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Warfarin is the most popular anticoagulant in use today

Wartarin Dos

Anticoagulants are used to prevent stroke and clotting-related incidents

Warfarin is one of the most well-studied targets in pharmacogenetics
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Warfarin is an anticoagulant that s difficult to use because of the wide
variation in dose required to achieve a therapeutic effect, and the risk of
serious bleeding. Warfarin acts by interfering with the recycling of vitamin K
in the liver, which leads to reduced activation of several clotting factors.
Thirty genes that may be involved in the biotransformation and mode of
action of warfarin are discussed in this review. The most important genes
affecting the f warfarin
are CYP2C9 (cytochrome Pyso 2C9) and VKORC] (vitamin K epoxide
reductase complex subunit 1). These two genes, together with environ-
mental factors, partly explain the interindividual variation in warfarin dose
requirements. Large ongoing studies of genes involved in the actions of
warfarin, together with prospective assessment of environmental factors,
will undoubtedly increase the capacity to accurately predict warfarin dose.
p otyping and warfarin
therapy represents an opportunity to minimize the risk of haemorrhage
without compromising effectiveness.
The Pharmacogenormics journal (2007) 7, 99-111. doi:10.1038/5i.pj.6500417;
published online 19 September 2006

Ke s: warlri; vitamin K epoxide reductase complex subunit 1; VKORCT; cytochrome
P430 enzyme; CYP2CS; vitamin K-dependent protein

Introduction

Warfarin is a widely used coumarin anticoagulant prescribed for patients with
venous thrombosis and pulmonary embolism, chronic atrial fibrillation and
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The dangers of being wrong

Warfarin is notoriously difficult to dose correctly

« Low dose High dose >

Death Embolism Intracranial bleeding Death

Stroke Extracranial bleeding
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The IWPC Warfarin Model

Population
Dataset

5700 patients from
21 sites in 6 countries, 4 continents




The IWPC Warfarin Model

Population
Dataset

age height | weight race history | vkorc1l | cyp2c9 | dose

indepdendi‘ variables W depde/&tn’r variable
patient demuatiaphiotinpecislor bidities, eidddpdigénbdame: Joabpuwlarfarin dose

Y=ax+th e =
The IWPC found ordinary linear regression
to be the best learning algorithm




Pharmacogenetic Warfarin Dosing
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0.8677 * vkorc1=A/G - 1.6974 * vkorc1=A/A - 1.9206 * cyp2c9="2/*3 -

2.3312 * cyp2c9=*3/*3 + - s
CYP2C9
VKORC1 v Initial
nhitia
f (X) o3 Warfarin
race, age, Linear Model Dose
weight,

meds, ...



Pharmacogenetic Privacy
Dataset O
Oot/r

CYP2C9
VKORC1

race, age,
weight,
meds, ...

10



Pharmacogenetic Privacy

VKORC1

race, age,
weight,

‘

Linear Model
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age height | weight race history | vkorcl cyp2c9 | dose
50-60 176.2 185.7 asian cancer AIG *1/*3 42.0
! O
OO

/= Warfarin
Dose
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Model Inversion

VKORCH

basic demographics
stable warfarin dose
black-box access to model 129%

¥ AA AG GG
Genotype

.. With better accuracy than the given “baseline” priors

marginal priors on patient distribution

Goal: infer the patient’s genetic markers from this information
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Use the marginal probabilities, model output to approximate this quantity

Our Model Inversion

age height | weight race history | vkorc1 | cyp2c9 | dose
50-59 | 176.53 | 144.2 white 42.0 49.7
50-59 | 176.53 | 144.2 white 42.0 42.0
50-59 | 176.53 | 144.2 white 42.0 39.2

2. Find the most likely values among those that remain

\

15

1. Compute all values that agree with given information

p=0. 23
p=0. 75
p=0.01



This algorithm is optimal given the
available information
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Results

“haseline” means guessing without the model
“Ideal” is a classifier trained to predict the genotype

Only 5% lower than ideal prediction /
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Model inversion does nearly as well as a linear model
trained from the original data
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Seeking a Remedy

Ml is a problem, so how can we prevent it?

We examine the use of differential privacy for preventing M

\

Clean, provable guarantee

hPUIEHNG QRS ENbout as likely
coardess re 2 sl emenitegest

Most DP mechanisms “add noise” according to privacy budget

/V

Evidence that this protects attributes in linear models
(Kasiviswanathan et al., SODA 2013)



Seeking a Remedy

Goal: see if a “reasonable” privacy budget solves the problem

rEnd-to-End Study—m————

| Find budget that
prevents model

Inversion
- _ _ _ _
Private Linear Regression Private Histograms
[Zhang et al., VLDB 2012] [Vinterbo, ECML-PKDD 2012]
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Run model inversion experiments from before on PP models



Clinical Efficacy

rEnd-to-End Study
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Evaluate risk of
adverse events
at these budgets

Simvulate clinical trials to make this caleulation

.
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Simulated Clinical Trials

Enroll \ Initial \ Measure &~ \ Modify

Patient Dose Response “~___W¥ Dose
Day 1 V Days 1-2 ﬂ Days 2-90 F Days 3-90
Simulate body’s response
Sample patient from | Standard fixed dose using PK/PP wmodels Vgﬁg\ed in previous
IWPC validation set privafg model (Hamberq et al., Clin. Pharm. clinical trials

Theory, 2007)
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Relative to fixed-dose protocol

End-to-End Results, Private LR
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