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Clarification
Interpretive Guidelines for §482.25

Policies and procedures to minimize drug errors should include:

A High-alert medications - dosing limits, administration
guidelines, packaging, labeling and storage;

>

Limiting the variety of medication-related devices and
equipment. For example, limit the types of general-
purpose infusion pumps to one or two;

>

Availability of up-to-date medication information;

>

Availability of pharmacy expertise. Pharmacist available
on-call when pharmacy does not operate 24 hours a day

Objectives

A Describe steps that can be taken in setting
up an inpatient anticoagulation program

A Compare and contrast the issues likely to
be encountered at a large or small hospital
when working on setting up an inpatient
anticoagulation program

A Strategize ways to successfully launch a
program in your own hospital

A Tale of Two Cities...

-

Mercy Hospital and
Healthcare Center,
Moose Lake, MN

St. Mary’s Medical
Center, Duluth, MN

Implementing NPSG 3E

A The organization implements a defined
anticoagulant management program to
individualize the care provided to each
patient recelving anticoagulant therapy.

Where is your institution in meeting
this goal?

Step 1: Review the literature and
network with others

A Review peer reviewed literature on the
topic
— Which hospitals seem similar to your
situation?
— Which articles deal with issue that your
hospital is struggling with?
A Closely evaluate the Bond and Raehl
article

— Can be used to postulate a financial benefit to
the hospital

Dager WE, Gulseth MP. pharmacist in the inpatient setting
Am J Health-Syst Pharm. 2007; 64: 1071-9.




Step 1: Review the literature and
network with others

A Talk to colleagues at other hospitals who
have services like you are contemplating

— Site visits are a very good idea to see a
service first hand

Dager WE, Gulseth MP. pharmacist in the inpatient setting. Am J Health-
Syst Pharm. 2007; 64: 1071-9.

Step 2: Plan the Anticoagulation
Service

A Successful programs will have support
from:
— Pharmacy
— Medical staff
— Hospital administration
— Nursing

A Think about things from their perspective
and assure those issues are addressed

Dager WE, Gulseth MP. pharmacist in the inpatient setting
Am J Health-Syst Pharm. 2007; 64: 1071-9.

Where to start?

A Appoint a program manager tasked with
planning

A ldentify a medical staff champion
— Well-respected physician

A hematologists, cardiologists, hospitalists, general
internists

A should be involved in planning
A Form a planning team

Step 3: Gain Formal Approval of
the Program

A The pharmacy and therapeutics committee
will likely need to approve all programs,
protocols, and guidelines
— What policies and procedures are needed?

A Make sure your political homework is done
BEFORE the meeting

A Be sure to think of it from the physician’s
perspective

Dager WE, Gulseth MP. pharmacist in the inpatient setting
Am J Health-Syst Pharm. 2007; 64: 1071-9.

Step 4: Launch the Program and
Address Unanticipated Issues

A Be sure to do careful planning prior to
launch, but
A Be careful not to “over plan”

— Not having the service in place could be the
bigger issue

— Piloting is an excellent way to avoid this
A Once “bugs” are worked out, expand to
other areas

Dager WE, Guiseth MP. pharmacist in the inpatient setting
Am J Health-Syst Pharm. 2007; 64: 1071-9.

Common setbacks when starting a
program

A Communication
— Between pharmacists
— Between departments
A Transitions of care
— From inpatient to outpatient setting
A Adequate Staffing
— To provide the dosing/ consulting service
— To provide patient education




Step 5: Monitor Program Quality
and Strive for Improvement

A Don't let quality issues go
— Address system issues that need to be
addressed
— Provide individual, one on one, feedback
when individual pharmacists do not perform
adequately and strive to improve their skills
A Be sure to credit your staff when care is
improved

in the inpatient setting.

Dager WE, Gulseth MP. pharmacist
‘Am J Health-Syst Pharm. 2007; 64: 1071-9.

Review the literature
and network with others

Plan the
anticoagulation service \

Launch the program and /

address issues

e

Conclusion

A Inpatient anticoagulation programs can
improve care in both large and small
hospitals

A Here are a couple of stories....

uic University of lllinois at Chicago College of Pharmacy

Strategies to Implementing an Outpatient
Program to Meet NPSG

Edith A. Nutescu, Pharm.D., FCCP
Clinical Associate Professor

Director, Antithrombosis Center

The University of lllinois at Chicago
College of Pharmacy & Medical Center

OBJECTIVES

A Review systematic management approaches for
anticoagulants in the outpatient setting

A Discuss the quality of anticoagulation therapy at
the UIMC ATC

UIC university of lllinois at Chicago College of Pharmacy

Patient Case

A 38 yo AA woman admitted with LLE DVT. Pt is
initiated on UFH and warfarin and is DC Home
after 5 days on warfarin tx. INR on DC is 2.1. Pt
given a “Discharge Slip” by clerk with
appointment to ATC in 7 days after discharge.

