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Systems Medicine Defined 

• The new and emerging field of Systems Medicine, an 
application of Systems Biology approaches to biomedical 
problems in the clinical setting, leverages complex 
computational tools and high dimensional data to derive 
personalized assessments of disease risk. 

• Systems Medicine offers the potential for more effective 
individualized diagnosis, prognosis, and treatment 
options.  

• Achieving this goal requires the effective use of petabytes 
of data, which necessitates the development of new types 
of tools.  



Driving Factors 

• Information continuum (care -> research -> back to care): 
Connect the dots 

• Incorporation of “omics-based evidence” in Clinical 
Research and in Care settings (EHRs, PHRs) 

• Collect data once and use it multiple times – clinical care, 
secondary use for research 

• Connect research platforms to accelerate scientific 
discovery and validation progress 

• Efficiently utilize molecular and clinical information to 
ultimately transform patient care  

 

 



Vision For Georgetown Database of Cancer (G-DOC) 
 



G-DOC Suite Of Tools 

G-DOC 

Pathway Studio 

• Systems biology 
analysis 

• Literature mining 

Ingenuity Variant 
Analysis 

• Variants 

• Pathways, GO, 
Literature 

Clinical Research 

• REDCap 

EHR 

• ARIA 

• AMALGA 

• CENTRICITY 

JMol/Marvin 

• 3-D Structure and 
Molecule Visualization 

Cytoscape 

• Visualization networks 
(pathways, 
interactions) 

JBrowse 

• Genome Visualization 

Heatmap Viewer 

• Visualization of copy 
number data 



G-DOC Modular Architecture 



https://gdoc.georgetown.edu 



 



 



 



 



 



 



 



 







DNA Copy Number Segments,  Chr1 
 



Correlate Abnormality/Event With Clinical 
Parameters 



 



40 CRC Patients, Stage 2, >10 Years Follow-up 
(Samples provided by INDIVUMED Inc., Germany) 

• 20 Relapse_Free Patients  

• Tissue DNA: Tumor – 20; Normal – 20 

• Tissue RNA: Tumor – 20; Normal – 20 

• Biofluids microRNA: Serum – 20 

• Biofluids Metabolites: Serum – 20; Urine – 20 

 

• 20 Relapsed Patients  

• Tissue DNA: Tumor – 20; Normal – 20 

• Tissue RNA: Tumor – 20; Normal – 20 

• Biofluids microRNA: Serum – 20 

• Biofluids Metabolites: Serum – 20; Urine – 20 

 

• Clinical Attributes: >100 

 

 

 

 

 

 



Bottom Line: 
40 CRC patients:  20 with relapse vs. 20 relapse-free 
 
What are the molecular correlates of Relapse? 



Gene Expression In Tumor Samples:  Relapse vs. Relapse free 
T-test  p<0.05,   720 reporters 



Genes In Tumor Samples:  Relapse vs. Relapse free 
PCA based on T-test  p<0.05 

PCA Results: 

Complete separation 

of two groups of patients 

with one sample on a borderline  



Enrichment Analysis: Diff. Expressed Genes 
Bio-Functions Most Affected In Relapse Group 



Detailed Pathway/Sub-network Analysis 
 in Pathway Studio 

Top 20 Pathways       

Name p-value Total Entities Overlap 

Gap Junction Regulation 0.0065742 51 32 

EGFR/ERBB -> STAT signaling 0.0234547 20 3 

IL10R -> STAT signaling 0.024255 8 2 

IGF1R -> STAT signaling 0.0305485 9 2 

CSF3R -> STAT signaling 0.0305485 9 2 

IL7R -> STAT signaling 0.0305485 9 2 

EGFR -> ZNF259 signaling 0.0374082 10 2 

Translation Control 0.0414135 86 41 

VEGFR -> STAT signaling 0.0447929 11 2 

Atlas of Signaling 0.0457982 381 193 

EGFR -> CTNND signaling 0.0526631 12 2 

EGFR/ERBB2 -> CTNNB signaling 0.0609814 13 2 

PTPRC -> STAT6 signaling 0.0913066 3 1 

Adipocytokine Signaling 0.107811 52 31 

FcIgER -> NFATC1 signaling 0.108109 13 2 

Apoptosis Regulation 0.116453 69 25 

Purine metabolism 0.128625 155 7 

CCR2/5 -> STAT signaling 0.12898 20 2 



Differentially Expressed Genes : Enrichment Analysis 
Pathway Studio: Top Signaling Pathways 

