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196 

197 

198 

199 

200 

201 

202 

203 

204 

clinical genomic analysis has 205 

the potential to identify potentially clinically relevant alterations in a substantial fraction of 206 

pediatric cancer patients as demonstrated by all three studies. Second, both the tumor and 207 

germline alterations identified in these studies target a diverse set of genes, including many 208 

which were not previously known to be associated with the patient's cancer type or in pediatric 209 

cancer, emphasizing the potential yield of genome-scale testing for these patients.  210 

 211 

Third, 212 

213 



 

 

 

This article is protected by copyright. All rights reserved. 

 

10 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 



 

 

 

This article is protected by copyright. All rights reserved. 

 

11 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 

261 



 

 

 

This article is protected by copyright. All rights reserved. 

 

12 

262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 



 

 

 

This article is protected by copyright. All rights reserved. 

 

13 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 



 

 

 

This article is protected by copyright. All rights reserved. 

 

14 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 



 

 

 

This article is protected by copyright. All rights reserved. 

 

15 

332 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 



 

 

 

This article is protected by copyright. All rights reserved. 

 

16 

356 

357 

358 

359 

360 

361 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 
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“pathogenic” compared to those that are “likely pathogenic”, “likely benign”, “benign” or “uncertain 375 

significance”. Numerous efforts, including the Somatic Cancer working group of the Clinical Genome 376 

Resource (ClinGen), are currently focused on the challenge of defining standards for interpretation of 377 

somatic changes and their clinical actionability[68].   378 
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TABLE 1: Pilot studies of genomic medicine in pediatric oncology 908 

 

Institution 
# patients 

enrolled 

# 

patients 

analyzed 

Tumor 

types 

included 

Types of 

patients 

enrolled 

Molecular 

profiling 

for somatic 

events 

Molecula

r profiling 

for trans-

criptional 

events 

Molecular 

profiling 

for 

germline 

events 

Profiling 

platform 

CLIA 

lab? 

Mean 

cover

-age 

Data 

reported 

# genes 

analyzed 

% with 

potentially 

actionable 

findings 

Patients 

treated 

based on 

actionable 

findings? 

BASIC3 

Baylor 

College of 

Medicine 

150 

150 (GL), 

121 

(Tumor) 

Solid 
Newly 

diagnosed 
WES None WES 

Illumina 

HiSeq 
Yes 

WES: 

272x 

Somatic 

and 

germline 

SNVs 

All 

39%, 

including 

10% with 

GL finding 

No 

PEDS-MI- 

ONCOSEQ 

University 

of Michigan 
102 91 

Solid, 

brain 

and 

liquid 

Relapsed, 

high risk 

newly 

diagnosed 

WES, RNA-

Seq 
RNA-Seq WES 

Illumina 

HiSeq 
Yes 

WES: 

150x 

Somatic 

SNVs, 

germline 

SNVs, 

Gene 

expression, 

Gene 

fusions, 

Copy 

number 

All 

46%, 

including 

10% with 

GL finding 

Yes 

iCat 

Dana-

Farber 

Cancer 

Institute 

and others 

101 89 Solid 

Relapsed, 

high risk 

newly 

diagnosed 

Sequenom, 

aCGH, WES 
None Not done 

Illumina 

HiSeq, 

Agilent 

Yes NR 

Somatic 

SNVs, 

Gene 

fusions, 

Copy 

number 

Sequenom: 

41, WES: 

275, aCGH: 

38 

34% Yes 

INFORM 

German 

Cancer 

Research 

Center 

(DKFZ) and 

others 

57 52 

Solid, 

brain 

and 

liquid 

Relapsed, 

high risk 

newly 

diagnosed 

WES, WGS, 

RNA-Seq, 

Methyl-

ation array, 

RNA 

GeneChip 

array 

RNA-Seq, 

GeneChip 

Array 

WES, WGS 

Illumina 

HiSeq, 

Affy-

metrix 

Gene-

Chip, 

Illumina 

methyl- 

array 

NA 

WES: 

155x; 

WGS: 

3.4x 

Somatic 

SNVs, 

germline 

SNVs, 

Gene 

expression, 

Gene 

fusions, 

Copy 

number 

All 

50%, 

including 

4% with 

GL finding 

Yes 

 909 

Abbreviations: GL, germline; WES, whole exome sequencing; WGS, whole genome sequencing; 910 

Methyl-array, methylation array; aCGH, array comparative genomic hybridization; SNV, single 911 

nucleotide variant; CLIA, clinical laboratory improvements amendments; NR, not reported.  912 

Patient enrollment numbers refer to data reported in [References 15, 16, 19, and 20]. 913 
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914 