E ATC not notified of appt; No official consult made.
E Pt failed appt given in 7 days
E Readmitted 2 weeks later with major PE

PINR 0.9
PPt did not fill and take warfarin Rx after DC

UIC university of lllinois at Chicago College of Pharmacy




ANTICOAGULATION MANAGEMENT
SERVICES
» Systematic, organized management of anticoagulation
* Improved AC dose regulation

*Early identification of potential risk factors for thrombotic
and hemorrhagic complications

*Timely intervention to avoid or minimize complications
*Thorough patient assessment
« Continuous patient education

UIC university of lllinois at Chica%o College of Pharmacg
Nutescu EA, et.al. Pharmacotherapy 2004;24(9):1204-1212.

Anticoagulation-Clinics: Structure

Medical Director < gu— Clinical Director

MD Pharm.D.
I NP/RN
Anticoagulation Providers
Pharm.D.
NP/RN/PA

Residents/Fellows

I

Support Personnel
Clinical Technician
MA

Clerks

UIC university of lllinois at Chicago College of Pharmacy
Nutescu EA, et.al. Pharmacotherapy 2004;24(9):1204-1212.

TIME-IN-THERAPEUTIC RANGE:
A Surrogate End Point for Clinical Outcomes

42.5%

Usual Medical Care*t Anticoagulation Clinical Trial
Clinics (ACC)* Using ACCIl

*Chiquette et al. Arch Intern Med. 1998;158:1641-1647.
tSamsa et al. Arch Intern Med. 2000;160:967-973.
*Menzin et al. Am Heart J. 2002;144:917.
Uiﬁ{’ et al. JAMA. 2003;290:2685-2692.
sEoversity shilipojgey, SBisa8e1 Gadege of Pharmacy

Anticoagulation Management
Services

Anticoagulation Services

Enpatiem Anticoagulation} [Outpatient Anticoagulation] Formulary, Pathways, Protocols

Services Practice Cost Avoidance

Consults
Chronic Warfarin High Risk Pts
SC UFH, LMWH Pregnancy

Bridge Therapy Pediatrics
Peri-Procedure Tx Cancer
Outpatient VTE Tx Combination Tx

UIC university of lllinois at Chica%o College of Pharmacg
Nutescu EA, et.al. Pharmacotherapy 2004;24(9):1204-1212.
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CLINICAL OUTCOMES
Usual Care vs Anticoagulation Clinics

Results from 4 “usual care” | 1* 12.5%/pt-yr
observational studies, 12 ACC
observational studies, and
4 Usual Care vs ACC trials have

demonstrated on that on 8.3%Ipt-yr
average,
ACCs REDUCE the rates of:
OACC
MAJOR BLEEDING W Usual Care
by 73%
THROMBOSIS
by 79%

TR e—————




Value Of Anticoagulation Services

Source | Model |Pat-Yrs Maj. T.E.* | Death* | Est. Savings**
Hem.*
1 umc 64 12.4 6.2 NA
AMS 42 24 0.0 NA $861
2 umc 677 47 6.6 NA
AMS 669 1.0 0.6 NA
3 umc 28 17.8 428 NA
AMS 60 0.0 0.0 NA $2,300-4,073
4 AMS 199 15 3.5 NA
umc 102 3.9 11.8 3
AMS 123 1.6 3.3 None $1,620

*Percent per patient-year, **Per patient per year
1. Gray DR, et al. Drug Intell Clin Pharm. 1985
2. Cortelazzo S, et al. Thromb Haemost. 1993

It i T3
PIG R ermeacniigg College of Pharmacy

University of lllinois at Chicago Antithrombosis
Center (ATC)

Provides management antithrombotic agents in the
Outpatient Care Center

*patient assessment and education
reversal of over-anticoagulation

*bridge therapy for invasive procedures
«control of bleeding after dental procedures
~outpatient treatment of DVT/PE

«drug interaction avoidance and management
*medication reconciliation

«first-line access to health care

staff education (MD, RN, PA, RPh)
sinpatient and outpatient consults

«clinical trial support

UIC university of lllinois at Chicago College of Pharmacy

Quality of Oral Anticoagulation Management
at the University of lllinois at Chicago
Antithrombosis Center

