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Abstract
Bleeding has been reported in patients with chronic myeloid leukemia (CML) using tyrosine kinase inhibitors (TKIs). In this study,
we aimed to evaluate platelet functions and associated bleeding symptoms in patients with CML using TKIs. A standardized
questionnaire that was developed for inherited bleeding disorders (ISTH/SSC Bleeding Assessment Tool) was used to score
bleeding symptoms in 68 chronic phase patients with CML receiving imatinib (n ¼ 47), dasatinib (n ¼ 15), or nilotinib (n ¼ 6). Light
transmission aggregometry was used for platelet function testing. None of the patients had major bleeding (score > 3). Minor
bleeding was observed in 25.6% and 20% of the patients in imatinib and dasatinib treatment groups. Impaired/decreased platelet
aggregation was observed in 29.8% of imatinib treatment group, 50% of nilotinib group, and 40% of dasatinib group. A secondary
aggregation abnormality compatible with the release defect was observed in 26% of patients with CML; 25.5%, 33.3%, and 16.7% of
patients receiving imatinib, dasatinib, and nilotinib, respectively. No correlation was found between bleeding symptoms and the
impaired platelet function. We can conclude that TKIs may impair in vitro platelet aggregation but this impairment is not
associated with bleeding diathesis.
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Introduction
The initial, chronic phase (CP) of chronic myeloid leukemia
(CML) has a median duration of 4 to 6 years and is characterized by overproduction of immature myeloid cells and mature
granulocytes.1 Philadelphia chromosome which results from a
reciprocal translocation between the long arms of chromosome
9 and 22 [t(9;22)] is characteristic for CML. The resulting
fusion gene is BCR-ABL oncogene encoding BCR-ABL oncoprotein which leads to constitutively active tyrosine kinase
signaling inducing increased cellular proliferation and diminished apoptosis.2-4
Tyrosine kinase inhibitors (TKIs) have been developed for
CML treatment. The first generation BCR-ABL TKI, imatinib
mesylate, and the second generation TKIs, dasatinib and nilotinib, have improved the prognosis of CML dramatically.

Tyrosine kinase inhibitors are to be used life-long in the majority of patients.
Bleeding has been reported in patients with CML using
TKIs. Hemorrhage frequency was reported as 20.9% in imatinib arm of the International Randomized Study of Interferon
and STI571 (IRIS) trial, however this frequency was similar to
1

Department of Medical Biochemistry, Faculty of Medicine, Hacettepe University, Ankara, Turkey
2
Division of Hematology, Department of Internal Medicine, Faculty of Medicine, Hacettepe University, Ankara, Turkey
Corresponding Author:
Mufide Okay, Department of Hematology, Faculty of Medicine, Hacettepe
University, 06100 Ankara, Turkey.
Email: mufide.okay@hacettepe.edu.tr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access
pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

2
the control interferon-alpha plus cytarabine arm.5 Forty percent
bleeding frequency was found in patients with CML using
dasatinib.6 Bleeding may occur due to multiple mechanisms
in CML including thrombocytopenia, dysfunction of CML platelets, and TKI-related bleeding events. Hemorrhagic colitis
under dasatinib treatment is probably the most specific TKIrelated bleeding event.7 The mechanism for TKI-induced
hemorrhage is not clear. It has been suggested that TKIs can
disrupt platelet functions and cause bleeding.8 Impaired platelet aggregation was observed on dasatinib, imatinib, and bosutinib treatment groups in a previous study.8 In this study, we
aimed to evaluate bleeding symptoms and platelet functions in
patients with CML using TKIs and to find out whether there is a
correlation between them.

