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A tool to identify genetic defects in pediatric
cancer research

* Developed with lon Torrent and AmpliSeq technology*

e Tumor-specific gene fusions

e Over-expressed genes

 Amplified genes

 Known gene mutations, insertions, and deletions

 Gene mutations identified in the NCI MATCH program as candidate

therapeutic targets

*For Research Use Only. Not for use in diagnostic procedures
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Designed Specifically
for Use in Pediatric Cancer Research



All Major Pediatric Leukemia Translocations Are Represented

Acute lymphoblasticleukemia

Ph+ —like B-precursor ALL
CD22delE12

Acute myelogenous leukemia

Acute promyelocytic leukemia

ETV6-RUNX1,E2A-PBX, BCR-ABL1, MLL-AF4,CDKN2A

ABL1,ABL2,CSF1R,PDGFRB, EPOR,AK2,CRLF2, FLT3, KRAS,

FLT3, NPM1, KIT, IDH1,IDH2, DNMT3A, RAS, RUNX1, TET2, CEBPA

PML-RARa
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Pediatric Brain Tumors:
Comprehensive Coverage Across All Common Types

* AT/RT, cribiform neuro-epithelial tumor, SMARCB1

Schwannoma
¢ Medulloblastoma, WNT, RT (Rhabdoid Tumor) SMARCA4
* Medulloblastoma GLI2, MSH2, MSH6, MYCN, PMS2, PTCH1, SUFU
* Ependymoma RELA
* Ependymoma, Meningioma NF2
e Astrocytoma FGFR1, HIST1H3B, MDM2, MLH1, NF

PTPN11, TERT, TP53, QK1

e Glioblastoma MDM4

* Glioma, Astrocytomagr I-IV, Ependymoma Gr 3-4 PTEN
* Glioma, Astrocytomal-1V, Oligoastrocytoma H3F3A
* Pilocytic Astrocytoma BRAF, FAM131B, NTRK2



Rhabdomyosarcoma (embryonal & alveolar)
Ewing sarcoma

Synovial cell sarcoma

Infantile(congenital) fibrosarcoma
Desmoplastic small round cell tumor
Alveolar soft part sarcoma

Clear cell sarcoma (melanoma of soft parts)
Inflammatory myofibroblastic tumor
Fibromyxoid sarcoma
Dermatofibrosarcoma protuberans
Epithelioid sarcoma

Angiomatoid fibrous histiocytoma
Epithelioid hemangioendothelioma
Mesenchymal chondrosarcoma

Malignant peripheral nerve sheath tumor
Undifferentiated sarcoma

Midline carcinoma

Low grade fibromyxoid sarcoma

Panel Identifies Key Gene Fusions in Pediatric Sarcomas

PAX3/7-FOXO1
EWS-FLI1/ERG
SYT-SSX1/2/4

ETV6 -NTRKC

EWS-WT1
TFE3-ASPSCR1 (ASPL)
EWS-ATF1, EWS-CREB1
ALK-TPM3/4, CLTC, ATIC
FUS-CREBB3L2/1
COL1A-PDGFB
SMARCB1

EWS-CREB1
WWTRC1-CAMTN
HEY1-NCOA2

NF1/NF2 mut
BCOR-CCNB3, CIC-DUX4
NUT-BRD4
FUS-CREB1L1 and FUS-CREB1L3
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There are Three Main Parts of the workflow

lon Torrent
Sequencing

Bio-Informatic
Analysis

Ampliseq Library
Preparation

lon Chef™ lon™ S5 Sequencer™ lon Reporter &
ICE™

*For Research Use Only. Not for use in diagnostic procedures
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There are Advantages to Each Component
of the assay

e Library Preparation = Ampliseq™*
— Interrogate DNA and RNA isolated from FFPE
— Small input (> 20 ng RNA and DNA)
— lon Chef™ automated library prep and chip loading

e Sequencing = lon Torrent™*
— Fast turn-around time (2 hours)
— Automated alignment (FASTQ to BAM) and variant calling (VCF)
— lon S5 sequencer

e Bio-Informatic Analysis
— Commercial Pipeline (lon Torrent Suite™ & lon Reporter™) *
— Custom Scripts (ICE®")