A The ATC at UICMC
E has been in existence since 1996
E pharmacist managed: 6,500 — 7,000 patients
visits per year
E evaluate the quality of oral anticoagulation
management
bassess the rates of major bleeding,
thromboembolic events, hospitalizations
and emergency visits of patients receiving
care at the UICMC ATC
E Compare UICMC ATC outcomes data with

national benchmark data.
UIC university of lllinois at Chicago College of Pharmacy

Quality of Oral Anticoagulation Management
at the University of lllinois at Chicago
Antithrombosis Center

VARIABLE N
Patient months of therapy 11497
Patient years of therapy 958

Lﬁl’f‘m%)eﬁé%?l IQI'(I)OZISlaQ grgtgago College of Pharmacy

MAJOR BLEEDING (MB)

mMB N % *
Total events 22 23
INR3.0-4.0 6 0.6

INR > 4.0 12 1.3
1.5 % occurred on combination warfarin antiplatelet therapy

* Percent per patient — year of therapy

UIC university of lllinois at Chicago College of Pharmacy

Thromboembolic Events (TE)

TE N % *
Total events 21 2.2
INR< 1.5 13 14
INR < 2.0 17 18

* Percent per patient — year of therapy

UIC university of lllinois at Chicago College of Pharmacy




Outcomes by Anticoagulation Therapy

Hospitalizations and ED visits due to non
therapeutic INR

MAJOR THROMBOEMBO
THERAPY BLEEDINGS LIC EVENTS P VALUE
%(n) %(n)

WARFARIN 2.5(9) 3.7 (13) <.005
WARFARIN+ASA 9.7 (10) 1.9 (2) <.005
WARFARIN+ASA <.005

+PLAVIX 50 (3) 50 (3)
OTHER <.005

THERAPIES 0(0) 4(3)

Total Major Bleedings = 22

|iﬁfl hrog\aoemﬂollc SBnts“iZ(lo”n” of

HOSPITALIZATION % (n)
-Supratherapeutic INR 0.5 (5)
-Subtherapeutic INR 0.3 (3)
-Total 0.8 (8)

EMERGENCY DEPARTMENT % (n)
-Supratherapeutic INR 0.6 (6)
*Subtherapeutic INR 0.5 (5)
-Total 1.1 (11)

URSTGRN-REPAHERLrCHRAOE SNGFAR Y harmacy

Percentage of time in therapeutic range
(TTR)

ATC Patients m Patients with an event

UIC university of lllinois at Chicago College of Pharmacy

Non-compliance with appointments

Non-compliance with appointments

W ATC patients O Patients with an event

uic University of lllinois at Chicago College of Pharmacy

UIC ATC vs National Benchmark Data

STUDY % MAJOR BLEEDING %THROMBOEMBOLIC
EVENTS

The Seventh ACCP

Conference on Antithrombotic
and Thrombolytic Therapy. 14-73* 0.7-75*
Chest 2004.

Quality of Warfarin
Management in US
Anticoagulation Clinics. 217 227
ASH. December 2006

Quality of Oral Anticoagulation
Management at the University " "
N 23 22
of lllinois at Chicago
Antithrombosis Center (ATC)

*Values expressed as percent per patient year of therapy.
AValues expressed as percent of patients.
UIC university of lllinois at Chicago College of Pharmacy

Areas of Focus at UIMC

A UFH Protocol

E Available but no consistency in applying to
practice
A Warfarin Protocol
E Lacking
A Patient Education and Documentation on
Discharge
E need consistency and better coordination

A Patient Discharge, Referral System, Transitioning
of Care

E standardize and better coordination
A Outpatient Treatment Models
uic Gnstandardize JRaldNE G Chinigs




SUMMARY

A Review systematic management approaches for
anticoagulants in the outpatient setting

A Discuss the quality of anticoagulation therapy at
the UIMC ATC

UIC university of lllinois at Chicago College of Pharmacy

Considerations for Prophylaxis
and Treatment of Patients with
Arterial Disease

Sarah A. Spinler, PharmD,
FCCP, BCPS (AQ Cardiology)

Objectives

A List therapeutic areas where
anticoagulation is used in hospitalized
patients with arterial disease.

A Review the data suggesting that bleeding
risk leads to worse outcomes in patients
with acute coronary syndromes (ACS).

A Suggest strategies for minimizing
pIeAegisng risk with antithrombotic therapy
in .

A Suggest strategies for minimizing
bleeding risk in patients with
ischemic/embolic stroke.

