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Predictive (predisposition) testing 

Likelihood	
  (chance)	
  that	
  a	
  person	
  without	
  clinical	
  
signs	
  and	
  symptoms	
  of	
  disease	
  will	
  eventually	
  
develop	
  it	
  

Predisposi.on	
  



Genetic tests for complex diseases 

o Familial	
  
•  Breast	
  and	
  ovarian	
  cancer	
  (HBOC)	
  –	
  BRCA1/2	
  
•  Colorectal	
  cancer	
  (Lynch	
  syndrome)	
  –	
  MMR	
  genes	
  
•  Hypercholesterolemia	
  (FH)	
  -­‐	
  LDLR/APOB	
  

o Thrombophilia	
  –	
  F5	
  
o Hemochromatosis	
  –	
  HFE	
  
o Celiac	
  disease	
  -­‐	
  HLA	
  



ACCE model 

ACCE	
  Model	
  List	
  of	
  44	
  Targeted	
  Ques6ons	
  Aimed	
  at	
  a	
  Comprehensive	
  Review	
  of	
  
Gene6c	
  Tes6ng:	
  	
  hAp://www.cdc.gov/genomics/gtes6ng/ACCE/acce_proj.htm	
  

Framework	
  for	
  
evaluaMng	
  genomic	
  

tests	
  

1997	
  U.S.	
  Task	
  force	
  on	
  
geneMc	
  tesMng	
  



Analytic validity 

o  How	
  accurately	
  and	
  
reliably	
  the	
  laboratory	
  
assay	
  measures	
  the	
  
genotype	
  (sensiMvity	
  and	
  
specificity	
  of	
  lab	
  test	
  for	
  
mutaMon)	
  

CLIA	
  (Clinical	
  Laboratory	
  
Improvement	
  Amendments	
  )	
  
	
  

QualificaMons	
  of	
  lab	
  personnel	
  
QC	
  and	
  tesMng	
  procedures	
  



Clinical validity 

o How	
  consistently	
  and	
  accurately	
  the	
  
test	
  detects	
  or	
  predicts	
  the	
  disease	
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Impor tant  Test  Metr ics :  Sensi t iv i ty  and 
Speci f ic i ty  

Clinical	
  Sensi.vity	
  
	
  
Among	
  people	
  with	
  
disease,	
  how	
  many	
  test	
  
posiMve	
  

Clinical	
  Specificity	
  
	
  
Among	
  people	
  without	
  
disease,	
  how	
  many	
  test	
  
negaMve	
  

✓

✓

✓
✓ ✓

✓
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  are	
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  of	
  the	
  test	
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x x



Positive Predictive Value (PPV) 

Among	
  those	
  with	
  a	
  posiMve	
  test	
  

✓ ✓ ✓✓ ✓✓ ✓

E.g.	
  BRCA1	
  mutaMons:	
  
~60%	
  chance	
  of	
  
developing	
  breast	
  
cancer	
  by	
  age	
  80	
  

How	
  many	
  will	
  develop	
  disease	
  (penetrance)	
  

✓✓✓

CharacterisMc	
  of	
  both	
  
test	
  and	
  populaMon	
  



Negative Predictive Value (NPV) 

Among	
  those	
  with	
  a	
  negaMve	
  test	
  

o  CharacterisMc	
  of	
  both	
  test	
  and	
  populaMon	
  
o  High	
  NPV	
  is	
  good	
  for	
  ruling	
  out	
  disease	
  
o  e.g.	
  HLA-­‐DQ	
  test	
  has	
  100%	
  NPV	
  for	
  celiac	
  disease	
  

x	



How	
  many	
  will	
  remain	
  disease-­‐free	
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 x	
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 x	

x	

 x	

 x	
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Clinical utility 

Does	
  it	
  improve	
  health	
  outcomes?	
  
•  Change	
  in	
  care	
  to	
  reduce	
  or	
  prevent	
  disease,	
  death,	
  disability	
  
through	
  use	
  of	
  efficacious	
  treatment	
  or	
  intervenMon	
  

•  Does	
  the	
  test	
  result	
  in	
  equivalent	
  care,	
  but	
  faster	
  results,	
  at	
  
less	
  cost,	
  or	
  less	
  invasively?	
  

Balance	
  of	
  benefits	
  and	
  risks	
  
•  Benefits/risks	
  –	
  to	
  individual,	
  families,	
  society	
  
•  Benefits	
  –	
  includes	
  disease	
  reducMon,	
  reproducMve	
  planning;	
  
psychological	
  

•  Risks	
  -­‐	
  psychological,	
  social	
  and	
  economic	
  



Application of  ACCE framework 



Continued…. 

