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Antiplatelet treatments

• For non-thrombotic diseases?
• Thrombosis: for non-atherothrombotic diseases?
• Atherothrombotic diseases:

– Bleeding risk; safer new drugs?
– From population to patient-centered approaches?



Antiplatelet treatment outside thrombosis



Platelets are versatile cells 
engaged in numerous pathophysiological processes

• Inflammation and infection
• Innate and acquired immunity
• Angiogenesis
• Regeneration
• Carcinogenesis
• Haemostasis, thrombosis



Cancer

Tumor-cell induced platelet aggregation: an emerging therapeutic target for cancer therapy

Strasenburg W et al., Front Oncol 2022;12:909767. 



Cancer

Bidirectional interaction between cancer cells and platelets: suggest potential strategies for cancer therapies. 

Liu L et al., Front Oncol 2021;11:764119. 



• Antiplatelet agents: low-dose aspirin and colorectal cancer
– Taken daily (> 75mg) for years: brought down incidence and mortality                             

• especially the proximal colon cancer, not prevented by screening with sigmoidoscopy or colonoscopy

Cancer

ClinicalTrial.gov database:
46 studies

currently recorded
on

colorectal cancer / aspirin



• Antiplatelet agents: low-dose aspirin and colorectal cancer

Cancer

Actions of aspirin on colorectal tumorigenesis

- Primary prevention of CRC in all patients aged 50 to 59 

with a 10-y risk of cardiovascular events > 10% ?

(USA)

- Benefit reduced in smokers and high-risk patients ?

- After cancer resection: especially in patients 

with PIK3CA-mutated tumors ?

Grancher A et al., Cancer Biol Ther 2022; 23:446-61



• Antiplatelet agents: low-dose aspirin and other cancers?
– Some positive results…

• Decreases the risk of gastric cancer (Onco Target 2017; 8:4781-95),                                  
pancreatic cancer (Cancer Epidemiol Biomarkers Prev 2017;26:68.),                                     

cholangiocarcinoma (Hepatology 2016;64:785);

• Increases the survival of advanced-stage prostate cancer (J Clin Oncol 2014;32:3716-22), 

breast cancer (Curr Oncol Rep 2017;19:48) and endometrial cancer (Obstet Gynecol 2016;128:127.) 

– But discrepancies: no effect on 
• cancer risk: prostate cancer; Eur J Cancer 2015; 51:725) 

• cancer-specific death: breast cancer; Breast Cancer Res 2014;16:R34;                                                                      

endometrial cancer: Br J Cancer 2017;117:432

– More RCTs are needed to imagine what future will be.



Cancer

Antibody-drug conjugate:
singe-chain antibody against the activated platelet integrin GpIIb/IIIa
linked to a chemotherapeutic microtubule inhibitor;
the linker is cleavable by cathepsin B: drug activation/release mechanism



Cancer

Autologous or in vitro-produced 
platelet MPs

acting as cargo
delivering  chosen miRNAs prone to control tumor growth?

Blood 2017;130(5):567-580)



Thromboinflammation

No evidence for an effect of low-dose aspirin 
for primary cardiovascular prevention 

in reducing severe COVID-19;

fully adjusted models:
risk of hospitalisation: HR 1.03 (1.00-1.07)

risk of death/intubation: HR 1.04 (0.98-1.10) Res Pract Thromb Haemost 2022;6:e12743.

RCT: Treatment with a P2Y12 inhibitor
did not improve the number of days alive

and free of cardiovascular and respiratory organ support

fully adjusted models:
survival: aOR 1.15 (0.84-1.55)

mortality rates at D90: 25.5% vs. 27.0%, aHR 0.96 (0.76-1.23)

The COVID-19 model:



Thromboinflammation

Polymeric particles to divert platelets away from inflamed blood vessels 

Micron-sized polymeric particles can reduce platelet adhesion 
to an inflamed endothelial monolayer in vitro in blood flow systems 
and in vivo in a LPS-induced systemic inflammation murine model. 

