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Objectives

A Understand whyprecise anticoagulant dosinig important

A Hypothesize how anticoagulant dosingy differ in patients with obesity
A Reviewcurrent literature of anticoagulant dosing ichildren with obesity
A Focus on enoxaparin:

A How to usereal world data and modeling and simulatioto better
understandenoxaparin in children with obesity
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Anticoagulants are a broad and varied drug class

, .. Vitamin K
G o
Reductase Inhibitors

warfarin

................................................ Heparins

U unfractionated heparin

enoxaparin
dalteparin
fondaparinux

DirectActing )

Oral Anticoagulants

apixaban Direct Thrombin
edoxaban Inhibitors
rivaroxaban

argatroban
bivalirudin

[ dabigatran ]:

Sabir et al. Nat Re@ardiol 2014.
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Anticoagulants have narrow therapeutic indices,
often requiring dose monitoring

AMany are dosed based on body weight

ADose monitoring in special populations N

Treatment targetrange —
4 Surrogate ) : g
Measurements
INR —
aPTT :
Prophylaxis targetange —
ACT pny g g
\ anti-Xa ) -
Concentration
A Thromboembolic risk
‘ - ESHELMAN SCHOOL ACT:_activat(_ed clottingtime _ . L .
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Patients with obesity may be at risk of supra-
therapeutic anticoagulant exposure

1 mg/kg
70 kg patient: 70 mg dose
V4

1 mg/kg
150 kg patient: 150 mg dose

WITHOUT OBESITY WITH OBESITY
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Appropriate heparin dosing in adults with
obesity is still debated

Studies supportingecommendeddosing-*: Studies supportingeduceddosing®:
Evaluation of an Unfractionated Heparin Pharmacy Dosing \ Identlfymg OPtlma| Initial Infusion Rates for Unfractionated
P]Ml-n.ﬂ.nl F PRSPPI I N nms nanee T hhssnssals ncssale alzcisss 2ma H na — |

N/ Safety and efficacy of unfractionated heparin ‘ Welght Based Dosmg of Enoxapann in Obese Patients with |

versus enoxaparin in patients who are obese and Jen
Lt P¢ Review of current evidence available for guiding optimal Enoxaparin N th___I:E_a_J‘_ body weight is the best scale for venous
La fp prorl...l-,b:,. Anninm abimbaminn fn alonnn makiaeia A CH]] . . .
7 wdwei  Weight-based administration | Effect of fondaparinux prophylaxis on anti-factor Xa
7z of dalteparin in obese patients 1 d concentrations in patients with morbid obesity
e SRNIFEE S3ryT ANE K. MICEARE CANTON S - LARISSA MART [xt-.z.;\i.(l.lf ri)\\lt:h:{::rl \lni,\’l\:'l[; fll ':::Iﬁtéi{sll\f'l(: JessiCA C. STREETER,
AN A s P e ) e s i I T e

A A minority of adults with obesity received reduced dosing A Many real world patients with obesity received reduced dosing
A No significant difference in peak concentration A Reduced dosing better achieved concentration in the target ran
A No difference in bleeding events A Reduced dosing with obesity reduced bleeding events

Seeslide 31 for list of references.
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Appropriate anticoagulant dosing in children
with obesity Is unclear

Vitamin K Reductase Inhibitors Direct Thrombin Inhibitors

warfarin Q@ 52aAy3 FAGK| 20 argatroban

No published data

bivalirudin

: . @ 52aAy3al SFAGK : : :
unfractionated heparin >
P No adjustment for obesit§ Direct-Acting Oral Anticoagulants
| @ 52a8Ay3 SHAGK 2 apixaban
enoxaparin No adjustment for obesity edoxaban _
. No published data
rivaroxaban
dalteparin No adjustment for obesity dabigatran
- J
fondaparinux No published data . — . .
o P 0 (A Understanding pediatric anticoagulant dosing
requires characterizing age, obesity status, and
their interplay.