*For Research Use Only. Not for use in diagnostic procedures
© 2016 CHLA - Confidential - All Rights Reserved
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Virtually Any Type of Specimen Can Be Profiled

e Blood and bone marrow (purple top tube)
* Fresh/frozen tissue

* FFPE tissue (unstained slide, blocks, scrolls)

— sample quality is assessed prior to library preparation
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Performance Verification
Over 500 Samples Processed

* 503 samples have been run to date
e 237 unique tumor samples

* Also measured panel against synthetic control material
(Acrometrix, with known SNVs, InDels)



Performance

* >5000X average coverage for DNA variants
* Average uniformity >95%

* Average mapped reads >2,000,000 for RNA fusions



DNA Features Detected

* SNV = single nucleotide variant
e InDel = insertion/deletion

 Gene Amplification: 2 6-fold

Verified technical performance:
 SNVs: 5% variant allele frequency

e InDels: 10% variant allele frequency

15



Assay is Sensitive and Specific

Single Nucleotide Variant: Cto T InDel: 24 base deletion

CAATGATGATGATGGCGCTGAGCAAGACCTTCGGGCAGAAGCCCGTGAAGTTCCAGCTGG

TCATAGOGTGGGAAACTACCTCCBTATGTTCCGAGOBTTCTCTBTACAAGAGATACCCCTCACTCTGGAGE

ATGATGATGATGGCGCTG T GAAGTTCCAGCT GG
ATGATGATGATGG 5 WTGAAGTTCCAGCT GG
ATGATGATGATGG 5 T GAAGTTERCAGCT G g
-
TCATAGGTGGGAMACTACCTCCGTATGTTCRIGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGAGE ATGATGATGATGG o Can ol - rrccaacToq
TCATAGGTGGGA ATGATGATGATGG ] T GAAGERTCCAGCT GG
ATGATGATGATGG > T GAAGTTCCAGICT GG
TCATAGGTGGGA TACCTCCGTATGTTCRGAGGRMT CTCTGTACAAGAGATACCCCTCACTCTGGAGE ATGATGATGATGS : WG AAGTTCCAGETGS
TCATAGGTGGGANMCTACCTCCGTATGTTCRIGAGGTTCTCTGTACRAGAGATARMECCTCACTCTGRAGG ATGATGATGATGE -
TCATAGGTGGGAMMCTACCTCCGTATGTTCRIGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGARS ATGAIGRIGRICSE = B A GTTechocToq
TCATAGGTGGGA ACCTCCGTATGTTCCGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGAGG ATGATGATGATGG ' WTGAAGTTRRCAGCT GG
ATGATGATGATGEG ' WTGAAGTTRCAGCTGG
TCATAGGTGGGA CCTCCGTATGRTCCGAGGTTCT/CTGTACIAAGAGATACCCCTCACTCTGRARG ATGATGATGATGG - e Fearoan
TCATAGGTGGGA TCCGTATRTTCRIGAGGT T CTCTGTACAAGAGATACCCCTCACTCTGRAGG ATSAToAlBATSS . M A G TTcCAGCT od
TCATAGGTGGGA TCCGTATRTTCCGAGGTTCTICTGTACAAGAGATACCCIMCACTCTGRAGG ATGATGATGATGGS j RS
TCATAGGTGGGAAACTACCTCCOTAlTGTTCRlGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGAGG ATGATGATGATGE : W cTATAY AT CICTAY T T
TCATAGGTGGGA TCCGTATGTTCRIGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGAGG ATonRTOARTGATGecacTa N PR IcIIE Yol hTol
TCATAGGTGGGA CCGTATGTTCRIGAIGGTTCTCTGTACAAGAGATACCCIMACACTCTGGAGG ATGATGATGATGGCLGCTS gLcancTrccalocrog
TCATAGGTGGGA CCGTATGTTCCGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGRAGG ATGATGATGATGGCGCTG JrcaAGTTCCAGETGS
TCATAGGTGGGA CCGTATGTTCRIGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGAGG ATGATGATGATGGC GC T GA M TGAAGTTCCAGCTGY
TCATAGGTGGGA CCGTATGTTCMGAGRTTCTCTGTACAAGAGATACCCCTCACTCTGGAGE d A aTTechAecTaq
TCATAGGTGGGA CCGTATGTTCRIGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGRAGG AATGATGATGATGGCGC T GA WTGAAGTTCCAGCT GG
AAT ATGATGATGGCGCTGA WTGAAGTTCCAGCT GG
TCATAGGTGGGA AATGATGATGATGGC GC T GA (il TGAAGTTCCAGCT GG
TCATAGGTGGGA oo reeoe ey
TCATAGGTGGGA CGTATGTTCCGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGAGG AATGATGATGATGGCGCTGA TGAAGTTCCAGCTGG
MTGAAGTTCCAGCTG
TCATAGGTGGGA GTATGTTCRIGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGRAGG T cAAGTTCCAGCT GG
TCATAGGTGGGA TATGTTCRIGAGGTTCTCTGTACAAGAGATACCCCTICACTCTGGAGG B
TCATAGGTGGGA TATGTTCRIGAGGTTCTCTGTACAAGAGATACCCCTCACTCTGGAGG UToAASTTILCAGETED
TCATAGGTGGGA i TGAAGTTCCAGCTGG
TCATAGGTGGGA GAGATACCCCTCACTCTGGAGE M cAacTTccaccToo
TCATAGGTGGGA M TGAAGTTCCAGCT GG
i TGAAGTTCCAGCT GG
TCATAGGTGGGA TATGTTCRlGAGGTTCTCTGTACAAGAGATARMCCCTCACTCTGRAGS T GAAGTTCCAGCT G
iTcaaGcTTccAGCcTGq
TCATAGGTGGGA iTcAAGTTCCAGCT GG