Segal	
  JB,	
  et.	
  al.	
  Outcomes	
  of	
  Gene.c	
  Tes.ng	
  in	
  Adults	
  with	
  a	
  History	
  of	
  Venous	
  Thromboembolism	
  
Evidence	
  Reports/Technology	
  Assessments,	
  No.	
  180	
  	
  	
  	
  	
  	
  	
  hdp://www.ncbi.nlm.nih.gov/books/NBK44591/	
  



Impor tance of  eva luat ion f rameworks  

o ACCE	
  not	
  only	
  framework	
  
o Evidence-­‐based,	
  but	
  evidence	
  ogen	
  sparse	
  
o  Important	
  for:	
  	
  
•  Insurance	
  coverage	
  decision	
  
•  Clearance	
  by	
  FDA	
  (when	
  regulated)	
  
•  Uptake	
  by	
  physicians	
  

o  In	
  absence	
  of	
  formal	
  ‘reports’,	
  healthcare	
  
providers	
  should	
  be	
  comfortable	
  evaluaMng	
  
the	
  merits	
  of	
  geneMc	
  tests	
  



W h o  i s  go i n g  to  d e l ive r  p e r so n a l i ze d  m e d i c i n e ?  

Knowledge	
  and	
  skills	
  	
  
•  What	
  tests	
  are	
  available	
  
•  Validity	
  and	
  value	
  of	
  tests	
  
•  PracMcal	
  issues	
  (where	
  to	
  order,	
  how	
  to	
  interpret)	
  
•  ELSI,	
  communicaMon	
  of	
  results	
  

o Medical	
  geneMcists	
  
o GeneMc	
  counselors	
  
o  Primary	
  care	
  providers/specialists	
  
•  Physicians	
  
•  Nurses	
  



Cases scenarios 



Enactment 1 

A	
  paMent	
  with	
  a	
  family	
  history	
  of	
  coronary	
  artery	
  
disease	
  came	
  to	
  you	
  (the	
  physician)	
  with	
  results	
  
from	
  a	
  geneMc	
  test.	
  	
  He	
  said	
  he	
  tested	
  posiMve	
  for	
  
the	
  9p21	
  gene	
  test	
  and	
  wanted	
  to	
  know	
  what	
  to	
  
do.	
  	
  Before	
  you	
  talk	
  to	
  the	
  paMent,	
  you	
  consult	
  
with	
  a	
  medical	
  geneMcist	
  about	
  these	
  results.	
  	
  	
  



Repor t :  9p21  test ing for  coronar y  ar ter y  
disease  (CAD) 

9p21	
  tes6ng	
  was	
  performed	
  in	
  a	
  CLIA-­‐cer6fied	
  and	
  CAP-­‐accredited	
  laboratory.	
  	
  
This	
  test	
  has	
  not	
  been	
  approved	
  by	
  the	
  U.S.	
  FDA.	
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Risk of CAD (%) for SNP rs10757278!

Based	
  on	
  your	
  genotypes,	
  you	
  have	
  a	
  ~1.25-­‐fold	
  increased	
  risk	
  of	
  
coronary	
  artery	
  disease	
  

Your	
  results	
  



9p21 associated SNP is not in a gene 

o  Rs10811661 could be in LD with causal variant in nearby 
gene (unlikely)"

o  Rs10811661 could affect regulation of a nearby gene 
(CDKN2A) ✓



o  88% of GWAS hits are intronic or intergenic"
o  Even in the absence of known function, a genetic marker 

may still have predictive power"

CDKN2A	
  

CDKN2B	
  

rs10811661	
  

27	
  kb	
  

126	
  kb	
  
13	
  kb	
  
away	
  

Chr.	
  
9p21	
  



Genet ics  may change overa l l  r i sk  prof i le  

smoker	
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  for	
  
staMn	
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Family  his tor y  may be a  bet ter  predictor  of  
d isease  r isk  than genet ic  var iants  
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  PLoS	
  Genet	
  2012;	
  8(10):	
  e1002973.	
  

C
ro

hn
’s 

di
se

as
e"

At
ria

l F
ib

ru
la

tio
n"



U.S .  regulator y  landscape for  genet ic  
test ing 

o  DiagnosMc	
  devices	
  (tesMng	
  kits)	
  

• 	
  	
  FDA’s	
  office	
  of	
  In	
  Vitro	
  DiagnosMcs	
  

• 	
  	
  AnalyMcal	
  and	
  clinical	
  validity	
  

o  Laboratory	
  developed	
  tests	
  (most	
  tests)	
  

• 	
  	
  Centers	
  for	
  medicare	
  and	
  medicaid	
  services	
  

• 	
  	
  AnalyMcal	
  validity	
  -­‐	
  CLIA	
  regulaMons	
  



Key concepts from Enactment 1 

o  A	
  geneMc	
  test	
  is	
  not	
  necessarily	
  measuring	
  the	
  causal	
  
variant…but	
  rather,	
  a	
  geneMc	
  marker	
  that	
  may	
  be	
  
linked	
  to	
  the	
  causal	
  variant.	
  	
