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Challenge : Multiple Classes of  Alterations

MacConaill and Garraway, Journal of Clinical Oncology, 2010



Challenge : Single Tumor, Many Tests
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MSKCC – Molecular Diagnostics Service
Comprehensive set of next-generation sequencing (NGS) based assays

> 30,000 samples analyzed so far

35% of all



Precision Oncology with MSK-IMPACT

A R T I C L E S
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Genomic rearrangements, many of which produced putative  
gene fusions, were reported in 1,597 individuals (15%). The most 
commonly observed rearrangements were TMPRSS2-ERG (n = 151),  
EGFRvIII (deletion of exons 2–7 of EGFR; n = 65), EML4-ALK  
(n = 38) and EWSR1-FLI1 (n = 25). Additional alterations, including 
cryptic rearrangements involving TMPRSS2 detected in 23 prostate  
cancers, were suggestive of gene fusions produced by complex  
processes, such as chromoplexy, that are not easily discerned by  
targeted sequencing25.

Although some genes were mutated at similar rates across many 
tumor types (for example, TP53 and PIK3CA), others were highly 
enriched for mutations in only one or two cancer lineages (for exam-
ple, VHL, APC and IDH1). Certain gene fusions were also exclusive 
to particular lineages, such as TMPRSS2-ERG in prostate cancer, 
EWSR1-FLI1 in Ewing sarcoma and DNAJB1-PRKACA in fibrolamel-
lar hepatocellular carcinoma. Nevertheless, excluding hypermutated 
tumors, 97% of the genes in our 410-gene panel were mutated at least 
once in five or more principal tumor types, reinforcing the potential 
benefit of broad mutation profiling regardless of lineage.

TERT promoter mutations
In addition to the coding regions of the aforementioned cancer- 
associated genes, MSK-IMPACT also captures the promoter of TERT. 
Mutations at two highly recurrent hotspots in the TERT promoter have 
been shown to create novel consensus binding sites for ETS family 
transcription factors, leading to upregulated telomerase expression 
and decreased cell death26,27. Yet, these hotspots are absent from most 
genomic studies because the TERT promoter is typically not covered 
by WES analysis. The MSK-IMPACT results thus provide, to our 
knowledge, the largest analysis of somatic mutations in the TERT pro-
moter across all tumor types reported to date. Consistent with prior 
reports, G>A substitutions at positions −124 and −146 bp relative to 
the TERT transcription start site were the most common alterations 
(96.3%); they were observed in 43 principal tumor types (Fig. 3a)28. 

mutations was >4-fold greater in MSK-IMPACT than in TCGA (29% 
versus 7%), which is consistent with previously noted associations 
between TP53 status and more clinically aggressive disease20. We also 
observed frequent alterations in genes in MSK-IMPACT that were 
not enriched in the corresponding cancer type in TCGA, including 
in AR (androgen receptor) in prostate cancer (18% versus 1%) and 
ESR1 (estrogen receptor) in breast cancer (11% versus 4%), which is 
consistent with the known roles of these genes in promoting resist-
ance to hormone therapy. The most common AR mutations in our 
cohort were L702H and H875Y (ten individuals each), both of which 
have been described as acquired mutations conferring resistance to 
androgen receptor inhibitors21. ESR1 mutations were observed at 
recurrent hotspots in both breast and endometrial cancers, almost 
exclusively in metastatic tumors that arose after hormone treatment 
(Supplementary Fig. 11)22,23.

The most frequently altered gene in the MSK-IMPACT cohort was 
TP53 (41% of patients; Fig. 2c). TP53 mutations occurred most often in 
high-grade serous ovarian cancer (98%), esophageal adenocarcinoma 
(89%) and small-cell lung cancer (85%) and were largely inactivating 
through truncation or disruption of splicing. Altogether, TP53 was 
altered in >10% of cases for 43 of the 62 principal tumor types. KRAS 
was the second most frequently altered gene (15% of patients). KRAS 
mutations were most prevalent in pancreatic adenocarcinoma (90%) 
and colon adenocarcinoma (44%). KRAS also harbored the most fre-
quently altered codon among the tumors sequenced (G12), accounting 
for 80% of all KRAS mutations and 12% of all individuals sequenced. 
The next most commonly mutated codons were PIK3CAH1047, 
PIK3CAE545 and BRAFV600 (Supplementary Table 4), each of which 
was mutated in more than 20 principal tumor types, indicative of posi-
tive selection across lineages24. Differences in the location of mutations 
within genes were observed among different tumor types. For example, 
in EGFR, mutations in glioma were localized to the extracellular N-
terminal domain, whereas mutations in lung cancer arose mainly in 
the kinase domain (Supplementary Fig. 12).
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Memorial Hospital For Cancer & Allied Diseases
Molecular Diagnostics Service, Department of Pathology