. c.20 43delGCAAGACCTTCGGGCAGAAGCCCGINnsT

c.118C>T, p.Arg40 (p.Ser7llefs*56)

© 2016 CHLA - Confidential - All Rights Reserved p b 16



Detection of DNA Amplifications is Highly Specific

.;‘lf 3




RNA Features Detected

e Gene Fusions — annotated and unannotated (novel pairing)
e Gene Expression - # reads per gene, c/w average of 4 housekeeping genes

n.b.: Gene Fusions:
e 78 parent fusions
e >1,400 variants
* Ability to detect de novo fusions from pairing of existing primer pairs
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A Diverse Range of Hematologic Fusions are Detected*

ATF71P-JAK2 ETV6-NTRK3 P2RY8-CRLF2  |RCSD1-ABL2
BCR-ABL1 ETV6-RUNX1 PAG1-ABL2 SSBP2-JAK2
BCR-JAK2 FIP1L1-PDGFRA PAKS5-JAK2 STIL-TAL1
CRLF2-P2RY8 FOXP1-ABL1 PML-RARA TERF2-JAK2
EBF1-PDGFRB MLL Rearrangement RANBP2-ABL1 |ZC3HAV1-ABL2
ETV6-ABL1 NUP214-ABL1 RBM15-MKL1 [ZEB2-PDGFRB
ETV6-JAK2 NUP98-NSD1 RCSD1-ABL1 ZMIZ1-ABL1

*Confirmed samples used for verification

© 2016 CHLA - Confidential - All Rights Reserved 19



Key Solid Tumor Fusions were verified*

CCDC6-RET Lung Adenocarcinoma
Cllorf95-RELA Ependymoma

EML4-ALK Lung Adenocarcinoma
ETV6-NTRK3 Congenital MesoblasticNephroma
EWSR1 Rearrangement | Ewing Sarcoma

FUS-CREB3L2 Fibromyxoid Sarcoma
GOPC-ROS1 Glioblastoma Multiforme
KIAA1549-BRAF Pilocytic Astrocytoma
NPM1-ALK Anaplastic Large Cell Lymphoma
PAX3-FOXO1 Alveolar Rhabdomyosarcoma
$S18-SSX1 Synovial Sarcoma

*Confirmed samples used for verification

© 2016 CHLA - Confidential - All Rights Reserved 20



Novel Tumor Fusions were Discovered
MYH9-IL2RB transcript — reads partially aligned to MYH9 portion

