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Most research is performed in silos



Researcher puts lab 
data into commons

Researcher puts 
patient data into 

commons

A commons is a place to store and use data

Researcher puts 
genomics data into 

commons

Researcher can use 
and analyze all data 

right in the 
commons

Clinical data 
Genomic data 
Microbiome data
Visualization tools



Why do we need data commons?

Too much data to store 

Takes too long to transfer 

Too expensive to analyze 

Lack of data standardization



Falling costs of DNA sequencing
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Informatics is now the bottleneck

businessinsider.com

C
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t Sequencing cost 
dropping ~5x/year

Informatics cost 
dropping ~2x/year



The importance of standards
Pediatric rhabdomyosarcoma

F - Findable
A - Accessible
I - Interoperable
R - Reusable



Survival - Pediatric cancer

Acute lymphoblastic leukemia

Hodgkin lymphoma

Nephroblastoma

Germ cell tumors

Acute myelogenous leukemia

Ewing sarcoma

Osteosarcoma

Neuroblastoma

Rhabdomyosarcoma

Non-Hodgkin lymphoma

Brain tumor
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Why do we need pediatric cancer data commons?

All 15,190
Bone 787
Brain 2,653
Hodgkin lymphoma 973
Kidney 608
Acute lymphoblastic leukemia 2,627
Acute myelogenous leukemia 642
Non-Hodgkin lymphoma 1,116
Soft-tissue 869
Other 4,585
Source: CDC - 2014

Pediatric cancers
All 1,688,780
Oral 49,670
GI 310,440
Lung 222,500
Skin 95,360
Breast 255,180
Ovary 22,440
Prostate 161,360
Urinary 146,650
Lymphoma 80,500
Myeloma 30,280
Leukemia 62,130
Source: cancer.org - 2017

Adult cancers

Studying a rare disease like 
pediatric cancer is difficult. 



Children’s Oncology Group
Cooperative group system for clinical research

Children’s Oncology Group (COG)

Children's Cancer Group (CCG)
Pediatric Oncology Group (POG)

Intergroup Rhabdomyosarcoma Study Group (IRSG)
National Wilms’ Tumor Study Group (NWTS)

1955

2000



Neuroblastoma

The most common solid tumor in children



Neuroblastoma is rare

Studying such a rare tumor is especially difficult and 
requires collaborative, consortium-driven research.

Site New Cases 2012
Breast 229,000
Colon 103,000

Prostate 241,000
Lung 226,000

Neuroblastoma 800



International Neuroblastoma Research Group
Established in 2004

Children’s Oncology Group (COG) Germany Japan SIOPEN

Charged with collecting patients and standardizing terminologies

The largest collection of neuroblastoma 
patients and has resulted in more than a 

dozen high-impact papers

Group Number

COG 4235

Germany 1938

Japan 470

SIOPEN 936

Total 8800

4235 1938 470 936



Neuroblastoma consensus data dictionary



International Neuroblastoma Research Group

Age Year Ferritin LDH EFSTime Stime EFSCens Scens Initial_Treat INSS_Stg Evans:Stg _1p_loab_11q_ubabmycn ploidy_17q_gainpri_adrepri_abdretpri_neckpri_thorpri_pelvpri_othmet_bmmet_bonemet_dlnmet_livmet_skinmet_lungmet_cnsmet_oth hist grade mki diag inrg_id
691 1992 238 1024 2284 2284 0 0 2 2 2 9 9 9 1 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 9 101
2372 1995 139 263 3345 3345 0 0 2 4 9 9 9 0 9 9 0 0 0 1 0 0 0 0 0 0 0 0 0 0 9 9 9 9 102
839 1990 3389 3389 0 0 2 4 9 9 9 0 9 9 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 9 9 9 103
787 1994 84 1849 925 1111 1 1 3 5 9 9 9 9 9 9 1 0 0 0 0 0 1 1 0 0 9 9 9 1 9 0 9 1 104
792 1995 36 347 2273 2273 0 0 1 1 9 9 9 0 9 9 0 1 0 0 9 0 0 0 0 0 0 0 0 0 0 1 1 1 105
9 1995 757 104 2436 1 0 1 1 9 9 9 0 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 9 106