Anticoagulation in Arterial
Thromboembolism (i.e. Where do | need
to have protocols in place?)

A Acute coronary syndrome
A Atrial fibrillation (AF)

A Mechanical heart valves

A Stroke?

A Not a major role for acute “full-dose”
anticoagulation (even with AF)

A VTE prophylaxis important (quality measure)
A During cardiothoracic surgery
A Vascular procedures

A Peripheral angioplasty/stents (e.g. carotid,
femoral)

Bleeding in ACS
A NSTEACS

A Moderate to severe bleeding increases costs by almost $4000
per bleed

A Proportional increase in length of stay according to severity
of bleeding event

A 2 additional days for mild bleeding event and 10 days for
moderate-severe bleeding events

A Ir_1dke)pendent predictor of 1-year mortality (2-3-fold increased
ris

A Both major/severe and minor/moderate (measured on any scale)
lead to worse outcomes over time.

A Patients with bleeding (major or minor measured on any scale)
have a heightened systemic inflammatory state.

A Early bleeding leads to discontinuation of aspirin and
clopidogrel.

A Blood transfusions alone have been associated with worsened
outcomes.

Rao SV et al. Am Heart J. 2008;155:369-74. Ndrepepa G et al. JACC 2008;51:690-7.

Tips to Reduce Bleeding
Events in ACS

A Renal dysfunction is a risk factor for
bleeding

A Use Cockcroft-Gault to calculate CrCI
(most hospitals estimate GFR using
MDRD)

A Adjust doses of eptifibatide and enoxaparin
A Manufacturer guidelines use total body weight in
CrCl equation
A Failure to adjust doses of enoxaparin
increases bleeding risk

LaPointe et al. Arch Intern Med. 2007;167:1539-44. Antman EM et al.
JACC 2007;50(7):e1-e157.




Tips to Reduce Bleeding

Events in ACS

A Pay close attention to heparin dosing
A 60 units/kg (maximum 4000 unit) IV bolus
A No routine 5000 unit initial bolus doses!
A 12 units/kg/hr (maximum 1000 units/hr) infusion

A So patients weighing more than 83 kg all get the same
1000 unit/hr infusion dose

A Consider lower doses in the elderly (> 65 yrs)
A 900 units/hr if <100 kg

A Monitor aPTT at appropriate time

A Best to have nurse or pharmacist-driven protocol

Antman EM et al. Circulation 2008;117(2):296-329. Antman EM et al. JACC
2007;50(7):e1-e157. A KP. Ci 2007;115:2549-69.

Tips to Avoid Bleeding

Events in ACS

A Update STEMI fibrinolytic therapy
protocols

A Dose cap for enoxaparin by body weight
A 100 mg (75 mg for patients = age 75 yrs)

A No enoxaparin 30 mg intravenous bolus
dose for patients age = 75 yrs

a Elderly have higher risk of ICH with “usual”
enoxaparin STEMI dosing

Antman EM et al. Circulation. 2008;117(2):296-329.

Tips to Avoid Bleeding
Events in ACS

A Update your STEMI fibrinolytic
protocols

A Avoid giving GP llb/llla inhibitor
concurrently with a fibrinolytic agent
a Class lll recommendation to avoid
A Even half-dose fibrinolytic plus GP lIb/llla
inhibitor
A Associated with increased bleeding
outcomes (especially ICH in elderly)
A No mortality benefit

Tips to Reduce Bleeding
Events in ACS

A Use the shortest duration of anticoagulant
therapy!
A For NSTE ACS

A Discontinue at conclusion of PCI procedure for invasively
management patients

A Discontinue on hospital day 2 for conservatively managed
patients (before stress test)

A Maybe longer for STEMI patients?
A Both fonda and enox used in clinical trials for 5-8 days

Antman EM et al. Circulation. 2008;117(2):296-329. Antman EM et al. JACC.
2007;50(7):e1-e157.

Tips to Reduce Bleeding

Events in ACS

A Don’t combine anticoagulants.

A Avoid using enoxaparin and switching to UFH.
A SYNERGY trial

A Preliminary data suggests maybe OK to switch

from UFH/enoxaparin to bivalirudin for PCIl in NSTE
ACS

A SWITCH trial, ACUITY trial, NSTE ACS guidelines

Antman EM et al. Circulation. 2008;117(2):296-329. Antman EM et al. JACC.

2007;50(7):e1-e157. Waksman R. J Invas Cardiol. 2006;18:370-5.