1275 York Avenue New York, NY, 10065

Tel: (212) 639-8280 | Fax: (212) 717-3515

MSK-IMPACT Solid Tumor Testing Results

Patient Name John Doe Medical Record #

Date of Birth Accession #

Gender Female Specimen Submitted Liver; biopsy

Tumor Type Breast Invasive Ductal
Carcinoma Surgical Path. #

Ref. Physician Physician M.D. Account #

Date of Receipt 0/0/0000 Date of Report 0/0/0000 00:00

Summary 6 mutations, 2 copy number alterations, no structural variants detected. 2 alterations are potentially actionable.

Somatic alterations detected in this sample:

Gene Type Annotation Location Additional Information +

MutatMutations

TP53 Nonsense Mutation Q192* (c.574C>T) exon6 MAF: 42%, COSMIC: 78

ERBB2 Missense Mutation L755S (c.2264T>C) exon19 MAF: 55%, COSMIC: 20

CDH1 Missense Mutation S133F (c.398C>T) exon4 MAF: 18%, COSMIC: 1

ZFHX3 Missense Mutation A2556V (c.7667C>T) exon9 MAF: 6%

MDC1 Missense Mutation R2054W (c.6160C>T) exon15 MAF: 9%

BRCA1 Missense Mutation R951K (c.2852G>A) exon10 MAF: 17%

MutatCopy Number Alterations

CDK12 Whole gene Amplification 17q12 FC: 2.7

ERBB2 Whole gene Amplification 17q12 FC: 2.7

: Denotes clinically/analytically validated variants.
RefSeq IDs for the genes with reported variants along with a list of all 410 genes can be found on the last page

Alteration(s) Drug(s) Description

Lapatinib
Trastuzumab
Trastuzumab+Pertuzumab
T-DM1

ERBB2 Amplification
FC: 2.7

FDA Approved and/or NCCN recommended biomarker

Investigational biomarker

Level 1

NeratinibERBB2 L755S
MAF: 55%

Level 3A

ERBB2 encodes a member of the EGFR family of receptor tyrosine kinases that signals through the 
pro-oncogenic MAP- and PI3-kinase pathways. ERBB2 is altered by amplification and/or overex-
pression in various cancers, including breast, endometrial and esophagogastric cancer. ERBB2 
amplification is known to be oncogenic. Trastuzumab, T-DM1 (ado-trastuzumab emtansine) , 
pertuzumab and lapatinib are FDA-approved for the treatment of patients with breast cancer harboring 
ERBB2 amplification. Trastuzumab is also FDA-approved for the treatment of patients with gastric 
cancer harboring ERBB2 amplification.

ERBB2 encodes a member of the EGFR family of receptor tyrosine kinases that signals through the 
pro-oncogenic MAP- and PI3-kinase pathways. ERBB2 is altered by amplification and/or over-

-

expression in various cancers, including breast, endometrial and esophagogastric cancer. The 
ERBB2 L755S mutation is known to be oncogenic. There is compelling clinical data supporting the 
use of neratinib in patients with breast cancer harboring the ERBB2 L755S mutation. ERBB2 L755S
has been biologically characterized as sensitizing to neratinib as evidenced by pathway inhibition 
upon drug treatment.

+: A glossary of terms and the description of the iconography used in this report can be found after the "Test and Methodology" section .
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Figure 1 Overview of the MSK-IMPACT clinical workflow. Patients provide informed consent for paired tumor–normal sequence analysis, and a blood 
sample is collected as a source of normal DNA. DNA is extracted from tumor and blood samples using automated protocols, and sequence libraries are 
prepared and captured using hybridization probes targeting all coding exons of 410 genes and select introns of recurrently rearranged genes. Following 
sequencing, paired reads are analyzed through a custom bioinformatics pipeline that detects multiple classes of genomic rearrangements. Results are 
loaded into a genomic variants database developed in house, MPath, where they are manually reviewed for quality and accuracy. Genomic alterations 
are reported in the electronic medical record, transmitted to an institutional database (Darwin) that facilitates automated clinical trial matching and 
automatically uploaded to the cBioPortal for data mining and interpretation.

