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UCSF500: Paired normal/tumor DNA next-generation B

SequenCIng assay University of California

an Francisco

Detection algorithm (e.g. MuTect)

Germline read:

« CLIA-approved — available to patients seen across UCSF sites
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UCSF500 Technical specifications

UCSF pediatric AND adult oncology community consulted for
inclusion of genes relevant to their diseases of interest

Tumor DNA extracted from FFPE + normal DNA

Exon tiling across 479 genes

Selected intron tiling across 47 genes.

Selected probes across genome to report copy number
Average read depth 500X

Variant pipeline in DNAnexus

Report generated using Genome Oncology platform
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UCSF500 Panel Assay

Current volume ~100 sequenced cases/month
First case signed-out April of 2015

>2000 cases reported to date

80% Adult, 20% Pediatric

Data imported and visualized using a local cbioportal
Instance

Manuscript reporting results on initial 2000+ cases In
preparation
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UCSF Molecular Tumor Board

 Held every two weeks
o Cases discussed by physician request (4-8 cases/session)

 Both UCSF and outside referrals (Kaiser, UC Davis, Valley Children’s
Hospital, many others)

» Cases discussed prepared/discussed by referring clinician, molecular
pathologist and oncologist with molecular expertise (Moasser, Collisson,
Stieglitz, Klein, Sweet-Cordero)

» Sessions attended by core group of pediatric/adult clinicians with wide
disease-specific expertise as well as geneticists, pharmacists and
others.

» \Written report provided to clinicians

* |IRB approved Registry Trial



UCSF500 Report
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The UCSF500 Report
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Patient: A.C. CCGL No: CCGL-733 1
Executive Director:

QQ]ILEQ[I : :

L. Boris C. Bastian, MD

Clinical Cancer 2340 Sutter Street, Room S151 Medical Director:

. San Francisco, CA 94115 J PG . MD. PhD
Genomics Laboratory Tel: (415) 502-3252 amzs - € :9"5_ Bl
Fax: (415) 502-2773 ssociate Lrectors.
MW—@”@“@ Email: cegl@ucsf.edu Jesana Van Ziffle, PhD

lwei Yeh, MD, PhD

UCSF 500 Cancer Panel Final Report Date: O1/56/2017 -

Tumor
MRN: {Redacted} Sex: Male Source: C16-22808 Al; Liver, Solid Tissue (CGP-3652)

. Dyggrosi=: Adenocarcinoma
[Ordering Provider(s): Jonathan Chou, MD Coteoctod- 121272016

[Cytopathelegist: Theodore Miller, MD Normal
Electronically Signed-Out by: Boris Bastian, MD Source. , Blood (CGP-3651)
Coflected: 12/29/2016
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UCSF500 — Molecular Tumor Board - Patient
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1276 cases analyzed 793 (62%) cases not discussed

\ 4
483 (38%) discussed

at MTB > 300 (24%) No therapeutic recommendation
62/174 (36%) therapeutic action taken (e.g.
RX)
\ 4
174/438 (40%) with
MTB treatment > 95/174 (55%) no therapeutic action
recommendations

17/174 (10%) lost to follow-up

Updated to April, 2018



Case Study #1: Change in Diagnosis leading to

appropriate targeted therapy




MTB Case Study: Change in Diagnosis
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1/15: 20 year old man presented
with left-sided hip pain and
intermittent fevers. Clinical
Diagnosis: Ewing sarcoma.

3/15: chemotherapy initiated.

5/15: no response to treatment,
ongoing daily fevers, weight loss 50
Ibs, bed ridden.

6/15: UCSF500: EWSR1-ATF1 fusion, indicative of histiocytoma, not Ewing sarcoma.

6/15: Specific treatment (anti-IL-6 ) initiated. Fevers resolved.

12/15: Tumor resected

7% of all UCSF500 analyses result in changes of the diagnosis



Case Study #2: CNS tumors change in diagnosis

leading to management change




Case Study #2: CNS tumors change in LK

diagnosis leading to management change

an Francisco

» 4-year-old girl diagnosed as anaplastic medulloblastoma by referring
provider

* Synaptophysin/neurofilament neg. and patchy OLIG2 staining not seen
in medulloblastoma

 Internal tandem duplication within exon 15 of BCOR

 Amended diagnosis of CNS high-grade neuroepithelial tumor with
BCOR alteration

» Because newly described, challenging to ascertain prognosis or identify
best therapy; however, indicative of importance of correct
identification—>previously would have been inaccurately identified as
MB and therefore would never have known to look for reasons why
didn’t respond or why outcome different without knowing actual
diagnosis was wrong->how do we know what we don’t know?