Tips to Reduce Bleeding

Events in ACS

A NSTE ACS guidelines recommend alternative
anticoagulants for patients at high-risk for bleeding.
A Fondaparinux for conservative (non-PCl) management
A OASIS-5 trial
4 Bivalirudin for PCl management
A ACUITY trial
A No prospective scale to risk stratify for bleeding
A Renal dysfunction
A Low body weight
A Elderly
A Females

Antman EM et al. Circulation. 2008;117(2):296-329. Antman EM et al.
JACC. 2007;50(7):e1-e157.




Acute Ischemic Stroke
Management

A No role for acute anticoagulation
with dose-adjusted heparin in first 48
hrs
A IST: increased conversion to

hemorrhagic stroke
A Data insufficient to state benefit over
aspirin alone

A Regardless of location or cause
a Includes AF

Goldstein LB. Circulation. 2007;116:1504-14.

Acute Ischemic Stroke
Management

A VTE prophylaxis
A Must be initiated within the first 24-48 hrs of
admission

A Joint Commission Stroke-1 performance
measure

A PREVALIL trial

A Enoxaparin 40 mg subcut reduced the risk of
VTE by 43% (10% versus 18%) compared to
UFH 5000 subcut twice daily but increased risk
of major extracranial bleeding (1% versus 0);
no difference in ICH

Holloway RG et al. Stroke. 2001;32:2059-74. American Heart Association
Stroke Fact Sheet, Sherman DG et al. Lancet 2007;369:1347-55.

Warfarin

>

Careful monitoring for bleeding events during
transition from heparin/LMWH to warfarin
» Daily INRs
Restart home doses if known
A Common drug interactions to watch out for
A Amiodarone
A TMP/SMZ
A Fluoroquinolones
A Statin?
A Make sure the patient has outpatient follow-up at
a reasonable time from discharge
A Sooner (within 2 days) for drug interactions

>

WHAT'’S THE DEAL WITH
GENETIC TESTING?

Ann K Wittkowsky PharmD, CACP, FASHP, FCCP
Director, Anticoagulation Services
University of Washington Medical Center
Clinical Professor
University of Washington School of Pharmacy

RECENT PRESS RELEASES

PGXL Laboratories Provides DNA-Testing For Coumadin Patients

Empowering Your Healtheare Dechions

Days Before Warfarin Label Change, Genelex Debuts Direct-to-Consun

€ Nanosphere

Nanosphere Announces First FDA Cleared Genetic Test for Warfarin S¢

CASE PRESENTATION

JR, a 64 year old investment banker and local philanthropis
takes warfarin for stroke prevention for atrial fibrillation.

At a recent board of directors meeting of a regional arts
organization, a fellow board member described to JR a gen
test system for warfarin dosing that is marketed by his
grandson’s local biotechnology company.

JR calls the anticoagulation clinic to arrange for genetic tes
What is your response to his request?




OBJECTIVES DOSE/RESPONSE RELATIONSHIPS

Pharmacokineticg Pharmacodynamics
1. Review factors that influence warfarin dosing requireme| absorption vitamin K availability
distribution reductase enzyme
2. Evaluate the role of heredity in warfarin metabolism integrity
and vitamin K hepatic recycling. metabolism \ /
WARFARIN

3. Explain the impact of heredity on patient response to
oral anticoagulation.

Patient specific factors
age diet
disease alcohol
drug interactions

) - CYP-2€9 7- SINGLE NUCLEOTIDE POLYMORPHISMS
hydroxywarfarin - 6. OF CYP2C9’s 55,000 BASE PAIRS
hydroxywayfarin > " - - " " -

90% oxidation — {l-\zmo acid ;\sn;mo acid g&r)mo Acid
CYP3A4 10- Wild type (*1) |Arginine Isoleucine Asparagine
hydroxywarfarin (CaT) (ATT) (GAC)
S-warfarin 4- *2 allele Cysteine Isoleucine Asparagine
hydroxywarfarin (TGT) (ATT) (GAC)
10% reduction - SS-alcohol *3 allele Arginine Leucine Asparagine
SR alcohol (CGT) (CTT) (GAC)
oy === *4 allele Arginine Threonine Asparagine
/‘ \ (CGT) (ACT) (GAC)
CYP-1A2, 6- *5 allele Arginine Isoleucine Glutamic Acid
hydroxyw%fgrin. (CGT) (ATT) (GAC)
7-hydroxywarfarin Lee CR et al. Pharmacogenetics 2002; 12:251-63.
AVERAGE POPULATION DISTRIBUTION OF RELATIONSHIP BETWEEN CYP2C9 GENOT
CYP2C9 GENOTYPE BY ETHNICITY AND S-WARFARIN CLEARANCE
| *r2 P3| *2r2 | 23 | *313 Mean Std Deviation
(ml/min)
Caucasians | 65.3% | 20.4% | 11.6% | 0.9% | 14% | 0.4% CYP2C9*1/*1 660 +/- 323
(n=1383)
Africans 90.8% 6% 3.2% 0 0 0 CYP2C9*1/*2 |380 +-173
(n=250) * 4 [*:
Spanish/ 58.8% 17.5% 18.8% | 1.2% 3% 0.7% CYP2C9™/*3 |345 +- 185
Turks CYP2C9*2/*3 |213 +/-43
(n=656)
Asians 96.9% 0 3.1% 0 0 0 CYP2C9*2/*3 |155 +/- 60
(n=1005)
CYP2C9*3/*3 |61 -4
Lee CR et al. Pharmacogenetics 2002;12:251-63. SeOrOTIE BT Ak I T Arare Ther S Ta e