Initial work in developing cargo-free, 
anti-platelet therapeutics specifically for conditions of thromboinflammation:
cargo-free MicroP can redirect platelets away from an area of inflammation
via alteration in leukocyte adhesion

Biodegradable, therapeutic polymer microparticles constructed from a salicylate-based poly(anhydride-ester) polymer.



Thrombosis: antiplatelet treatment 
in non-atherothrombotic diseases



Patients, anticoagulation for a first episode of VTE;
then RCT:

LDA 100 mg daily vs. placebo, up to 4 years.

VTE recurrence: NS; HR 0.74 (0.52-1.05)

Rate of (VTE, MI, stroke, cardiovascular death): p=0.01

Bleeding: NS 
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LDA 100 mg daily vs. placebo, up to 4 years.

VTE recurrence: NS; HR 0.74 (0.52-1.05)

Rate of (VTE, MI, stroke, cardiovascular death): p=0.01

Bleeding: NS 

Patients, anticoagulation for a first episode of VTE;
then RCT:

LDA 100 mg daily vs. Rivaroxaban (10-20 mg), up to 12 months.

VTE recurrence, 10 mg vs. LDA: HR 0.26 (0.14-0.47)
VTE recurrence, 20 mg vs. LDA: HR 0.34 (0.20-0.59)

Bleeding: NS



RCT
Total hip or knee arthroplasty

Rivaroxaban 10 mg until postoperative day 5,
then:

Low-dose aspirin (81 mg) vs. rivaroxaban 10 mg, 
9 days for TKA, 30 days for THA

Following: 90 days



Noninferiority, RCT
Fracture of an extremity:

hip to midfoot, or shoulder to wrist: treated operatively;
any pelvic or acetabular fracture.

Enoxaparin 30 mg bid vs. LDA 81 mg bid
while in the hospital.

Primary outcome: death from any cause at D90.
Secondary outcomes: non-fatal PE; DVT; bleeding.

Low incidence of DVT: 2.5% vs. 1.7%, NS
PE: 1.5% in each group.

Incidence of bleeding complications: similar.

Aspirin noninferior to LMWH in preventing death Median age: 45 years
Lower extremity injury: 88%



Hospital(cluster)-randomised, 
crossover, registry-nested trial

31 hospitals in Australia 
(16: crossover after target met)

Hip or knee arthroplasty (THA, TKA)
LDA (100 mg/d) vs. Enoxaparin (40 mg/d)

THA: 35 days; TKA: 14 days.

Primary outcome: symptomatic VTE within 90 days
Noninferiority margin: 1%  

3.45% vs. 1.82%, p=0.007

Significant higher rate of symptomatic VTE 
within 90 days,

defined as below- or above-knee DVT or PE
in patients taking LDA

Median age: 70 years



Dual-pathway inhibition to reduce VTE?
i.e.
an antiplatelet agent (low-dose aspirin LDA) plus a DOAC to prevent VTE in high-risk patients?

Currently: no available specific trial

The APEX trial (N Engl J Med 2016; 375:534-44) and the MARINER trial (N Engl J Med 2018; 379: 1118-27)
successfully tested a DOAC (betrixaban, rivaroxaban) in acutely ill medical patients;

around 50% of the included population reported baseline LDA use ;
apparently no significant increase in major bleeding in those receiving dual-pathway inhibition. 

Medically ill patients: a prospective RCT comparing no treatment or extended thromboprophylaxis
with a low-dose DOAC with or without an antiplatelet arm (ASA) has to be conducted

The advent of FXI inhibitors, with little or no disruption of haemostasis: 
safer anticoagulant platform for dual-pathway inhibition?



