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Background.I

• Chronic lymphocytic leukemia (CLL) is the most common 
leukemia occurring among aged adults, who have often 
several comorbidities

• Bruton tyrosine kinase (BTK) inhibitors are effective drugs for 
the  treatment of CLL and other lymphoproliferative diseases, 
showing high response rates and  prolonged disease-free 
survival

• Ibrutinib, the first BTK inhibitor used in clinical trials for CLL 
therapy, is now approved as first line therapy in CLL with 
deletion 17p or TP53 gene mutation and in patients with 
refractory recurrent CLL



Mechanism of BTK inhibition by ibrutinib

Ibrutinib binds covalently and irreversibly to a cysteine residue 
(Cys 481) in the active site of BTK, an enzyme downstream the 
signaling of B-cell-receptors (BCR). 

(Weistner, Haematologica 2015)



Background.II

• Treatment of CLL patients with ibrutinib is associated with 
bleeding-related adverse events (61% minor bleedings, 5% 
major bleedings)

• Bleedings have been attributed to target inhibition of BTK and 
off-target inhibition of Tec in platelets. Both kinases mediate 
signalling of GpVI, GpIb and CLEC2 receptors



BTK/TEC in Platelets  

Platelets • BTK has been described in 
platelets (Quek et al. 1998; 
Laffargue et al. 1999).

• It is activated downstream 
the GPVI, GPIb-IX-V 
complex and CLEC-2

• The signalling of these
receptors is mediated by 
phosphorylation of  
phospholipase PLCγ2 by 
two kinases belonging to 
the family of  Tec protein
tyrosine kinases , BTK  and 
TEC (Atkinson BT et al. 
2003).

• Ibrutinib treatment causes



Ibrutinib inhibits both Btk and Tec

Kunapuli JBC, 2015



Ibrutinib and bleedings



Aims of the study  

• To investigate whether CLL per se causes a platelet 
dysfunction and to characterize ibrutinib-induced 
platelet dysfunction in lymphoproliferative diseases

• To characterize biomarkers for identification of patients 
at greater risk of bleeding events



Study Design
• 23 patients with CLL and 4 patients with Waldenstrom

macroglobulinemia treated with 420mg/day oral ibrutinib were 
enrolled. 

• 3 patients with CLL treated with acalabrutinib (ACP-196) 200 
mg/die were studied

• 5 patients treated with different chemio-immunotherapy protocols 
were studied as control group

• Patients under antithrombotic treatment not included in the study

• Clinical and laboratory assessment was performed at baseline and 
after 1,3,6,9,12,24 months of treatment

• The following tests were performed: 
– platelet aggregation by 2-3.3-10 ug/mL collagen , 2-4 uM ADP, 25 uM PAR1-AP, 

arachidonic acid 1 mM, ristocetin 0.6, 1.2 mg/mL
– Whole blood filtroaggregometry (PFA collagen/epinefrine and collagen/ADP)
– vonWillebrand factor antigen and ristocetin cofactor measurements



Bleedings in BTK inhibitors treated patients
ID PATIENT SEX AGE DISEASE TREATMENT NATURE OF BLEEDING

# 1 M 65 CLL Ibrutinib Bruising

# 2 M 62 CLL Ibrutinib –

# 3 M 68 CLL Ibrutinib Petechiae

# 4 F 71 CLL Ibrutinib Bruising

# 5 M 57 CLL Ibrutinib Bruising

# 6 M 75 CLL Ibrutinib Bruising

# 7 M 68 CLL Ibrutinib –

# 8 M 68 CLL Ibrutinib Gastrointestinal Bleeding

# 9 M 69 CLL Ibrutinib Petechiae

# 10 M 82 CLL Ibrutinib Bruising

# 11 M 80 CLL Ibrutinib Bruising

# 12 M 61 CLL Ibrutinib Petechiae

# 13 M 68 CLL Ibrutinib –

# 14 F 63 CLL Ibrutinib Bruising

# 15 M 75 CLL Ibrutinib Bruising

# 16 M 36 CLL Ibrutinib Bruising

# 17 M 69 CLL Ibrutinib –

# 18 F 71 CLL Ibrutinib Bruising

# 19 M 61 CLL Ibrutinib –

# 20 M 63 CLL Ibrutinib –

# 21 M 79 CLL Ibrutinib –

# 22 M 70 CLL Ibrutinib Bruising

# 23 M 57 CLL Ibrutinib Petechiae

# 24 M 65 CLL Acalabrutinib  (ACP-196) –

# 25 M 55 CLL Acalabrutinib  (ACP-196) –

# 26 M 75 CLL Acalabrutinib  (ACP-196) –

# 27 F 50 Waldenstrom Ibrutinb –

# 28 M 84 Waldenstrom Ibrutinib –

# 29 M 64 Waldenstrom Ibrutinib –

# 30 M 78 Waldenstrom Ibrutinib –
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Effect of ibrutinib on collagen induced aggregation
and bleedings
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Effect of ibrutinib on ADP induced aggregation

p <0.0001

ADP 2 M

Pre-IBR 1-3 6-9 12-24
0

50

100

150

(months of treatment)

%
 m

a
x
im

a
l 
a
g

g
re

g
a
ti

o
n

*** *** ***

**   p< 0.005

*** p< 0.0001

ADP 4 M

Pre-IBR 1-3 6-9 12-24
0

50

100

150

(months of treatment)

%
m

a
x
im

a
l 
a
g

g
re

g
a
ti

o
n

** *** ***



Effect of ibrutinib on aggregation by other agonists

PAR1-AP 25 M
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VWF RiCof
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PFA-100 Coll/EPI
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• CLL patients have mild platelet dysfunction 
characterized by reduced platelet aggregation 
by ADP 

• Under ibrutinib, the majority of CLL patients 
display specific abnormality of collagen-
induced platelet aggregation 



Is platelet dysfunction only a drug effect or there 
is a disease-related effect ?