© 2016 CHLA - Confidential - All Rights Reserved

Fusions paired to reads in PAX5-BRD1.P5B2

Paired transcript At

Cnt Driver exon Partner exon min max Fusion
13 BCR 15 ABLA1 13 24 BCR-BRD1.B15 del12B2
2 BCR 1 ABL1 3 9 12 BCR-BRD1.B1B2
1 BCR 2 ABL1 13 18 BCR-BRD1.B2 ins2182
1 BCR 2 ABL1 21 21 BCR-BRD1.B2 ins2B2
1 BCR 1 LZTR1 5 9 9 BCR-BRD1.B1B2
5 co74 I NTRK1 10 18 18 CO74-BRD1.CTB2
1 cov4 6 ROS1 32 19 19 CO74-BRD1.C6B2
3 Ccov7é4 ] ROS1 34 22 35 COD74-BRD1.C8B2
909 CRTC1 1 MAMLZ 2 5 37 CRTC1-BRD1.C1B2
373 CTNNB1 1 PLAGT 3 16 35 CTNNB1-BRD1.C1B2
1 EWSR1 11 HR4A3 1 21 21 EWSR1-BRD1.E11B2
1 FIP1L1 11 PDGFRA 12 21 21 FIPL1-BRD1.F11B2
2 FUs 5 POUSF1 1 22 22 FUS-BRD1.F5B2
1 Hio 1 ALk il 18 12 HID1 BD01 HZR
21268 MYHB 1 IL2RB 2 3 31 WMYHS-BRD1.M1B2
LiLE] MOTCRT 2 NOTCRT 2o T3 24 MOTenT ORDT Nens
25 NOTCH1 2 SNHGT 4 5 19 NOTCH1-BRD1.N2B2
] NUP214 23 ABL1 2 10 26 NUP214-BRD1.N23B2
666 P2RYE 1 CRLFZ 1 11 32 P2RY&-BRD1.P1B2
3 P2RYE 1 CRLF2 1 17 33 P2RY8-BRD1.P1B2
3 PAXS I ELM 2 18 18 PAXS-BRD1.PTB2
631 PAXS 8 HOL4L 3 10 33 PAXS-BRD1.PEB2
10 PAXS 8 HOL4L & 13 28 PAXS-BRD1.PEB2
1 PICALM 17 MLLT10 10 12 12 PICALM-BRD1.P17B2
2 PICALN 18 MLLT10 4 17 17 PICALM-BRD1.P128B2
1 TCF3 14 HLF 4 19 19 TCF3-BRD1.T14B2
1 TERT 11 ALK 5 16 16 TERT-BRD1.T11B2
1667  ZEB2 1 BCL11B 2 11 40 ZEB2-BRD1.2182
286 ZEB2 2 BCL11B 2 11 33 ZEB2-BRD1.Z22B2

=cancel=




Other Half of Reads— Partially Aligned to BRD1 portion of PAX5-BRD1

Fusions paired to reads in MYHS-IL2RB.M112
Paired transcript At
Cnt Driver exon Partner exon min max Fusion
1 CBFB 5 MY H11 24 24 MYHS-MYH11.M14d elins6M32deldd
6 ETVE 5 RUNX1 3 &9 &9 MY HS-RUNX1.M1R3
18 EWSR1 7 YY1 2 61 66 MY HS-Y Y1 M1 2
1 FGFR3 17 TACC3 44 44 MY HI-TACC3 M1 ntron17T9
1 FGFR3 17 TACC3 & c4 54 MYHI-TACC3. M1TS
3 FGFR3 18 TACC3I 1 &0 a0 MYHS-TACCIMITI
T FUs ] ERG 11 63 63 MY HS-ERG.M1E11
35 FUs 6 ERG 11 74 13 MYHS-ERG.M1E11
1 KATSA 16 EP300 3 62 62 MYHS-EP300.M1E3
194 KATSA 17 EP300 2 78 91 MYHS-EP300.M1E2
1 KIFSB 16 RET 12 21 21 MYHS-RET.M1R12
4 KMT24 8 MAPRE1 & 86 S0 MY HS-MAPRE1.M1ME
1 KMT24 7 MLLT3 & 93 93 MY HS-MLLTI.M1MS
1 KMT24 7 MLLTE 13 a7 97 MYHS-MLLTE.M1M13
1 NAB2Z 3 STATS a3 a3 MY HI-STATE.M1i nt3520
2 NUP214 23 ABL1 2 10 10 MY HI-ABL1 . M142
520 NUPZE 11 HMGB3 2 45 64 MYHI-HMGB3.M1H2
5 NUPSS 13 KMT24 2 58 61 MY HI-KMT2ZAM1K2
a2 D4 7 Eoxol 2 24 40 By HG EO O JED
21268 PAXS 5 BROD1 2 78 94 MYHS-BRD1.M1B2 ]
L0 PARS i . ] o N b O R
57 PAXS 5 POM121 5 79 a8 MY HS-POM121.M1PS
1 RUNX1 3 CBFA2T3 4 99 99 MYHS-CBFAZTI.M1C4
1 SEC18A 1 NOTCH1 27 75 75 MY HS-NOTCH1.M1N27
1 SEC18A 1 NOTCH1 28 a8 a8 MYHS-NOTCH1.M1N28
=cancel>
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Stitching these together — full reads aligned to MYH9-BRD1 transcript



