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Case: What is wrong with this patient?
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Various methods of testing for gene/disease associations

Looping through association tests

GWAS/NGS - one phenotype, many genotypes
PheWAS — one genotype, many phenotypes

Aqggregation approaches

GRS/PRS/GPS - one phenotypes, many genotypes aggregated
Phenotype risk scores (PheRS) — one genotype, many phenotypes aggregated



Automating assessments of “phenotype patterns” in the EHR
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Repeat this for any Mendelian diseases

Bastarache et al, Science 2018



CYSTIC FIBROSIS; CF
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Phecodes

Failure to thrive....................... 1.62

Acute pulmonary heart disease...... 1.49

Acute bronchitis & bronchiolitis......1.00

Bronchiectasis..................oeean 1.80
Asthma.............ooooiiiiiiiin 0.98
Diseases of pancreas................... 1.42

Primary biliary cirrhosis................ 2.06



Many diseases have “phenotype patterns”:
consider Cystic Fibrosis
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Validating Phenotype Risk Scores on diagnosed individuals
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Li-Fraumeni Hemochromatosis Phenylketonuria
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HUMAN GENOMICS

Phenotype risk scores identify patients
with unrecognized Mendelian
disease patterns

HOM/ R;’:‘f’:" ' Phenotype
Gene Variant rsID HET Associated Mendelian Disease inheritance Categories in PheRS| Beta P Clinvar HGMD ACMG
CFTR :égi‘i‘;;; 1113993959 1/27 Cystic fibrosis AR B Bl 139 29x10® P y P
CHRNA4 :,1,‘;1%‘32’?” 155855125 1/21 Nocturnal frontal lobe epilepsy, 1 AD = 058 9.0x10% U u
DGKE o orey '$138924661 1/14  Nephrotic syndrome, type 7 ~ W B 131 28x107 P Y LP=P
SUoX p‘f‘:é‘;(;g; 1202085145 0/24 Sulfocysteinuria AR O Bl o082 17x10° U u-p
CFTR ;g%igg;; 1574597325 0/12 Cystic fibrosis AR H Bl 181 21x10% P Yy P
KIF1B ;:iﬂf‘;ﬁ;l—; rs41274468  0/21 Charcot-Marie-Tooth disease, 2A1 AD ] Bl o079 53x10° U
VWE o el 5144072210 0/21  Von Willebrand disease s [l B B | o053 86x10° Yoo
KIF1A ‘;iﬁ;ggi rs116297894 1/25 Spastic paraplegia-30 AR B B B 08 13x10° 1B LB~U
F10 pi‘\?;ﬁ’é‘,n rs149212700 0/15 Factor X deficiency AR* B B B 062 1.9x10° U
HFE  Cauigaan 5146519482 0/40 Hemochromatosis ~ HH BER 1.08 4.0x10° U Y U
TG ;.élzye;?;; rs142698837 0/69 Thyroid dyshormonogenesis A HER 0.26 6.0x10° Y u-p
SH2B3 ;gﬂu%%c;:; 1148636776 0/22 Familial erythrocytosis, 1 AD BEOEEE 148 6.1x10° u-p
SPTBN2 p%;ggs(;/'\is rs145522851  0/11 Spinocerebellar ataxia AR* B 0.75 9.0x10° U-LP
FAN1 ;'}1;25%%;?\5 rs150393409 0/434 Interstitial nephritis, karyomegalic AR B [ | 0.15 9.9x10° LB~U
PANKZ - o ar 1137852959 0/26  HARP syndrome AR T T[] 058 1.1x10* P Y P
SH2B3 :(;l‘uﬁf;‘s rs148636776 0/22 Essential thrombocythemia ~ [l Bl 0.33  1.4x10* u-p
AGXT p(,:ABI:;();S?rA;W rs13408961  1/35 Primary hyperoxaluria, type | AR HBEE Bl o082 17x10* uis LB=U
PLCG2 :"7652‘5’:’\,‘; r$190840748 0/10 Familial cold autoinflammatory syn. 3|  AD [ O 070 1.9x10* u
B Neoplastic B Nervous/Psychiatric/Sensory [ Digestive/Genitourinary [ Other symptoms/Injuries

B Endocrine/Metabolic/Blood

[ Circulatory/Respiratory

B Musculoskeletal/Dermatologic

Tested

6644 variant/disease pairs

Found

18 significant associations

(14 novel)

Bastarache et al, Science 2018



PheRS identifies novel pathogenic variants with clinical impact
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PheWAS of a CF variant
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A case of a rare disease

The NEW ENGLAND JOURNAL of MEDICINE

CASE RECORDS ofthe MASSACHUSETTS GENERAL HOSPITAL

Founded by Richard C. Cabot

Eric S. Rosenberg, M.D., Editor

Virginia M. Pierce, M.D., David M. Dudzinski, M.D., Meridale V. Baggett, M.D.,
Dennis C. Sgroi, M.D., Jo-Anne O. Shepard, M.D., Associate Editors

Alyssa Y. Castillo, M.D., Case Records Editorial Fellow

Emily K. McDonald, Sally H. Ebeling, Productic
Her PheRS for Cystic
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Case 40-2018: A 47-Year-Old Woman with
Recurrent Sinusitis, Cough, and Bronchiectasis

James E. Mojica, M.D., Christopher J. Richards, M.D., Jad S. Husseini, M.D.,
and Lida P. Hariri, M.D., Ph.D.

PRESENTATION OF CASE

Dr. Christopher ]. Richards: A 47-year-old woman was evaluated at the outpatient pul-
monary clinic of this hospital because of recurrent sinusitis with progressive
cough and bronchiectasis.

Since her mld-ZOs the patlent had had recurrent episodes of sinus congestlon

Age at diagnosis

Average age of new CF diagnoses over time at VUMC
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Interpreting variants % merge

. network
Premise
« ACMGS9 variants are becoming increasingly returned (eMERGE,
All of Us)

« Most rare variants are VUS

eMERGEseq
« 25,000 patients sequenced for 109 genes (including 58 ACMG
“returnable” genes)

10 clinical sites
 Alllinked to EHR data




PheRS for high-throughput variant interpretation € mergs
using EHRs: FBN1 (Marfan Syndrome) networ

Known pathogenic variants

Known benign variants |_.0 2 )




emerge

What about FBN1 Variants of Uncertain Significance netwark
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Case: A diagnosis — riboflavin deficiency
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=P Begin megadose riboflavin

Regains sensation
—> Walks without walker

—p Riboflavin challenge
test abnormal
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PheRS
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20 |

PheRS may help diagnose people earlier, but it
will be hard

Polycythemia vera due to a JAK2 mutation

[ Clinical diagnosis (99.5t %-ile)

PT/ET prevalence ~ 40/100k

.

200-fold enrichment ~ 1/10

50t %-ile 90t %-ile

46 48 50 52 54 56



EHR Data from Vanderbilt Biobank

Vanderbilt biobank
enrollment

ICD Codes

CPT Codes

Clinical
Documentation

Radiology

ECGs

Laboratory

Medications

Vital Signs

EHRs provides dense resource for efficient discovery:

BioVU’s example

BioVU start
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The power of a data biosphere of common semantics and APls
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Sources for genetic data

® Research cohorts

@ Clinical testing will explode

* Cancer testing

* |ncreasing rare disease and
expanding indications (UHC,
BCBS Evidence Street)

* Yet another reason to store
genetic data not as PDFs...

* Genomics as the tool to really
move the Learning Healthcare
System into standard practice?
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Birney et al. biorXiv 2017. https://doi.org/10.1101/203554

~Rare Disease

=Cancer

=Combined
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