Seeslide 32 for list of references.
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Appropriate anticoagulant dosing in children
with obesity Is unclear

Vitamin K Reductase Inhibitors Direct Thrombin Inhibitors

warfarin @ 52aAy3 FAGK| 20

argatroban _
o No published data
bivalirudin
unfractionated heparin @ 523aAY 3 FR UK DirectActing Oral Anticoagulants
No adjustment for obesity
| @ 52a8Ay3 SHAGK 2 apixaban
enoxaparin No adjustment for obesity edoxaban _
. No published data
rivaroxaban
dalteparin No adjustment for obesity dabigatran
- /
N fondaparinux No published data D
ESHELMAN SCHOOL Seeslide 32 for list of references.
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Appropriate anticoagulant dosing In children
with obesity Is unclear

Vitamin K Reductase Inhibitors

warfarin

a

N

unfractionated heparin

@ 52aAy3 404
No adjustment for obesity

. Q@ 52aAy3 HAlH
enoxaparin No adjustment for obesity
dalteparin No adjustment for obesit§

fondaparinux
- : J

@ 52aAy3 FA0GK| 20

Direct Thrombin Inhibitors

argatroban
bivalirudin

N

Direct-Acting Oral Anticoagulants

apixaban

edoxaban
rivaroxaban
dabigatran
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Children with obesity may have altered warfarin
exposure

Methods: Retrospectiveehart reviewchildren1-12years old (n = 184)

Category Odds forelevated INR value P-value
Obesity 0.24 (0.060.86) <0.05

Odds ratio (95% confidence interval)

Methods: Retrospective chart review of childrerl3 years old

Characteristic With Obesity (n = 10) Without Obesity (n=20) P-value
Initial warfarin dose (mg/kg) 0.06+0.02 0.11+0.04 <0.01
Maximum warfarindose (mg/kg) 0.09+£0.04 0.13+£0.05 0.04
Supratherapeuti¢dNR value 1 (10%) 14 (70%) 0.09
Time to therapeutic INR (days) 6 (428) 3 (1-10) <0.01

Values presented as mearstandard deviation, n (%), or median (range).

Moffett et al. PediatrBlood Cancer. 2012.

INR: international normalized ratio
ESHELMAN SCHOOL Moffett et al. JPediatrHematolOncol 2014. Advancing medicine for Iife
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Appropriate anticoagulant dosing In children
with obesity Is unclear

( W Direct Thrombin Inhibitors
L warfarin @ 52aAy3a &4l KJ 20 argatroban
bivalirudin

unfractionated heparin CNQO aijfsfmin{fgr obi Z\lt; i Direct-Acting Oral Anticoagulants
| @ 52a8Ay3 SAGK 2 apixaban
enoxaparin No adjustment for obesity edoxaban
rivaroxaban
dalteparin No adjustment for obesity dabigatran
- /
fondaparinux
N ; Y
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Children with obesity receiving heparin exhibit
supratherapeutic anti-Xa levels

Methods: Retrospective BMbased sukanalysis of children-29 years old

Characteristic With Obesity (n =22) Without Obesity (n= 34) P-value
Time to therapeutic antKa(h) 4 (217) 12 (496) 0.02
First antiXa(lU/mL) 0.61 (0.092.23) 0.24 (0.091.02) 0.01
Supratherapeutidirst anti-Xalevel 10 (45.5%) 3 (8.8%) <0.01
Anysupratherapeuti@anti-Xalevel 17 (77.3%) 12 (35.3%) <0.01
Major bleed 1 (4.5%) 1 (2.9%) 0.99
Initial aPTT 101 (40250) 67 (34250) 0.07
Supratherapeutidirst aPTT 11 (57.9%) 6 (18.8%) <0.01
Anysupratherapeuti@PTT 16 (84.2%) 21 (65.6%) 0.15

Note: Data are presented as n (%) or median (rangedllies result fromcki [j dzZF NBX CA&AKSNXRa SEFOGZT 2NJ 2 A

ESHELMAN SCHOOL aPTTactivated partial thromboplastin time Kuhn et alPediatrBlood Cancer. 2021. . o ]
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Appropriate anticoagulant dosing In children
with obesity Is unclear

)

[
L warfarin

@ 523aAy3 44

unfractionated heparin

enoxaparin

dalteparin

fond '
\ ondaparinux

No adjustment for obesity

@ 52aAy3 SFA0F

No adjustment for obesity

No adjustment for obesity

3
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Direct Thrombin Inhibitors

argatroban
bivalirudin
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Appropriate enoxaparin dosing in children

with obesity Is unclear

Reduced dosing of enoxaparin for venous thromboembolism
in overweight and obese adolescents: a single institution
retrospective review

Stephanie Hoffman MD! | Chi Braunreiter MD?*?

