Genomic information is essential to
clinical assessment of complex
disease risk
Isaac S. Kohane, MD, PhD

Key points
• Under-appreciated durability and persistence of
the fleeting present.
• Reminder that most essential first rule of clinical
care is Primum non nocere
• Genetic reductionism is useful distraction from
what really ails us.
• Most common diseases are mostly NOT genetic.
• Reminder: Family history is not result of HGP
and is grossly underused.

Hypertrophic
Cardiomyopathy
(HCM)
-

Heart failure
Arrhythmias
Obstructed blood flow
Infective endocarditis
Sudden cardiac death

Prevalence 1:500
Autosomal Dominant

Age$

Ethnicity$

Report$
Year$

Originally$Reported$
Status$

Current$
Status$

Indication$for$Test$

46#

Unavailable#

2005#

P#

B#

Clinical#Diagnosis#of#HCM#

75#

Unavailable#

2005#

P#

B#

Family#History#and#Clinical#
Symptoms#of#HCM#

32#

Black#or#African#American#

2005#

P#

B#

Clinical#Diagnosis#of#HCM#

34#

Black#or#African#American#

2005#

U#

B#

Clinical#Diagnosis#and#
Family#History#of#HCM#

12#

Black#or#African#American#

2006#

U#

B#

Family#History#of#HCM#

40#

Black#or#African#American#

2007#

U#

B#

Clinical#Diagnosis#of#HCM#

45#

Black#or#African#American#

2007#

U#

B#

Clinical#Features#of#HCM#

16#

Asian#

2008#

U#

B#

Clinical#Diagnosis#and#
Family#History#of#HCM#

59#

Black#or#African#American#

2006#

P#

B#

Clinical#Features#of#HCM#

15#

Black#or#African#American#

2007#

P#

B#

Clinical#Diagnosis#of#HCM#

16#

Black#or#African#American#

2007#

P#

B#

Clinical#Diagnosis#of#HCM#

22#

Black#or#African#American#

2007#

P#

B#

Clinical#Diagnosis#and#
Family#History#of#HCM#

48#

Black#or#African#American#

2008#

U#

B#

Clinical#Diagnosis#of#HCM#

P"="Pathogenic"and"Presumed"Pathogenic"
U"="Pathogenicity"Debated"and"Unknown"Significance"
"

Pro82Ser

Gly278Glu

Torga, Gonzalo, and Kenneth J. Pienta. 2018. “Patient-Paired Sample Congruence
Between 2 Commercial Liquid Biopsy Tests.” JAMA Oncology 4 (6): 868–70.

40 patients

Guardant360 (Guardant Health, Inc) panel
includes 73 genes with complete exon
sequencing for 19 cancer genes,

PlasmaSELECT (Personal Genome
Diagnostics, Inc) con- sists of a 64-gene
panel
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• Is it essential not to remove breasts of
healthy women?
• Is it essential not to terminate wanted
pregnancies
• Is it essential
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What to do?
• Continue and scale up pan-ethnic germline
sequencing linked to longitudinal health
trajectories.
• Consumer Reports™ equivalent for genomics
• Scale-up environmental assessment.
• Multi-pronged Social-engineering for public
health, cigarette style for modifiable risk.
• Fix medical education and automated workflow around genetics and family history

Worsening dystonia
(not walking, not speaking)

Undiagnosed Disease Network
L-Dopa
Folinic Acid
5-hydroytryptophan
Walking, talking!

GTP cyclohydrolase I deficiency
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Dangers of Large N and small p(D)

A question that has withstood the test
of time:
If a test to detect a disease whose
prevalence is 1/1000 has a false positive
rate of 5%, what is the chance that a
person found to have a positive result
actually has the disease, assuming you
know nothing about the person's
symptoms or signs?
22

ts, 14RESEARCH
provided the
correct answer of 2%. The most common
LETTER
%, provided by 27 of 61 respondents. The median answer was
3 times larger than the true answer.