RELATIONSHIP BETWEEN CYP2C9 GENOT
AND WARFARIN DOSE

Mean (mg/wk) | Mean
(mg/day)
CYP2C9*1/*1 |39.1 5.6
CYP2C9*1/*2 |27.6 3.9
CYP2C9*1/*3 |20.6 29
CYP2C9*2/*2 |20.6 29
CYP2C9*2/*3 |18.1 2.6
CYP2C9*3/*3 (8.8 1.3

CLINICAL SUMMARY

Variant CYP2C9 alleles are associated with:

» longer warfarin elimination half life
« lower warfarin dosing requirements
« more unstable warfarin therapy 2

« higher bleeding rates ®

2 Higashi M et al. JAMA. 2002;287:1690-8.
b Sanderson S et al. Genet Med. 2005;7:97-104.

WARFARIN MECHANISM OF ACTION

Prothrombin Precursor Prothrombin
“UN- CH- “\N-CH-
HN FH CO\/\ HN (I:H CO\/\
CH, CH,
Glutamic Acid | | ° ycarboxyglutamic Acid
(Glu) CH, N (Gla)
COOH Carboxylas HOOC  COOH

>e&<
OH Epoxidas o]

itami e CH
vitamin_ CH, 0, s Jitamin
KH, 0 Ko
R Warfarin R
OH 0
Vitamin K1 reductase IVitamin K epoxide reductase (VCPR)

IDENTIFICATION OF VCORC1 MUTATIONS
IN PATIENTS WITH WARFARIN RESISTANCE

Vitamin K1

EFFECT OF VKORC1 GENOTYPE ON
WARFARIN DOSING REQUIREMENT

N = 147 patients in an Italian ACC

NP  Genotype % of pts Mean warfarin dose
1173C>T ccC 37% 7.0mg
CT 47% 5.1mg
TT 16% 3.7mg
3730G>A GG 45% 5.2mg
GA 40% 5.3mg
AA 15% 6.9mg

D’Andrea G et al. Blood. 2005;105:645-9.

MUTATION % ACTIVITY
OF VCOR

Wild-type 100%
Val29Leu 96%
Try139Cys 48%
Val45Ala 23%
Arg58Gly 21%
Leu128Arg 5%

Rost S et al. Nature. 2004;427:537-41.

CLINICAL SUMMARY

1. VCORC1 genetic expression influences the integrity of th
vitamin K hepatic recycling process

2. Hereditary warfarin resistance is the result of VCORC1
mutation(s)

3. VCORCH1 expression influences warfarin dosing requiren
across a wide range of doses, not just resistant patients




WHAT DOES THE NEW COUMADIN
PACKAGE INSERT REALLY SAY?

CLINICAL PHARMACOLOGY
Pharmacogenomics (new section)

a. Patients with *2 or *3 allele demonstrate
- Increased bleeding risk
- Decreased dosing requirement
- Increased risk of over- anticoagulation during initiation

b. 55% of variance in warfarin dose can be explained by
-VCORC1 and CYP2C9 genotype plus
- age, height, body weight, interacting drugs, indication

DOSING
Initial Dose
“ The lower initiation dose should be considered for patients
with certain genetic variations in CYP2C9 and VCORC1 as
well as the elderly, debilitated patients, and patients with
potential to exhibit great than expected INR responses....”

MULTIPLE REGRESSION MODELS
TO PREDICT WARFARIN DOSING
—REQUIREMENT.