A 12-18 yearolds (n=30) with obesity and
overweight

A Compared reduced (< 0.9 mg/kg) versus
recommended dosing

A Both regimens achieved equivalent concentrations

A No adverse outcomes

Comparison of Anti-Xa Levels in Obese and Non-Obese Pediatric
Patients Receiving Treatment Doses of Enoxaparin

Ashley A. Richard, PharmD’, Shelly Kim, PharmD’, Brady S. Moffett, PharmD, MPH', Lisa Bomgaars, MD?,
Donald Mahoney, Jr., MD?, and Donald L. Yee, MD?

MWW_WW“M

A 2-18 yearolds (n=60) with and without obesity

A Mean therapeutic dose was 26% lower with
obesity

A Concentrations were 21% higher with obesity

A Minimal bleeding for either group

ESHELMAN SCHOOL
OF PHARMACY

TUNC
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Appropriate enoxaparin dosing in children

with obesity Is unclear

Use of Real-World Data and Physiologically-
Based Pharmacokinetic Modeling to
Characterize Enoxaparin Disposition in

Children With Obesity

Jacqueline G. Gerhart' © | Fernando O. Carrefio’

Christoph P. Hornik®® @ and Daniel Gonzalez™™*

Act — Pediatric Trials Network Steering Committee’

‘MWA/\—\MW—M

, Matthew Shane Loopl , CraigR. Lee!

Andrea N. Edginl:on2 , Jaydeep Sinha'? @ , Karan R. Kumar®® @ , Carl M. Kirk]:»atrick6 ,
on behalf of the Best Pharmaceuticals for Children

OBJECTIVE:
Usereal world datato characterize differences enoxaparin
disposition in children with and withoutbesity.

ESHELMAN SCHOOL
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OBJECTIVE: Use real world data to characterize
differences in enoxaparin disposition

Use the PBPK model to do

dosing simulationsn order to
optimize dosing in children

with obesity.

se real world data to develog

a PBPK moddb better
understand mechanistic drivers
of enoxaparin concentration

Preparereal world datasetfor
analysis.

A Data cleaning and formatting A Developed in adults A Evaluate recommended dosing
A Data quality control checks A Scaled to children A Explore body size metrics

V Extensive dataset of real world patients

V Mechanistic characterization of exposure differences

ESHELMAN scHooL PBPK: physiologicalbased pharmacokinetic Gerhart et alClinPharmacolTher 2022. . o )
OF PHARMACY Advancing medicine for life 17
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Observed concentrations came from pediatric
electronic health record data

Inclusion criteria

A Children 2; 17 years old
A Receiving enoxaparin for treatment or

prophylaxis
Exclusion criteria .
Sites 9
A Renal dysfunctioneGFR< 30 mL/min or 90 Subjects 506
mL/min/1.73n? or CrCk 75 mL/min/1.73mM) L
Hospitalizations 1,098

A Serum creatinine 4mg/dL
A9t SOIFUSR 0AfANDzAY f SOSt AntiXabSangplesy 3 k 2,825
A On hemodialysis, ECMO, VAD, or dialysis
A Pregnancy

A Neoplasms @ .
. ; Real world Model Dosing
A No height or antiXaconcentration reported development] simulations]

AUNC

CrCl creatinine clearance :
ESHELMAN SCHOOL ECMO: extracorporeal membrane oxygenation Gerhart et alClinPharmacolTher 2022

eGFRestimated glomerular filtration rate https:// pediatrictrials.org/ptncreatesdatarepository. /| dvancinag medicine for life 18
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Children with and without obesity have
significantly higher enoxaparin concentrations