Gap Junction Regulation Pathway EGFR/ERBB -> STAT signaling 



Sub-Network Enrichment: Cell Processes 
 

Gene Set Seed Overlapping Entities p-value 

Total # of 

Neighbors Overlap 

inflammatory response 

EGFR,VCAM1,TNFSF11,IGF2,MAPK3,TACR3,CD5,NOS2,CSF3,HBEGF,HSPB1,CA

SP1,APP,RETN,ILK,HSPD1,EGR1,TACR1,CXCL10,CXCL11,CXCR2,SELL,PPARD,

WNT5A,IRF1,ALOX15,CXCL1,PYCARD,SCARB1,IL1RN,IL7R,MMP7,TLR9,STAT1,

LY96,TACR2,PRSS1,FPR2,ATF4,MMP12,FCGR3A,CFH,ICOS,CTLA4,IDO1,VIPR1,

CD86,CXCL9,C4BPA,MC3R,GPR44,IL13RA2,CHI3L1,CXCL3,LCP2,SERPIND1,CD

74,NLRP2,APOL1,GC,IRAK3,CLEC4E,BTN1A1,CD300C,TNIP3,DST,IL18R1,FREM

1 8.13E-12 1237 68 

immune response 

TRIM56,EGFR,VCAM1,TNFSF11,MAPK3,TG,CD5,NOS2,CSF3,HSPB1,CASP1,APP,

RETN,HSPD1,EGR1,TACR1,CXCL10,PTPRC,CXCL11,CXCR2,SELL,PPARD,IRF1,

CXCL1,PYCARD,IL1RN,IL7R,MMP7,TLR9,STAT1,LY96,TXNIP,TACR2,BCL2A1,FP

R2,VEGFC,FCGR3A,CFH,ICOS,KLRK1,CTLA4,IDO1,ORM1,VIPR1,CD86,CXCL9,C

4BPA,RCAN1,GPR44,TNFRSF13B,CXCL13,CRY2,F13A1,IL13RA2,CHI3L1,IBSP,P

SMB9,LCP2,PIGA,ADAM8,GZMM,CR2,TAP1,ERVWE1,CD74,LBR,LAMP3,CSTA,U

BD,APOL1,PYHIN1,GC,IRAK3,CLEC4E,FYB,BTN1A1,CD300C,S100A13,CLEC1A,

MOAP1,IL18R1,SYNJ2BP 2.31E-09 1855 82 

apoptosis 

TAS2R10,EGFR,VCAM1,TNFSF11,IGF2,MAPK3,TG,CD5,NOS2,CSF3,AQP3,HBEGF

,HSPB1,CASP1,ATP2A1,APP,RETN,ILK,LPXN,FOLH1,E2F1,HSPD1,EGR1,TACR1,G

JA5,FBXO32,DUSP6,CXCL10,PTPRC,CXCL11,CXCR2,SELL,PPARD,WNT5A,IRF1,

ALOX15,CXCL1,PYCARD,SCARB1,DNM1,IRS2,IL1RN,IL7R,MMP7,FOXA2,TLR9,ST

AT1,TSC2,TXNIP,BCL2A1,ACVR2B,GNAI1,TP53INP1,FPR2,CPE,FAAH,GPX3,ATF4,

VEGFC,MMP12,FCGR3A,CFH,ICOS,BTG2,KLRK1,CTLA4,MAOA,IDO1,ORM1,VIPR1

,KCNK5,CD86,CXCL9,C4BPA,RCAN1,LMNA,OGDH,CA3,THRB,GPR44,SLURP1,SP

RY2,GSTT1,TNFRSF13B,CXCL13,BCL2L14,SCIN,NUPR1,MKL1,PCSK9,SHBG,CHI

3L1,CXCL3,IBSP,PSMB9,PIGA,RHOH,GZMM,CR2,EPHX1,EPM2A,GIMAP4,TAP1,S

MAD6,CSRP1,NOV,MSRA,ENTPD5,GRIA2,RASSF3,RIN2,CD74,BCL2L10,LBR,TSC

22D1,FSCN1,TES,PARVA,TACC1,NEDD9,PRPF31,GPR87,CSTA,MNDA,PLK4,GBP

1,SFRP5,SMG1,GALR2,AKR7A2,UBD,PIK3IP1,PACS2,PARP15,S100A6,TIMM8A,FI

LIP1L,CD3D,APOL1,AIM2,PINK1,MZF1,DEDD2,FAIM2,SMPD3,HAGH,PAFAH2,PPM

1A,SALL1,MOAP1,GRIN3A,PTPN7,OIP5,MYCT1,ACER2,DMRT2,FREM1,SERPINB3