MTB Case Study: Change In diagnosis

Medulloblastoma to CNS high-grade
neuroepithelial tumor with BCOR alteration
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Courtesy of Dr. Cassie Kline Highly cellular tumor with rosettes, scattered pseudorosettes,
) and areas of necrosis



MTB Case Study: Change in diagnosis
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Case Study #3: Targeted therapy




MTB Case Study: Targeted Therapy

A 12 y/o boy with metastatic chordoma

Normal SWI/SNF Normal SWI/SNF
Vm EZH2 inhibitor )
— " 8w
> .
& &
SMARCB loss
ARID1A loss .
SMARCA Joss Oncogenesis Synthetic letal effect selectively kills
PBRM1 loss SWI/SNF-deficient tumoral cells
 J
February 2016 SWI/SNF deficiency SWI/SNF deficiency
EZH2 inhibitor
SOMATIC ALTERATIONS
VARIANT TRANSCRIPT ID CLASSIFICATION COVERAGE M:IRT:;.[JE::'CL: s
SMARCB1 homozygous Epigenetic dysregulation

N/A Pathogenic N/A ‘ N/A

deletion

Rutkowski et al., INS Ped., 19:531-537, 2017



Case Study #4: recurrent metastatic osteosarcoma

with multiple potential therapeutic targets




Case Study #4: recurrent metastatic osteosarcoma

with multiple potential therapeutic targets

* 18 yo F with metastatic osteosarcoma

« Treated with standard of care chemotherapy
(cisplatin/doxorubicin/methotrexate)

* 99% necrosis at resection (consistent with a very good
response)

 Developed metastatic disease in the lungs. Metastatectomy
performed as clinically indicated. Viable tumor sent for
sequencing.

o Second line chemotherapy (ifosfamide and etoposide),
discontinued due to poor quality of life.



Case Study #4: recurrent metastatic osteosarcoma
with multiple potential therapeutic targets

Pathogenic or Likely Pathogenic SOMATIC ALTERATIONS

VARIANT TRANSCRIPT ID CLASSIFICATION READS MUTANT ALLELE

FREQUENCY
CDK4 amplification All Pathogenic ~21.0x N/A
MY C amplification All Pathogenic ~27.0x N/A
PTEN deep deletion All Pathogenic N/A N/A
TP53 intron 1 structural variant All Pathogenic 537 N/A
MAP2K4 deep deletion All Likely Pathogenic N/A N/A

Multiple genes identified, consistent with recent work indicating these are comon
Copy number gained drivers in osteosarcoma (Sayles and Breese, Cancer
Discovery 2019)

Patient currently on treatment with CDK4 inhibitor



Matching Disease-Gene-Drug

BRCA1/2, BRCAness
Breast {
MYC
Prostate | PI3K
Endometrial/Ovarian HER2
EGFR
CNS IDH1,2
Lung FGFR2
Gastro-esophageal PDGFRA
BRAF
Colorectal sos
Pancreatic H3F3A
Hepato-biliary NF1
. > High TMB
Neuroendocrine (Gl)
SMARCB1
RCC / KRAS, RASA1
Melanoma. / \ TSC1/2, STK11
ROS, ALK
JMML —
FLT3

PARPI, Platinum

Dinaciclib*

BYL719*

Trastuzumab/Pertuzumab

Cetuximab, Panitumumab

\

/.

AG-120*, AG-188*

BGJ398*

Dasatinib

Vemurafenib

Trametinib, Cobimetinib

Sorafenib

Peptide Vaccine*

Pembrolizumab, Nivolumab

Tazemetostat*

Panobinostat

Everolimus, Temsirolimus

Crizotinib, Alectinib

*Experimental Agent




Chioportal: Disease-specific data exploration

'CBIOPOrtal Data Sets Web APl R/MATLAB Tutorials FAQ News \Visualize Your Data About U(_‘SF
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MOI UCSF500

Study Summary | Clinical Data = Mutated Genes

Selected; 79 samples / 45 patients | @ | & =» Query | Select cases by IDs  Add Chart v

