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ARTICLE INFO ABSTRACT

Platelet P2Y;, receptors play a key role in platelet activation and thrombus formation. Accordingly, P2Y;,
receptor antagonists are the cornerstone of secondary prevention of atherothrombotic events in patients un-
dergoing percutaneous coronary intervention (PCI). The availability of different oral P2Y;, antagonists (clopi-
dogrel, prasugrel, ticagrelor) along with the introduction of the first intravenous P2Y;, antagonist cangrelor
offer an opportunity to individualize antiplatelet therapy according to the changing clinical setting. The recent
International Expert Consensus provided the first recommendations on switching between the P2Y;, antagonists.
While the consensus greatly helps to guide switching between P2Y;, antagonists, a number of controversial
clinical scenarios remain where the evidence regarding the optimal switch strategy is scarce. In such clinical
scenarios, understanding of the (i) pharmacological properties of P2Y;, antagonists, (ii) recent evidence from
pharmacodynamics studies, clinical trials and registries, and (iii) factors affecting the efficacy and safety of the
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P2Y;, antagonists, all summarized below, are crucial to choose the optimal switch strategy.

1. Introduction

Platelet P2Y;, receptors are essential for platelet activation and
thrombus formation [1]. From this reason, P2Y;5 receptor antagonists
are the cornerstone of secondary prevention of atherothrombotic events
for patients with acute coronary syndrome (ACS) and for those under-
going percutaneous coronary intervention (PCI) [2]. Among the P2Y;,
antagonists, clopidogrel was the standard treatment for the last two
decades. Novel and more potent P2Y;, antagonists prasugrel and tica-
grelor were demonstrated to improve long-term prognosis in patients
with ACS [3,4]. Consequently, prasugrel and ticagrelor are re-
commended as the first-line treatment in patients with ACS, regardless
of the initial treatment strategy [2]. Clopidogrel, in turn, should be used
only if ticagrelor and prasugrel are not available, or are contraindicated
[2]. Because pre-treatment with clopidogrel in the pre-hospital phase
remains a standard-of-care in many countries [5], switching to tica-
grelor or prasugrel is a frequent clinical scenario after hospital admis-
sion. On the other hand, patients initially administered ticagrelor or
prasugrel may be willing to switch to clopidogrel due to the develop-
ment of contraindications or financial constraints. Finally, introduction

of the first intravenous P2Y;, antagonist, cangrelor, which was de-
monstrated to reduce the rate of thrombotic events compared to clo-
pidogrel in P2Y;,-naive patients undergoing PCI, added to the multi-
tude of clinical scenarios where the switch between P2Y;, antagonists is
required [6].

The recent International Expert Consensus provided the first re-
commendations on switching between P2Y;, receptor antagonists [7].
Here we summarize the (i) pharmacological properties of P2Y;, an-
tagonists, (ii) recent evidence from pharmacodynamics studies, clinical
trials and registries, and (iii) factors affecting the efficacy and safety of
the P2Y;, antagonists, all of which are crucial to choose the optimal
switch strategy in clinical practice. Moreover, we propose an additional
algorithm to deal with the clinical scenarios where the evidence re-
garding the optimal switch strategy is still scarce.

2. Pharmacology of the P2Y12 receptors antagonists
The P2Y;, receptor is a purinergic G protein-coupled receptor for

adenosine diphosphate (ADP), which plays a pivotal role in platelet
activation and thrombus formation [8]. The P2Y;, receptor is found
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Fig. 1. Effects of the P2Y;, antagonists on the P2Y;,
receptor. Following intestinal absorption, clopido-
grel and prasugrel are transformed to active meta-
bolites which irreversibly block the adenosine di-
phosphate (ADP)-binding site of the P2Y;, receptor
(indicated by a blue circle with a solid line).
Ticagrelor and cangrelor directly, but reversibly bind
to the P2Y;, receptor (indicated by a green circle
with a dashed line). Whereas ticagrelor binds to the
allosteric site of the P2Y, receptor, the binding site
of cangrelor is not yet defined. (For interpretation of
the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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Table 1
Pharmacodynamics and pharmacokinetics of the P2Y;, antagonists.
Clopidogrel Prasugrel Ticagrelor Cangrelor
Pharmacokinetics
Administration route [12] Oral Oral Oral Intravenous
Frequency [2] Once daily Once daily Twice daily Bolus + infusion
Dosage (LD; MD) [2] 300/600 mg; 75 mg 60 mg; 10 mg 180 mg; 2 X 90 mg 30 ug/kg; 4 pg/kg/min”
Prodrug [12,13] Yes Yes No No
Active metabolite [13] Yes Yes Yes No
Onset of action [12,13] 2-8h 30 min-4 h 30 min-4 h 2min
Offset of action [12,13] 5-7 days 7-10 days 3-5days 30-60 min
Pharmacodynamics
Binding site [17,18] ADP site ADP site Non-ADP site Undefined
Receptor blockade [17,18] Irreversible Irreversible Reversible Reversible
CYP interaction [14,53]
Inhibition of platelet aggregation (%) [2] 50-70 90 90 90

ADP - adenosine diphosphate; CYP - cytochrome P450; LD —

loading dose; MD — maintenance dose.

2 In case of transition from oral P2Y;, antagonist to cangrelor: 0.75 pg/kg/min infusion without a bolus.

predominantly on platelets, although its presence on leukocytes, en-
dothelial cells, vascular smooth muscle cells, dendritic cells and neu-
rons has also been demonstrated [9,10]. Binding of the oral or in-
travenous P2Y;, antagonists to the P2Y;, receptor increases the
cytosolic concentration of cyclic adenosine monophosphate, which
makes platelets less sensitive to activation in response to any platelet
agonist, such as thrombin and collagen [11]. Although all P2Y;, an-
tagonists target the same receptor, differences in the pharmacology of
the P2Y,, antagonists regarding their metabolic pathways and me-
chanism of receptor blockade are important factors to define switching
strategies. Principally, the P2Y;, antagonists are divided into three
main categories, which determine their metabolism and mode of action:
(i) oral and intravenous, (ii) prodrugs and direct-acting drugs, and (iii)
irreversibly and reversibly binding drugs. The effects of the P2Y;, an-
tagonists on the P2Y;, receptor are shown in Fig. 1, and the summary of
the pharmacokinetic and pharmacodynamic properties the P2Y;, an-
tagonists is presented in Table 1.

The thienopyridines clopidogrel and prasugrel are both orally ad-
ministered prodrugs, where the active metabolites irreversibly bind to
the ADP-binding site of the P2Y;, receptor [12]. Because clopidogrel is
inactivated by blood esterases, only 15% of the drug is further meta-
bolized in a two-step process by hepatic cytochromes P450 (CYP450)
isoenzymes [12]. The two-step metabolism has implications for the

delayed onset of action of clopidogrel (2-8 h), whereas the irreversible
P2Y;, inhibition accounts for the offset of action equal to the platelet
lifespan (5-7 days) [13]. In turn, genetic polymorphism of the meta-
bolizing enzymes as well as co-administration of clopidogrel with other
substrates of the CYP450 (proton pump inhibitors, statins, calcium-
channel blockers, coumarin derivatives) may affect the generation of
the clopidogrel active metabolite and contribute to large inter-in-
dividual variability in platelet response to clopidogrel [14,15]. As a
result, about one-third of the clopidogrel recipients have inefficient
response to clopidogrel, a phenomenon called high on-treatment pla-
telet reactivity (HTPR), which is associated with increased risk of is-
chemic complications [16].

Although prasugrel also needs conversion to an active metabolite,
which is equipotent to that of clopidogrel, only one CYP450 step is
involved in this process, and therefore prasugrel metabolism is less
dependent on genetic variability and drug-drug interactions [17]. Peak
concentration of prasugrel active metabolite is achieved within 30 min
following oral administration. Although the active metabolite of pra-
sugrel is equipotent to that of clopidogrel, the plasma concentration of
the active metabolite of prasugrel is higher, which translates into faster,
more consistent and stronger antiplatelet effect compared to clopido-
grel, however at the cost of higher rate of major bleeding [4]. The
higher degree of P2Y;, receptors inhibition with prasugrel translates
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into the longer recovery time of platelet function after treatment dis-
continuation (7-10 days).