,SERP2,CTRL,KCTD11,MUC17,DNASE1L1,TMEM109,CHAC1 6.71E-08 5105 165 

pregnancy 

EGFR,VCAM1,TNFSF11,IGF2,MAPK3,TG,CD5,NOS2,CSF3,AQP3,HBEGF,HSPB1,C

ASP1,RETN,HSPD1,EGR1,TACR1,GJA5,CXCL10,PTPRC,PPARD,IRF1,SCARB1,IL1

RN,TLR9,STAT1,TSC2,FAAH,ATF4,VEGFC,FCGR3A,BTG2,CTLA4,IL11RA,MAOA,ID

O1,ORM1,THOP1,SHBG,PSMB9,EPHX1,SERPIND1,ERVWE1,HSD3B1,PECR,GAL

R2,S100A6,GC,DST,ST3GAL6,KLRC3,STOX1 1.12E-07 1052 52 

T-cell response 

VCAM1,TNFSF11,TG,CD5,NOS2,CSF3,CASP1,APP,FOLH1,E2F1,HSPD1,EGR1,CX

CL10,PTPRC,SELL,PYCARD,IL7R,TLR9,STAT1,TXNIP,VEGFC,FCGR3A,ICOS,KLR

K1,CTLA4,IDO1,VIPR1,CD86,CXCL9,RCAN1,TNFRSF13B,TAP1,ENTPD5,CD74,BT

N1A1,CLEC1A,MAGEC2 3.30E-07 650 37 

T-cell function 
TNFSF11,MAPK3,CD5,NOS2,CSF3,E2F1,HSPD1,EGR1,CXCL10,PTPRC,SELL,PYC

ARD,IL1RN,IL7R,TLR9,STAT1,AHNAK,ICOS,KLRK1,CTLA4,IDO1,VIPR1,KCNK5,CD

86,TNFRSF13B,LCP2,CR2,NEDD9,CD3D 8.81E-07 460 29 

antigen processing and 

presentation 
TNFSF11,TG,CD5,NOS2,HSPD1,CXCL10,PTPRC,IRF1,DNM1,IL7R,STAT1,FCGR3A

,ICOS,CTLA4,IDO1,CD86,THOP1,TNFRSF13B,PSMB9,CR2,TAP1,CD74,FSCN1,UB

D,HLA-DMA,HLA-DMB 1.07E-06 388 26 

calcium mobilization 

EGFR,IGF2,TACR3,CD5,HBEGF,APP,TACR1,CXCL10,PTPRC,CXCL11,CXCR2,SEL

L,WNT5A,CXCL1,SCARB1,DNM1,TACR2,PRSS1,AHNAK,GNAI1,FPR2,FCGR3A,IC

OS,KLRK1,CTLA4,ORM1,CXCL9,GPR44,SPRY2,TNFRSF13B,CXCL13,SCIN,CXCL3

,LCP2,CR2,MCHR1,GALR2,RGS7,CD300E 1.36E-06 747 39 

leukocyte migration 
EGFR,VCAM1,MAPK3,CD5,NOS2,CSF3,HBEGF,HSPB1,APP,ILK,EGR1,CXCL10,CX

CL11,CXCR2,SELL,PPARD,CXCL1,STAT1,FPR2,MMP12,ICOS,CTLA4,CD86,CXCL

9,CXCL13,CXCL3,RHOH,VNN2 2.94E-06 462 28 



Proteins Regulating Cell Processes of Inflammatory 
Response 
 



Proteins Regulating Cell Processes of Immune 
Response 



Gene Expression Findings: 
 

• Strong Expression Pattern of Inflammatory 

Response: 

     - In tumors as well as in normal samples 

       

Possible source:  Infiltrating white blood cells 

 

Reference:  
Schetter et al. Association of inflammation-related and microRNA gene 

expression with cancer specific mortality of colon adenocarcinoma. 

Clin.Can.Res. , 2009, 15(18): 5878–5887. 

