'aw» cBioPortal

] FOR CANCER GENOMICS

Nikolaus Schultz, PhD

Director, Cancer Data Science Initiative

Attending Computational Oncologist, Department of Epidemiology & Biostatistics
Memorial Sloan Kettering Cancer Center

October 17, 2024



The cBioPortal for Cancer Genomics ==== cBioPortal

Goal: Make complex cancer genomic data accessible and interpretable
for cancer biologists and clinicians.
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The cBioPortal for Cancer Genomics
August 2008: First specs
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Tab1: Summary

Tab2: HeatMap

Tab 3: Network

Rb pathway altered in
65% of all patients.
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The cBioPortal for Cancer Genomics
October 2008: First live version
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Summary:
Gene Set / Pathway is altered in 82.42% of all cases.

e Pathway: TPS3 Pathway

Total number of input genes: 4

Case Set: GBM 91: 91 cases with Phase | sequencing and copy number data, as used in the TCGA
glioblastoma manuscript

Total number of cases selected: 91

Most Frequently Altered Genes:

y-axis indicates percentage of cases where gene is altered.
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The cBioPortal for Cancer Genomics (as” cBioPortal
January 2009: First Oncoprints
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Gene Set / Pathway is altered in 82.42% of all cases.

® Pathway: TPS3 Pathway

® Total number of input genes: 4

® Case Set: GBM 91: 91 cases with Phase | sequencing and copy number data, as used Iin the TCGA
glioblastoma manuscript.

® Total number of cases selected: 91

Most Frequently Altered Genes:

y-axis indicates percentage of cases where gene is altered.
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The cBioPortal for Cancer Genomics
2011: Four studies, 600 weekly visits
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Use cBioPortal for sharing Stand Up to Cancer (SU2C) data
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First paper on cBioPortal!
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Use cBioPortal for sharing MSK Clinical Sequencing Data
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cBioPortal over time
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Second paper on cBioPortal
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cBioPortal over time
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cBioPortal goes Open Source! 0 O
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CHOP decides to use cBioPortal and joins contributor community



iy cBioPortal

FOR CANCER GENOMICS

cBioPortal over time
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ITCR funding enables many enhancements to cBioPortal:
Evolve Core Platform (Scalability, Stability, Interoperability)
New Features (New Molecular Data Types, New Analyses)
Build Open Source Community (Governance, Local Installations)
Outreach and Training
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Use cBioPortal for sharing HTAN Data
with focus on single cell and imaging



https://cellxgene.cziscience.com/collections/4796c91c-9d8f-4692-be43-347b1727f9d8
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Q Webinars with >1K attendees
) @ Videos viewed >100K times
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Use of cBioPortal for sharing data by
several different consortia
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cBioPortal over time
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New cBioPortal article with focus on AACR Project GENIE BPC
Joint Longitudinal Clinical and Genomic Data Analysis
Cancer Res. 2023.
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Four main cBioPortal views

Study view: Cohort exploration

Cancer Type

M Non-Small Cell Lung Cancer

M Breast Cancer

M Colorectal Cancer

M Prostate Cancer

M Glioma

W Pancreatic Cancer
I Soft Tissue Sarcoma
[l Bladder Cancer

M Melanoma

[l Renal Cell Carcinoma

M Hepatobiliary Cancer
Search..

Results View:
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TP53
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52%

43%

23%

1,668
1,324
1,007
77
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502
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423
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00000000000 =

Freq v
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46%
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3.3%
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KM Plot: Overall Survival (months)
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Smoking History
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TP53
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TERT
PIK3CA
APC
ARID1A
KMT2D
PTEN
KMT2C
EGFR
FAT1

Mutated Genes (10945 profiled samples)
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TREATMENT

Samples

Overall

Group comparison
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Logrank Test P-Value: 0.00
B (A) LGG_IDHmut-codel
W (B)LGG_IDHmut-non-codel

W (C)LGG_IDHWt

Patient View: Genomic and clinical timeline
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MSK-CHORD

Cohort of 25,000 patients, manuscript in press in Nature

Article

Automated real-world dataintegration
improves cancer outcome prediction

https://doi.org/10.1038/s41586-019-0000-0
Received: 00 Month 20XX

Accepted: 00 Month 20XX
Published online: 00 Month 20XX
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Nikolaus Schultz'#, MSK Cancer Data Science Initiative Group®
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25,000 tumor samples across five cancer types, available via cBioPortal
Clinical data derived via NLP pipelines, outcome models

Within MSK: automated data updates, cohort of >90,000 patients

MS! identification leads to immunotherapy



MSK CHORD (MSK, 2024] Click gene symbols below or enter here
Targeted sequencing of 25040 tumors from 24850 patients and their matched normals via MSK-IMPACT, along with clinical annotations, some of which are derived from natural language

processing (denoted NLP). This data is available under the Creative Commons BY-NC-ND 4.0 license.

