATCH: targeted agents

Afatanib

Crizotinib

Osimertinib

NCI MATCH: targeted agents

Dabrafenib + trametinib

Taselisib

GSK2636771

4/9/2019
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NCI MATCH: Monoclonal antibody biologic therapies

Ado-trastuzumab emtansine

Nivolumab

Humanized mouse monoclonal IgG4 anti-PD-1 antibody \ rl

rgeted treatment of the B clone in reatic cancer

Accumulation of Accumulation of o
Founder Progressor >
Mutations Mutations

Founder .
Normal Laliat = .
Epilhelial

Clonal Clonal
Expamilor\s Expansions

.0-®
.9-0-0

S-0:0:0 88888
000

Clone

KHAS CDKNZA TP53 iﬁ

Targeted therapy
tof

000000
00000000

Implications of deep sequencing of tumors

Every cancer is a unique organism

Clinically detectable cancers (>10° 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

29



Navican precision cancer care®: Intermountain health in Utah

ICAN

PRECISION CANCER CARE

4 .

we can wes

g driven by an impatience to makg more precision therapy options available to
more cancer patients. If you have a passion to help people, a desire to grow, and you
excel at what you do, join us at N?CAN to make a positive impact on the world.

-~

-

Join us. >

Cost of cancer care — the drugs

Oncology drug prices
NUMBER OF CANCER
DRUGS IN CLINICAL
DEVELOPMENT

U.S. SPENDING ON ONCOLOGY MEDICINES.

PD1/PDL CHECKPOINT INHIBITOR PRICES
Estimated average per month”

Opdivo Keytruda Bavencio™* Tecentriq
amisTouvess squiss wehcx RocHe HoLOING

$13.100 $13000 $13,000 $12,500

G evrens

The first immunotherapy

New York Times - July 29, 1908

ERYSIPELAS GERMS

ASCURE FOR GANCER‘:

Dr. Coley's Remedy of Mixed
Toxins Makes One Disease
Cast Out the Other.
MANY CASES CURED HERE!

|
Physiclan Has Used the Cure for 15
Years and Treated 430 Cases—
Probably 150 Sure Cures.

Following news from St. Lov's that
two men have been cured of cancer in
the City Hospital there by the uss of

uld discovered by Dr. Willam B

4/9/2019
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Immunotherapy: overview

Inhibit

EE @ Chec
@ .

\‘_‘ Cp ©p137

oX40

T-cell eloning ‘genetic engineeriiig

GAR, chimeric antigen receptors; PD-1, programmed death-1. CAR T cells

Immunotherapy in Oncology

Mechanisms by which tumors evade the
immune system

A antnn loodng
& T ool sctvaon

Immunohistochemistry: anti-PD-L1

4/9/2019
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nembrolizumabliesnion

Chimeric antigen receptor (CAR) T-cells

Chimeric antigen receptor (CAR) T-cells

Targeting Element

Costimulatory Domain
(e.g. CD28 of 4-188)

€03
Essential signaling domain

32



Chimeric antigen receptor (CAR) T-cells

Introducing the first FDA-approved CAR-T cell therapy:
CTLO19 is now

O KYMRIAH"

Suspension

(tisagenlecleucel) forinfusion

FDA News Release

FDA approval brings first gene therapy to the
United States

CAR T-cell therapy approved to treat certain children and young adults with B-cell acute
lymphoblastic leukemia

Immunotherapy: CAR T cells

7 cells are collected )
“from the patient’s blood. J

=

[/
(et

( 2) n the boratory.

\ m o (AR K

e AR

Omcnmceﬂs E i mmpaumnsr(ens
momepmlml \ o B\
W (P
Y2 B (@)
=/ R\ —p =

o | ///r \\
Pagel et al. JAMA Oncol Fcepor (CAR) \\ J, ( \

2017,3:1595. \
N THE 850V
. ORTels 7“\
recognizethe
‘patlent’s cancer cells. 9
v.cel | t—cnn(ellskm
cander cells.

O) N
W (B

|‘ BRIEF REPORT

Chlmerlc Anugen Receptor—Modified T Cells

| SR B I S B —" .
In (:n'ls Last Hope, Altered Immune Cells Be
g D.

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

4/9/2019
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Thank you

matt.burtelow@gmail.com
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