Ticagrelor is an oral P2Y;, antagonist which belongs to the cyclo-
pentyltriazolopyrimidine class. In contrast to thienopyridines, tica-
grelor does not require metabolic activation and inhibits the binding of
ADP to P2Y;, receptor in a non-competitive and reversible manner
[18]. Owing to its rapid absorption and direct activity, ticagrelor in-
hibits platelet aggregation within 30 min. Owing to its reversible
binding and fairly short half-life (6-12h), requiring administration
twice daily, the recovery of platelet function is faster after dis-
continuation of ticagrelor (3-5 days) than after discontinuation of clo-
pidogrel or prasugrel. In contrast to prasugrel, the faster and stronger
platelet inhibition with ticagrelor is not associated with an increase in
total major bleeding, although increases non-coronary artery bypass
graft (CABG) and non-procedure-related major bleeding [5]. Im-
portantly, ticagrelor is likely the only oral P2Y;, antagonist which in-
creases the concentration of adenosine, which may contribute to tica-
grelor pleiotropic effects [19]. The increased concentration of
adenosine in presence of ticagrelor is caused both by inhibition of
adenosine re-uptake by blocking human equilibrative nucleoside
transporter 1 on hepatocytes and erythrocytes, and by increased release
of adenosine triphosphate, which is subsequently transformed into
adenosine [19].

Cangrelor is an analogue of adenosine triphosphate, the natural
antagonist of the ADP receptor, and the first intravenous, direct-acting,
reversible P2Y;, receptor antagonist [20]. Upon binding to the P2Y;,
receptor, cangrelor changes the conformation of the receptor and re-
sults in a rapid (~2 min) and potent platelet inhibition. Since cangrelor
is rapidly inactivated by dephosphorylation to the nucleoside, meta-
bolism of cangrelor is independent from renal or hepatic function, of-
fering advantage compared with oral P2Y;, receptor antagonists [21].
The ultra-short half-life of 3-6 min allows complete recovery of platelet
function within 30-60 min, reducing the need for an antidote (not
available for ADP receptor antagonists) and providing flexibility in the
case of acute bleeding, procedural complications, or need of prompt
surgical revascularization [21]. The intravenous administration and
rapid onset/offset of action make cangrelor an appealing treatment
option also for patients unable to take oral medications. Like ticagrelor,
cangrelor inhibits adenosine uptake by blocking human equilibrative
nucleoside transporter 1, thereby increasing its plasma concentration
[22].

3. Switch strategies

The current recommendations on switching between the P2Y;, are
summarized in Fig. 2.

3.1. From clopidogrel to novel oral P2Y;, antagonists: escalation of therapy

3.1.1. Findings from pharmacodynamics studies

To date, many pharmacodynamic studies have been conducted
aiming to evaluate the platelet reactivity (platelet aggregation in re-
sponse to stimulation with agonist in vitro) following the switch from
clopidogrel to newer P2Y;, antagonists. These studies have consistently
shown more potent antiplatelet effect of the newer P2Y;, antagonists
compared to clopidogrel, both among patients with ACS and those with
SCAD. Data on the switch between the P2Y;, antagonists from the
pharmacodynamics studies are summarized in Table 2.

3.1.1.1. Clopidogrel to prasugrel. The SWAP study (SWitching Anti
Platelet) evaluated the response to dual antiplatelet therapy (DAPT)
in patients after ACS treated with aspirin and maintenance dose (MD) of
clopidogrel (75 mg once daily) [23]. After 10-14 days of DAPT with MD
of clopidogrel, patients were randomized to one of the three following
groups: placebo followed by clopidogrel MD, placebo followed by
prasugrel MD (10 mg once daily), or prasugrel loading dose (LD;
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60 mg) followed by prasugrel MD. Platelet function was tested using
light transmittance aggregometry (LTA) with ADP as agonist,
VerifyNow P2Y;;, and vasodilator-stimulated phosphoprotein
phosphorylation (VASP) assay. Maximum platelet aggregation (MPA)
was lower at 2h and 24h following randomization to prasugrel
LD + MD group, compared with the other two regimens. At day 7
and day 14, MPA was lower in prasugrel MD group and prasugrel
LD + MD group, compared with clopidogrel MD, but there were no
significant differences in MPA between prasugel MD group and
prasugrel LD + MD group. Because administration of prasugrel LD on
top of clopidogrel MD decreased MPA already 2h following
administration, the authors suggested to use LD of prasugrel while
switching clopidogrel to prasugrel, especially in the ACS setting, where
fast and potent platelet inhibition is required [23].

Platelet reactivity after switching from clopidogrel to prasugrel
among patients with ACS undergoing PCI was evaluated also in the
TRIPLET study (Transferring From Clopidogrel Loading Dose to
Prasugrel Loading Dose in Acute Coronary Syndrome Patients) [24]. In
the TRIPLET study, patients were randomized to receive one of the
three treatment strategies: placebo followed by prasugrel LD (60 mg),
clopidogrel LD (600 mg) followed by prasugrel LD (60 mg), or clopi-
dogrel LD followed by prasugrel LD (30 mg). Platelet function was as-
sessed using VerifyNow P2Y;,. There were no significant differences in
platelet reactivity at any time point up to 72 h following randomization
across the 3 groups, which indicates no additive benefits, but also no
risks of pre-treatment with clopidogrel prior to switching to prasugrel
[24].

3.1.1.2. Clopidogrel to ticagrelor. The RESPOND study (Response to
Ticagrelor in Clopidogrel Nonresponders and Responders and Effect
of Switching Therapies) evaluated a response to ticagrelor in
clopidogrel responders and non-responders, along with the
pharmacodymic effect of switching between the therapies [25]. In the
first phase of the study, patients with SCAD on aspirin were
administered clopidogrel 300 mg, and divided into responders or non-
responders based on the results of LTA. In the second phase, both
cohorts were randomized to either clopidogrel LD (600 mg) followed by
clopidogrel MD (75 mg once daily) or ticagrelor LD (180 mg) followed
by MD (90 mg twice daily) for 14 + 2days. Subsequently, all patients
from the non-responder group switched treatment (from clopidogrel to
ticagrelor and vice versa), while in the responder group half of patients
continued the same treatment, and the other half switched treatment
same as in the responders group for 14 *+ 2 days. Platelet function was
assessed using LTA, VerifyNow P2Y;5, VASP assay and glycoprotein
IIb/Illa and P-selectin expression. In the non-responder group, in
patients who switched from clopidogrel to ticagrelor platelet
reactivity decreased from the mean 59 * 9% to 35 *= 11%, whereas
in patients who switched from ticagrelor to clopidogrel platelet
reactivity increased from 36 * 14% to 56 * 9%. Similarly, in the
responder group, the switch to ticagrelor resulted in more potent
inhibition of platelet aggregation, compared with clopidogrel. Of
note, 98%-100% of patients treated with ticagrelor had platelet
reactivity below the cut-points associated with increased ischemic
risk, irrespective of the cohort, in contrast to only 44%-76% of
patients treated with clopidogrel. These results suggest that the
antiplatelet effect of ticagrelor outperforms the antiplatelet effect of
clopidogrel both in clopidogrel responders and non-responders, and
that ticagrelor can overcome HTPR during treatment with clopidogrel
[25].