 



microRNA In Serum 
40 samples, t-test p<0.05 8 miRNAs  



microRNA In Serum 
 

PCA   8 microRNAs 



DNA Copy Number Analysis 
Affy SNP 6.0 arrays 

• Raw Data  Probe Level Copy Number: 1.6 million probes 

 

• Probe Level  Segment Level Copy Number: 100K segments 

 

• Segment LeveL CIN Index: Whole Chromosome:    22 values  

                                                         Individual Cytobands: ~800 values 

20 Relapse_Free Patients  

Tissue DNA: Tumor – 20; Normal – 20 

 

20 Relapse Patients  

 Tissue DNA: Tumor – 20; Normal – 20 



CIN Index, Cytoband level:  
 

Chromosome # 4 

Overall Gains Losses 



Copy Number – Segment level 
Gains and Losses are shown 

Chromosome 4 



CIN Index - Cytoband level: 
Relapse vs Relapse_Free, t-test, P<0.05 

CIN Index Overall:  37 cytobands Brosens et al. Cell Oncol (Dordr). 2011 Jun;34(3):215-23.. 

Deletion of chromosome 4q predicts outcome in stage II 

colon cancer patients. 

 

RESULTS: Stage II colon cancers of patients who had 

relapse of disease showed significantly more losses on 

chromosomes 4, 5, 15q, 17q and 18q. 

 

In the microsatellite stable (MSS) subgroup (n = 28), only 

loss of chromosome 4q22.1-4q35.2 was significantly 

associated with disease relapse  

  



Metabolites in Biofluids:  
Relapse vs Relapse_Free 

Serum: 

Serum Pos – 10 and 30 samples; 

Serum Neg –10 and 30 samples;  

 

Urine: 

Urine Pos -  40 samples 

Urine Neg – 40 samples 

 



Sample Preparation  

LC-MS Data Preprocessing (MassLynx) 
(Filtering, feature extraction, feature matching, 

retention time correction & handling missing peaks) 

Linear Modeling  
“moderated t-statistics” 

Feature Identification  
 (HMDB, KEGG,  METLIN,  METACYC,  LMDB) 

& Validation (MS/MS)* 

Pathway Analysis  
IPA  , SMPDB 

 
Network Analysis 

(Multi-omics) 
 

Metabolomics Methods 



Metabolomics – Urine Positive 
40 samples, 47 peaks p<0.01 



m/z Putative Metabolites KEGG HMDB METLIN LMDB METACYC 
119.0815 L-2,4-diaminobutyric acid o o 

121.0318 3-Methylthiopropionic acid o o 

130.0495 1-Pyrroline-4-hydroxy-2-carboxylate o o o o 

130.0495 5-Oxo-D-proline o o o o 

130.0495 5-oxoproline o o o 

130.0495 L-1-Pyrroline-3-hydroxy-5-carboxylate o o o 

130.0495 Pyroglutamic acid o o o 

130.0495 pyrrolidone-carboxylate o o o 

130.0495 pyrroline-hydroxy-carboxylate o o o 

130.0497 1-Pyrroline-4-hydroxy-2-carboxylate o o o o 

130.0497 5-Oxo-D-proline o o o o 

130.0497 5-oxoproline o o o 

130.0497 L-1-Pyrroline-3-hydroxy-5-carboxylate o o o 

130.0497 Pyroglutamic acid o o 

130.0497 pyrrolidone-carboxylate o o o 

130.0497 pyrroline-hydroxy-carboxylate o o o 

130.0499 Pyroglutamic acid o o 

130.0499 Pyrrolidonecarboxylic acid o o 

130.0499 Pyrroline hydroxycarboxylic acid o o 

135.0764 L-Canaline o o 

135.0803 cinnamyl alcohol o o o 

135.0803 phenylacetone o o o 

149.0267 2-Oxo-4-methylthiobutanoic acid o o 

153.0655 N1-Methyl-2-pyridone-5-carboxamide o o 

153.0655 N1-Methyl-4-pyridone-5-carboxamide o o 

153.0655 N-Methyl-2-pyridone-5-carboxamide  o o o 

153.0655 N-Methyl-4-pyridone-5-carboxamide o o o 

153.0659 N1-Methyl-2-pyridone-5-carboxamide o o 

153.0659 N1-Methyl-4-pyridone-5-carboxamide o o 

165.0536 2-coumarate o o o 

165.0536 2-Hydroxycinnamate o o 

165.0536 2-Hydroxycinnamic acid o o 

165.0536 4-coumarate o o o 

165.0536 4-Hydroxycinnamic acid o o o 

165.0536 cis-p-coumarate o o o 

165.0536 enol-phenylpyruvate o o o 

165.0536 m-Coumaric acid o o o 



Pathway Name SMPDB_SourceID Metabolite hit Description 
P Value (Based on 
Hypergeometric 

test) 

Phenylketonuria/ 
Phenylalanine  
Metabolism 

SMP00206 

Phenylpyruvic acid 

Phenylpyruvic acid is a keto-acid that is an intermediate or 
catabolic byproduct of phenylalanine metabolism. 
Phenylalanine accumulation disrupts brain development, 
leading to mental retardation. 