Performance Improved with ICE
(Integrated Curation Environment)



ICE Performance Specifications™

SNVs SNV

Acrometrix test sample; >5% VAF)
Absent Present

Thermo Fisher No Call 213,510 0
Variant Caller
Call 9 303

Sensitivity: 100%
Specificity: >99%
InDels

Acrometrix test sample; >10% VAF)

InDel
Absent Present
ICE
InDel No Call 213,803 0

Variant Caller Call 0 19

Sensitivity: 100%
Specificity: 100%

© 2016 CHLA - Confidential - All Rights Reserved
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Clinical Research Case Study #1: A Pediatric Cancer Sample with T-ALL

Cytogenetics: LMO2-TCRA fusion 46,XY,t(11;14)(p13;911.2)[7]/46,XY[1]

LMO2-TCRA fusion seen in 5-10% of pediatric T-ALL

Results provided by Sammy Wu, CHLA cytogenetics

© 2016 CHLA - Confidential - All Rights Reserved 27



Chromosomal Microarray Results:
~80 kb Deletion in 1p33, Fusing 5’ Portion of STIL to 3’ Portion of TAL1



NGS Result: Two Dominant Fusions demonstrated :

STIL-TAL1 & FIP1L1-PDGFRA

e Two dominantfusionsseeninthe data

* The PDGFRA fusion can potentially be relevant forfurtherclinical research

FLUSIOM FIP1L1(11) - PDGFRA{12) 158 Frasent
FLISHCM STIL{1)y- TAL1(2) 124658 Frasent Type2
FUSIOM MET(13)- MET(15) 1949 Frasent
FLISIOM STIL(1)- TAL1(2) 10225 Frasent
FUSIOM MET(17) - MET(20) 1367 Frasent
FLISICOM FIP1L1(13)- PDGFRA(12) G589 Frasent
FUSHOM FIP1L1(13)- PDGFRA{12) 45 Frasent

© 2016 CHLA - Confidential - All Rights Reserved
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PDGFRA Hotspots Covered on the panel

Mutation
p.N659K
p. 1674l
p.D842V
pP.D848K




Detected PDGFRA Variant
(D842V)
[Deletion & Insertion]

NM_006206 (PDGFRA):
c.2522 2527delinsAAG
(p.Arg841 lle843delinslysVal)

Present at roughly 14.22 % variant allele
frequency

This variant was NOT DETECTED in the previous
lymph node sample

DOD 12/30/2016
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Clinical Research Case Study #2:
A Glioblastoma sample
- GOPC-ROS1 Fusionin 283317 Reads

GOPC ROS1



GOPC-ROS1 Fusion relevance

A )
! If \

- -

..... Asp lvs Glu ley Ala Glv _Ser Thr Leu Pro Thr GIn
GATAAGGAACTGGCAGGAAG.ACTCTTCCAACCCAAG AGG AG

ol /\/\d\/\/\/\/\/\/\/\ M/\MA /\/\/\/\/\/\N\/\f\/\/\/\
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Cancer Growth Metastasis. 2015; 8:51-60.
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Conclusions

The assay is designed specifically for use in pediatric cancer research

— Designed using AmpliSeqand lon Torrent Technology*
— Contentdevelopedin collaboration with CHLA & COG pediatric oncologists
— 49 of 51 targetsidentified by COG TAP committeeareincluded

The same 52 genes designated as candidate therapeutic targets in Adult Oncomine Focus for NCI
MATCH program are present in our panel as well

Nearly 200 hotspot and full length genes already identified in pediatric cancer are also included
Nearly 200 relevant gene fusions are included (> 1,500 combinatorial variants)

Custom bioinformatics pipeline, ICE (Integtrated Curation Environment), enabling best in class
precision, sensitivity, and specificity

*For Research Use Only. Not for use in diagnostic procedures
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