The SHIFT-OVER study (Administration of a Loading Dose Has No
Additive Effect on Platelet Aggregation During the Switch From
Ongoing Clopidogrel Treatment in Patients With Acute Coronary
Syndrome) assessed the effect of the switch from clopidogrel to tica-
grelor LD on platelet reactivity among patients with ACS on DAPT
(aspirin plus clopidogrel) [26]. Patients were randomized to the LD of
ticagrelor (180 mg) or the MD of ticagrelor (90 mg). Platelet function
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Stop C 5 days before surgery

@
T 180 mg LD at any time during infusion

= Cangrelor ¢---___-..- % Ticagrelor

Stop T 3-5 days before surgery

Start cangrelor 3 days before surgery
Stop cangrelor 1-6h before sugery

Fig. 2. Summary of the current recommendations on how to switch between the P2Y;, antagonist [7]. The early phase is defined as the first 30 days following ACS;
the late phase — as > 30 days following ACS. Escalation or maintenance of the potent antiplatelet therapy is indicated by green arrows, de-escalation of the therapy is
indicated with blue arrows, and switch from oral P2Y;, antagonists to cangrelor — with red arrows. The dashed red lines indicate the transient switch to cangrelor, for
example in case of urgent surgery. Whereas in the early phase, the administration of loading dose (LD) of a new P2Y;, antagonist is recommended (unless the switch
is due to bleeding), in the late phase only the switch from ticagrelor to thienopyridines requires administration of a loading dose of clopidogrel or prasugrel. Further,
whereas ticagrelor may be administred at any time during cangrelor infusion, thienopyridines should be administered immediately afterwards. Only prasugrel LD and
ticagrelor LD in the early phase may be administered regardless of the timing of the last dose of clopidogrel, whereas all other types of switch may be conducted 24 h
after the last dose of the previous oral P2Y,, antagonist. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)

was measured using LTA and impedance aggregometry. Already 2h
after the switch platelet reactivity was significantly reduced in both
groups, with no differences between the groups. Similar results were
observed up to 72h, indicating that the switch from clopidogrel to ti-
cagrelor without the LD of ticagrelor seems to provide a similar platelet
inhibition compared to the LD of ticagrelor and hence might be safe.
However, because platelet aggregation in response to agonists in vitro
does not reflect the situation in vivo, where platelet agonists (ADP,
collagen, thrombin) act in concert to form a thrombus, these results
need to be interpreted with caution [26].

3.1.2. Findings from clinical studies

3.1.2.1. Clopidogrel to prasugrel. At present, no clinical trial was
specifically designed to identify the optimal switch strategy to
escalate the antiplatelet therapy from clopidogrel to more potent
P2Y;, antagonists. In the landmark TRITON-TIMI 38 study (Trial to
Assess Therapeutic Outcomes by Optimizing Platelet Inhibition with
Prasugrel-Thrombolysis in Myocardial Infarction 38) patients
previously exposed to a P2Y;, antagonist were excluded [4]. Hence,
the only evidence regarding switching from clopidogrel to prasugrel is
derived from the TRILOGY-ACS trial (Targeted Platelet Inhibition to
Clarify the Optimal Strategy to Medically Manage ACS), which

compared long-term use of prasugrel and clopidogrel in patients with
non-ST elevation ACS selected for optimal medical therapy without
revascularization [27], and from the ACCOAST trial (Comparison of
Prasugrel at the Time of Percutaneous Coronary Intervention or as
Pretreatment at the Time of Diagnosis in Patients With Non-ST
Elevation Myocardial Infarction), which compared different treatment
regimens of prasugrel in patients with non-ST elevation myocardial
infarction [28]. In the TRILOGY-ACS trial, the pre-treatment with
clopidogrel did not increase the rate of major bleeding in patients
who were subsequently administered prasugrel [27]. However, the
results should be interpreted with caution, since the trial did not reach
its primary efficacy end point. In the ACCOAST trial, in turn, although
the administration of prasugrel before PCI increased the rate of major
bleeding without ischemic benefits, pre-treatment with clopidogrel did
not have aggravate this increase [28]. Overall, pre-treatment with
clopidogrel seems to have no effect on the efficacy and safety of
prasugrel.

3.1.2.2. Clopidogrel to ticagrelor. In the PLATO trial (Platelet Inhibition
and Patient Outcomes), which demonstrated the superiority of
ticagrelor over clopidogrel in patients with ACS undergoing PCI,
approximately 50% of patients randomized to ticagrelor were pre-



CLxzd MONAJIIDA CT1XZdNA ‘uroxdoydsoyd pajenuuns-I10Je[Ipose :-dSYA UONdIeju] [RIPIBIOAIN UT SISAJOqUIOIY], [JINLL ¢10[218ed1) 1, ‘Syun AJ1Anoeal Cixzd :Nyd ‘Xapul £1A1oeal 19[aled (d ‘UOTIUSAISIUT ATRUO0I0D
snoauenaiad :1nd ‘eidnserd :4 ‘uone8ardde joie[d Tewixew YJN ‘Anowodaid8e 1o1e1e[d 9poIids[e S[dnNu IYHIA 9SOp 2dUBUIUIRW :(JIA ‘SIUSAS IB[NISBAOIPIED dsIdApe Iofew :HDVIA ‘Anewo8a188e uoisstwsueny
1431y :vLT ‘esop Surpeo :q1 ‘uonedaid8e jo3erd jJo uoniqryur :ydl ‘A1anoear jo[ie[d jusunean-uo Y3y gdH Osessip A1elie Areuorod :qyD ‘[2i18oprdopd :D Grun uoneSaidde :ny QWO0IPUAS AI1BU0IOD INdE SOV

Vascular Pharmacology 115 (2019) 1-12

SISOQUIOIY) JUS)S ~ “(BLIDILID [INLL 01 SUIpI0ddR) Sjuaad Surpasiq Jofew ~ ‘GOVIN ~ :SAep O€ IV

D 0] d WOIJ PayNIMS $1I2(qns Ul s)uaAd SUIpas|q ou :SAep 67 IV

D uo syuaned § ur pue J, uo syuaned g1 ul paIndd0
eaoudsAp ‘D uo sjuaAd SuIpasq ou ‘I, UO SJuaAd SUIpas[q Joutw ¢ pue Jofew [ ‘[, UO Pa1Imddo
SJUDAD [[B ‘SJUSAD 9SIDAPE SNOLIdS 2AY pey (sdnoid yroq wosj om)) sjuaned  :SAep 0 IV

SuryaIIMS 191k SoYoMs ou ‘SurydIIMS Ia)Je SYIeap ou :SAep Og IV

D uo syuaned 4 ur pue J, uo syusned ¢ Ul PaInddo
eaoudsAp ‘D uo sJuaAd SUIPa[q OU ‘], UO SJUIAd SUIPIS[q JouTw ¢ pue Jofew [ ‘[, UO PaIMId0
SJUDAD [[B ‘SJUIAD ISIDAPE SNOLIdS 2AY pey (sdnoid yroq wotj oml) sjuaned 4 :sAep 0 IV

110100 d Sur Q9+
oqooe[d a3 UT SYIBSP OM) 2I9M I, 1I0Y0d d Sw Qg + D Sw Q9 ay3 Ul £ 410y0d 4 Swr g9 + D
3ur Q9 a3 uI  110Yy0d d Sw 99+ 0qade[d By} UI SJUSAD ISIDAPE PIJR[AI JUSUIIRI) € Y T/ IV

110402 d QN Sw QT + @1 Sw 09 ay3 ur sjuanjed Jo 49°CT Ul 4I0Y0d d qIN Sw T a3 ur syuanjed
JO %G8 Ul 110Y0d D (N Sw G/ 243 U sjuanied JO 4,6 g T Ul (BLISILID IINLL Aq) SuIpad]q :sAep G131V

d 03 D woij paydms syuaned { ur syuasd Surpaalq sAep 67 IV

%LS D 3w G/ 19y 1Rl UdH

%LT D 3w 009 12ye el YdH

DSwG/L YR YZLIB QY F TH8T < »L U0 O~ N¥d
D 8w o9 PP YZLI® IL F §'G9T < LU0 O~ NUd
b}

Swrg/ 1Yye Ygy 18 §'0L F 1'G9L < L U0 Ob~ N¥d
D3WEE9 BYRYGL I T'EL F ¥IT < LUO O~ N¥d
sSurpuy JUSISU0D TLXZINA