Summary | ClnicalData  CNSegments  Plots Beta! Selected: 24,950 patients | 25,040 samples ® R & m u

Cancer Type Cancer Type Detailed Clinical Summary Diagnosis Description KM Plot: Qverall {months)
# Freq ~ # Freq ~
M Non-Small Cell Lung Cancer 7] 7,809 31.2% M Lung Adenccarcinoma (7] 5,957 23.8% 100%
M Colorectal Cancer [J 5543 221% W Colon Adenocarcinoma [ 3,352 13.4%
50%
M Breast Cancer [] 5368  21.4% M Breast Invasive Ductal Carcinoma [ 3,350 13.4%
Bl Prostate Cancer O 3,211 12.8% M Prostate Adenocarcinoma [ 3177 12.7% 0%
M Pancreatic Cancer [ 3,109 12.4% W Pancreatic Adenocarcinoma [ 2,703 10.8% N a 0 50 100 150 a
M Rectal Adenoccarcinoma 0 1,321 5.3% Sample Type Ethnicity Stage (Highest Recorded)
M Invasive Breast Carcinoma ) 967 3.9%
M Lung Squamous Cell Carcinoma O 822 3.3%
M Colorectal Adenocarcinoma O 716 2.9%
M Breast Invasive Lobular Carcinoma ] 538 21%
Il Non-Small Cell Lung Cancer O 499 2.0%
Search... Search...
o, 4 4 4 4
Mutated Genes (25040 profiled samples) Mutation Count vs Fraction Genome Altered Current Age Overall Survival Status
Gene # Mut # Freq = )
700 o # samples ha:3
P53 13,876 (13124  52.4% s108|| 3000
KRAS 7,231 [ 7,128 28.5% 600+ 206 2000
APC 7187 O a,777 19.1% _ 5004 4 1000
PIK3CA 4,178 3,708 14.8% 5
- & 4001 BEBBHDEDG B> Db Y
EGFR 2,556 [ 2,159 8.6% s Pearson: " .
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O 200 Spearman:
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1004 p=0.00
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CDKN2A 1306 (] 1,338 5.39 0 010203 04 0506 07 08 09 1
Search Fraction Genome Altered
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MSK CHORD (MSK, 2024)
Targeted sequencing of 25040 tumors from 24950 patients and their matched normals via MSK-IMPACT, along with clinical annotations, some of which are derived from natural language
processing (denoted NLP). This data is available under the Creative Commons BY-NC-ND 4.0 license.

Cancer Type Detailed : JIRITT P LGN T F 0 Clear All Filters e
Summary ~ Clinical Data  CN Segments  Plots Betal Selected: 5,957 patients | 5,957 samples ® M & n

Click gene symbols below or enter here

Cancer Type Cancer Type Detailed Clinical Summary Diagnosis Description KM Plot: Overall {months)
# Freq * # Freq ~
B Non-Small Cell Lung Cancer [J 5957 100.0% M Lung Adenocarcinoma 5957  23.8% 100%
M Colon Adenocarcinoma [ 3,352 13.4% 50%
W Breast Invasive Ductal Carcinoma [ 3,350 13.4%
M Prostate Adenocarcinoma O 3177 12.7% 0%
B Pancreatic Adenocarcinoma (2708  10.8% . . 0 50 100 150
M Rectal Adenocarcinoma 0 1,321 5.3% Sample Type Ethnicity Stage (Highest Recorded)
B Invasive Breast Carcinoma O 967 3.9%
M Lung Squamous Cell Carcinoma [ 822 3.3%
B Colorectal Adenocarcinoma 0O 716 2.9%
B Breast Invasive Lobular Carcinoma [] 538 2.1%
M Non-Small Cell Lung Cancer 0 499 2.0%
Search... Search...
F o ] - -
Mutated Genes (5957 profiled samples) Mutation Count vs Fraction Genome Altered Current Age Overall Survival Status
Gene # Mut # Freq ~ A1
# samples -
TP53 2,890 2,695 45.2% 949 1%
KRAS 1,951 1,924 32.3% 97 600 2,913 3,044
400
EGFR 2,118 1,759 29.5% _ 1 200
STK11 866 O 844 142% 5§
8 R R A Y
KEAP1 789 [ 782 12.8% < Pearson: o 4
S 0.1545
RBM10 702 [ 78 11.4% § . p=0.00 Smoking History (NLP) Somatic Status Race
=
PTPRD 577 486 8.2%
0 ’ g . Spearman:
ATM 492 O 434 7.3% : 13 0.2685
H : p=0.00
SMARCA4 465 0 432 7.3% 3
NF1 o6 O 7%
e ana A ~mor 0 01020304 0506070809 1
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FOR CANCER GENOMICS

