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Disclosure

| do not have a vested interest in or affiliation with
any corporate organization offering financial
support or grant monies for this continuing
education activity, or any affiliation with an
organization whose philosophy could potentially
bias my presentation
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’Objec’rives

» Review current anticoagulant reversal options
» Evaluate the place in therapy for andexanet alfa

» Describe the use of thromboelastography (TEG) to aid
in selection of pharmacologic reversal agents

» Summarize the risks associated with massive transfusion

» Discuss the potential of oxygen carriers as a
therapeutic alternative for life threatening anemia
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Oral Anticoagulation

» National trends significantly increased
* More frequent utilization & longer durations
e 2.05 million to 2.83 million office visits quarterly
» Steady increase in oral anticoagulation (OAC)
presenting to the ED
» Rates of admissions on OAC have doubled

« Shift towards direct oral anticoagulants (DOAC)
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Bleeding

« Greater safety margin with DOACs - Higher 7] n
activity
v

cerebral
« Directed mechanism of action vasculature
* Lowerincidence of ICH
* Higher rate of gastrointestinal W ... YrvEae.
bleeding LS« Lower > upper

Intracranial
Hemorrhage
(%/yr)

Gastrointestinal
Bleed (%/yr)

Dabigatran . 151 ‘T:ﬁﬁ;ff;d ¢
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Bleeding Outcomes

Less blood products
Shorter ICU LOS

Lower risk of severe
bleeding

Warfarin
Reversal available
Higher rate of ICH

More blood product
utilization

Oral Anticoagulation

« Complicates bleeding populations
« Standard resuscitation approaches
* Requirement of reversal agents
e 1940s — 2008 VKAs only available oral agent
« Complex pharmacokinetics/pharmacodynamics

Less immediate Greater in-hospital * Reliablereversal \
elaborate interventions ' mortality W e el e \
Lower hospital mortality - e T T : RS m“:.’?.“‘w,
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Factor products

« Fresh frozen plasma (FFP)

* Prothrombin complex concentrate (PCC)

* Recombinant factor VII (rFViia)

« Factor eight inhibitor bypassing agent (FEIBA)

Inhibitors of fibrinolysis

« Tranexamic acid (TXA)
« g-aminocaproic acid

[ Direct reversal —

* Protamine
«ldarucizumab

* Andexanet alfa
« Ciraparantag
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VKA reversal

 Vitamin K

Novel factor
products "« 3 vs. 4 factor

supplementation .PCC « Fixed dose
* Rapid and .

prolonged Vila

reversal * FEIBA

) & Variance in
Reversal approaches have s’rrcl’regies

trended towards a unified
approach...

"
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VKA reversal

« Studies supporting PCC in VKA
associated bleeding
« 3 factor vs. 4 factor
« Fixed vs. variable dose

* Products containing adequate Il & X

« rFVlla failed to restore coagulation
« FEIBA & PCC similar efficacy
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”DOAC reversal

« Introduction of DOACs preceded reversal options
« Factor product supported by animal models
« 3retrospective clinical studies

Piran et al. Maijeed et al.
Surgery/invasive procedures Acute bleeding
* 26 IU/kg 4-factor PCC * 26.7 IU/kg 4-factor PCC
* Rivaroxaban or apixaban * Rivaroxaban or apixaban
* 16.9 hrs from previous dose * Good hemostasis 85% « Effective 69.1%
* Good hemostasis 65% * No thromboembolic events * Thromboembolism 5%

* Thromboembolism 8% * Death 32%
« Death 14%

Schulman et al.
Acute bleeding

* 25 1U/kg 4-factor PCC

* Rivaroxaban or apixaban
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BDOAC reversal DOAC reversal

e Introduction of DOACs preceded reversal options
« Factor product supported by animal models
* 3retrospective clinical studies

Schulman et al. Piran et al. Maijeed et al.
Acute bleeding Surgery/invasive procedures Acute bleeding

* 251U/kg 4-factor PCC * 26 1U/kg 4-factor PCC * 26.7 IU/kg 4-factor PCC

* Rivaroxaban or apixaban * Rivaroxaban or apixaban * Rivaroxaban or apixaban

*16.9 hrs from previous dose * Good hemostasis 85% « Effective 69.1%

* Good hemostasis 65% * No thromboembolic events * Thromboembolism 5%

* Thromboembolism 8% « Death 32%

* Death 14% .
8
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MAndexone’r Alfa

15

* 2 .arm prospective frial (n=503)1 + Factor X decoy via alanine Apixaban R'VOQOXGKBO”
«  Actively bleeding substitution at 419 or eqoxapan
» Emergency surgery « Universal Xa inhibitor reversal 400 800