D 8w st

U0 SABp GT 198 %8 < d SW QT U0 %/ I [d

D 8w ST

U0 SABp GT TP %89y < d SWOT U0 %619 VdI
S3UIpuy JUSISUOD :dSVA PUE TAZINA

D 8w Qo9 IoPe Yy 1e %8 F Sp L

uo %IT + ST VdIN 3104yod hw—u—_oﬁmwv—

D 3w 9 IPYe Y 18 %6 F 95 L

Uo %1 F 9¢ VAIN UHOSGU huﬁﬁommMHﬁOZ

13w g1

IOYB YT I8 %E F 6 <D U0 %yT F ST VAN
13w 06

IOYe YT I8 %b F 6< D U0 %LL F T VAN
13w g1

PYeygIe 9 ¥ I'8I<-DU0 QT F LIy NV
13w 06

Y Yz gL F 9LI<DU0ET F pHE NV
s3urpuly JULISISUOD :JSVA PUe CIAZINA

18w 8T 1o)e {18 %8 F TE—D

uo %ST F* L¥ VAN UHOEOU hv—uﬁommwm
L3wOo8T IoYe Yy 18 %IT F GE <D

uo %6 * 6S VAN :3104od \_m—uﬂommwuﬁoz

d 8w og + D 8wQE9 }°oYe Y9 I8 6°€S NUd

d 8w o9 + D 8w 9 Y. Y9 18 9'GE NUd

d 3w 09+ ogaderd 1P1e Y9 I 6'£S NYd

s3uIpuy JuSISUOd :dSVA Pue CIAZINA

D dN 8w g/

uo sAep £ 191Je GG < D SW G/ U0 %8°€S VAN
skep £ 10§ d AN SWOT + d

QT 8w Q9 Io)e %L < D SWGL U0 %G'SS VAN

d aiN 3w QT

uo sAep /£ 1oy %" T < D SW G/ U0 %Z'09 VAN
s3urpuy Jus3sISUOd CIAZINA

d 3wor

uo sAep GT 191e %1'ST < D SWOST UO %/'6E [4d
d8wQr

U0 SABp GT IOYE 9%8°09 < D SW QST U0 %t 'Sh VdI

CIXTANA

CIATANA ‘dSYA ‘VIT

dSVA “'ATINA VLT

VLT VAN

dSVA
CTxTd MONAJLIDA V1T

CIXTANA

dSVA
C1Xgd MONAJLIDA ‘VIT

eixed
MONAJLIDA ‘dSVA VLT

1Dd pauuerd Surodiapun sy

skep 0gg—0¢ snoaxd ur SOV

[8€]

(09) SOV SSOUD-LLAO TVLIdVD

(102) 10d pauueld  [0S] ¥ INLL TVAIONIYd

(86) @vD 21qe1s [e€] aNOdSTd
12130p1dord 03 s103qIyur 103dadar 21Xz d [9AOU WOI]

(09) SOV [¥€] YHAO -L4IHS

(86) AvD 2[q®ls [e€] anodsTd
10121301} 0] [2180p1dopd woIg

(2¢82)
[z€] 1ATdrdL

(6€T)
[1€] dvMmsS

(102) 1Dd @ARd9[d  [0S] ¥ INLL TVAIONIYd
218nsead o) [213opidord wrog

S9WI0dIMO [edIUl[D

sawodIno £K1ojeroqe

1591 UomdUNJ 19[3Ie[d

(u) uonemdod Apmg

A. Gasecka et al.

‘sa1pnis sorureufpooeurreyd woiy systuoSeiue CLAgd oY) UsamIaq UDIIMS Y} UO eIep 9y} Jo Arewruing
T dIqel



A. Gasecka et al.

treated with clopidogrel, and the efficacy and safety of ticagrelor were
not affected by the prior use of clopidogrel [3]. Accordingly, in the
PEGASUS trial (Prevention of Cardiovascular Events in Patients With
Prior Heart Attack Using Ticagrelor Compared to Placebo on a
Background of Aspirin), which evaluated the safety and efficacy of a
long-term treatment of ticagrelor in patients 1-3years after AMI,
approximately 30% of patients were previously treated with
clopidogrel [29]. Although long-term treatment with ticagrelor
increased the rate of major bleeding, this rate unaffected by pre-
treatment with clopidogrel. Overall, the net clinical benefits of
ticagrelor seem to be maintained in patients pre-treated with
clopidogrel.

3.1.3. Findings from registries

Prospective registries designed for collecting data on switching
strategies include ACTION Registry-GWTG (Acute Coronary Treatment
and Intervention Outcomes Network Registry-Get With The Guideline),
CathPCI (Catheterization and Percutaneous Coronary Intervention)
registry [30], MULTIPRAC (European MULTInational non-interven-
tional study of patients with ST-segment elevation myocardial infarc-
tion treated with PRimary Angioplasty and Concomitant use of up-
stream antiplatelet therapy with prasugrel or clopidogrel) registry [31],
GRAPE (GReek AntiPlatElet) registry [32], and TRANSLATE-ACS
(Treatment With Adenosine Diphosphate Receptor Inhibitors: Long-
itudinal Assessment of Treatment Patterns and Events After Acute
Coronary Syndrome) registry [33,34]. Data on the switch between the
P2Y,, antagonists from the registries are summarized in Table 3.

3.1.3.1. Clopidogrel to prasugrel. In the ACTION Registry-GWTG and
CathPCI registry, the frequency and factors associated with switching
from clopidogrel to prasugrel were evaluated in 40,531 patients with
AMI treated with PCI who initially received clopidogrel [30]. In these
registries, the frequency of switching between P2Y;, antagonists varied
widely across hospitals (median: 4%, minimum: 0%, maximum: 43%).
Interestingly, only 5% of patients initially treated with clopidogrel were
discharged on prasugrel, whereas according to the current guidelines
prasugrel and ticagrelor are recommended as the first-line treatment in
patients with ACS, regardless of the initial treatment strategy [2].
Factors associated with switching from clopidogrel to prasugrel
included recurrent PCI procedures during hospitalization and high-
risk angiographic characteristics (intracoronary thrombus, long lesions,
bifurcating lesions, multivessel PCI), clinical risk factors (diabetes
mellitus or previous PCI), and private health insurance [30].

In the MULTIPRAC registry, over 2000 patients with ST-elevation
myocardial infarction (STEMI) were allocated to two groups, according
to the P2Y;, receptor antagonist initially administered (clopidogrel or
prasugrel) [31]. Out of patients initially treated with clopidogrel, 49%
switched to prasugrel. There were no differences in MACE between
patients who switched from clopidogrel to prasugrel and those initially
treated with prasugrel (2.3 vs. 1.6%). Importantly, the non-CABG-

Table 3
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related bleeding were nominally, but insignificantly more frequent in
patients who switched from clopidogrel to prasugrel, compared with
those treated with prasugrel from the beginning (6.1% vs. 4.1%).