Modify Query g MSK CHORD (MSK, 2024)
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Example patient with lung adenocarcinoma

@ Patient:  P-0015921, FEMALE, Non-Small Cell Lung Cancer (Lung Adenocarcinoma), DECEASED (71 months) MSK Clinical Sequencing Cohort
Samples: @ P-0015921-T02-IM6, Metastasis (Liver) @ P-0015921-T01-IM8, Primary (Lung) @ P-0015921-T03-IM6, Primary (Lung) €@ P-0015821-T08-IM6, Metastasis (Lymph node) € P-0015921-T09-IM7
O P-0015921-T11-XS1, cIDNA
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MSK CHORD (MSK, 2024)
Groups from Treatment per Sample (pre/post)
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Add New Data Types & Features

mutations and genotypes ‘ RNA expression levels ' currently supported
non-synonymous somatic mutations mRNA expression levels in tumor samples enhancements planned
non-synonymous germline mutations single cellmMRNA expression new data types
mutational signatures mRNA expression levels in normal samples

non-coding mutations  HLA variants

— AN —
copy-number alterations (CNA)  other DNA modifications other assays protein measurements
gene-specific CNA DNA methylation microbiome protein levels
single cell DNA copy-number structural rearrangements / fusions metabolite levels phosphoprotein levels
allele-specific CNA chromatin accessibility postranslational modifications
Improve Performance Open Source Community & Outreach

& Google Summer of Code

ClickHouse '/iL. TCR  internship ==== cBioPortal

Biannual cBioPortal Hackathons!



Visualization tools for different data modalities

cBioPortal MINERVA CELLXGENE
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Visualization tools for different data modalities

cBioPortal

MINERVA CELLXGENE

Multimodal Data Multiplex Imaging Data Single Cell Data
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MSK SPECTRUM

Multiplex imaging and H&E (Minerva)

Oncoprints combining
WGS, MSK-IMPACT, scRNASeq (cBioPortal)

# Samples per P...

Profiled in Str...

Tumor Supersite

uve Sl T
we I T
NF1 ECA (1] ] 1
BRCA1 A | ok
LATS1 ™ I i
NOTCH2 ™ "
RB1 ™ s
CDK12 ™ i "
FAT1 % I
MGA % [ [
PIK3CA % [T}
BRAF o I
RECQL4 o JINERERNN ||
Single Cell Data (CellXGene) o B -
TPS3 99% WENREEEEINE .
Standard Categories v umap50: 929690 of 929690 cells Ocells 0 cells oafol E fin Relaive Counts
Monocyte
& cell_type > n Dendritic_cell ] I 1 ]
B cell B_cell
& development stage > [ E;dnthn\lal_cell I
@ donor id > . Fibroblast
Mast_cell
self_reported_ethnicity > . Other |‘I‘l ‘I | | -|---. 1
i . Ovarian_cancer_...
ssue L] Plasma_coll
Author Categories v Tcall
) Absolute Counts
o d T cell nativecell Monocyte
@ author_cell_type > . fallopian tub...ithelial cell Dendritic_cell I I I I I I
author_procedure_type > . E’»‘::‘I“Q“"f“" 1 [ | I '
& author_sample_id > Y Fibroblast
Mast_cell ‘ 1
@ author_sort_parameters > ' Other, INIEE i 111l EEIEEER I
@ author_tumor_site > Y inaabol plasma cell = I I I I 1
8 author_tumor_subsite > 'Y
author_tumor._supersite v '
@ Adnexa - 1 320651 dendritic cell |
Ascites m— 108287 e fibroblast
& Bowel W F 105500 monocyte S
B = 20880 Ignacio Sohrab