TABLE 2: Targeted agents in pediatric cancers 915 

 916 

Inhibitor 

target 

Example molecular 

biomarkers* 

Example 

therapeutics 
Example pediatric tumors References 

PI3K/ mTOR 

PIK3CA mutations 

PTEN loss 

TSC1/2 loss 

Everolimus 

Temsirolimus 

Rapamycin 

Sarcomas 

Subependymal giant cell 

astrocytomas 

 

 

[24, 25] 

 

MEK 

BRAF mutation 

BRAF tandem duplication 

N/KRAS mutation 

PTPN11 mutation 

NF1 loss 

Trametinib 

Selumetinib 

Melanoma 

Plexiform neurofibroma 

Glioblastoma 

Juvenile myelomonocytic 

leukemia 

[26, 27] 

BRAF 
BRAF V600E/K 

BRAF fusions 

Vemurafenib 

Dabrafenib 

Melanoma 

LCH 

Glioma 

Pilocytic astrocytomas (2nd 

generation inhibitors only) 

[28 – 31] 

ALK 

ALK mutation/fusion 

NTRK1/2/3 fusion 

ROS1 fusion 

Crizotinib 
Neuroblastoma 

Embryonal sarcomas 
[32, 33] 

NTRK 1/2/3 NTRK1/2/3 fusion 
Crizotinib 

LOXO-101 

Infantile fibrosarcomas 

Mesonephric blastoma 
[34, 35] 

SMO 

PTCH1 mutation 

SUFU mutations 

GLI1 amplification 

Vismodegib Medulloblastoma [36] 

PARP1 BRCA1/2 mutation Olaparib Ewing’s Sarcoma [37, 38] 



 

 

 

This article is protected by copyright. All rights reserved. 

 

40 

EWSR1-FLI fusion 

ATM mutation 

Rucaparib 

CDK4/6 

CDK4/6 amplification 

CyclinD1 amplification 

 

Palbociclib 

Neuroblastoma 

Rhabdomyosarcoma 

ATRT 

[39] 

BET 

bromodomain 

BRD-NUT fusions 

MYCN amplification 

MYC translocations 

JQ1, IBET726, 

OTX015 

NUT midline carcinomas 

Neuroblastoma 

Medulloblastoma 

Burkitt Lymphoma 

[40, 41] 

AURKA 

 

MYCN amplification 

 

Alisertib Neuroblastoma [46] 

FGFR 
FGFR1/2/3 fusion, 

amplification, mutation 

Ponatinib 

Dovitinib 
Rhabdomyosarcoma [42] 

 

Multi-kinase 

inhibitors 

FLT3 mutation or internal 

tandem duplication 
Sorafenib Acute myeloid leukemia [43, 44] 

VEGFR, cKit, PDGFR 

expression 
Pazopanib Sarcomas [45] 

 917 

* Loss refers to genomic loss through either deletion or inactivating mutation 918 

919 

TABLE 3: Challenges in precision medicine 920 

 921 

 922 

   Current Status Considerations Future possibilities 
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C
h

al
le

n
ge

s 

Cost* $6000 

 $3000 in direct 

sequencing costs 

 $1000 for library 

preparation 

 $2000 Lab personnel, 

capital cost 

 Reductions in sequencing 

reagents 

 Reduced reliance on fee-for-

service computational services 

Turn around  

time** 
4-6 weeks 

 1-2 weeks for sequencing 

 2-4 weeks for 

bioinformatics 

Optimizing computational pipelines 

with targeted analyses for time 

reductions 

Lack of clinical           

trial availability 

~20-40% of 

patients with 

actionable targets 

lack access to 

drugs 

Limited pediatric 

safety/efficacy data 

available for many 

experimental therapies 

Multi-institutional umbrella trial 

protocols such as the MATCH 

Rational   

combination of 

therapies 

Targeted agents 

typically initiated 

in the relapse 

setting mostly as 

a single agent 

after standard-of-

care 

Relapsed/refractory 

patients likely have 

multiple intrinsic 

resistance mechanisms 

 Introduction of targeted agents 

early in disease course 

 Combining targeted agents with 

other targeted agents, standard-

of-care regimens or 

immunotherapy 

Incidental 

germline findings 

~8 - 10% of 

patients harbor 

likely pathogenic 

variants 

Flexible-default model of 

optional disclosure of 

germline findings to 

families 

 Increased access for "trio" testing 

of families to define variants 

 Longitudinal studies on the 

impact of findings on families (e.g. 

psychological, access to care and 

adherence to cancer screening) 

 923 

*Estimate for supplies and capital depreciation for the Peds-Mioncoseq study by Michigan group (Ref 15) 924 

only and does not include cost of analysis. 925 

** Turnaround time estimates refer to the Peds-Mioncoseq study by Michigan group (Ref 15) only 926 

927 