0.00224 

Phenylacetic acid 

Phenyl acetate (or phenylacetate) is a carboxylic acid ester 
that has been found in the biofluids of patients with 
nephritis and/or hepatitis as well as patients with 
phenylketonuria (PKU). 

Nicotinate and 
Nicotinamide Metabolism 

SMP00048 

N1-Methyl-2-pyridone-5-
carboxamide 

N-methyl-2-pyridone-5-carboxamide (2PY) is one of the end 
products of nicotinamide-adenine dinucleotide (NAD) 
degradation. Increased serum 2PY concentrations are 
observed in chronic renal failure (CRF) patients, which along 
with the deterioration of kidney function and its toxic 
properties (significant inhibition of PARP-1), suggests that 
2PY is an uremic toxin. (PMID 12694300) 0.01563 

N1-Methyl-4-pyridone-5-
carboxamide 

N1-Methyl-4-pyridone-5-carboxamide (4PY ) is a normal 
human metabolite (one of the end products of 
nicotinamide-adenine dinucleotide (NAD) degradation). 4PY 
concentration in serum is elevated in non-dialyzed chronic 
renal failure (CRF) patients when compared with controls. 
(PMID 12694300) 

5-Oxoprolinuria / 
Glutathione Synthetase 

Deficiency 

SMP00143 / 
SMP00337 

Pyroglutamic acid 
A cyclized derivative of L-glutamic acid,Elevated blood levels 
may be associated with problems of glutamine or 
glutathione metabolism 

 0.01581 / 

0.04603 

Prolidase Deficiency(PD) / 
Arginine and Proline 

Metabolism 

SMP00207 / 
SMP00020 

1-Pyrroline-4-hydroxy-2-
carboxylate 

pyrrole-2-carboxylate (PCA) in human urine may be formed 
in urine from a labile precursor, presumably delta(1)-
pyrroline-4-hydroxy-2-carboxylate (PMID: 4430715) 

 0.05076 / 

0.05422 
Pyrroline hydroxycarboxylic acid 

Pyrroline hydroxycarboxylic acid is a metabolite identified in 
the urine of patients with type II hyperprolinemia. (OMIM 
239510). The oxidation of pyrroline-carboxylate generates 
glutamate and pyrroline-hydroxycarboxylate, a reaction 
catalyzed by hydroxyproline oxidase (PMID: 500817) 

Enrichment Analysis for Differentially Identified Putative Metabolites 







Classification Algorithm:  Support Vector Machine (SVM) 

Gene Expression  

Tumors 

microRNA  

Expression  

Tumors 



Classification Algorithm:  Support Vector Machine (SVM) 

CIN Index/Cytobands - Tumors 



Classification Algorithm:  Support Vector Machine (SVM) 

Metabolites    

Serum_Pos 

Metabolites    

Urine_Pos 

AUC = 0.900 



Results of ROC Analysis for SVM classification 

Data Type/Tissue Type Classifier AUC 

Metabolites/Serum_Pos SVM 0.7 

Gene 

Expression/Tumors 

SVM 0.81 

miRNA 

Expression/Tumors 

SVM 0.84 

CIN Index/Tumors SVM 0.87 

Metabolites/Urine_Pos SVM 0.9 



Critical associations involved in CRC Relapse 

• Results with 5 molecular data sets plus clinical outcome: 
 
Gene Expression, microRNA expression, CNV, Metabolites/Serum; 
Metabolites/Urine 
 
Target:  Relapse Status 

 

• Workflow:   
– Combine 5 data matrixes (pre-filtered on significance of differences) –  

– Input to RF-ACE algorithm,  

– Analyze with RF-ACE with 2K permutations,  

– Results  of RF-ACE - Upload to  Regulome Explorer instance at AWS 

– Visualize results of analysis on Genome map and/or Network viewer 

– Identify  genome locations with large number of highly correlated changes  

– i.e.  “Hot Spots” 