Antiplatelet treatment 
in atherothrombotic diseases



Antiplatelet agents:

Central to the armamentarium
used to prevent and treat

arterial thrombosis

Major limitation of their use:
bleeding

Prescription: population-based (RCTs),
not patient-based.



Safer New Antiplatelet Agents?



Targeting platelet glycoprotein VI (GpVI)? 
crucial role in collagen-induced activation and aggregation of platelets

Constitutive or acquired human GpVI deficiencies: mild bleeding phenotype 
epistaxis, petechiae, occasional postsurgery bleeding

Platelet-specific, strongly involved in the pathogenesis of arterial thrombosis 
without great impact on normal haemostasis

Dimeric GpVI:
higher affinity for collagen



Strategies targeting platelet GpVI

Recombinant soluble dimeric form
of the GpVI ectodomain fused to IgG1-Fc:

Revacept®
(vascular coating)



Stroke 2022; 53:2718-29.

Symptomatic carotid artery stenosis
International, multi-center, 

3 arms, randomised (1:1), placebo-controlled

In addition to guideline-conform antiplatelet therapy:
single infusion over 20 minutes;

Placebo vs. Revacept® 40 mg vs. Revacept® 120 mg

160 patients

Efficacy end point of new diffusion-weighted MRI lesions

Revacept® 120 mg 
reduced the combined safety and efficacy en point

in patients with symptomatic internal carotid artery stenosis



Strategies targeting platelet GpVI

Recombinant soluble dimeric form
of the GpVI ectodomain fused to IgG1-Fc:

Revacept®
(vascular coating)

Humanized Fab fragment 
derived from mouse mAbs against GpVI. 

Glenzocimab (ACT017) :
nanomolar affinity for GpVI 
and inhibits GpVI interactions with collagen

Blood Adv 2023; 7:1258-68



Eur Stroke J 2022; 7(Suppl1):574 (1758)

acute ischaemic stroke, thrombolysis or thrombectomy

double-blind, placebo-controlled, 1:1 parallel group design
glenzocimab 1000 mg vs. placebo

(Phase 2a)  

166 patients, median age 75 years

Symptomatic intracranial haemorrhage ICH:
Glenzocimab: 1% vs. P: 8%

Non-symptomatic ICH:
Glenzocimab: 29% vs. P: 47%

Death:
Glenzocimab: 8% vs. P: 19%

Glenzocimab: reduced ICH and mortality.



Targeting the C-type Lectin-like Receptor (CLEC-2) ?

Dimer on platelets (low levels: myeloid and dentritic cells)

Natural ligand (podoplamin): absent from the circulating blood; inflammation: upregulation in the vessel wall
Role in arterial thrombosis as an adhesion receptor; trigger venous thrombosis at sites of inflammation in animals
No known consitutive or acquired deficiency in humans 



Bruton tyrosine kinase 
lies dowstream of Syk

in human platelets.

Btk inhibitors block
human CLEC-2-mediated platelet functions

at concentrations 20-fold lower
than those that block GpVI signaling.

Suggests that Btk inhibitors
can be used at low doses in patients

to target CLEC-2 in thromboinflammatory diseases



Targeting Tyrosine Kinases that are dowstream 
of the GpVI and CLEC-2 signaling cascades?

Src, Syk and Tec family kinases 



Src family kinases:
likely to have the greatest number of off-target actions
widespread distribution and lack of selectivity.
Forget it.



Src family kinases:
likely to have the greatest number of off-target actions
widespread distribution and lack of selectivity.
Forget it.

Syc and Tec kinases:
restricted to haematopoietic cells;
2 predominant family members in platelets,
Spleen tyrosine kinase Syc and Bruton tyrosine kinase Btk,
only expressed in a subset of these. 