Estimate Contribution
to Variance in Dose

Author Year | Model

Kimura 200 |CYP2C9, VCORCH1, age. |33.3%
6 gender, weight

Bodin 200 |CYP2C9, VCORC1, 54%
5 weight
Sconce 200 |CYP2C9, VCORCH1, age, |54%
5 height
Wadelius (200 |CYP2C9, VCORCA1, 54%
5 weight,
Interacting drugs,
indication

Veenstra [200 |CYP2C9, VCORC1, age, |60.8%
Ivin T et al. Thrdrib Res. Q@SVGHE:1-10.

RANDOMIZED TRIAL
Genotype-guided dosing vs flexible
initiation*

n =191 patients

Study  Control
Time to INR>2 4.8 days 7.5 days
Time to stable 14.1 days 32.2 days
warfarin dose
Avg Loading dose 8.55mg 6.67mg
Time in therapeutic range 80% 63%

Caraco Y et al. Clin Pharmacol Ther. 2008;83:460-70.
*Ageno W et al. Thromb Haemost. 2000;83:849-52 (computer induction).

H

p<0

p<0

p<0

INDEPENDENT PREDICTORS OF WARFARIN

DOSE
Multipl . el

This algorithm explains 39% of the variance in warfarin maintenance dg

1. Target INR, per 0.5 unitincrease +21%
2. BSA, per SD +13%
3. Female - 7%

4. Age, per decade -8%

5. Caucasian -11%
6. Simvastatin -12%
7. CYP2C9*2 -19%
8. CYP2C9*3 -30%
9. Amiodarone -29%

Gage BF et al. Thromb Haemost 2004; 91:87-94.

PILOT RANDOMIZED TRIAL OF STANDARD
DOSING vs PHARMACOGENOMIC REGRESSION

] *

Feasibility study
Genotype information available within 4 hours

Standard

Dosing.
n 20
Wild-Type 65%
Time-in-Range 41.5%
Patient with INRs > 4.0 30%
Bleeding events 4
VTE 2

Hillman MA et al. Clin Med Res. 2005;3:137-45
*Hillman MA et al. Pharmacogenetics. 2004;14:539-47.

Model-based
Dosing

18
61%

41.7%
33%

2
0

RANDOWVIIZED TRIAL

Genotype-guided dosing vs 10mg

initiation*

n = 206 patients
Primary outcome: Out-of-range INRs
50%:

p=0.47 p=0.14 p=0.21

40%-

30%-

20%:

10%

0%+
All Variant  Wild-
Patient Patients Type
Patients
A JLetal. Cir 2007;116:2563-70.

*Kovacs MJ et al. Pathophysiol Haemost Thromb. 2002;32:131-3.

Genomic Dosing
O Standard Dosing




BLEEDING OUTCOMES IN RANDOMIZED
TRIALS

1. Caraco et al.
“Incidence of bleeding was higher in the control group

patients
than in the study group patients (12.5% vs 3.2%; p<0.02).

“Of the 15 bleeding episodes, 14 were minor.”

2. Anderson et al.

“Serious clinical events were infrequent

(pharmacogenetic=4; standard=5) and were unrelated
ta aut.af. INDc?”

UNANSWERED QUESTIONS

There is no evidence that genotype-based initiation is:

a. Better than YOUR method of initiation at
predicting
maintenance dose

b. Associated with improved clinical outcomes,
specifically a reduction in major bleeding
complications

INFLUENCING FORCES

1. FDA initiative to advance personalized medicine

2. Manufacturers of CYP2C9/VCORC1 testing systems
3. Genomics researchers

4. in-the-trenches practitioners

5. Health economics

CONCERNS ABOUT GENETIC TESTING
EXPRESSED TO FDA BY ACFORUM
BOARD

1. False sense of complacency about the need for rigorous|
monitoring by assuming that genotyping will lead to
accurate dosing.

2. Wait time for genotyping results may lead to delay in
initiation of therapy, leading to adverse events.

3. Underdosing (and adverse events) of patients who apps¢

be sensitive to warfarin based on genomic testing but w
fact have higher dosing requirements.

ACForum Newsletter 2007;11(2).

ECONOMIC IMPLICATIONS

$250-$500 to test CYP2C9 and VCORC1

1. How many episodes of over-anticoagulation requiring
intervention or impacting care would testing prevent?

2. How many major bleeding episodes would testing preve

3. What is the cost effectiveness of testing all patients?

RANDOMIZED CLINICAL TRIAL OF ROUTINE INITIATION
VS GENOMIC-BASED INITIATION
S NECECESSARY TO ANSWER THESE QUESTIONS

CASE PRESENTATION

JR, a 64 year old investment banker and local philanthropis
takes warfarin for stroke prevention for atrial fibrillation.