Your selections: Age (Years) <= 30 x  Cancer Type Diffuse Glioma x  Clear Al

Overall Survival

Cancer Type # ~ Freg Cancer Type Detailed # ~ Freq
100%
M Diffuse Glioma 79 v 7.96% W Diffuse Intrinsic Ponti 30 37.97%
80% |
W Encapsulated Glioma 63 6.34% W Diffuse Astrocytoma 22 27.85%
80% |
W Embryonal Tumor 55 5.54% M Anaplastic Astrocytoma 17 21.52%
70%
M CNS/Brain 38 3.83% Oligodendroglioma 4 5.06%
M Soft Tissue 29 2.92% M Anaplastic Oligodendrog... 2 2.53% 2 o
50% | .
M Glioblastoma 27 2.72% M Astrocytoma 2 2.53% % No data available
3 o
B Ependymomal Tumor 23 2.32% M Glicblastoma 2 2.53% »
a0%
M Myeloid Neoplasm 17 1.71% Se
20%
M Kidney 14 1.41%
10% |
B Histiocytic and Dendrit... 11 1.11%
W Bone 10 1.01% b
Search Months Survival
Disease Free Survival Mutated Genes (79 profiled samples) With Mutation Data With CNA Data
Gene # Mut @ ~ Freq
100% -
MyYCL 47 46 58.23%
90% -|
FGFR4 190 46 58.23%
a0% |
AURKS 48 46 58.23%
0%
ZFHX3 314 46 58.23%
i BCL2L2 a6 a5 58.23%
3 s0%-
H No data available bcc 82 46 58.23% -
5 0w +# of Samples Per Patient Sex
@ PMS2 292 46 58.23%
% MRE11 113 46 58.23%
20%
STAT4 138 46 58.23%
i ASXL1 53 46 58.23%
o WRN 142 46 58.23%
Months Survival Search
Gene Panel
0= Tumor Site # ~ Freq
o W Brain 12 26.67%
::[‘ M Brain stem 2 4.44%
5- W Left frontal tumor 2 4.44%
0
B 70 80 0 >0 NA M None 2 4.44%
Age (Years) W Brain, left thalamus 1 2.22%
Parietal tumor 1 2.22%
M pons 1 2.22%
M Brain, brain stem tumor 1 2.22%
W Midline 1 2.22%
M Brain, -tumor-, resection 1 2.22%
W Spinal cord 1 2.22%

Summary 79 Diffuse Gliomas



Chioportal: Cross-disease gene centric analysis

cBioPortal DataSets WebAPI R/MATLAB Tutorials FAQ News Visualize YourData About UCSF

MOI UCSF500

LR Al casos n stucy (3265 samples) /1 Ganes Gene Set / Pathway is altered in 1240 (38%) of queried samples

OncoPrint  Cancer Types Summary ~ Plots | Mutations | Enrichments = Network = Download = Bookmark

BRAF
UniProt: BRAF_HUMAN
Transcript: ENST00000288602

2 . Somatic Mutation Frequency: 38.0% ©
% . 5D VMissense  QETEY Truncating
ol me E el § g6 welew C§E . € rframe @ Other
Ll . 0 0 o] View 3D Structure
1638 Mutations: includes 321 duplicate mutations in patients with multiple samples (page 1 of 66) B & Coumns~ Q
Sample ID Cancer Type Protein Change Annotation ¥ Mutation Type COSMIC  Allele # Mut in
Freq (T) Sample
CGP-3665 Cutanecus Melanoma VB00E Q Missense 23294
CGP-6520 Cutanecus Melanoma V600E @ 4] Missense 23294
CGP-50058 Cutanecus Melanoma VB00E @ Missense 23294 0.16
CGP-4524 Acral Melanoma VBOOE @ 2 Missense 23294
CGP-3266 Anaplastic Thyroid Cancer VB0OE @ @ Missense 23294 034
CGP-3981 Melanoma VBOOR @ QM Missense 23294 088
CGP-3965 Melanoma V60OR @ Missense 23294 0.62
CGP-6100 Cutanecus Melanoma V600K @ 3l Missense 23234 0.00
CGP-4434 Acute Myeleid Leukemia VBOOE @ 2 Missense 23294 0.00
CGP-4438 Anaplastic Pleomorphic Xanthoa... VBOOE @ 4l Missense 23294
CGP-2260 Encapsulated Glioma VGOOE @ Al Missense 23294
CGP-4525 Anaplastic Pleomorphic Xanthoa... VB600E @ Missense 23294 032
CGP-3156 Desmoplastic Infantile Ganglio... VBO00E @ Missense 23294
CGP-2715 Anaplastic Pleomorphic Xanthoa V600E @ # Missense 23294
CGP-4763 Ganglioglioma VBO00E @ Missense 23294
CGP-6877 Mixed Cancer Types V600E @ # Missense 23294
CGP-3542 Glioblastoma VBO0E @ Missense 23294 038
CGP-3543 Glioblastoma Multiforme VEO0E @‘ Missense 23294 0.00
CGP-5584 Pleomorphic Xanthoastrocytoma VBOOE & Missense 23294 0.40
CGP-5677 Diffuse Glioma VBOOE & Missense 23294 030
CGP-4844 Oligodendroglioma VEO0OE @ Missense 23294 020
CGP-5064 Ganglioglioma V6O0E @ Missense 23294 037
CGP-4238 Anaplastic Pleomorphic Xanthoa. VBOOE & Missense 23294
CGP-2312 Anaplastic Astrocytoma VB00E @ Missense 23294
CGP-6198 Pilocytic Astrocytoma V6O0E Missense 23294