  

o  Results	
  of	
  geneMc	
  test	
  may	
  have	
  uMlity	
  in	
  moMvaMng	
  
changes	
  in	
  risk	
  factors	
  or	
  improve	
  medicaMon	
  
adherence.	
  

o  In	
  some	
  cases,	
  family	
  history	
  remains	
  a	
  beder	
  
predictor	
  of	
  disease	
  than	
  any	
  specific	
  geneMc	
  test.	
  

o  In	
  the	
  U.S.	
  most	
  geneMc	
  tests	
  are	
  considered	
  
laboratory	
  developed	
  tests	
  (LDTs)	
  and	
  are	
  currently	
  
not	
  regulated	
  by	
  the	
  FDA.	
  



Enactment 2 

A	
  paMent	
  comes	
  to	
  you	
  (the	
  physician)	
  with	
  
a	
  report	
  from	
  a	
  DTC	
  tesMng	
  company	
  
showing	
  that	
  she	
  is	
  at	
  increased	
  risk	
  of	
  
diabetes	
  and	
  wants	
  you	
  to	
  help	
  her	
  

interpret	
  the	
  report.	
  Before	
  you	
  talk	
  to	
  the	
  
paMent,	
  you	
  consult	
  with	
  a	
  medical	
  
geneMcist	
  about	
  these	
  results.	
  	
  	
  

	
  



T2DM genetic risk repor t 

•  Caucasian	
  
•  Female	
  
•  40-­‐50	
  yrs	
  



Composite risk score 

Odds	
  raMos	
  for	
  11	
  markers:	
  
1.16	
  
0.89	
  
1.02	
  
1.20	
  
0.98	
  
1.04	
  
1.06	
  
1.06	
  
0.90	
  
1.03	
  
0.95	
  

MulMply	
  relaMve	
  risk	
  by	
  average	
  risk	
  
to	
  get	
  my	
  risk	
  (1.21	
  *	
  .21)	
  =	
  25%	
  

MulMply	
  together	
  to	
  get	
  
overall	
  odds	
  raMo	
  =	
  1.27	
  

1	


	
  RR	
  =	
  OR/(1-­‐P0)+(P0*OR),	
  where	
  
is	
  prevalence	
  of	
  disease	
  (average	
  

risk)	
  	
  

Convert	
  odds	
  raMo	
  to	
  relaMve	
  risk	
  =	
  1.21	
  

2	



3	





Genes poor ly explain T2DM risk 

Non-genetic"
74%"

Unexplained 
geneitc"

19%"

Known 
genes"

7%"

T2DM"

Heritability:	
  26%	
  

Genes:	
  39	
  



Factor s  that  impact  r isk  est imates  f rom 
mult iSNP panels  

Kalf	
  RR,	
  et	
  al.	
  Genet	
  Med.	
  2014	
  Jan;16(1):85-­‐91.	
  	
  

o  AssumpMons	
  about	
  average	
  populaMon	
  risk	
  of	
  disease	
  

o  #	
  of	
  SNPs	
  used	
  to	
  predict	
  disease	
  
o  How	
  SNP	
  effects	
  are	
  combined	
  



Comparison across  DTC genet ic  test ing 
resul ts  f rom di f ferent  companies  

Perfect	
  concordance	
  across	
  all	
  3	
  companies:	
  33-­‐89%	
  	
  

Kalf	
  RR.	
  Genet	
  Med.	
  2014	
  Jan;16(1):85-­‐91.	
  



W here to  f ind object ive  infor mation about  
tests  

hdp://currents.plos.org/genomictests/	
  
	
  

hdp://www.egappreviews.org/	



EGAPP:	
  EvaluaMon	
  of	
  genomic	
  
applicaMons	
  in	
  pracMce	
  and	
  

prevenMon	
  Also…"
•  Professional guidelines"
•  Technology assessments"



T2DM multigene review from EGAPP 

hdp://www.egappreviews.org/	



EGAPP	
  Recommenda.on	
  Statement:	
  The	
  EGAPP	
  Working	
  Group	
  (EWG)	
  found	
  insufficient	
  
evidence	
  to	
  recommend	
  tes.ng	
  for	
  predicMve	
  variants	
  in	
  28	
  variants	
  (listed	
  in	
  Table	
  1	
  of	
  the	
  
recommendaMon)	
  to	
  assess	
  risk	
  for	
  Type	
  2	
  Diabetes	
  in	
  the	
  general	
  populaMon,	
  based	
  on	
  
studies	
  in	
  populaMons	
  of	
  northern	
  European	
  descent.	
  	