3.1.3.2. Clopidogrel to prasugrel or ticagrelor. In the GRAPE registry
[32], the prevalence, predictive factors and short-term outcomes of in-
hospital switch between P2Y;5 inhibitors were assessed among 1794
patients with ACS undergoing PCI. Following PCI, the P2Y;, antagonist
was switched in 36% of patients and transition from clopidogrel to a
more potent P2Y;, antagonist the most common (90%). A loading dose
of the new agent was administered more frequently in case of ticagrelor
than in case of prasugrel (55% vs 44%, p < 0.001). Of note, this
practice is not in accordance with the International Expert Consensus,
which recommends administration of a loading dose of any new P2Y;,
antagonist in the early phase after PCI [7]. In patients initially treated
with clopidogrel, the switch to a newer P2Y;, antagonist was
dependent on regional trends, admission to a non-PCI capable
hospital, in-hospital bivalirudin use and age. At one month, the in-
hospital switch from clopidogrel to a more potent P2Y;, antagonist was
associated with less major adverse cardiovascular (MACE: death,
myocardial infarction, stent thrombosis, urgent revascularization,
stroke; 1.2% vs 3.8%, p = 0.03) and more bleeding events (31% vs
12%, p = 0.01) compared to patients who continued treatment with
clopidogrel. However, the rate of MACE and bleeding events was
comparable in patients who switched from clopidogrel to a more
potent P2Y;, antagonist, and those initially treated with a potent
P2Y,, antagonist. The latter observation confirms that in real-life
setting the more potent P2Y;, antagonist efficiently prevent
ischaemic events at the cost of more bleeding events, but these event
rates are not affected by the pre-treatment with clopidogrel.

In the TRANSLATE-ACS registry, the frequency of switching from
clopidogrel to newer P2Y;, receptor antagonists and the risk of MACE
(death, myocardial infarction, stroke, unplanned revascularization) and
bleeding were assessed 6 months and 1year post-discharge among
17,000 patients with AMI treated with PCI [33,34]. Switching to pra-
sugrel or ticagrelor was associated with younger age, high school
education, use of P2Y;, receptor antagonists before the hospitalization
and lower ACTION (Acute Coronary Treatment and Intervention Out-
comes Network) mortality score. The most common reason to switch
from clopidogrel to a more potent P2Y;, antagonist reported by pa-
tients was physician's decision, followed by bleeding and/or bruising
and other side effects. At 6 months, clopidogrel was switched to a more
potent P2Y;, antagonist only in 11.4% (10.4% to prasugrel, 1% to ti-
cagrelor). Switching was most often done directly after PCI (61%) and
at the time of the hospital discharge (27%), and was not associated with
increased risk of MACE or bleeding at 6 months and 1 year post-dis-
charge, compared with continuation of clopidogrel. These results con-
firm the efficacy and safety of switching clopidogrel to more potent
P2Y;, antagonists. Importantly, the switch from clopidogrel to a more
potent P2Y;, antagonist followed a MACE in 19% of patients and

Summary of the data on the switch between the P2Y;, antagonists from the registries.

Study Population (n) Switch from clopidogrel to Switch from newer P2Y;, Switch between newer Clinical outcomes
newer P2Y;, antagonists (%)  antagonists to clopidogrel (%) P2Y;, antagonists

GRAPE [25] ACS (1794) C—P: 40.1 P—C: 1.0 T < P: 43 At 1 month: | MACE | bleeding
C—T:50.3 T—C: 4.3 after switch C—P/T

ACTION-GWTG; CathPCI STEMI + NSTEMI C—P:52 P—-C: 115 NA NA

[26] (47,040) C—T: NA T—C: NA

MULTIPRAC [27] STEMI (2053) C—P:48.7 P—-C:83 P—-T:28 In- hospital outcomes: ~ MACE,
C—T:11.6 T—C: NA T—P: NA ~ bleeding after switch C —P/T

TRANSLATE-ACS [28] STEMI + NSTEMI C—P:10.4 P—C:11.5 P—T: 0.3 At 6 months: ~ MACE, ~

(11,999) C—-T:1.0 T—C: 21 T—P: 3.4 bleeding for any switch

ACS: acute coronary syndrome; C: clopidogrel; MACE: major adverse cardiovascular events; NA: not available; NSTEMI: non-ST-segment elevation myocardial
infarction; P: prasugrel; STEMI: ST-segment elevation myocardial infarction; T: ticagrelor.
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definite stent thrombosis in 6% of patients within the previous 7 days,
confirming the non-responsiveness to clopidogrel in about one-third of
the recipients.

To sum up, the frequency of switching from clopidogrel to newer
oral P2Y;, receptor antagonists reported in registries ranges from 5% to
50% [30,31,33,34]. The decision to switch clopidogrel to newer P2Y;,
antagonists depends on several factors, including patient clinical pre-
sentation (STEMI, high-risk angiographic lesions, stent thrombosis or
restenosis), absence of contraindications (history of stroke, age >
75years or body weight < 60kg in case of prasugrel; risk of brady-
cardia or dyspnoe in case of ticagrelor) and socioeconomic factors
(health insurance coverage, employment status). The switch from clo-
pidogrel to ticagrelor or prasugrel seems to improve the prognosis re-
garding MACE, including decreased rate of stent thrombosis, at the cost
of higher bleeding rate with prasugrel, thereby confirming the initial
findings from the PLATO study [3] and TRITON-TIMI 38 study [4].

3.2. From novel oral P2Y;, antagonists to clopidogrel

3.2.1. Findings from pharmacodynamics studies

The pharmacodynamics effects of switching from newer oral P2Y;,
receptor antagonist to clopidogrel were evaluated in several studies,
which have consistently showed that switching prasugrel or ticagrelor
to clopidogrel decreases platelet inhibition and increases the percentage
of patients with HTPR.

3.2.1.1. Prasugrel to clopidogrel. In PRINCIPLE-TIMI 44 study (The
Prasugrel in Comparison to Clopidogrel for Inhibition of Platelet
Activation and Aggregation- Thrombolysis in Myocardial Infarction
44) the effect of switching from prasugrel to clopidogrel and vice versa
on inhibition of platelet aggregation (IPA) was assessed in 201 patients
undergoing elective PCI [35]. Patients received prasugrel LD (60 mg)
followed by prasugrel MD (10mg once daily), or clopidogrel LD
(600 mg) followed by clopidogrel MD (150mg once daily) for
14 *= 2days. Subsequently, patients on prasugrel switched to MD of
clopidogrel and vice versa for 14 + 2days. IPA was assessed by LTA,
VerifyNow P2Y;, assay and VASP. Both at 6h and at 14 days IPA in
response to ADP was higher in patients on prasugrel, compared to
patients on clopidogrel (75 + 13% vs 32 = 21%, and 61 * 17% vs
46 * 23%, respectively). The rate of bleeding was similar in both
groups. In conclusion, among patients undergoing elective PCI,
prasugrel resulted in more rapid and more consistent antiplatelet
effect than clopidogrel, and pre-treatment with clopidogrel prior to
prasugrel administration did not increase the risk of bleeding.

3.2.1.2. Ticagrelor to clopidogrel. In CAPITAL OPTI-CROSS study
(OPTImizing CROSSover from Ticagrelor to Clopidogrel in Patients
with Acute coronary syndrome) two different switch strategies from
ticagrelor to clopidogrel were investigated in patients with ACS and
with indications to change the antiplatelet treatment (including triple
therapy, high risk of bleeding, drug cost) [36]. Patients were
randomized to receive a LD of clopidogrel (600 mg), followed by MD
dose (75mg once daily), or to switch to clopidogrel without the LD.
Platelet function was analyzed using VerifyNow with a value of =208
as the cut-point for HTPR. In both groups platelet reactivity increased
48 h after the switch to clopidogrel, with lower values in the clopidogrel
LD group, compared to no LD group (114 * 73 PRU vs 165 * 71;
p =.008). At 72h there was no significant difference in platelet
reactivity between two groups (166 * 71 in the LD group vs
184 = 68in the no LD group; p = .19). However, HTPR was reported
more frequently in patients without LD of clopidogrel, compared to
those who received the LD of clopidogrel (56.7% vs 26.7%). There were
no differences in the incidence of MACE and TIMI bleeding at 30 days
between the two cohorts. Similar results were showed in the
aforementioned RESPOND study, where platelet reactivity increased
after the switch from ticagrelor to clopidogrel [25]. Based on the results
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from pharmacodynamics suggest, to prevent the “rebound effect” while
switching from ticagrelor to clopidogrel, it has been recommended to
administer the LD of clopidogrel both in the early and in the late phase
following ACS [7].