Concentration DoseNormalized Concentration
p=<0.001* p =0.003 *
n =415 n=104 — n=415 n=104
R : . () .
TE| 150 i % 010
5125 E :
= = 0.08]
2 1 00 ~
é 2 0.06
Z 075 8
go.so £ 00
© S
> |
O 0.25- G 0.02
0 2
0.00- L] 0.00
Without'Obesity With Obesity Without Obesity With Obesity
BMI Category BMI Category

o Real world ? Model ? Dosing ]
_Note: 20 and 18 upper outliers omitted from left and right figures, respectively, for better visualization. SEIEE de"e'Opme”t simulations

ESHELMAN SCHOOL BMI: body mass index Gerhart et alClinPharmacolTher 2022.
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PBPK offers advantages for characterizing
drug disposition in children with obesity

- NG A

—
T e
Hea;‘ll" le") ‘///////////,/”/
3 ._b-._ g_ I Physicochemical propertieg
ig i 1' Gut | B \\\‘>
7 ianey t_U
5 < =
% E tion g-’ i% //’> <‘\\
= i

Bone

\ Virtual population /
| e | _System information,

Real world e Model Dosing
dataset development simulations
ESHELMAN ScHooL PBPK: physiologicalbased pharmacokinetic Barrett et al.ClinPharmacolTher 2012.
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Key enoxaparin PBPK model parameters

Bound toantithrombin in plasma:

He U!}ﬂ Hll* QH? #
o0 el (o8 0@k [0 Ko= 2.55M
i~ HI off I HO 0 —
<o 1l o G/?L‘;\HH:: o g/"téif kK= 2 1/h
AR e s N y
& wat O pa Dﬁ?":.'* I H:"; 0=5-g E:'=l%"~{:.

METABOLISM

Average molecular weight: 4500rgol
logP,. -10.0

\\M Y 3 éyzErLﬁh§By

Heparinase
Intrinsic clearance = 151 mL/mi

Renal clearance:
GFng,urineF nJsxE: 0

ABSORPTION

Bioavailability 100% e

ka (1 /h) 0.60 f. uine fraction excreted in urine 9
' GFRglomerular filtration rate Real world Model Dosing
IU: international units dataset development simulations
logP lipophilicitymeasure

k,: absorption rate constant

. [ : o Gerhart et alClinPharmacolTher 2022
= ESHELMAN SCHOOL Ko equilibrium dissociation constant X L. .
ELUNC OF PHARMACY k. Tate of unbinding LovenoxrDA label. Acdlvancing medicine for life 21
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PBPK modeling captures observed concentrations
from children without and with obesity

SUBSE™-6 year oldswith obesity

50.01
_—
—l
£
™10.0
-
el
c
i,
e
o
< 1.0
o
&)
c
O
O Representative concentration versus time profile

01 for children 26 years old with obesity.
0 2 4 6 8 10 12
Time (h)

AFE

Within
90% PI (%)
Above
90% PI (%)

Below
90% PI (%)

Children Children
without Obesity  with Obesity
0.87 0.82
75.2% 77.2%
20.6% 20.5%
4.2% 4.1%

Real world e Model Dosing
dataset development simulations

ESHELMAN SCHOOL AFE: average folq error o
PBPK: physiologicalhased pharmacokinetic
OF PHARMACY PI: prediction interval
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Gerhart et alClinPharmacolTher 2022
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PBPK model-estimated changes In enoxaparin
disposition with obesity

2
180 1.0 . .
> 100 _ _ i i
= o) > i :
I X i :
8’ 0.501 %150 ! -E . i
8 S 120] _
O -
£ 0.10 c ~—0.5;
= = o)
O © 901 o
: : ==
8 I Children without obesity 8 601 _ Q@
LL B Children with obesity Ll O
0.014 | | | | | | | 30 0.01
0 2 4 6 8 10 12 Without Obesity  With Obesity Without Obesity ~ With Obesity
Time (h)
Above target range:
A 8.9%children without obesity
A 22 .5%children with ObeSity Real world Model e Dosing
dataset development simulations

ESHELMAN SCHOOL Conc concentration Gerhart et alClinPharmacolTher 2022

IU: international units c e o .
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Optimizing recommended weight-based
enoxaparin dosing

Recommended Dosing Body Size Metrics
A Treatment: 1 mg/kg BID A Total bodyweight (currently recommended)
A Prophylaxis: 0.5 mg/kg BID A Fatfree mass (FFM)
AR N T C ,|_(@c x1 QNGO
A ([p (L0 8]) [cpcp WG p o 0
p

] [ (w¢ 1w QOQMNPo
Ux ymngtaod

0O0o(QQa xa Qpd p ;@ % 3
P Ga) |
Goal:Match exposure between children with and without obesity.