393 2001 1 1 0 0 9 5 9 9 9 0 1 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 107
3465 1994 528 878 1 1 2 5 9 9 9 9 9 9 0 0 0 0 0 1 1 1 0 1 0 0 0 0 1 0 2 1 108
168 1998 420 1837 1837 0 0 1 1 9 9 9 0 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 109
8 1982 8067 8067 0 0 2 9 5 9 9 9 9 9 1 0 0 0 0 0 0 0 0 1 0 0 0 0 9 9 9 9 110

1225 1993 50 1744 176 176 1 1 9 5 4 9 9 0 0 9 0 0 0 1 0 0 1 0 1 0 0 0 0 0 9 9 9 9 111
212 1995 592.8 3349 3349 0 0 2 6 9 0 9 0 9 9 1 0 0 0 0 0 1 0 0 0 0 0 0 1 9 9 9 9 112
528 1995 809 1834 1834 0 0 1 1 9 9 9 0 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 113
1630 1990 676 975 1141 1 1 2 9 4 9 9 1 0 9 0 1 0 0 0 0 1 1 0 0 0 0 0 1 9 9 9 9 114
5096 1989 375 531 1 1 2 9 9 1 1 9 9 0 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 115
18 1999 1250 1250 0 0 2 4 9 9 9 0 0 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 9 116
653 1994 2503 2503 0 0 5 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 1 0 3 1 117
809 2002 73.8 812 812 0 0 1 3 2 9 9 0 1 9 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 9 9 2 118
772 1990 17.9 266 4719 4719 0 0 2 4 9 9 9 0 9 9 0 1 0 0 9 0 0 0 0 0 0 0 0 0 9 9 9 9 119
440 1998 13 260 1987 1987 0 0 2 2 9 9 9 0 9 9 0 0 0 1 0 0 0 0 0 0 0 0 0 0 9 9 9 9 120
482 2000 71 672 32 32 1 1 3 3 9 1 0 1 9 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 121
1045 1997 232 1930 200 200 1 1 5 5 9 0 9 1 9 9 1 0 0 0 0 0 1 1 0 0 0 0 0 0 1 9 3 1 122
2204 1989 3196 3196 0 0 2 5 9 9 9 0 9 9 1 0 0 0 0 0 0 1 0 0 0 0 0 1 9 9 9 9 123
323 1991 2878 2878 0 0 2 3 9 9 9 1 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 9 9 124
401 1999 314 314 0 0 9 4 9 9 9 1 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 1 9 9 9 125
19 2001 89 242 985 985 0 0 1 1 9 9 9 0 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 126
14 1987 4495 4495 0 0 1 9 3 9 9 9 9 9 0 1 0 0 9 0 0 0 0 0 0 0 0 0 0 9 9 9 127
188 1998 17.2 855 2193 2193 0 0 1 1 1 0 9 0 0 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 128
879 1988 314 345 1 1 3 9 4 9 9 0 9 9 1 0 0 0 0 0 1 1 0 0 0 0 0 0 9 9 9 9 129
211 1986 3620 3620 0 0 9 9 2 9 9 9 9 9 0 0 0 1 0 0 0 0 0 0 9 9 9 0 9 9 9 9 130
436 1998 30 30 1 1 3 5 4 1 9 1 1 9 1 0 0 0 0 0 1 1 1 0 9 9 9 0 9 0 1 1 131
754 2001 853 853 0 0 9 4 9 9 9 0 0 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 132
2118 1998 546 1832 1832 0 0 1 1 9 9 9 9 9 9 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 9 9 9 133
454 1999 39 338 1575 1575 0 0 1 1 9 0 9 0 9 9 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 134
9 1994 211 1464 1207 1207 0 0 2 5 4 9 9 0 0 9 0 0 0 1 0 0 0 1 0 0 0 0 0 0 9 9 9 9 135