CLL vs Waldenstrom macroglobulinemia

Stable CLL vs progressive CLL



Bleedings in BTK inhibitors treated patients
ID PATIENT SEX AGE DISEASE TREATMENT NATURE OF BLEEDING

# 1 M 65 CLL Ibrutinib Bruising

# 2 M 62 CLL Ibrutinib –

# 3 M 68 CLL Ibrutinib Petechiae

# 4 F 71 CLL Ibrutinib Bruising

# 5 M 57 CLL Ibrutinib Bruising

# 6 M 75 CLL Ibrutinib Bruising

# 7 M 68 CLL Ibrutinib –

# 8 M 68 CLL Ibrutinib Gastrointestinal Bleeding

# 9 M 69 CLL Ibrutinib Petechiae

# 10 M 82 CLL Ibrutinib Bruising

# 11 M 80 CLL Ibrutinib Bruising

# 12 M 61 CLL Ibrutinib Petechiae

# 13 M 68 CLL Ibrutinib –

# 14 F 63 CLL Ibrutinib Bruising

# 15 M 75 CLL Ibrutinib Bruising

# 16 M 36 CLL Ibrutinib Bruising

# 17 M 69 CLL Ibrutinib –

# 18 F 71 CLL Ibrutinib Bruising

# 19 M 61 CLL Ibrutinib –

# 20 M 63 CLL Ibrutinib –

# 21 M 79 CLL Ibrutinib –

# 22 M 70 CLL Ibrutinib Bruising

# 23 M 57 CLL Ibrutinib Petechiae

# 24 M 65 CLL Acalabrutinib  (ACP-196) –

# 25 M 55 CLL Acalabrutinib  (ACP-196) –

# 26 M 75 CLL Acalabrutinib  (ACP-196) –

# 27 F 50 Waldenstrom Ibrutinb –

# 28 M 84 Waldenstrom Ibrutinib –

# 29 M 64 Waldenstrom Ibrutinib –

# 30 M 78 Waldenstrom Ibrutinib –
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Stable vs progressive CLL (pre –therapy)

ADP 2 uM
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Plasma vonWillebrand levels 
Stable vs progressive CLL

VWF Antigen
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Acalabrutinib

Acalabrutinib, which specifically inhibits Btk
without affecting Tec and other SFKs, causes 
about 12% of mild-moderate bleedings

Is the collagen related platelet function less 
affected by acalabrutinib? 





Bleedings in BTK inhibitors treated patients
ID PATIENT SEX AGE DISEASE TREATMENT NATURE OF BLEEDING

# 1 M 65 CLL Ibrutinib Bruising

# 2 M 62 CLL Ibrutinib –

# 3 M 68 CLL Ibrutinib Petechiae

# 4 F 71 CLL Ibrutinib Bruising

# 5 M 57 CLL Ibrutinib Bruising

# 6 M 75 CLL Ibrutinib Bruising

# 7 M 68 CLL Ibrutinib –

# 8 M 68 CLL Ibrutinib Gastrointestinal Bleeding

# 9 M 69 CLL Ibrutinib Petechiae

# 10 M 82 CLL Ibrutinib Bruising

# 11 M 80 CLL Ibrutinib Bruising

# 12 M 61 CLL Ibrutinib Petechiae

# 13 M 68 CLL Ibrutinib –

# 14 F 63 CLL Ibrutinib Bruising

# 15 M 75 CLL Ibrutinib Bruising

# 16 M 36 CLL Ibrutinib Bruising

# 17 M 69 CLL Ibrutinib –

# 18 F 71 CLL Ibrutinib Bruising

# 19 M 61 CLL Ibrutinib –

# 20 M 63 CLL Ibrutinib –

# 21 M 79 CLL Ibrutinib –

# 22 M 70 CLL Ibrutinib Bruising

# 23 M 57 CLL Ibrutinib Petechiae

# 24 M 65 CLL Acalabrutinib  (ACP-196) –

# 25 M 55 CLL Acalabrutinib  (ACP-196) –

# 26 M 75 CLL Acalabrutinib  (ACP-196) –

# 27 F 50 Waldenstrom Ibrutinb –

# 28 M 84 Waldenstrom Ibrutinib –

# 29 M 64 Waldenstrom Ibrutinib –

# 30 M 78 Waldenstrom Ibrutinib –



Effect of Ibrutinib vs Acalabrutinib (ACP-196) vs
Immuno/Chemotherapy
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Are there biomarkers correlated to the 
bleedings?  
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Collagen 3.3 g/ml
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PFA-100 Coll/EPI
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Conclusions.I

• Large majority of ibrutinib treated CLL patients display 
severe inhibition of collagen induced platelet aggregation

• About 60-65 % of IBR treated CLL patients have mild-
moderate bleedings

• The defect of platelet function does not correlate with 
the bleedings



Conclusions.II

• CLL patients display also disease-related platelet 
dysfunction, which seems correlated to the severity of 
the disease

• CLL patients display increased levels of plasma VWF 
(inflammation/endothelial dysfunction?) which are 
rapidly reversed by ibrutinib treatment

• A combination of CLL/lymphocytosis related factors, 
reduction of plasma VWF, ibrutinib-related platelet 
dysfunction might contribute to the occurrence of 
bleedings in CLL patients



Conclusion.III

• Acalabrutinib is associated with less bleedings and 
with reduced platelet dysfunction

• In the future, acalabrutinib might become the drug 
of choice in patients with comorbidities requiring 
antithrombotic treatments   