Identifies mutations, copy number alterations, structural variants in 468 genes as 
well as biomarkers that could predict treatment response such as MSI status or tumor 
mutation burden (TMB)

Zehir, Benayed et al., Nature Med 2017



MSK-IMPACT current panel design

24,350 cases

341 genes: 2,861 cases

410 genes: 10,004 cases

468 genes: 11,525 cases

Cancer Gene Exons:
6,614 protein-coding exons of 468 genes

- actionable mutations
- targets of investigational agents
- frequently mutated in cancer
- cancer susceptibility genes

Cancer Gene Introns:
70 introns of 20 recurrently rearranged genes

Cancer Gene Promoters: TERT promoter

SNP Probes: >1,000 non-coding SNPs
- copy number analysis, various QC checks

Target Territory = 1.52 Mb 

Panel includes exons, introns, and other noncoding regions



Transitioning into NGS assays 

• Track certain meta-data elements for the sample
• Review quality control data points and confirm technical success
• Track sample failures, repeats, multiple samples from the same patient

• Review & track mutations at the raw data level (.bam files)
• Review & track copy number alterations and structural variants

• Share data with the institute (clinicians + researchers)
• Create clinical reports easily
• Ease of accessibility and accountability

Technical needs for a comprehensive clinical sequencing program



MPath – Data Management System (DMS)

• Kicks-off whenever a run is completed on the sequencer
• Automatically starts analysis pipeline and monitors progress
• Monitors file storage and automatically backs up the data files
• Tracks sample meta data, sample QC 
• De-identifies samples based on patient identifier and the assay type 
• Alerts users of successful completion of pipeline as well as errors regarding the analysis

.fastq files
.fastq files

.fastq files
.fastq files

.vcf files
.vcf files

.vcf files
.vcf files

.bam files
.bam files

.bam files
.bam files
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MPath - Results Management System (RMS)

MPath NGS

Pt. Name
MRN
Accession #
Tumor Type

Meta-data

Analysis results

+



www.cbioportal.org/oncotree

MPath - NGS
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MPath - Reporter

MPath NGS

Electronic Medical Record

cBio Portal

Memorial Hospital For Cancer & Allied Diseases
Molecular Diagnostics Service, Department of Pathology

1275 York Avenue New York, NY, 10065

Tel: (212) 639-8280 | Fax: (212) 717-3515

MSK-IMPACT Testing OncoKB Annotation Amended Report

Patient Name Redacted Medical Record # Redacted

Date of Birth Redacted Accession # Redacted

Gender Redacted Specimen Submitted Sigmoid colon

Tumor Type Colon Adenocarcinoma Surgical Path. # Redacted

Ref. Physician Redacted Account # Redacted

Date of Receipt Redacted Date of Report Redacted

Date of Procedure Redacted

Summary 4 mutations, no copy number alterations, no structural variants detected, 1 alteration has OncoKB interpretation

Somatic alterations detected in this sample:
Gene Type Annotation Location Additional. Info.

MutatMutations

BRAF Missense Mutation V600E (c.1799T>A) exon15 MAF: 7.3% α

PTEN Missense Mutation D92N (c.274G>A) exon5 MAF: 7.5%

TP53 In-frame Del N131del (c.393_395del) exon5 MAF: 10.4% α

NEGR1 Nonsense Mutation R173* (c.517C>T) exon3 MAF: 5.3%

+: A glossary of terms and icons used in this report can be found after the "Test and Methodology" section .
α: Denotes clinically/analytically validated variants.
RefSeq IDs for the genes with reported variants along with a list of all 410 genes can be found on the last page

Investigational biomarker:
Alteration(s) Drugs(s) Description

Level 2B
BRAF V600E
MAF: 7.3%

Trametinib + Dabrafenib (2B),
Vemurafenib + Cobimetinib
(2B),
Dabrafenib (2B),
Vemurafenib (2B),
Vemurafenib + Panitumumab
(3A),
Trametinib (2B)