191 1994 2380 2380 0 0 2 5 9 9 9 0 9 9 1 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 1 136
270 1984 388 4660 4660 0 0 2 9 2 9 9 9 9 9 0 0 0 1 0 0 0 0 0 0 0 0 0 0 9 9 9 9 137
604 1987 360 360 1 1 9 9 4 9 9 9 9 9 1 0 0 0 0 0 1 1 1 1 9 9 9 1 9 9 9 9 138
22 1983 1368 1368 1 1 9 9 4 9 9 9 9 9 1 0 0 0 0 0 0 0 0 0 9 9 9 1 9 9 9 1 139
1051 1992 124 180 684 708 1 1 3 5 9 9 9 9 9 9 0 0 0 0 1 0 1 1 1 0 9 9 9 0 9 9 9 1 140
450 1980 497 618 1 1 4 9 4 9 9 9 9 9 0 0 0 0 0 0 0 1 0 0 0 0 0 0 9 9 9 9 141
712 1995 424 424 1 1 2 5 9 1 0 1 9 9 1 0 0 0 0 0 1 1 0 0 0 0 0 1 1 0 2 1 142
1712 1997 231 2410 39 39 1 1 3 5 9 9 9 1 9 9 1 0 0 0 0 0 1 1 0 0 0 0 0 1 9 9 9 9 143
302 1982 6077 6077 0 0 9 9 3 9 9 9 9 9 0 0 0 1 0 0 0 0 0 9 9 9 9 0 9 9 9 1 144
1381 2001 15 1125 1125 0 0 1 5 2 9 9 0 1 9 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 9 9 2 145
126 2001 849 849 0 0 9 4 9 0 0 0 0 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 146
444 1997 210 5994 2584 2584 0 0 3 5 4 9 9 1 9 9 0 1 0 0 0 0 1 1 1 0 9 9 9 0 9 0 1 1 147
4599 1999 1407 1407 0 0 2 4 9 9 9 1 9 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 9 148
1176 1993 155 488 505 582 1 1 4 5 9 1 9 0 9 9 0 1 0 0 9 0 1 0 0 0 0 0 0 0 9 9 9 9 149
486 1996 9 1598 1894 1894 0 0 9 1 1 9 9 0 1 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 150
1734 1990 2052 2052 0 0 9 3 9 9 9 9 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 9 151
1516 2002 4035 4035 0 0 2 9 9 9 9 9 9 9 1 0 0 0 0 0 1 1 0 0 0 0 0 1 9 9 9 9 152
2135 1988 214 246 1 1 2 5 9 9 9 9 9 9 1 0 0 0 0 0 1 1 0 0 0 0 0 1 9 9 9 9 153
1279 1983 303 5843 5843 0 0 2 9 3 9 9 9 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 9 154
476 1999 996 1533 1533 0 0 2 4 9 9 9 9 9 9 0 0 0 0 1 0 0 0 0 0 0 0 0 0 9 1 9 1 155
6962 1987 264 266 1 1 2 9 3 9 9 9 9 9 1 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 9 156
3311 1998 167 396 539 1288 1 1 4 5 9 0 1 0 9 9 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 9 1 157
151 1988 62 297 1 1 3 9 4 9 9 0 9 9 1 0 0 0 0 0 1 1 0 1 0 0 0 0 9 9 9 9 158
2504 1989 1338 1686 1 1 9 5 4 9 9 9 9 9 0 0 0 1 0 0 1 0 1 0 9 9 9 0 9 9 9 9 159
497 1998 873 9565 136 136 1 1 3 5 4 1 9 1 1 9 1 0 0 0 0 0 1 1 1 0 9 9 9 1 9 0 1 1 160
2269 1989 181 321 1 1 2 5 9 9 9 9 9 9 0 0 0 0 0 1 0 0 0 1 0 1 0 1 9 9 9 9 161
151 1997 112 1482 1482 0 0 1 1 9 9 9 0 9 9 0 1 0 0 1 0 0 0 0 0 0 0 0 0 9 9 9 9 162
1846 1992 132 697 294 320 1 1 3 5 9 1 9 0 9 9 1 0 0 0 0 0 0 0 1 1 0 0 0 0 9 9 9 9 163

4500 1900 500 900

The good news 

8800 patients!

The bad news?