UCSF500 demographics

Tumor Types of UCSF500 Cases, n=2080
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m Adrenal Gland
m Ampulla of Vater
m Biliary Tract
Bladder/Urinary Tract
mBone
mBowel
mBreast
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m CNS/Brain
m Esophagus/Stomach
mEye
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mKidney
W Liver
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Patient Age of UCSF500 Cases, n=2080

213
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UCSF50: informative vs non-informative cases

Adult Cases (n=1402) Pediatric Cases (n=678)
81, 12%

151, 11%
69, 10%

65, 5%
1, 0%

1186, 84%
527, 78%

B Somatic Only m Somatic and Germline M No Pathogenic Variants Detected B Germline Only

90-95% of samples had an informative assay (likely pathogenic or pathogenic alteration
somatic alteration AND/OR a germline alteration found).



Most commonly altered somatic genes adult vs.

pediatric

20 most commonly mutated genes in tumor — Adult UCSF500 cases
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20 most commonly mutated genes in tumor — UCSF500 pediatric cases
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Most commonly altered germline genes adult vs.

pediatric

20 most commonly mutated genes in germline — Adult UCSF500 cases
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Most common focal copy number alterations in UCSF500

20 most common focal amplifications
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Long “Tail” of fusion genes

Fusions in UCSF500 Cases

30

Count

M0 QA < T CILL (1) L — N L O N LL L L [ I CN D) [ T = L0~ CNCOLL 02 0 Ll — = O ON () O =L v o P~ CN D OV L
O=—<C —OXF¥EN<ngSU<uP4x u—mlag x<uom¥$EQFMW§§Mu1<¥O<u4048ON<U§E L=
oo hmxi N azm—F<§¢OF@§wamom§QZEE§FmU_

R EoEleon T TaEaae e
OPTrT—ma T | = o s
Géwmggl|EwE<ﬁE§EE¢%3105LgE—

IoEPzR3assei=ane Seaa8I9TTly

Ol mA—ZLO07L  —n P xin<
E o o« mLs & T o

o
XOZLp=z0O00R0
EpuLaro =
F << <faxTg Fa

fa]=

~—

(&)




Annotating genomic data using the EHR

|dentified De-ldentified
G > C D * Research Data
: Browser
-« Flat file
RDB i ‘datadump’
* Pthasl10 digit
—_— —— surrogate
* Relational Clinical Data identifier > 1:1
database Warehouse — v | with MRN
. ~13,000 ~170 tables ~m— | S;tz[)yagg'e
tables! PHI Common | | . Stryctured eHR
[+ | Mappings S i data
(2) PtMRN > (O J ' . 15tables
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Precision Oncology Flywheel

New Drug Approvals More actionable

biomarkers

Clinical Trials _ _
_________________ \__» Easily accessible,

New Drug affordable & clinically-
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Engage Engage Clinical N
Pharma Insurance AdOptiOﬂ Interpretation of
Providers genomic results
& —
\ Clinical Care
Recommendations _
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Does precision medicine lead to improved outcomes?

Kaplan-Meier Survival
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Project GENIE

International pancancer registry built through data

sharing
Driven by openness, transparency, and inclusion

GOAL: improve clinical decision making
 Linking clinical genotype to clinical outcomes
Q»Q Eight founding participants, now 19

North America & Europe
8 19 - Plans for future expansion

$

Sponsored research
Collaborative projects



Project GENIE: participants
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Key challenges

 Building a knowledge base base on:
e external data
e analysis of internal data and prior experience

 Linking to clinical trials

« Clinical annotation of genomic results by data
extraction from EMR.

e Determing clinical utility and better definition of real-
world barriers to utility



Summary

The UCSF500 assay can detect a wide range of clinically
relevant alterations that can modify therapy, refine
diagnosis and identify inherited cancer predispositions.

UCSF500 is unique in its coverage of both adult and
pediatric alterations and paired germline/somatic analysis.

Emerging opportunities for research in defining best
practices to maximize utility of genomic testing.

Data sharing through GENIE will increase opportunities for
real world analysis of cancer precision medicine.
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