BRAF, an intracellular kinase, is frequently mutated in melanoma, thyroid and
lung cancers. The BRAF V600E mutation is known to be oncogenic. The
FDA-approved selective RAF-inhibitors dabrafenib and vemurafenib have
minimal activity as single agents in BRAF V600-mutant colorectal cancer. There
is promising clinical data supporting regimens that combine a RAF-inhibitor
together with an anti-EGFR antibody with or without a MEK-inhibitor, such as
the doublet vemurafenib plus panitumumab or the triplet dabrafenib, trametinib,
plus panitumumab in patients with these tumors.

Technical Assessments
Coverage 875X Test Version 410 genes

Status Matched Sample Run Number 2015-224

Coverage assessment: Unless specified, all exons tested had minimum depth of coverage of 100X.

Mutation assessment: Mutation assessment: Mutations are called against the patient's matched normal sample. This assay reports somatic
variants confirmed to be absent in the matched normal.
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Traditional clinical reports

POSITIVE FOR THE FOLLOWING SOMATIC ALTERATIONS IN THE CLINICALLY VALIDATED PANEL:

1. TP53 (NM_000546) exon10 p.R342Pfs*5 (c.1024dupC)
MICROSATELLITE STABLE (MSS). See MSI note below.

POSITIVE FOR THE FOLLOWING SOMATIC ALTERATIONS IN 

THE INVESTIGATIONAL PANEL:
2. TERT (NM_198253 - 5p15.33) Amplification (Fold Change: 3.7)
3. FGFR4 (NM_213647 - 5q35.2) Amplification (Fold Change: 2.6)
4. NSD1 (NM_022455 - 5q35.3) Amplification (Fold Change: 2.5)
5. SDHA (NM_004168 - 5p15.33) Amplification (Fold Change: 2.0)
6. CDKN2B (NM_004936 - 9p21.3) Deletion (Fold Change: -2.0)
7. CDKN2Ap16INK4A (NM_000077 - 9p21.3) Deletion (Fold Change: -2.0)
8. CDKN2Ap14ARF (NM_058195 - 9p21.3) Deletion (Fold Change: -2.0)
9. IGF2 (NM_001127598) exon3 p.G58E (c.173G>A)
10. KDM5C (NM_004187) exon15 p.E698K (c.2092G>A)
11. SOS1 (NM_005633) exon19 p.R989S (c.2967G>C)
12. TERT (NM_198253) exon1 p.R41C (c.121C>T)
13. ZFHX3 (NM_006885) exon2 p.V190Afs*17 (c.569_576delTGTACCCG)
14. NSD1 (NM_022455) rearrangement: chr5:g.8599249_c.6258+66:NSD1inv

Note: The NSD1 rearrangement is predicted to result in the inversion of exons 1-21. The 
functional significance is undetermined.
MSI Note: The MSIsensor score is 0.23.

MEAN OVERALL COVERAGE (SEQUENCING DEPTH) IN THIS SAMPLE: 748XUnless specified, all exons tested 
had minimum depth of coverage of 100X.Mutation assessment: Mutations are called against the 
patient's matched normal sample. 

This assay reports somatic variants confirmed to be absent in the matched normal.

Microsatellite instability (MSI) assessment by MSIsensor: MSIsensor Methodology: Microsatellite 
instability (MSI) status is assessed using the MSIsensor program (Niu B et al, 2014) that 
interrogates the length distribution of all genomic microsatellite loci included in the

Plain text based reporting 



OncoKB: Precision oncology knowledge base
Clinical and biological effects of oncogenic variants

Chakravarty et al, JCO Precision Oncology (2017) https://oncokb.org



Chakravarty et al, JCO Precision Oncology (2017) https://oncokb.org



Prevalence of Actionable Mutations in MSK-IMPACT Cohort
37% of patients harbored ≥1 OncoKB-annotated actionable mutation

Debyani Chakravarty, Sarah Phillips, JJ Gao, Hongxin Zhang, 
Ritika Kundra, Jioajioa Wang, Julia Rudolph, Niki Schultz



Enhanced reports with clinical annotations
OncoKB Level 1 to 3 annotations included in molecular diagnostics reports