Established in 2004

Children’s Oncology Group (COG) Germany Japan SIOPEN

International Neuroblastoma Research Group



Neuroblastoma Commons Cohort Discovery



Demo query 1

Stage 4, 18m-5y, TARGET data



Neuroblastoma Commons Cohort Discovery

Stage 4, 18m-5y, TARGET data



Stage 4, 18m-5y, TARGET data

Neuroblastoma Commons Cohort Discovery



Neuroblastoma Commons Cohort Discovery

Stage 4, 18m-5y, TARGET data



Links to external data sets

Neuroblastoma Commons Cohort Discovery



Neuroblastoma Commons Cohort Discovery



Demo query 2

Favorable biology, tissue available



Neuroblastoma Commons Cohort Discovery

Favorable biology, tissue available



Links to external data sets

Neuroblastoma Commons Cohort Discovery



Favorable biology, tissue available

Neuroblastoma Commons Cohort Discovery



Neuroblastoma Data Commons

Command-line analysis

Visualization

INRG cohort discovery

Genomic data commons search



Data growth

Year COG SIOPEN GPOH Japan Total

2004 4235 2157 1938 470 8800

2012 6127 2504 1938 470 11039

2013 11642 2504 1938 470 16554

2015 13060 2504 1938 470 17972

2016 13937 2664 1938 470 19009



Neuroblastoma data commons
Researchers

Queries 
Cohort counts

Cooperative Group

Statistician

Curated 
clinical data CRI Informatics 

Coordinator

Object Store

Data Viz 
VMs

Queries 
Clinical data

Approved 
projects

INRG-DB Front-End Server

INRG-DB Server

University of Chicago

Genomics Data Commons



Federated Authentication



Governance / Regulation / Compliance



Paradigm for building a pediatric cancer commons

1. Engage cooperative group(s) 

2. Define scope 

3. Identify funding source 

4. Identify infrastructure 

5. Engage project team 

6. Identify data sources 

7. Establish governance, create 
policies and procedures

8. Create contributor / use agreements 

9. Create standards working group to 
create data dictionary, map elements 

10. Create database 

11. Build front-end query engine 

12. Create and execute communication 
and education plans 

13. Create sustainability model



Governance / Regulation / Compliance



Building pediatric cancer commons

• Hodgkin Disease 

• Neuroblastoma 

• Non-Hodgkin lymphoma 

• Renal tumors 

• Soft tissue sarcoma

• Acute myeloid leukemia 

• Acute lymphoblastic leukemia 

• Bone tumors 

• Central nervous system tumors 

• Germ cell tumors



Building a soft-tissue sarcoma data commons

Engaged 
COG STS chair

2-day STS 
summit in 
Chicago

Planning 
phone calls

Data 
contribution 

and use 
agreements

3rd STS 
summit

Release of 
database and 
query engine

20
18

20
19

20
17

Planning 
phone calls

STS summit 
in Copenhagen



Paradigm for building a pediatric cancer commons

1. Engage cooperative group(s) 

2. Define scope 

3. Identify funding source 

4. Identify infrastructure 

5. Engage project team 

6. Identify data sources 

7. Establish governance, create 
policies and procedures

8. Create contributor / use agreements 

9. Create standards working group to 
create data dictionary, map elements 

10. Create database 

11. Build front-end query engine 

12. Create and execute communication 
and education plans 

13. Create sustainability model



The importance of standards
Pediatric rhabdomyosarcoma



The importance of standards
Pediatric rhabdomyosarcoma



Paradigm for pediatric cancer commons

Harmonized clinical trials data

Soft-tissue sarcoma

Germ cell tumors

Osteosarcoma

Neuroblastoma

Other cancers

Children’s Oncology Group 
SIOPEN 

Other consortia

Clinical trials data

OMOP 
SNOMED 
NCI EVS 
CDISC

Reference data

APIAPI

GDC 
Kids First 

Seven Bridges 
Cavatica 

Other data commons

Data commons



Gabriella Miller Kids First Pediatric Data Resource Center

Harmonized data 
Tools 

Results



Paradigm for pediatric cancer commons

Harmonized clinical trials data

Soft-tissue sarcoma

Germ cell tumors

Osteosarcoma

Neuroblastoma

Other cancers

Children’s Oncology Group 
SIOPEN 

Other consortia

Clinical trials data

OMOP 
SNOMED 
NCI EVS 
CDISC

Reference data

APIAPI

GDC 
Kids First 

Seven Bridges 
Cavatica 

Other data commons

Data commons



Acknowledgements
Center for Data-intensive scienceCenter for research informatics