  The	
  EWG	
  found	
  that	
  the	
  magnitude	
  of	
  
net	
  health	
  benefit	
  from	
  use	
  of	
  any	
  of	
  these	
  tests	
  alone	
  or	
  in	
  combinaMon	
  is	
  close	
  to	
  zero.	
  The	
  
EWG	
  discourages	
  clinical	
  use	
  unless	
  further	
  evidence	
  supports	
  improved	
  clinical	
  outcomes.	
  



Key concepts from Enactment 2 

o MulM-­‐marker	
  geneMc	
  risk	
  panels	
  should	
  be	
  interpreted	
  
with	
  cauMon	
  

o  Genes	
  idenMfied	
  to	
  date	
  poorly	
  explain	
  geneMc	
  
underpinnings	
  of	
  complex	
  diseases	
  

o  Several	
  resources	
  exist	
  to	
  find	
  objecMve	
  informaMon/
guidance	
  on	
  tests	
  

o  GeneMc	
  tesMng	
  should	
  not	
  distract	
  from	
  modifiable	
  risk	
  
factors	
  (diet,	
  lifestyle,	
  medicaMon)	
  

o  There	
  are	
  two	
  sides	
  to	
  the	
  controversy	
  over	
  direct-­‐to-­‐
consumer	
  tesMng	
  	
  



Enactment 3 

You	
  have	
  an	
  older	
  paMent	
  who	
  is	
  worried	
  
that	
  he	
  may	
  be	
  developing	
  alzheimer	
  
disease	
  since	
  he	
  has	
  family	
  history	
  of	
  

demenMa.	
  	
  You	
  heard	
  about	
  a	
  geneMc	
  test	
  
for	
  APOE	
  that	
  may	
  help	
  predict	
  risk	
  of	
  AD	
  

and	
  was	
  wondering	
  whether	
  it’s	
  a	
  good	
  idea	
  
or	
  not	
  to	
  have	
  him	
  tested.	
  Before	
  you	
  talk	
  to	
  

the	
  paMent,	
  you	
  consult	
  with	
  a	
  medical	
  
geneMcist.	
  	
  	
  



GINA – U.S .  Genet ic  Infor mation 
Nondiscr iminat ion Act  of  2008  

President	
  George	
  W.	
  Bush	
  signs	
  H.R.	
  
493,	
  the	
  Gene6c	
  Informa6on	
  
Nondiscrimina6on	
  Act	
  of	
  2008,	
  
Wednesday	
  May	
  21,	
  2008,	
  in	
  the	
  Oval	
  
Office.	
  	
  White	
  House	
  photo	
  by	
  Eric	
  
Draper.	
  

•  Prevents	
  health	
  insurers	
  from	
  denying	
  
coverage	
  or	
  adjusMng	
  premiums	
  based	
  on	
  
an	
  individual’s	
  predisposiMon	
  to	
  a	
  geneMc	
  
condiMon	
  

•  Prohibits	
  employers	
  from	
  discriminaMng	
  on	
  
the	
  basis	
  of	
  predicMve	
  geneMc	
  informaMon	
  

•  Stops	
  insurers	
  and	
  employers	
  from	
  
enforcing	
  mandatory	
  geneMc	
  tesMng,	
  
maintains	
  strict	
  use	
  and	
  disclosure	
  
requirements	
  of	
  geneMc	
  test	
  informaMon,	
  
and	
  imposes	
  penalMes	
  against	
  groups	
  who	
  
violate	
  these	
  provisions	
  



Personal utility 

How	
  valuable	
  is	
  the	
  test	
  for	
  disease	
  
management	
  

o  Whether	
  to	
  do	
  further	
  diagnosMc	
  tesMng	
  or	
  ending	
  the	
  diagnosMc	
  	
  
odyssey	
  

o  Increased	
  vigilance	
  

o  Lifestyle	
  changes	
  

How	
  valuable	
  is	
  the	
  test	
  for	
  other	
  reasons	
  
o  Psychosocial	
  effects	
  (reassurance,	
  acceptance,	
  mental	
  preparMon)	
  

o  Family	
  planning	
  



Genetic Testing Registr y 

hAp://www.ncbi.nlm.nih.gov/gtr/	
  



Key concepts from Enactment 3 

o  GINA	
  –	
  what	
  it	
  does	
  and	
  doesn’t	
  cover	
  

o  Personal	
  uMlity	
  is	
  increasingly	
  being	
  recognized	
  
as	
  raMonale	
  for	
  geneMc	
  tesMng	
  

o  Where	
  to	
  find	
  informaMon	
  about	
  available	
  tests	
  

o  UMlity	
  of	
  targeted	
  variant	
  analysis	
  versus	
  
sequencing	
  enMre	
  coding	
  region	
  	
  