Syc:
downstream of GpVI, CLEC-2, GpIb and GpIIbIIIa
limited role in the signaling of G protein-coupled receptors

such as PARs, P2Y12 and TXA2 receptors
Might be and effective strategy against thrombosis 

while preserving haemostasis



Btk

Syk Cevidoplenib, Entospletinib, Fostamatinib, Lanraplenib,
…

Acalabrutinib, Ibrutinib, Evobrutinib, Remibrutinib,
Rilzabrutinib, Tirabrutinib, Zanubrutinib,…

Ibrutinib, early clinicall trials: low grade bleeding tendency
in 50% of the patients (bruising, petechiae).
3 years follow-up study: 7.6% rate of major bleeding.
Explained by co-inhibition of Tec and Src.

More specific, 3rd generation Remibrutinib and Rilzabrutinib:
no apparent excess bleeding in phase II clinical trials. 

Do not appear to cause bleeding in patients
in published trials



Btk

Syk Cevidoplenib, Entospletinib, Fostamatinib, Lanraplenib,
…

Acalabrutinib, Ibrutinib, Evobrutinib, Remibrutinib,
Rilzabrutinib, Tirabrutinib, Zanubrutinib,…

Preclinical mouse models: 
protect against arterial thrombosis 
and cerebral infarct progression

Selectively inhibit thrombus formation 
induced by atherosclerotic plaque in humans
without affecting platelet adhesion to collagen
mediated by α2β1.
(Blood 2018; 131:2605-16) 

Low-dose may selectively inhibit the role of CLEC-2
in thromboinflammation



CalDAG-GEFI

Group of diseases:
mutations in genes for signaling proteins

that are critical to the inside-out activation of αIIbβ3
(reduced ability to activate Rap1).

A very large deficient Gypsy inbred family 
diagnosed and followed by our team

Heterozygous members: no bleeding,
but their platelets fail to undergo normal adhesion under flow and spreading. 

Makes CalDAG-GEFI a potentially safe therapeutic target to prevent thrombosis



Targeting Phosphoinositide 3-kinase β (PL3Kβ) 

Activates and modulates several effector proteins
Regulates: integrin GpIIbIIIa-dependent adhesion, 

Akt activation mediated by GpVI and ADP, 
ERK activation (including subsequenrt TXA2 synthesis)

Depletion in animals prevents occlusive thrombosis whilst preserving primary haemostasis



Targeting the GpIb-IX-V-VWF axis 

Bleeding
risk?

(acquired VWD)



Targeting P-selectin 
(CD62P) 



Targeting Protein Disulfide isomerase DPI 

Secreted by activated platelerts from the dense tubular system
Support platelet aggregation and secretion
Stimulates GpIIbIIIa activation, enhances GpIbα-dependent platelet-neutrophil interactions (thrombo-inflammation) 
Support thrombosis formation
Deficiency in animals: does not affect haemostasis



Reversal agents 
for Safer Antiplatelet Treatments?



Bentracimab

Neutralizing monoclonal antibody fragment 
that binds free plasma ticagrelor 
and its major active metabolite,



Circ Res 2023; 132:339-54

Platelet-mimicking perfluorocarbon-based nanosponges 
coated with platelet membranes



From population to patient-centered 
approaches? 



• Studies: substantial interpatient variability                                          
in the responsiveness to antiplatelet therapy:
– Clinical outcomes
– Laboratory methods

• True pharmacological resistance is extremely rare
• High residual on-Treatment Platelet Hyperereactivity HTPR              

on ASA or dual antiplatelet therapy DAPT:
– increases the risk of future CV events

• Once drug interactions and non-compliance have been ruled out…

• Low on-Treatment Platelet Reactivity LTPR
– increases the risk of bleeding 



Capodanno D, Angiolillo DJ, Eur Heart J 2023 Jun22:ehad362.

Proposed strategies for tailoring antithrombotic therapy according to individual ischaemic and bleeding risks



Scores predicting individual ischemic and bleeding risk ?