At a recent board of directors meeting of a regional arts
organization, a fellow board member described to JR a gen
test system for warfarin dosing that is marketed by his
grandson’s local biotechnology company.

JR calls the anticoagulation clinic to arrange for genetic tes
What is your response to his request?




Financial Benefits of Pharmacy-
Based Anticoagulation Services

John Grubbs, MS, MBA, RPh
Director of Pharmacy, UC Davis Medical Center

True or False?

# The financial benefits of a pharmacy-based
anticoagulation service have been demonstrated.

# A pharmacist-run anticoagulation service is the most
cost efficient way to meet the Joint Commission NPSG
3E.

& NPSG 3E is a good thing for pharmacy-based
anticoagulation services.

)
According to the literature....

4 Pharmacy-based outpatient anticoagulation services save
money

Study Cost Avoidance
Gray etal ! $860 per patient year of therapy
Wiltetal 2 $4,072 per patient year of therapy
Chiquette et al 3 $1,320 per patient year of therapy

1. Drug Intell Clin Pharm. 1985;19:575-80.
2. Pharmacotherapy. 1995;15:732-79,
3. Arch Int Med. 1998;158:1641-7.

D
Furthermore......

¥ Pharmacy-based inpatient anticoagulation services may
improve outcomes

Study Improvement
Dageretal * Shorter hospital stays, fewer days with INR > 3.5, less
likely to receive drugs interacting with warfarin
Kershaw et al 2 Shorter time to APTT goal and less APTTs outside of
goal
Mamdani et al 3 21% reduction in median total cost of hospitalization
correlated with decreased length of stay

1. Ann Pharmacother. 2000; 34:567-72
2. Arch Intern Med. 1994;154:1005-11,
3. Pharmacotherapy. 1999;1064-74,

>
Physician Workload

Physician’s perception of the impact of UC Davis AC Clinic on workload
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However......

& Studies of pharmacy-based inpatient
anticoagulation care are not well designed

& Benefits may be due to improved adherence to
guidelines and protocols

Donovan et al. J Thromb Thrombolysis. 2006;22:23-30.




True or False?

& The financial benefits of a pharmacy-based
anticoagulation service have been

demonstrated.

Providing cost-efficient AC services

4 Physician - $150K+
- can hill for services
% Pharmacist - $100K
% Nurse Practitioner - $80K
- can bhill for services
¥ Pharmacy technician - $30K

D

NPSG 3E

Expectation

Implementation & Maintenance

1.The organization implements a defined anticoagulant
management program to individualize the care provided
to each patient receiving anticoagulant therapy.

Multi-disciplinary

D
NPSG 3E

Expectation Implementation & Maintenance

2. To reduce compounding and labeling errors, the

organization uses ONLY oral unit dose products and pre-

mixed infusions, when these products are available.

Pharmacists and support staff

5. For patients being started on warfarin, a baseline Medical staff
International Normalized Ratio (INR) is available, and for | pharmacists and support staff
all patients receiving warfarin therapy, a current INR is

3. When pharmacy services are provided by the
organization, warfarin is dispensed for each patient in
accordance with established monitoring procedures.

Pharmacists

available and is used to monitor and adjust therapy. Nurses
6. When dietary services are provided by the Dietary
organization, the service is notified of all patients
receiving warfarin and responds according to its
established food/drug interaction program.
7. When heparin is and

i the uses Clinical
infusion pumps. Nurses

4. The organization uses approved protocols for the
initiation and maintenance of anticoagulation therapy
appropriate to the medication used, to the condition
being treated, and to the potential for drug interactions.

P&T Committee, medical staff

Pharmacists and support staff

8. The organization has a policy that addresses baseline | P&T Committee, medical staff
and ongoing laboratories tests that are required for
heparin and low molecular weight heparin therapies.

=

NPSG 3E

Expectation Implementation & Maintenance
9. The organization provides education regarding Medical staff
anticoagulation therapy to prescribers, staff, patients, Pharmacists and support staff
and families. Nurses
10. Patient/family education includes the importance of | Medical staff
follow-up monitoring, compliance issues, dietary Pharmacists and support staff
resrictions, and potentia for adverse drug reactions and | oo

interactions.

11. The organization evaluates anticoagulation safety
practices (see MM.8.10).

P&T Committee, Medication Safety Committee

>
UC Davis AC Clinic

Clinic Size
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Ratio of patients to clinicians
(Pharmacist, MD, RN)

UCDAC =833
Compare group = 365