* 100% reversal within 4 hrs « Dose depenqint )
- Time fo bleeding cessation 2.5 hrs . '::Il’?iibhirfglr'nbONC' > tissue factor pathway
« Time to surgery 1.6 hours . . 4 mg/min 8 mg/min

« Median pre-dose 110 ng/mL Lr;cf)lés;;%r?ﬁigrrc]mon chosen based on for 120 min for 120 min
« Post dose <20 ng/mL . L
+ 23% rebound affer 12 hours " RGZO‘;'[‘)C: fo:;r hrs post '”;US'O” Total 880 Total 1,760

«  4.8% thrombosis at 30 days ays. approve mg mg
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ANNEXA Trials ANNEXA Trials
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Apixaban 5mg BID Efficacy

for 3 days 61% ICH - Change in Xa
fivit
Rivaroxaban 20 mg Andeanet’ 27% GIB R HZ:;'%S“
daily for 4 days alfain ° safety
mcpr 12% other - Thrombotic
bleeding events

- Antibodies

Entire Cohort Intracrani
Excellent or good hemostasis 83% Excellent or goo
Thrombosis at 30 days 11% Thrombosis at 30 days 11%
Death at 30 days 12% Death at 30 days 12%

Part 1 bolus only

Part 2 bolus +
infusion

#FSHP2018
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ANNEXA Trials

Apixaban (N=29)

g

¥

s factor Xa Acweity [ng/ml)
g

523

l-"': Ead of " o Entire Cohort Intracranial hemorrhage
Excellent or good hemostasis 83% Excellent or good hemostasis 83%
Modan n - L e Thrombosis at 30 days 11% Thrombosis at 30 days 11%
h;:— 07l 84) 8008 te-8) D020 t0 -4 IR (19t -)) DI 27 Ne-dl) Death af 30 deS 12% Death af 30 doys 12%
Rtk o, Lot o,
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ANNEXA Trials

61% ICH

Andexanet-

alfain 27% GIB
major 12% other
bleeding

(n=227)

Efficacy
- Change in Xa
activity
- Hemostasis
Safety
- Thrombotic
events
- Antibodies
- Death

ﬂCiroporon’rog

« Small Synthetic and cationic molecule
« Pharmacokinetic benefits
« Dose dependent reversal
« No identified prothrombotic complication

« Similar bleeding cessation vs. andexanet
« 30:Tvs. 11
« Single dose

#FSHP2018
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WXo Inhibitor Reversal

« Reversal agents available but evidence is limited
+ No comparative outcomes

« Factor products containing Vlla

* Thrombosis risk vs. intrinsic disease
*  ANNEXA lowest A-fib population

* No evidence in significant injury
* Reversal # blood product
« Secondary coagulopathy

Hemostasis
85%

Throl

8%
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PCC Andexanet

Idarucizumab

Hemostasis
...never
defined?2?

mbosis
8%
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ﬂDOAC reversal

» Lack of regular monitoring for DOAC
« Degree of anficoagulation unknown
« Interest in real fime, whole blood analysis

« Thromboelastography (TEG)
« Thromboelastometry (ROTEM)
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MThromboeIos’rogrophy

Adu
o me
Compmant
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Reaction fime
(4 -8 min)
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ZEThromboeIGs’rogrophy

eamcatatc.
Am

o me
Compmant

Coagulation cascade

Idarucizumab Plasma
Andexanet pcC
Factor replacement

Ciraparantag
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mThromboeIGs’rogrophy

o Angle (47 - 74°)

K: Clot kinefics (0 - 4
min)
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a: Angle (47 - 74°)
K: Clot kinetics (0 - 4
min)

Fibrin-platelet
interaction

Cryoprecipitate
Platelets
DDAVP
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mThromboeIos’rogrophy

Maximum amplitude
(54 -72mm)

G Parameter
G = (5000*MA)/(100-
MA)

More sensitive to

change in function
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”Thromboelos’rgrophy

G Parameter
G = (5000*MA)/(100-
MA)

More sensitive to
change in function

Cl<-3.0
Ci<-30
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I <1 primary fibrinolysis
Antifbrinolyfic
ndary fiorinolysis

TEG based resuscitation

« Ratio based resuscitation

+ Mimic whole blood ses— A

« One size fits all2 Platelet blockers |
* Reduced blood product utilization Firiolysis e

« Trauma & surgery Charconiadi

* Role in acute medical bleeds remains unknown :: = E
* Role in DOAC related bleeding? siage 1 —

Stage 2 ——

#FSHP2018
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+Dose dependent effect on R time(clotting time)

X «Ecarin wil nof nomalize:

Dabi ga Nige gl - Time fo maximum thrombus generation prolonged
+Significant elevations 300-500 ng/mL