3.2.2. Findings from clinical trials

Switching from newer oral P2Y;, receptor antagonists to clopido-
grel seems less frequent than switching in the opposite direction.
Overall, the prevalence of in-hospital switching from prasugrel or ti-
cagrelor to clopidogrel reported in registries ranges from 5% to 14%.
Socioeconomic factors (no insurance coverage of prasugrel and tica-
grelor) and concerns about bleeding complications remain important
reasons for switching the therapy to clopidogrel, along with elderly age,
low body mass, history of stroke or transient ischemic attack (TIA), use
of oral anticoagulant or history of treatment with CABG [27,30-34].
Recently, the results of two randomized trials on switch therapy from
newer oral P2Y;, receptor antagonist to clopidogrel have been pub-
lished [37,38].

3.2.2.1. Prasugrel to clopidogrel. In the TROPICAL-ACS study (Testing
Responsiveness To Platelet Inhibition On Chronic Antiplatelet
Treatment For Acute Coronary Syndromes) patients with ACS
successfully treated with PCI were randomized to one of two groups:
control group treated with prasugrel (10 mg or 5 mg once daily) based
on the results or platelet function testing (PFT) for 12 months, and de-
escalation group treated with prasugrel (10 mg or 5 mg once daily) for
7 days, followed by clopidogrel (75 mg once daily), initially for 7 days.
After 14days platelet function was measured using impedance
aggregometry [37]. Based on the PFT results in the de-escalation
group, patients with HTPR were switched back to prasugrel for
11.5months (39% of patients), whereas patients with adequate
platelet inhibition continued treatment with clopidogrel. Primary
endpoint (death from cardiovascular causes, myocardial infarction,
stroke and bleeding =2 according to BARC classification) occurred in
7% of patients in the de-escalation group, compared with 9% in the
control group (p for non-inferiority = 0.0004), indicating that de-
escalated therapy is non-inferior to conventional 12-month prasugrel
therapy in terms of MACE and bleeding.

3.2.2.2. Prasugrel or ticagrelor to clopidogrel. In the TOPIC study
(Timing of Platelet Inhibition After Acute Coronary Syndrome),
patients with ACS undergoing PCI and treated with DAPT consisting
of aspirin and newer P2Y;, receptor antagonist without an adverse
event for a month were assigned to one of two groups: switching P2Y;5
antagonist (ticagrelor or prasugrel to clopidogrel) or unchanged DAPT
(continuation of the initial treatment with ticagrelor or prasugrel) [38].
The primary endpoint (a composite of cardiovascular death, urgent
revascularization, stroke and bleeding =2 according to BARC
classification) occurred more frequently in the unchanged DAPT
group (26% vs 13%, p < 0.01). When analyzing separate
components of the composite end-point, no significant differences
were found in ischemic events between the groups. On the other
hand, bleeding events occurred more often in the unchanged DAPT
group, compared with the switched DAPT group (14.9% vs 4.0%,
p < 0.01). The results suggest that switching ticagrelor or prasugrel to
clopidogrel potentially reduces the risk of bleeding, without increasing
risk of ischemic events. However, these results should be interpreted
with caution, because the study was underpowered to evaluate either
ischemic and bleeding events separately.

3.2.3. Findings from registries

3.2.3.1. Prasugrel or ticagrelor to clopidogrel. In the aforementioned
MULTIPRAC registry, ACTION Registry-GWTG, GRAPE registry and
CathPCI Registry only the prevalence of switch from clopidogrel to
newer P2Y;, antagonist among patients with myocardial infarction
treated with PCI was evaluated, and this prevalence ranged from 1% to
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11.5% [30-32]. Switching from prasugrel to clopidogrel was associated
with older age, lower body weight, in-hospital bleeding, previous stroke
or TIA, in-hospital CABG and use of oral anticoagulant at discharge, as
well as lack of private insurance.

In the TRANSLATE-ACS registry it was showed that switching the
ticagrelor or prasugrel therapy was the most common change in treat-
ment after discharge among patients with AMI treated with PCI (28.3%
and 15.4%, respectively) [33,34]. The vast majority of switches were to
clopidogrel (87.5%, 97.3%, respectively). Switching occurred at a
median of 80 days after discharge in prasugrel treated group and at a
median of 62 day after discharge in ticagrelor treated group. The most
common reason reported by patients who switched from newer P2Y;,
receptor antagonist to clopidogrel was high cost of treatment. The pa-
tients who switched were more likely to be women and to have a higher
ACTION bleeding risk score. The incidence of moderate/severe
bleeding within 1 week before the switch was very low and occurred
only in 1 patient treated with prasugrel. No differences in MACE and
bleeding rate were observed at 6 months and 1 year in patients who
switched to clopidogrel, compared to those continuing treatment with
newer P2Y;, antagonists.

3.2.4. Between novel oral P2Y;, antagonists

The prevalence of switching from ticagrelor to prasugrel or vice
versa reported in the registries ranges from 2% to 4% only
[30,31,33,34,39]. Ticagrelor is switched to prasugrel due to two main
reasons: (i) adverse effects, including dyspnea and ventricular pauses
[40,41], and (ii) administration twice daily, both of which affect the
compliance. On the other hand, potential prasugrel is switched to ti-
cagrelor due to development of contraindications for prasugrel during
DAPT, such as cerebrovascular events (stroke, TIA) or weight loss
(< 60kg). The choice of one of these drugs may also depend on the
type of insurance, depending on the country [30,31,33].

3.2.4.1. Ticagrelor to prasugrel. Pharmacodynamic effects of switching
from ticagrelor to prasugrel among patients with SCAD were evaluated
in the SWAP-2 study [41]. In the run-in phase (3 to 5 days), patients on
low-dose aspirin therapy received ticagrelor LD (180 mg) followed by a
ticagrelor MD (90 mg twice daily). Then, patients were randomized to
one of three groups: (i) continuation of ticagrelor therapy, (ii) switch to
prasugrel LD (60 mg) followed by prasugrel MD (10 mg) or (iii) switch
to prasugrel MD (10 mg) without LD. Platelet reactivity was assessed
using Verify Now. The primary endpoint was non-inferior platelet
reactivity at 7 days after the switch from ticagrelor to prasugrel,
compared to continuation of ticagrelor. Platelet reactivity was higher
in both prasugrel groups, compared with the ticagrelor group, so that
the study failed to meet the primary end-point. In the combined
prasugrel groups, platelet reactivity increased at 24h after
randomization, compared to the pre-randomization values, and
decreased at 7 days post randomization. However, patients who
received LD of prasugrel achieved smaller increase of platelet
reactivity at 24 and 48 h, compared with those who received only a
MD. The rate of HTPR was higher in both prasugrel cohorts than in
ticagrelor cohort at 24 and 48 h, but there were no differences in HTPR
at 7 days between cohorts. The results suggest the presence of potential
pharmacodynamic interaction between ticagrelor to prasugrel, partially
mitigated when LD of prasugrel is used. From this reason, switching
from ticagrelor to thienopyridines (clopidogrel, prasugrel) requires
administration of a loading dose of a new P2Y;, antagonist both in
the early and late phase of DAPT [7].

3.2.4.2. Prasugrel to ticagrelor. The SWAP-3 study provided data on the
pharmacodynamic effects of switching from prasugrel to ticagrelor
among patients after ACS treated with PCI [42]. Patients enrolled in the
study were randomized to one of the following cohorts: (i) continuation
of prasugrel therapy (10 mg MD), (ii) switch to ticagrelor LD (180 mg)
followed by MD (90 mg twice a day) or (iii) switch to ticagrelor
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maintenance dose (90 mg twice daily) without ticagrelor LD. Platelet
reactivity was assessed using VerifyNow P2Y;,. Switch from prasugrel
to ticagrelor was non-inferior compared with continuation of prasugrel
therapy at 7 days. A marked decrease in platelet reactivity was observed
in both ticagrelor groups from 2h to 48h after randomization,
compared with the prasugrel cohort, both with and without the use
of ticagrelor LD. However, 7 days after randomization the platelet
reactivity in the combined ticagrelor groups increased to a level
comparable to prasugrel group. Hence, switching from prasugrel to
ticagrelor leads to transiently higher platelet inhibition, irrespective of
the use of a LD of ticagrelor. Therefore, in the late phase of DAPT it has
been recommended to switch from thienopyridines (clopidogrel,
prasugrel) to ticagrelor without administration of a ticagrelor LD [7].