• Many scores and risk stratifying models are available:

– but increased body of evidences for a fluctuation in time,             

for dependency on patient characteristics including ethnicity,…

• Asian patients: lower rate of ischemic events after PCI                  

compared to Caucasian, while bleeding risk is higher…



Recent standardised definition of high bleeding risk, validated in ACS and CAD in patients undergoing PCI

Minor (0.5 point)  and major (1 point) criteria

* At one year

*

Adanced age , anemia, thrombocytopenia,
liver cirrhosis, use of oral anticoagulants,

steroids or NSAI drugs, chronic kidney disease,
history of spontaneous bleeding, stroke, activemalignancy,

chronic bleeding diathesis, planned surgery, 
trauma or surgery within 30 days before PCI

Academic Research Consortium 
for the identification of high bleeding risk patients 

Eur Heart J 2020; 41:3743-9.



A number of available risk-assessment models (RAMs) 
stratifying ischaemic and bleeding risks

• DAPT
• PARIS
• CALIBER
• CREDO Kyoto
• Also:

– TRA2P-TIMI 50
– ADAPT-DES
– HORIZON AMI
– TRILOGY ACS
– CRUSADE

• Patients with acute activation of the 
atherothrombotic process
– ACS, ischaemic stroke or TIA,                      

acute limb ischaemia
• Extended diffuse atherosclerotic disease

– PAD, diffuse coronary atherosclerosis,              
aortic and carotid plaques

• High burden of risk factors…
– Smoking, diabetes, arterial hypertension

• … and/or comorbidities
– low ejection fraction < 30%,                                 

heart congestive disease,                                
previous MI and previous PCI



Problem: scores and RAMs which still need to be tested in prospective RCTs
to verify their real predictive value in guiding antiplatelet therapy

especially that their discrimination ability in retrospective validation studies
is at best… moderate-to-good, not excellent (c-index: 0.65-0.75)



Pharmacogenomics of antiplatelet therapy ?

• ASA and clopidogrel the most studied
– Associated with HTPR, high residual on-treatment platelet hyperereactivity

– ASA: some associations, but not clinically-elavant to date
– Clopidogrel: strongest association with CYP2C19 (bioactivation) 

2 sequential
oxidative reactions



Pharmacogenomics of antiplatelet therapy ?

– Clopidogrel: CYP2C19 (bioactivation) 
• Enzyme highly variable in the population

• At least 8 alleles of various levels of activity, classified in 4 categories
– Ultra-rapid metabolisers having at least one increased-activity allele (*17) 20% Europe 
– Extensive metabolisers, wild-type fully functional alleles (1*) 69.5% Europe
– Intermediate : one loss-of-function allele plus one functional or increased-activity allele
– Poor metabolisers : 2 loss-of-function alleles (*2-*9): 12% Europe

• Poor active metabolite production: HTPR; 
– can be overcome by increasing the dose if loss-of-function allele

only in heterozygous, but not if homozygous.



Phenotype (genotype) Implications for clopidogrel Therapeutic recommendations
Ultrarapid metabolisers (*1/*17, 
*17/*17) and Extensive 
metabolisers ((*1/*1) 

Normal (Extensive)                          
or increased (Ultrarapid)             
platelet inhibition;                      
normal (Extensive)                              
or decreased (Ultrarapid)           
residual platelet aggregation

Clopidogrel label-recommended
dosage and administration

Intermediate metabolisers (*1/*2) Reduced platelet inhibition; 
increased
residual platelet aggregation; 
increased risk
for adverse cardiovascular events

Plasugrel or ticagrelor                       
(if no contraindication)

Poor metabolisers (*2/*2) Significantly reduced
platelet inhibition;                  
increased
residual platelet aggregation; 
increased risk
for adverse cardiovascular events

Plasugrel or ticagrelor                         
(if no contraindication)

Clopidogrel therapy based on CYP2C19 phenotype for ACS/PCI patients initiating antiplatelet therapy
Scott SA et al., Clin Pharmacol Ther 2011; 90:328-32



Strategy trials of modulation of antiplatelet therapy guided by genetic testing in patients undergoing PCI
(treatment effect: investigational stategy vs. standard dual antiplatelet therapy) 

ACS: acute coronary syndrome; ARD: absolute risk difference; HPR: high platelet reactivity;
LOF: loss of function; MACE: major adverse cardiac events; NACE: net adverse cardiac events; 

PCI: percutanous coronary intervention;  PFT: platelet function testing.