+Changes comected with idarucizumab

+Prolonged R fime but only at high doses

\/e|(8)4®|918 4] | «EcarinnomaizedR fime

«Products containing FVila had greatest impact on R fime

*No significant or consistent changes
*Super therapeutic concentrations needed
*Possibly due to slower neutralization

Apixaban
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MTEG based resuscitation

« Reduced blood product utilization e =
« Trauma & surgery

« Role in acute medical bleeds remains unknown *msnemnis —— &

* Role in DOAC related bleeding? Pratelet biockers E——|
» Ratio based resuscitation Finnaysis o
*  Mimic whole blood
* One size fits all2 :’:’mmmm E
1
* Mulfiple complications with massive fransfusion Stage 1 @
Stage 2 7;
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Massive Transfusion i

Transfusion

« Decades of military and civilian injury

* Multiple ratios studied - whole blood

« 1pRBCs:1platelets:Tplasma Total blood volume in

24 hrs

lood volume in
3 hrs

>4 vl n 4 hrs or >
150 mL/min of blood

/ \ loss
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Complications of Transfusion

Multi-organ Acute Lung
dysfunction Injury

. Much higher isk
Transfusion relafed Decreased REC
C RO
- Plasma (HR 2.48)
Increased baclerial iRl iR and plaelefs (HR
infections (HR 3.45) L 38 oy he

Hypocalcemia Acidosis Infection

Citrate overload
40~ 140 x normal

Bleeding

LI Dysfunction of 5% increased risk Increase in cylokine
Arhythmias coagulation with every unit of «and bioactive
Vila activity ~ 10% PRBC substances

J
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Complications of Transfusion
4 )

( )

Multi-organ Acute Lung
dysfunction Injury

Decrea
deformif

37

Hypocalcemia Acidosis Infection

Much higher i
i

.

38

Multi-organ

Infection dysfunction

Hypocalcemia Acidosis

—

Complications of Transfusion
)

Acute Lung

Injury

Limitations
Nalely) Reliant on - of
shelf life donation impoiing uniooding fransfused
RBCs

o Blood substitutes developed to
retain all function but no risk

#FSHP2018

Transfusion Alternatives

Blood alternative | p50, mm Hg | Half-life | Colloid osmot Type
hrs pressure, mm Hg
32 42

Hemassist 6-12 Crosslinked washed lysed
(DCLHb) outdated RBCs

Hemopure 32-38 19 25 Purified crosslinked bovine Hgb
(HBOC-201)

PolyHeme 26-30 24 20-25 Stroma free hemoglobin

(SFH-P) crosslinked Hgb from unused RBCs
PRBC 4 4-6 25-30 =

- Blood substitutes developed to
retain all function but no risk

#FSHP2018

Transfusion Alternatives

* 2008 FDA placed development on hold
* Increased mortality
* Increased organ failure

Hemoglobin based oxygen carriers
(HBOC)

Perfluorocarbon based oxygen
carriers (PFCs)

Blood alternatives

ﬁ

Natanso

Transfusion Alternatives

* Dimeric Hgb short
vascular half life

* Retained cellular
stroma

* NO scavenging

(o Washing removed |
cellular debris
« Crosslinking
prolonged
vascular half-life

* Free Hgb
* Retain oxygen
carrying capacity

Expired pRBC:!
RBCs not an option or
not available

Tt
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e Endpoints

« Shift away from
blood substitutes

* "oxygen
therapeutics”

e [Mprovements [
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Transfusion Alternatives Transfusion Alternatives
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Transfusion Alternatives Transfusion Alternatives

» Significant concerns have arisen * Inferest in non-Hgb based alternatives
about frial design « Naturally extracellular Hgb
Expected vs. actual Hgbrise "l « Many invertebrates have naturally
Disproportionate Hgb concentration g“_ occurring
Hgb deficit )
. © . £ * Lumbricus terrestris | Canadian night-crawler
« Trial goals are aggressive for todays i . Eisenia fetida
standards Y D id of limiting SAEs of HBOCs & high P ‘
. . . « Devoid of limiting SO S igh Ps W
frggsf & mortality may be failure fo L « Oxygen preservation of tissue y
e — « Oxygen carrying capacity in animal models
polymerized Hab linked Halo
- J T o
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Conclusion

#FSHP2018
eFSHP
DOAC:s use has drastically increased over the last decade

.
Despite lack of directed reversal agents outcomes with DOAC associated bleeding is A N eW ErO Of B I ee d I n g *
.

r to that of VKA therapy

Navigating Strategies To Achieve Control And
Resuscitation

Jason Ferreira, Pharm.D., BCPS, BCCCP
Medical ICU Pharmacist
University of Florida Jacksonville

Massive fransfusion has improved outcomes but is associated with
significant risk
To date no blood alternative has successfully passed phase Il trials,
although future therapies are in the pipeline
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