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Platelet Function in Patients with Chronic Myeloid Leukemia Treated with Asciminib
Chronic myeloid leukemia (CML) is caused by the translocation between chromosomes 9 and 22 [1] resulting in the constitutional activation of the tyrosine kinase domain of the oncogenic BCR-ABL1 protein [2]. Currently licensed tyrosine kinase inhibitors (TKIs) inhibit kinase activity by competing with ATP for its binding site [3] and their use has revolutionized the management of CML patients allowing their survival to approach that of the normal population [4]. In addition to inhibiting BCR-ABL1 activity, imatinib inhibits receptor tyrosine kinases for platelet-derived growth factor (PDGF), and c-Kit; dasatinib inhibits Src family kinases, c-Kit, ephrin (EPH) receptor kinases, and PDGFβ receptor; nilotinib inhibits PDGF, KIT and EPH receptor kinases; bosutinib inhibits Src family kinases and minimally inhibits PDGF receptor and c-Kit; and ponatinib inhibits RET, FLT3, KIT and members of the fibroblast growth factor receptor, PDGF receptor, and vascular endothelial growth factor receptor families of kinases [5]. Asciminib (ABL-001) is the first allosteric TKI that inhibits BCR-ABL1 through binding to its myristate pocket [6]. In current clinical practice, the asciminib dose for patients harboring the T315I mutation is 200 mg BD, and 40 mg BD for all others.
Platelet dysfunction has been shown with non-specific ATP-competitive TKIs [7-9], especially dasatinib [10-12], using light transmittance aggregometry (LTA), PFA-100, and flow cytometric analyses of coated-platelets, as well as manifesting clinically with bleeding. Although the underlying mechanism is not fully understood, inhibition of platelet immunoreceptor tyrosine-based activation motif (ITAM) signaling, inhibition of LYN and FYN (members of the Src family kinases), and inhibition of platelet aggregation have been proposed [7, 13]. This off-target side effect is not expected with asciminib based on its mode of action. Reassuringly, in the phase 1 dose-escalation study of asciminib in patients with CML resistant/intolerant to ATP-competitive TKIs,  bleeding was not encountered as an adverse event [14].
PFA-100 is a bench-top instrument that mimics in-vivo high shear stress to provide a simple and quick global test of platelet function using a small volume of whole blood. As such, it is affected by a number of factors including platelet number, hematocrit, drug and dietary effects, platelet receptor defects, von Willebrand factor defects, release and granular defects, and is therefore not specific for a particular disorder [15]. 
Herein, we show that asciminib has minimal effect on platelet function using PFA-100 analysis in 8 consecutively treated patients with chronic phase CML. The rather small sample size (n = 8) is due to the fact that, apart from clinical trials, asciminib is currently available in the UK under compassionate patient-named basis only. 
All included patients had platelet counts within the normal range and none of the patients were receiving any medication known to affect platelet function. The median duration of asciminib therapy was 136.5 days (range: 54-217). Three patients were receiving asciminib 40 mg BD, and the remaining 5 were receiving a reduced therapeutic dose of 40 mg daily for tolerance (main side effects reported were fatigue and musculoskeletal pain).  Repeat PFA-100 for patients 1 and 8, as they were receiving the smallest and largest asciminib doses, respectively, showed good reproducibility (data not shown). One patient (patient 2) showed minimal prolongation in collagen/ADP closure time, but not in collagen/epinephrine; 2 patients (patients 6 and 7) showed minimal prolongation in collagen/epinephrine closure time, but not in collagen/ADP (Table 1). The ISTH-SSC bleeding score for all patients was zero . Interestingly, patient 7 who had the most prolonged collagen/epinephrine closure time underwent hysteroscopy under general anesthesia and excision of an endocervical polyp with no excessive bleeding. Prolongation in PFA closure times of this degree is seldom of clinical significance.
Table 1 near here.
Unlike asciminib in our study, dasatinib resulted in significant prolongation of collagen/epinephrine closure time in the study by Quintas-Cardama et al.  [7]. Similarly, prolonged collagen/epinephrine and collagen/ADP closure times were found in a patient receiving dasatinib, which was thought to precipitate gastrointestinal bleeding [10]. 
Likewise, prolonged collagen/epinephrine and collagen/ADP closure times were noted in 5 patients with CML receiving ponatinib [8]. 
It is worth highlighting that in the study by Sener et al a poor correlation was found between bleeding diathesis as quantified by the ISTH- SSC bleeding score and platelet function assessed by LTA [9]. Despite the different modality used to assess platelet function in our cohort, no excessive bleeding was observed in patient 7 intra and post operatively in spite of the prolonged collagen/epinephrine time.
In  conclusion, treatment with therapeutic doses of asciminib has minimal effect on platelet function as assessed by PFA-100, unlike with the other non-specific ATP-competitive TKIs, in particular ponatinib and dasatinib. This may be of clinical benefit to a proportion of patients undergoing therapy for CML, with regard to TKI selection as well as management of hemostatic challenges, after confirmation of our findings using other modalities for platelet function assessment as LTA. 
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