Memorial Hospital For Cancer & Allied Diseases
Molecular Diagnostics Service, Department of Pathology

1275 York Avenue New York, NY, 10065

Tel: (212) 639-8280 | Fax: (212) 717-3515

MSK-IMPACT Testing Report

Patient Name Redacted Medical Record # Redacted

Date of Birth Redacted Accession # Redacted
Gender Redacted Specimen Submitted LYMPH NODE

Tumor Type Lung Adenocarcinoma Surgical Path. # Redacted

Ref. Physician Redacted Account # Redacted

Date of Receipt Redacted Date of Report Redacted

Summary 2 mutations, 19 copy number alterations, no structural variants detected. 2 alterations have OncoKB treatment
interpretations.

MSI Status MICROSATELLITE STABLE (MSS). See MSI note below.β

Tumor Mutation
Burden

The estimated tumor mutation burden (TMB) for this sample is 1.8 mutations per megabase (mt/Mb). The median
TMB assessed by MSK-IMPACT for all patients is 3.9 mt/Mb and for patients with Non-Small Cell Lung Cancer is
5.9 mt/Mb as of the date this report was issued.γ

Comments Note: The number and pattern of mutations is consistent with a hypermutator phenotype arising as a resistance 
mechanism to temozolomide or similar agents

Somatic alterations detected in this sample:
Gene Type Alteration Location Additional Information

MutatMutations

EGFR In-frame Deletion L747_P753delinsS (c.2240_2257del) exon 19 MAF: 42.3% α

CTNNB1 Missense Mutation S45P (c.133T>C) exon 3 MAF: 25.5%

MutatCopy Number Alterations

MDM2 Whole gene Amplification 12q15 FC: 13.5

MYC Whole gene Amplification 8q24.21 FC: 2.0

AGO2 Whole gene Amplification 8q24.3 FC: 2.0

Page 1 of 5

MutatStructural Variants

EML4-ALK Fusion c.667+4775:EML4_c.3068-389:ALKi
nv

EML4 exons 1-5
with ALK exons
19-29

+: A glossary of terms and icons used in this report can be found after the "Test and Methodology" section .
α: Denotes clinically/analytically validated variants.
β: MSI Note: The MSIsensor score is 0.74.
γ: TMB is reported for investigational use only.
RefSeq IDs for the genes with reported variants along with a list of all 468 genes can be found on the last page

FDA Approved and/or NCCN recommended biomarker:
Alteration(s) Drugs(s) Annotation

Level 1
EGFR
L747_P753delinsS
MAF: 42.3%

Erlotinib,
Afatinib,
Gefitinib

EGFR, a receptor tyrosine kinase, is altered by amplification, mutation and/or
overexpression in various cancers, most frequently in lung and brain cancers.
The EGFR L747_P753delinsS alteration is known to be oncogenic. The EGFR
tyrosine kinase inhibitors erlotinib, afatinib and gefitinib are FDA-approved for
the treatment of patients with non-small cell lung cancer harboring an EGFR
exon 19 deletion such as L747_P753delinsS. OncoKB version: v1.12.

Investigational biomarker:

Level 3B
MDM2 Amplification
FC: 13.5

RG7112,
DS-3032b

MDM2, a ubiquitin ligase and p53 inhibitor, is amplified in a diverse range of
cancers including well-differentiated liposarcomas. MDM2 amplification is
known to be oncogenic. While there is promising clinical data supporting the
use of MDM2-inhibitors such as RG7112 and DS-3032b in patients with
MDM2-amplified liposarcomas, their clinical utility in patients with
MDM2-amplified lung adenocarcinoma is unknown. OncoKB version: v1.12.

Technical Assessments
Tumor Coverage 327X Test Version 468 genes

Status Matched Sample Run Number 2017-488

Coverage assessment: Unless specified, all exons tested had minimum depth of coverage of 100X.

Mutation assessment: Mutation assessment: Mutations are called against the patient's matched normal sample. This assay reports somatic
variants confirmed to be absent in the matched normal.

Microsatellite instability (MSI) assessment by MSIsensor: MSIsensor Methodology: Microsatellite instability (MSI) status is assessed using
the MSIsensor program (Niu B et al, 2014) that interrogates the length distribution of all genomic microsatellite loci included in the
MSK-IMPACT capture region across tumor and matched normal. Evidence of microsatellite instability at 10% or greater of analyzable loci
(MSIsensor score) is consistent with microsatellite instability-high (MSI-H) and mismatch repair deficiency (MMR-D) status.