3.2.5. From cangrelor to oral inhibitors

The effect of cangrelor on the ability of clopidogrel to inhibit pla-
telet aggregation was evaluated in healthy volunteers, divided into two
groups based on the time of clopidogrel administration [43]. One of the
group received clopidogrel LD (600 mg) simultaneously with the can-
grelor infusion, while the second group received clopidogrel LD im-
mediately after termination of cangrelor infusion. Platelet function was
assessed using flow cytometry and LTA. In volunteers who received
clopidogrel simultaneously with cangrelor, inadequate antiplatelet effect
of clopidogrel was observed, potentially explained by a short half-life
(=30-90 min) of clopidogrel active metabolite [44,45], which is ra-
pidly eliminated from the circulation if it does not bind to the P2Y;,
receptor. Likely, once the P2Y;, receptors are occupied by cangrelor,
clopidogrel active metabolite is unable to bind them and is eliminated
(pharmacodynamic interaction). In volunteers who received clopido-
grel after cangrelor, the antiplatelet effect of clopidogrel was not im-
paired. Likely, the rapid offset of action of cangrelor gives the possi-
bility of the active metabolites of clopidogrel to bind to the receptor
before the metabolite is eliminated. Similar results were obtained in
patients with SCAD who received clopidogrel simultaneously with can-
grelor [46], and in vitro when the active metabolites of clopidogrel or
prasugrel were added to the blood pre-incubated with cangrelor [47].
From this reason, if switching from cangrelor to thienopyridines is
undertaken, clopidogrel and prasugrel should be administered im-
mediately after cangrelor discontinuation [7], and not during the in-
fusion.

The effect of transition from cangrelor to ticagrelor and vice versa
were evaluated in patients with SCAD on aspirin [48]. The antiplatelet
effects of ticagrelor and cangrelor were maintained regardless of the
order of drugs administration, although modest increase in platelet
reactivity was observed during the first hour after cangrelor was
stopped. Nevertheless, due to lack of overt interactions between can-
grelor to ticagrelor, ticagrelor may be administered already at the start
of cangrelor infusion or at any time during the infusion [7]. Im-
portantly, ticagrelor should be the oral P2Y;, inhibitor of choice, when
cangrelor was initially used, which is due to lack of pharmacodymic
interaction between cangrelor and ticagrelor.

3.2.6. From oral inhibitors to cangrelor

Switching from oral P2Y;, inhibitors to cangrelor is defined as
bridging, most common among patients treated with DAPT and un-
dergoing surgery.

In the BRIDGE study (Maintenance of Platelet Inhibition With
Cangrelor After Discontinuation of Thienopyridines in Patients
Undergoing Surgery), which assessed platelet inhibition in patients who
had discontinued thienopyridine therapy before cardiac surgery, can-
grelor resulted in higher rate of maintained platelet inhibition than
placebo [49], likely due to the presence of P2Y;, receptors which can
be inhibited by cangrelor. Although the safety and efficacy of bridging
requires further investigation [50], at present it is recommended to
start cangrelor infusion at a dose 0.75 ug/kg/min should within 72h
following discontinuation of an oral P2Y;, antagonist (prasugrel: 7 days
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before surgery, clopidogrel: 5days before surgery, and ticagrelor:
3-5days before surgery). The infusion should be continued for a
minimum of 48h and a maximum of 7 days. Importantly, cangrelor
infusion should be stopped 1-6 h before the surgery, and re-initiated
after the surgery only if oral P2Y;, administration is impossible. If oral
administration is possible, clopidogrel LD (300 mg — 600 mg) is a P2Y;5
antagonist of choice, whereas ticagrelor and prasugrel are discouraged

[7].

3.2.7. Time-point of switch

3.2.7.1. Clopidogrel to prasugrel or ticagrelor. Because in patients treated
with clopidogrel a part of P2Y;, receptors remain unoccupied, in the
early phase both prasugrel LD and ticagrelor LD may be administered
regardless of the timing of the last dose of clopidogrel [7]. Beyond the
early phase, due to practical reasons it is recommended to administer
the MD of prasugrel or ticagrelor 24 h after the last dose of clopidogrel
[71.

3.2.7.2. Prasugrel or ticagrelor to clopidogrel. In the early phase,
clopidogrel LD should be administered 24h after the last dose of
prasugrel or ticagrelor, since this timeframe allows the new,
uninhibited platelets to enter the circulation, therefore increasing the
number of P2Y;, receptors to be occupied by clopidogrel. Beyond the
early phase, clopidogrel MD should be administered 24 h after the last
dose of prasugrel, and clopidogrel LD - 24h after the last dose of
ticagrelor, mostly due to practical reasons.

To conclude, prasugrel LD and ticagrelor LD may be administered
regardless of the timing of the last dose of clopidogrel only in the early
phase, whereas all other types of switch may be conducted 24 h after
the last dose of the previous oral P2Y;, antagonist.

3.2.7.3. Controversial clinical scenarios. While the consensus greatly
helps to guide switching between P2Y;, antagonists, a number of
controversial clinical scenarios remain, where the evidence regarding
the optimal switch strategy is scarce. These scenarios include (i) an
ischaemic event, (ii) a bleeding event or risk thereof, and (iii)
development of contraindications to the current P2Y;, antagonist.
Here we elaborate on these scenarios and propose an algorithm on
how to tailor antiplatelet therapy in patients who presented with an
ischaemic or bleeding event while being treated with DAPT after AMI
or after elective PCI in course of SCAD. The algorithm in presented in
Fig. 3.

3.3. Ischaemic event

Three major risk factors of ischaemic events (e.g. AMI, stent
thrombosis, urgent revascularization) in patients on DAPT are (i) pro-
cedure-related (stent underexpansion, malapposition, fracture), (ii)
patient-related (non-compliance), and (iii) therapy-related (inadequate
platelet inhibition, HTPR) [51]. Inadequate platelet inhibition may
result from either intrinsic (comorbidities, genetic polymorphisms) or
extrinsic factors (cigarette smoking, drug-drug interactions) [14].
Therefore, if incorrect stent insertion and non-compliance are unlikely,
it is crucial to confirm HTPR in patients experiencing recurrent
ischaemic events. In patients treated with clopidogrel, the PREDICT
score (Platelet Aggregation after Deployment of Intracoronary Stent)
can be used to estimate HTPR by easily available patient details (re-
duced left ventricle ejection fraction, chronic kidney disease, diabetes,
ACS at admission or age > 65years) [52]. In turn, in patients treated
with ticagrelor and prasugrel, ADP-related platelet function tests such
as MEA or VerifyNow might be considered a valuable tool to confirm
HTPR [14].

If HTPR is confirmed, interactions with drugs which affect the an-
tiplatelet efficacy of P2Y;, antagonists should be considered, such as
azole antifungals (ketoconazole, fluconazole), calcium channel
blockers, lipophylic statins, morphine, vitamin K antagonists, protein
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pump inhibitors [53,54]. Although ticagrelor and prasugrel are pre-
ferred over clopidogrel in patients after AMI, some patients are still
discharged on clopidogrel without PFT prior to discharge, for example
due to financial constraints. Given the high proportion of patients not
responding to clopidogrel, as well as superiority of novel P2Y;, an-
tagonist over clopidogrel, patients treated with clopidogrel following
AMI who experienced recurrent ischaemic event should urgently switch
to prasugrel or ticagrelor. Efforts should be made to inform the patients
about the risk of recurrent ischaemic event, including recurrent AMI by
continuation of clopidogrel treatment [2]. Moreover, one should keep
in mind that cross-unresponsiveness may be observed between clopi-
dogrel and prasugrel [55]. Of note, HTPR complicated by stent
thrombosis has also been observed on ticagrelor [56,57]. Therefore,
PFT seems to be a valuable tool not only to identify patients with HTPR,
but also to confirm the adequate response to therapy following the
switch of a P2Y;, antagonist.