Global validation of genotype-guided antiplatelet treatment modulation in that setting?

Acute ischamic stroke, TIA and cerebrovascular intervention: all has still to be done…



Platelet function tests for modulation ?

• Which test should be used?

ASA Clopidogrel



Platelet function tests for modulation ?

171 publications, 45,664 patients

Poor biological response to clopidogrel: 
from 15.9% to 49.5% 

according to the platelet function assay employed!

No gold standard method
for clinical application

is yet identified, standartised and validated!



Platelet function tests for modulation ?
Strategy trials of modulation of antiplatelet therapy guided by platelet function testing 

in patients undergoing PCI
(treatment effect: investigational strategy vs. standard dual antiplatelet therapy) 

ACS: acute coronary syndrome; ARD: absolute risk difference; HPR: high platelet reactivity;
LOF: loss of function; MACE: major adverse cardiac events; NACE: net adverse cardiac events; 

PCI: percutanous coronary intervention;  PFT: platelet function testing.

High-risk
patients

Multiplate

Chinese
bedside
device
PL-12

Some promising results in high-risk patients?

Low-risk
patients



Guided Anti-P2Y12 Therapy 
in Patients Undergoing PCI: 
Three Systematic Reviews 
with Meta-analyses 
of Randomized Controlled Trials 
with Homogeneous Design. 
Birocchi S, Rocchetti M, Minardi A, 
Podda GM, Squizzato A, Cattaneo M. 
Thromb. Haemost. 2023; Sep 5. 

Platelet function test 
guided, N=6

Genotype-guided,
N=7

If HTPR: switch,
alternative therapy, N=8
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Major bleedings: 
not affected 
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MACEs: 
Platelet Function Test-Guided therapy performed poorly compared to HTPR-Therapy, 

likely due to inaccurate identification of HTPR patients by platelet function tests.
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Plasma protein signatures ?

Thromb Res 2023; 230:105-118. 



Plasma protein signatures ?

Aspirin: 

Growth hormone-1 (GH)
2,4-dienol-CoA-reductase, mitochondrail (DECR1)
Thrombospondin 2 (TSP-2)

Clopidogrel:

Thrombomodulin (TM)
Interleukin-1 receptor antagonist protein (IL1RT1)
SLAM family number 7 (SLAM7)
CD84 (SLAMF5)
C-C motif chemokine 16 (CCL16)
Spondin-2 (SPON2)

Associated with increased VerifyNow ASPI-test value:



Conclusion



• Many areas of development deserve further investigation
– Safer drugs in the pipeline
– Development of effective and safe reversal compounds
– The optimal, cost-effective use of laboratory facilities

• Pharmacogenomics
– If it applies…

• Platelet function testing
– If we can validate a robust and easy-to-apply clinically-relevant one

• Proteomics?
– to be prospectively confirmed on clinical outcomes



• Many areas of development deserve further investigation
– Safer drugs in the pipeline
– Development of effective and safe reversal compounds
– The optimal, cost-effective use of laboratory facilities

• Pharmacogenomics
– If it applies…

• Platelet function testing
– If we can validate a robust and easy-to-apply clinically-relevant one

• Proteomics?
– to be prospectively confirmed on clinical outcomes

• The move towards patient-centered precision medicine
– risk stratification for both bleeding and thrombosis

• Prospectively-validated tool(s)?
– Validated linkage with the selection of appropriate agents

• Drug, optimal dose, therapy duration
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