Medicine’s Uncomfortable Relationship With Math:
Calculating Positive Predictive Value

evaluation of PPV. Understanding PPV is particularly
tant when screening for unlikely conditions, where eve
nally sensitive and specific tests can be diagnosticall
formative. Our results show that the majority of respo
in this single-hospital study could not assess PPV in
scribed scenario. Moreover, the most common error wa
overestimation of PPV, an error that could have consi
impact on the course of diagnosis and treatment.
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In 1978, Casscells et al1 published a small but important study
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Authoritative interpretation?
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Fig. 1. Effect of strain differences and Hfe genotype on serum transferrin saturation. Serum transferrin saturation was measured in wild-type (Hfe !!!),
heterozygote knockout (Hfe !!"), and knockout (Hfe "!") mice from three inbred mouse strains: C3H (hatched bars), C57BL!6 (B6, solid bars), and AKR (slashed
bars). Data are presented as the mean # SEM. Differences across strains within each genotype and across genotypes within each strain were determined
separately by using a one-way ANOVA. P $ 0.05 across strains within genotype: bars 1 vs. 2, bars 1 vs. 3, bars 4 vs. 5, bars 5 vs. 6, bars 7 vs. 8, bars 7 vs. 9, and bars
8 vs. 9. P $ 0.05 across genotypes within strain: bars 1 vs. 7, bars 2 vs. 8, bars 3 vs. 9, and bars 6 vs. 9.
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routine histological processing. The sections were stained with
in liver and spleen tissue was measured
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metabolism caused by mutation in HFE, a gene encoding an MHC
erozygous mice suggested the segregation of other genes
class I-like protein. Clinical studies demonstrate that the severity of
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mice carrying other mutations that impair normal iro
genotypes. To determine whether genetic factors other than Hfe
meostasis provided specific examples for genetic modifica
genotype influence the severity of iron loading in the murine
the HH phenotype (13).
model of HH, we bred the disrupted murine Hfe allele onto three
Inbred mouse strains exhibit considerable variability in s
different genetically defined mouse strains (AKR, C57BL"6, and
parameters of iron metabolism (14–16). Serum iron
C3H), which differ in basal iron status and sensitivity to dietary iron
serum transferrin saturations, and hepatic iron stores v
loading. Serum transferrin saturations (percent saturation of semuch as 2-fold among inbred strains on a basal diet. I
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hemochromatosis (HH) is a common autosomal
recessive disorder of iron metabolism characterized by
excessive dietary iron absorption and progressive iron deposition
in the parenchymal cells of many tissues (1, 2). Untreated HH
leads to the failure of multiple organs and contributes to early
death. The gene carrying the mutation responsible for HH
encodes a nonclassical MHC class-I protein designated HFE.

weeks of age, mice were fasted overnight and anesth
before blood was collected by cardiac puncture and
Fleming et al.
samples were obtained. The studied AKR population con
of four male and five female Hfe #"# mice, two male an
female Hfe #"! mice, and three male and three female Hf
mice. The studied C57BL"6 population consisted of four f
and two male Hfe #"# mice, four female and two male Hfe
mice, and three female and three male Hfe !"! mice
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increases the severity of the disease in C282Y-homozygous

Environment

FIGURE 2. Frequency of the most common clinical signs of hereditary hemochromatosis, according to alcohol consumption (≥60 or
<60 g per day), observed in 378 C282Y-homozygous patients in
western Brittany (France), 1977–2002.

Am J Epidemiol 2003;158:129–134

•

Aim: Validate LoF variants reported in published
human genome sequences (thought to be 200800/genome)

•

Results: With high confidence, ~100 LoF
alleles/genome with ~20 loci fully inactivated!

The heroism of
homeostasis
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Fig. 1. Effect of strain differences and Hfe genotype on serum transferrin saturation. Serum transferrin saturation was measured in wild-type (Hfe !!!),
heterozygote knockout (Hfe !!"), and knockout (Hfe "!") mice from three inbred mouse strains: C3H (hatched bars), C57BL!6 (B6, solid bars), and AKR (slashed
bars). Data are presented as the mean # SEM. Differences across strains within each genotype and across genotypes within each strain were determined
separately by using a one-way ANOVA. P $ 0.05 across strains within genotype: bars 1 vs. 2, bars 1 vs. 3, bars 4 vs. 5, bars 5 vs. 6, bars 7 vs. 8, bars 7 vs. 9, and bars
8 vs. 9. P $ 0.05 across genotypes within strain: bars 1 vs. 7, bars 2 vs. 8, bars 3 vs. 9, and bars 6 vs. 9.
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