Although clopidogrel is the standard treatment for patients with
SCAD patients undergoing PCI, prasugrel or ticagrelor may be con-
sidered instead of clopidogrel for patients with an ischaemic event
during DAPT, taking into account the ischaemic risk (high SYNTAX
score, complex PCI, recurrent event) and bleeding (PRECISE-DAPT
score) risks [2]. Whereas in patients with ischaemic risk prevailing
bleeding risk (PRECIDE-DAPT < 25), ticagrelor or prasugrel may be
considered, for patients with bleeding risk prevailing ischaemic risk
(PRECISE-DAPT =25), double MD of clopidogrel may represent less
efficient, however safer alternative [58].

3.4. Bleeding event

Patients treated with DAPT may experience bleeding (i) as a side
effect of DAPT, or (ii) due to surgery. Bleeding as a side effect of DAPT
most frequently results from excessive platelet inhibition, since over-
dosing of the P2Y;, antagonist hardly leads to clinically overt bleeding
[59]. Since bleeding may be unrelated to antiplatelet therapy, for ex-
ample in case of patients with concomitant gastric ulcers or hemor-
rhoids, PFT might be taken into consideration to differentiate patients
with truly low PR from those with adequate response to therapy. In
patients with active bleeding, the benefits of antiplatelet therapy dis-
ruption should always be weighed against the risks of stent thrombosis
and therefore considered as a temporary measure [60]. In case of truly
low PR, drug-drug interactions should be considered, such as con-
comitant use of nonsteroidal anti-inflammatory drug or selective ser-
otonin reuptake inhibitors, known to increase the risk of bleeding [53].
If interactions are unlikely, de-escalation of therapy is recommended,
especially in patients with intracranial haemorrhage or recurrent
bleeding [2]. This should start with a clopidogrel MD regimen (75 mg),
unless the therapy has been disrupted for =5 days, when a 300-mg LD
might be used [2]. Following de-escalation, PFT should be considered
to confirm adequate response to therapy.

Prior to surgery, either the DAPT may be temporarily interrupted, or
cangrelor may be used as a “bridging therapy”, however at a different
dose than during PCI (0.75 pg/kg/min infusion without a bolus) [7].
Moreover, PFT may be considered to guide the decision on the timing of
surgery in patients who have recently received P2Y;, antagonists [61].
Notably, the complete recovery of platelet function and the adequate re-
covery following cessation of treatment with oral P2Y;, antagonists are
different terms. Whereas the complete recovery denotes entirely normal
platelet function following treatment discontinuation [14], the ade-
quate recovery is adequate platelet function to prevent increased
bleeding risk in case of operation [62,63]. For example, the optimal cut-
off for adequate recovery is 22-30 aggregation units (AU), compared to
the cut-off 46 AU for complete recovery, when assessed with ADP-in-
duced Multiplate Impedance Aggregometry (MEA) [14,62,63]. Pre-op-
erative PFT allowed to decrease the waiting time for surgery by 50%
without increased rate of bleeding in patients treated with clopidogrel
and ticagrelor, which is particularly valuable in patients at high risk of
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Fig. 3. Proposed algorithm on how to switch between P2Y12 antagonists in complex clinical scenarios such as patients after AMI or after elective percutaneous
coronary intervention in course of stable coronary artery disease who experienced (A) ischaemic event and (B) bleeding event while treated with dual antiplatelet
therapy. AML: acute myocardial infarction; CCB: calcium channel blockers; DAPT: dual antiplatelet therapy; NSAID: non-steroid anti-inflammatory drugs; PFT:
platelet function testing; PPI: proton pump inhibitors; PR: platelet reactivity; SCAD: stable coronary artery disease; SSRI: selective serotonin reuptake inhibitors.

recurrent ischaemic events, who should be operated on as soon as late phase, clopidogrel may be started with a 300 mg LD regimen when
possible to protect/rescue the myocardium. switching from ticagrelor, and a routine 75mg MD regimen when

Interestingly, the adequate recovery seems to differ between stable switching from prasugrel [7]. In (post-ACS) patients who experience a
coronary artery disease (SCAD) and ACS patients. Whereas in SCAD stroke or TIA on therapy with prasugrel, ticagrelor may be considered
patients it takes only 48 h to achieve adequate platelet function after as a beneficial option for secondary stroke prevention [66]. Since the
ticagrelor and clopidogrel administration [64], in ACS patients at least therapy modifications in patients who developed common contra-
72h of discontinuation is required [63]. Of note, 72h after dis- indications are clear and do not require PFT, they are not presented in
continuation as much as 25% patients who had been treated with ti- Fig. 3.

cagrelor have platelet aggregation below 22 AU, indicating increased
risk of bleeding [63]. In case of prasugrel, at least 5 days is required to
achieve adequate platelet function, which has been hypothesized to
result from a residual inhibitory effect of prasugrel on the mega-
karyocyte level [65]. To conclude, whereas the time to complete pla-
telet recovery is established, time and cut-off points to adequate platelet
recovery remain a matter of debate.

3.6. Practical implications for the optimal switch strategy

The recently published International Expert Consensus on Switching
Platelet P2Y;, Receptor-Inhibiting Therapies provided the first solid
ground for the optimal switch strategy [7]. According to the consensus,
in the early phase after PCI administration of a loading dose of a new
P2Y;, antagonist is recommended, regardless of the P2Y;, antagonist

3.5. Development of contraindications to current P2Y12 antagonist chosen. On the contrary, in the late phase only switching from tica-
grelor to thienopyridines (clopidogrel, prasugrel) requires administra-

Common contraindications to a current P2Y;, antagonist include: tion of a loading dose of a new P2Y;, antagonist. If switching from

(i) need for oral anticoagulation (ticagrelor, prasugrel), and (ii) cangrelor to oral P2Y,, antagonists, clopidogrel and prasugrel should
age = 75 years, body weight < 60 kg, stroke or TIA (prasugrel) [2]. In be administered immediately after cangrelor discontinuation, whereas
patients who develop a comorbidity requiring oral anticoagulation, in ticagrelor may be administered already at the start of cangrelor infu-
whom clopidogrel is the P2Y;, antagonist of choice, the therapy should sion. If switching from oral P2Y;, antagonists to cangrelor, the can-
be de-escalated from prasugrel or ticagrelor to clopidogrel [2]. In the grelor infusion should be initiated following wash-out of oral P2Y;,
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antagonists, continued for maximum 7 days, and stopped 1-6 h before
the surgery. In case of an ischaemic or a bleeding event on DAPT and in
case of contraindications to current P2Y;, antagonist, PFT may be
considered to ensure efficient and safe treatment modification.

4. Conclusions

The availability of different P2Y;, inhibitors provides clinicians
with the ability to individualize and optimize antiplatelet therapy ac-
cording to the changing clinical status. However, until now no large
clinical trials supporting certain switching schemes were conducted and
currently available recommendations have been established mostly
based on the data from registries and pharmacodynamic studies, which
lack power to draw firm conclusions on ischemic or bleeding outcomes.
The recent International Expert Consensus provided the first re-
commendations on switching between the P2Y,, antagonists, helping to
choose the optimal switch strategy. However, in many situations the
optimal switch strategy is arguable, and the decision should be made
based on the pharmacological properties of P2Y;, antagonists and in-
dividual patients thrombotic and bleeding risk. The large-scale, rando-
mized clinical trials would be of great help to match the most suitable
switching strategies to specific groups of patients and determine the aspects of
efficacy and safety of the available antiplatelet drugs.
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