cbioportal. orq/study/summary’?ld msk_spectrum_tme 2022

Vazquez-Garcia Shah


https://www.cbioportal.org/results?cancer_study_list=msk_spectrum_tme_2022&tab_index=tab_visualize&case_set_id=msk_spectrum_tme_2022_all&Action=Submit&gene_list=MYC%250ACCNE1%250ANF1%250ABRCA1%250ATP53%250ALATS1%250ANOTCH2%250ARB1%250ACDK12%250AFAT1%250AMGA%250APIK3CA%250ABRAF%250ARECQL4%250AAGO2&generic_assay_groups=msk_spectrum_tme_2022_relative_counts%2CMonocyte%2CDendritic_cell%2CB_cell%2CEndothelial_cell%2CFibroblast%2CMast_cell%2COther%2COvarian_cancer_cell%2CPlasma_cell%2CT_cell%3Bmsk_spectrum_tme_2022_absolute_counts%2CMonocyte%2CDendritic_cell%2CEndothelial_cell%2CB_cell%2CFibroblast%2CMast_cell%2COther%2COvarian_cancer_cell%2CPlasma_cell%2CT_cell&show_samples=true
https://cellxgene.cziscience.com/collections/4796c91c-9d8f-4692-be43-347b1727f9d8
https://cbioportal.org/patient/openResource_MPIF?studyId=msk_spectrum_tme_2022&caseId=P-0042164#navCaseIds=msk_spectrum_tme_2022:P-0039615,msk_spectrum_tme_2022:P-0039726,msk_spectrum_tme_2022:P-0040980,msk_spectrum_tme_2022:P-0041572,msk_spectrum_tme_2022:P-0042164,msk_spectrum_tme_2022:P-0042548,msk_spectrum_tme_2022:P-0043571,msk_spectrum_tme_2022:P-0043587,msk_spectrum_tme_2022:P-0044084,msk_spectrum_tme_2022:P-0044784,msk_spectrum_tme_2022:P-0045494,msk_spectrum_tme_2022:P-0045589,msk_spectrum_tme_2022:P-0046401,msk_spectrum_tme_2022:P-0046857,msk_spectrum_tme_2022:P-0047883,msk_spectrum_tme_2022:P-0047947,msk_spectrum_tme_2022:P-0048524,msk_spectrum_tme_2022:P-0048525,msk_spectrum_tme_2022:P-0048554,msk_spectrum_tme_2022:P-0048695,msk_spectrum_tme_2022:P-0051130,msk_spectrum_tme_2022:P-0052274,msk_spectrum_tme_2022:P-0052385,msk_spectrum_tme_2022:P-0055908,msk_spectrum_tme_2022:P-0056224,msk_spectrum_tme_2022:P-0056958,msk_spectrum_tme_2022:P-0059884,msk_spectrum_tme_2022:P-0060511,msk_spectrum_tme_2022:P-0051015,msk_spectrum_tme_2022:P-0039734,msk_spectrum_tme_2022:P-0056102
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Compare Cell Types across samples

T-cell high vs low samples

Ovarian Cancer - MSK SPECTRUM (MSK, Nature 2022)
Groups from Quartiles of T_cell: Relative Counts

Groups: (drag to reorcer) [N R ALICACIE (B)0.17-023(13) @/ (0)0.25-0.39 (13 © (IR EA Select all | Deselect all

Overlap Clinical Genomic Alterations Mutations Beta! Absolute Counts Relative Counts

© Interpret all results with caution, as they can be confounded by many different variables that are not controlled for in these analyses. Consider consulting a statistician.

@ Patients (2) that overlap in the selected groups are excluded from patient-level analysis below.

& | Columns~ Q  PlotType  100% stacked bar chart -
Clinical Attribute mbuto Statistical Test p-Value q-Value « (] Swap Axes [] Horizontal Bars Show NA [J Showpandq
Tumor Purity Sample Wilcoxon Test 0.0299 0.632 7~
Sample Type Sample Chi-squared Test  0.112 0.635 100
Sample Coverage Sample Wilcoxon Test 0.125 0.635
MSK Slide ID Sample Wilcoxon Test 0.129 0.635 B Adnexa
Tumor Supersite Sample Chi-squared Test ~ 0.151 0.635 80 m Ascites
Procedure Type Sample Chi-squared Test  0.163 0.635 o oA
Tumor Site Sample Chi-squared Test  0.186 0.635
Primary Site Sample Chi-squared Test  0.197 0.635 g g 60
Myriad GIS Score Patient Chi-squared Test  0.321 0.856 %‘E
MSI Score Sample Wilcoxon Test 0.325 0.856 E g
Tumor Subsite Sample Chi-squared Test ~ 0.357 0.863 = 40
Metastatic Site Sample Chi-squared Test ~ 0.476 0.895
Patient Age At Patient Wilcoxon Test 0.487 0.895
Diagnosis 20
Patient Display Name Patient Chi-squared Test  0.521 0.895
Patient Isabl ID Patient Chi-squared Test  0.521 0.895
Age at Sequencing Sample Chi-squared Test  0.533 0.895 o
oere 2,7,
Gyn Diagnosis Chemo  Patient Chi-squared Test ~ 0.584 0.895 %’ qy’
Intent Description c “‘?‘%‘
Path Slide Exists Sample Chi-squared Test ~ 0.587 0.895
Mutation Count Sample Wilcoxon Test 0.633 0.895 Group