Real world Model e Dosing
dataset development simulations

Gerhart et alClinPharmacolTher 2022

BID: twice daily
ESHELMAN SCHOOL . . . c 5 c .
BMI: body mass inde AlSallamet al.ClinPharmacokinet2015.
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Weight -based dosing results in differences In
enoxaparin concentration with obesity and age

Treatment Dosing

g
e

ES Nonobese

. Obese

—
o

—
2

o
il

4-Hour Concentration (IU/mL)

o
2

>2-6y >6-12y
Age Group

>12-18y

Prophylaxis Dosing

— — ]
o o o

4-Hour Concentration (IU/mL)

e

>2-6y >6-12y >12-18y
Age Group

Real world Model e Dosing
dataset development simulations

o
e

ESHELMAN SCHOOL iU: International units
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Fat-free mass dosing equalizes enoxaparin
concentration with obesity and age

Treatment Dosing

32'0 ‘ Monobese
= BS Obese
—
-
15
c
ie)
e
g
c 1.0
)
(& ]
(o
o)
@)
- El B
>3
o
I
v

0.0{

>2-6y >6-12y
Age Group

>12-18y

Prophylaxis Dosing

- - ]
o o ©

4-Hour Concentration (IU/mL)

-

>2-6y >6-12y >12-18y
Age Group

Real world Model e Dosing
dataset development simulations

o
Q

ESHELMAN SCHOOL IU: international units
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Future directions: Anticoagulant pharmacodynamics

A Pediatricanticoagulant trials
A Direct thrombin inhibitors, DOACs d\ |
’ o

A Doseresponserelationship
A Adults versus pediatripatient populations

A Obesityinducedchanges in the
coagulation cascade

ESHELMAN SCHooL DOACs: direetcting oral anticoagulants Sabir et al. Nat Revardiol 2014. ) o )
OF PHARMACY Advancing medicine for life 27
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Conclusions: Results to-date highlight the importance
of childhood obesity in anticoagulant dosing

A Most anticoagulant pediatric obesity data published areviiarfarin, heparin, or
enoxaparin

A Taken together, these studies generally suq(gest that children with obesity might
receivelower anticoagulant doses, amore likelyto have asupratherapeutic
concentrations, andake longerto achieve therapeutic concentrations relative to
children without obesity.

A Dose monitoringof anticoagulants can allow for dose adjustments with obesity.

A Childrenwith obesity have statistically significantligherenoxaparin
concentrationsFatfree mass dosingeads tomore comparabled-hour
enoxaparinexposure.

A Akg]:lledand obesity statushould be considered i@noxaparindose selection for
children

Gerhart et alClinPharmacollher 2022

=N ESHELMAN SCHOOL . 5 c c
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Obesity and weight may impact appropriate
anticoagulant dosing in adults

Vitamin K Reductase Inhibitors Direct Thrombin Inhibitors

warfarin m Foaz2tdz2iS R2ZAS 64 agatroban Use recommended weighbased dosés??
e 9%
unfractionated heparin @ ¢ S #oabédidose with obesifyp
Use recommended weighbased dosés® Direct-Acting Oral Anticoagulants
enoxaparin @ g S babédidose with obesity** apixaban Use recommended absolute do3&3!
Use recommended weighbased dosé>19
. U edoxaban No published data
Q@ oaz2fdziS R2@GS gAl
- Use weightbased dose with obesi}23 :
dalteparin 3
P Use ideal weighbased dose with obesi&? rivaroxaban Use recommended absolute dosg
: : : dabigatran No published data
fondaparinux @ weight-baseddose withobesity?® \_ g publ Y.

Seeslides 3437 for list of references.
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