– filter data based on importance of association  with clinical outcome 

– Find interactions between different molecular features that are highly ranked on 
importance 

 

 

 



Multi-Variate Analysis  with RF-ACE and Mapping 
to Regulome Explorer 



Multi-Variate Analysis  with RF-ACE ; 
Visualization with Regulome Explorer   

 



Genome View of Top 40 Molecular Features/Associations 



Top 200 Features Associated With CRC Relapse 
 



Top 200 Features Associated With CRC Relapse 
 



Bayesian to RF-ACE comparison 



Last stop: Somatic Mutation Analysis 



CRC Exome Data – Variant Analysis 



Gene Level Summaries – APC Gene (known) 



Protein Complexes Level (groups of proteins): 
Top ranked protein complex: Growth Factor Receptor  
(18genes, 38 Variants, 80% of Cases) 
 



Pathway Level :  0% variants in control samples 
Colorectal Cancer metastasis signaling pathway 
(color-coded genes showing type of mutation by color and quality of call by intensity)  
 



Top Genes: GO enrichment With Ingenuity IPA 

 Name    p-value    # Molecules 
Top Bio Functions 
• Infectious Disease   3.90E-04 - 2.81E-02  3 
• Inflammatory Response   3.90E-04 - 3.76E-02   2 
• Neurological Disease   3.90E-04 - 2.97E-02   3 
• Cancer    1.17E-03 - 1.13E-02   1 
• Gastrointestinal Disease  1.17E-03 - 1.70E-02   1 
       
Top Molecular Functions 
• Antigen Presentation   3.90E-04 - 3.76E-02   1 
• Cellular Movement   3.90E-04 - 3.76E-02   2 
• Cell-To-Cell Signaling and Interaction  7.80E-04 - 2.93E-02  2 
• Cellular Function and Maintenance  1.17E-03 - 3.42E-02  2 
• Cell Death 



      Pilot on Amazon Cloud 

G-CODE : Clinical Omics Development Engine 

• Cloud computing refers to the on-demand provision of computational 
resources via a computer network. 

• Cloud computing is an attractive model for application deployment 
because it is provides the following things 
 Agility 
 APIs 
 Reduced Cost 
 Device independent 
 Scalability 
 Performance  
 Security 

AMI 



Multidisciplinary Team 
 

• Lombardi Comprehensive Cancer Center: 

– Dr. Louis Weiner’s Lab, Dr Stephen Byers’s Lab, Dr. John Marshall 

– Genomics, Cytogenetics and Metabolomics Shared Resources 

• G-DOC Development Team:  
– Michael Harris, Andrew Shinohara, Kevin Rosso, Lavinia Carabet 

• Analytical Group:  
– Georgetown - Yuriy Gusev, Krithika Bhuvaneshwar, Robinder Gauba, Lei Song 

– Virginia Tech: Joseph Wang 

– ISB: Ilya Shmulevich , Hector Rovira, Timo Erkkilä 

• Funding 
– Georgetown Special Projects Initiative 

– NCI In Silico Research Centers of Excellence 

– NCI Center for Cancer Systems Biology (U54) 

– FDA Center for Regulatory Science 

 Madhavan et al. G-DOC®: A Systems Medicine Platform for Personalized 

Oncology. Neoplasia. 2011 Sep;13(9):771-83 



Clinical Research 

Biospecimen Basic/Traslational 

Clinical Education 

• MD/MS Systems 

Medicine 

• Partnership 

• Joint Grants 

• Joint Appointments 

• Contracted Services 

• Shared Resources 

• Medical Internships 

• Joint Clinical Trials 

• Shared IP 

• Joint publications 

 

 

 
ICBI: Discovery, Clinical Research, Clinical Care 

• ‘omics’ data analysis 

• EHR/PHR integration 

• Biomarker discovery 

• Disease 

Classification 

• Genotype-Phenotype 

Correlation 

• Biospecimen 

management and 

analysis 

• Novel 

technology/method 

development 

 

 

 

email: sm696@georgetown.edu 
G-DOC URL: https://gdoc.georgetown.edu 
ICBI Website (coming soon): http://icbi.georgetown.edu/ 
 
 

mailto:sm696@georgetown.edu
https://gdoc.georgetown.edu/
https://gdoc.georgetown.edu/
http://icbi.georgetown.edu/
http://icbi.georgetown.edu/


Innovation Center for Biomedical Informatics (ICBI) 