Copy number assessment: The criteria for gene amplification and deletions are as follows: if the fold change is greater than 2, it is reported 
as amplification. If the fold change is -2 or below, it is reported as a deletion. The degree of copy number change is influenced by tumor 
content and the ability to detect copy number changes is progressively compromised in samples with less than 50% tumor. For samples with

Level 2B
EML4-ALK
Fusion

Crizotinib,
Ceritinib,
Alectinib,
Brigatinib

ALK, a receptor tyrosine kinase, is recurrently altered by chromosomal
rearrangements in various cancers including anaplastic large cell lymphoma,
non-small cell lung cancer and inflammatory myofibroblastic tumor. The
EML4-ALK fusion is known to be oncogenic. While crizotinib, ceritinib, alectinib
and brigatinib are FDA-approved for the treatment of patients with ALK-fusion
positive lung cancer, their clinical utility in patients with ALK-fusion positive
adenocarcinoma, NOS is unknown. OncoKB version: v1.12.

low tumor content, the absence of detectable copy number changes should be interpreted with caution.

Tumor mutation burden (TMB) assessment: TMB, also known as mutation load, is calculated using the total number of non-synonymous
mutations divided by the total genomic target region for which mutations are reported. Clinical associations between high TMB and response
to immune checkpoint inhibitors have been reported in several solid tumor types (PMID: 25409260, 28835386, 26359337, 25765070,
28596308).

Test and Methodology
MSK-IMPACT (Integrated Mutation Profiling of Actionable Cancer Targets) was used to identify specific mutations in 468 genes (Cheng DT
et al., 2015, JMD). The following table shows the exons that have been clinically validated:

Gene RefSeq ID Exon(Amino Acid range)
AKT1 NM_001014431 exon3 (16-59), exon3 (16-59)
ALK NM_004304 exon23 (1172-1215), exon25 (1248-1279), exon23 (1172-1215), exon25 (1248-1279)
BRAF NM_004333 exon11 (439-478), exon15 (581-620), exon11 (439-478), exon15 (581-620)

EGFR NM_005228 exon18 (688-728), exon19 (729-761), exon20 (762-823), exon21 (824-875), exon18
(688-728), exon19 (729-761), exon20 (762-823), exon21 (824-875)

Middha S, Zhang L, Nafa K, Jayakumaran G, Wong D, Kim HR, Sadowska J, Berger MF, Delair DF, Shia J, Stadler Z, Klimstra DS, Ladanyi
M, Zehir A, Hechtman JF. Reliable Pan-Cancer Microsatellite Instability Assessment by Using Targeted Next-Generation Sequencing Data.
JCO Precision Oncology 2017, Oct 3. http://ascopubs.org/doi/abs/10.1200/PO.17.00084
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Data sharing with Clinicians
Clinical Trial Accruement

How do you tell clinicians that there is a patient whose tumor harbors genomic 
alterations making them eligible for the clinical trial they are the PI of?

Institutional database
DARWIN

Able to connect with hospital 
wide information systems 

and identify patients based 
on predetermined criteria

MPath Reporter

nightly data 
update via 
RESTful APIs

Clinician

daily alerts for 
clinicians about 
eligible patients

Stuart Gardos, Mike Eubank



Enrollment on Genomically Matched Trials
11% of patients with MSK-IMPACT were enrolled on an MSK trial based on a 
target aberration*

Total patients 100%
…on any MSK trial 38%
…on a targeted trial 16%
…with a target aberration 11%

Alison Schram, David Hyman, Stu Gardos, Jonathan Wills
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Pancreatic Cancer
GNET

Germ Cell Tumor
Renal Cell Carcinoma

Appendiceal Cancer
Uterine Sarcoma

Skin Cancer, Non−Melanoma
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Salivary Carcinoma
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Percent of patients

Level 1 FDA-recognized biomarker for an 
FDA-approved drug in the same indication

Level 2A Standard of care biomarker for an 
FDA-approved drug in the same indication

Level 2B Standard of care biomarker for an 
FDA-approved drug in another indication