Compare cell types across sites

Ovarian Cancer - MSK SPECTRUM (MSK, Nature 2022)

Groups from Tumor Supersite
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Overlap Clinical Genomic Alterations Mutations Betal Absolute Counts Relative Counts
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Dendritic_cell 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.C
B_cell 0.01 0.03 0.02 0.03 0.08 0.01 0.00 0.C
Monocyte 0.26 0.22 0.28 0.13 0.15 0.18 0.25 0.1
Mast_cell 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
Ovarian_cancer _cell 0.34 0.33 021 0.29 0.26 0.10 0.44 0.z
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https://www.cbioportal.org/comparison/clinical?comparisonId=640b7a8571a4b769b9dd9383&unselectedGroups=%5B%220.17-0.23%22%2C%220.25-0.39%22%5D
https://cbioportal.org/comparison/generic_assay_relative_counts?comparisonId=63d1c5ef1ba67663720b3249

Explore Article Figures in more detall

@ Patient:  P-0040980, (SPECTRUM-0OV-007), Ovarian Cancer (High-Grade Serous Ovarian Cancer) O M
Extended Data Fig. 13: Site-specific determinants of spatial interactions Samples: @ P-0040980-T01-1Ms, Primary (Right Adnexa) @ SH  Metastasis (nfracollc Omentum)
between cancer cells, T cells and macrophages. — ——
Summary 3enomic Evolution at ; & Links H&E Slide © mplF1 © piF2 © nplF3 © piF4 @
From: Qvarian cancer mutational processes drive site-specificimmune evasion
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cBioPortal and CRDC

e HTAN is submitting data to CDS



cBioPortal and CRDC

e HTAN is submitting data to CDS

e GDC data now available in cBioPortal for TCGA, CPTAC

Breast

Invasive Breast Carcinoma

(] Breast Invasive Carcinoma (TCGA, Cell 2015)

(] Breast Invasive Carcinoma (TCGA, Firehose Legacy)
(] Breast Invasive Carcinoma (TCGA, Nature 2012)

() Breast Invasive Carcinoma (TCGA, PanCancer Atlas)
() Invasive Breast Carcinoma (TCGA, GDC)

818 samples @ & &
1108 samples @ & &
825 samples @ & &
1084 samples @ & &
1103 samples @ & &




cBioPortal and CRDC

e HTAN is submitting data to CDS
e GDC data now available in cBioPortal for TCGA, CPTAC
e Future: Use CDS as “Datahub” for cBioPortal?

O Currently US|ng GItHub datahub / public { brca_tcga_pan_can_atlas_2018/ (&
. . . @ inodb and rmadupuri Add CT Scans for all TCGA Pancan (#2015) = X
o Could develop an interactive interface for:
m Browsing publicly available studies -
. Stu dy upload [ ] n:::l; Ire:ame meta_RNA_Seq_v2_mRNA_median_Zscores_normals.txt to meta_mrna._...
m Discussion forum to discuss specific studies =y e Tk e s
||

Nominating publications for submission

Rename data_srmievel CNA.txt to data_srmiavel_cna.txt

ted gene symbals in data files
[ data_cna_hgid.seg bre: seg, update meta study, norma.

rmat Batch (#1686)

[ dato_gene_panel_matrix.txt

[ data_genatic_ancestry.txt Genetic ancestry data for all TCGA PANCAN studies (#1877)
[ data_log2_cratxt Gene Table Update v5 : migrate outdated gene symbols in data files

[ data_methylation_hm27_hmas0_merged bt pancan studies: renamed methylation profile



cBioPortal Contributors and Funders
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