Level 3A
Compelling clinical evidence supporting the 
biomarker as being predictive of drug 
response in the same indication 

Level 3B
Compelling clinical evidence supporting the 
biomarker as being predictive of 
drug response in another indication 

* as of Sept 2016, first 5,000 patients
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Data sharing with Researchers
cBio Portal for cancer genomics

www.cbioportal.org



Data sharing with Researchers
Cohort level data



Data sharing with Researchers
De-identifying patients

P-00012345-T01-IM3
P-00012345-T02-IM5
P-00012345-T02-AR1

patient id sample id

assay idMRN
Biopsy #1

Biopsy #2

MPath generates IDs for new samples as they are processed through the pipeline and  
keeps track of the look up table 

Clinical staff gets both IDs and researchers get only the de-identified ID

Unfortunately, clinical data collection is still mostly manual, done by medical fellows, 
and is not standardized. 



Data sharing with Researchers
Patient level data: integrated clinical and genomic data



Data sharing with Researchers
Raw data sharing

Challenges:

• Allow researchers to run their own algorithms, analyses on the data without PHI
• Allow researchers to combine clinical data with data generated in the research 

setting
• Make sure different teams are not working on the same project without realizing it

Solution:

• Create a de-identified .bam file repository, updated nightly
• Require researchers to register their projects with the Data Usage Committee
• Require researchers to register their projects with IRB via data protocols



clinical
data

trial
eligibility

de-identified
data

identified
data

MSKCC Ecosystem

MPath

Patient

PathologyPhysicians Researchers

Memorial Hospital For Cancer & Allied Diseases
Molecular Diagnostics Service, Department of Pathology

1275 York Avenue New York, NY, 10065

Tel: (212) 639-8280 | Fax: (212) 717-3515

MSK-IMPACT Testing OncoKB Annotation Amended Report

Patient Name Redacted Medical Record # Redacted

Date of Birth Redacted Accession # Redacted

Gender Redacted Specimen Submitted Sigmoid colon

Tumor Type Colon Adenocarcinoma Surgical Path. # Redacted

Ref. Physician Redacted Account # Redacted

Date of Receipt Redacted Date of Report Redacted

Date of Procedure Redacted

Summary 4 mutations, no copy number alterations, no structural variants detected, 1 alteration has OncoKB interpretation

Somatic alterations detected in this sample:
Gene Type Annotation Location Additional. Info.

MutatMutations

BRAF Missense Mutation V600E (c.1799T>A) exon15 MAF: 7.3% α

PTEN Missense Mutation D92N (c.274G>A) exon5 MAF: 7.5%

TP53 In-frame Del N131del (c.393_395del) exon5 MAF: 10.4% α

NEGR1 Nonsense Mutation R173* (c.517C>T) exon3 MAF: 5.3%

+: A glossary of terms and icons used in this report can be found after the "Test and Methodology" section .
α: Denotes clinically/analytically validated variants.
RefSeq IDs for the genes with reported variants along with a list of all 410 genes can be found on the last page

Investigational biomarker:
Alteration(s) Drugs(s) Description

Level 2B
BRAF V600E
MAF: 7.3%

Trametinib + Dabrafenib (2B),
Vemurafenib + Cobimetinib
(2B),
Dabrafenib (2B),
Vemurafenib (2B),
Vemurafenib + Panitumumab
(3A),
Trametinib (2B)

BRAF, an intracellular kinase, is frequently mutated in melanoma, thyroid and
lung cancers. The BRAF V600E mutation is known to be oncogenic. The
FDA-approved selective RAF-inhibitors dabrafenib and vemurafenib have
minimal activity as single agents in BRAF V600-mutant colorectal cancer. There
is promising clinical data supporting regimens that combine a RAF-inhibitor
together with an anti-EGFR antibody with or without a MEK-inhibitor, such as
the doublet vemurafenib plus panitumumab or the triplet dabrafenib, trametinib,
plus panitumumab in patients with these tumors.

Technical Assessments
Coverage 875X Test Version 410 genes

Status Matched Sample Run Number 2015-224

Coverage assessment: Unless specified, all exons tested had minimum depth of coverage of 100X.

Mutation assessment: Mutation assessment: Mutations are called against the patient's matched normal sample. This assay reports somatic
variants confirmed to be absent in the matched normal.
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