Materials and Methods
Patients with CP-CML on imatinib, dasatinib, or nilotinib for at
least 2 months and at least on complete hematological response
were included in this study. This study was supported by Hacettepe Research Council (Project Number: THD-2015-6345). All
patients provided informed consent in accordance with the
Declaration of Helsinki. The conduct of this study was
approved by the institutional review board at Hacettepe University (GO 15/221).
Bleeding surveys were performed on the patients by using a
questionnaire developed for type 1 von Willebrand disease
(Table 1).9 The type of the bleeding (epistaxis, minor wounds,
cutaneous symptoms, oral cavity bleeding, gastrointestinal system bleeding, muscle hematomas or hemarthrosis, tooth extraction, menorrhagia, and other), as well as frequency and severity
of the bleeding were evaluated in the questionnaire. The scores
of individual bleeding symptoms ranged between 0 and 4;
when the bleeding score was 3, it was accepted as minor
bleeding, and major bleeding when the bleeding score was >3.
Venous blood samples were collected in sodium citrated
tubes (1:9, 3.2%, Becton Dickinson, Meylan, France). Coagulation tests including prothrombin time, international normalized
ratio, activated partial thromboplastin time (aPTT), thrombin
time (TT), fibrinogen, von Willebrand factor antigen, and factor
VIII were analyzed on BCS-XP coagulation analyzer (Siemens
Healthcare Diagnostics, Erlanger, Germany). LH-780 hematology analyzer (Beckman Coulter, Havertown, Pennsylvania,
USA) was used for complete blood count testing. For platelet
function testing light transmission aggregometry (Chrono-Log,
Diagnostica Stago, Havertown, Pennsylvania) was performed.
The test was performed in the routine hemostasis laboratory
of our university hospital. Test calibrations are done periodically in this setting using healthy control samples. The
patients were warned not to take any drug (eg, nonsteroidal
anti-inflammatory agents, antithrombotic drugs, or any other
drug known to inhibit in vitro platelet functions) or substance
(eg, alcohol, garlic) with possible interference with the tests for
at least 7 days before the analyses. All tests were completed
within 4 hours of blood sampling. Platelet rich plasma was prepared by centrifuging the citrate-anticoagulated blood sample at
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170 to 200 g for 10 minutes. Autologous platelet poor plasma
was prepared by centrifugation at 1500 g for at least 15 minutes.
Platelet aggregation was triggered in vitro at 37 C by 2 and 6 mM
of adenosine diphosphate (ADP), 1 mg/mL of collagen, 1 mM of
epinephrine, and 0.6 mg/mL and 1.25 mg/mL of ristocetin under
continuous stirring.10 The aggregation percentage/time graph was
analyzed by an experienced hematologist (Y.B.). Both aggregation amplitudes and wave shapes were considered. An irreversible
aggregation wave emerging after a normal lag time and having
>70% amplitude was considered normal. A wave with a slightly
diminished amplitude (generally between 50% and 70%) but otherwise normal shape was not considered as impairment. It was
classified as decreased aggregation. Impairment meant an abnormal primary or secondary aggregation wave. An isolated prolonged lag time was classified separately. If a normal secondary
wave of aggregation did not appear with ADP, a secretion defect
was considered. If this abnormality was corrected with 6 mM
ADP, the problem was classified as release defect.

Statistical Analysis
Numerical and categorical descriptive data were presented as
median (minimum-maximum) and number (percentage),
respectively. Comparison of numerical and categorical variables between TKI groups was performed by Kruskal-Wallis
test and w2 test, respectively. The correlations of platelet dysfunction on aggregometry with presence of bleeding symptoms
and an elevated bleeding score (if present) were also evaluated
with w2 test. A P value <.05 was used as the criterion for
statistical significance. SPSS statistics version 17 (SPSS Inc.,
Chicago, Illinois) was used for statistical analyses.

Results
The Patients and Basic Hemostasis Results
Sixty-eight patients with CP-CML with a median age of 47 (1878) years receiving imatinib (n ¼ 47), dasatinib (n ¼ 15), and
nilotinib (n ¼ 6) were evaluated. Median CML duration was
115 (36-195), 122 (53-154), and 133 (85-174) months, respectively. Median durations on the respective TKI were 34
(2-147), 19 (2-66), and 13.5 (2-18) months, respectively. Platelet counts ranged between 103 000 and 456 000/mL. Prothrombin time, aPTT, and TT were minimally prolonged in 1.5%,
3%, and 1.5% of the patients, respectively. Demographical data
and basic hemostatic test results are summarized in Table 2.
There were no statistical differences between TKI groups for
any of these parameters.

Aggregation Tests
Impaired/decreased platelet aggregation was observed in 14
(29.8%) of imatinib treatment group, 3 (50%) of nilotinib
group, and 6 (40%) of dasatinib group (P ¼ .52). Aggregation
amplitudes and the ratio of an impaired/decreased platelet
aggregation with different reagents on different TKIs are summarized in Figure 1 and Table 3. Adenosine diphosphate and
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No/trivial

No/trivial

Epistaxis

Cutaneous

No/trivial

Hematuria

Acute menorrhagia requiring hospital
admission and emergency treatment or
requiring blood transfusion, replacement
therapy, desmopressin, or requiring
dilatation and curettage or endometrial
ablation or hysterectomy
Any procedure requiring critical care or
surgical intervention (eg, hysterectomy,
internal iliac artery legation, uterine artery
embolization, uterine brace sutures)

Surgical hemostasis or antifibrinolytic

Surgical hemostasis, iron therapy

Surgical hemostasis or antifibrinolytic

Requiring combined treatment with
antifibrinolytics and hormonal therapy or
present since menarche and >12 months

Consultation onlyb

Post trauma, no therapy

Never

Never

Postpartum
hemorrhage

Muscle
hematomas
Hemarthrosis

Consultation onlyb

Spontaneous, no therapy

Spontaneous, no therapy

Iron therapy or
antifibrinolytics

Requiring blood transfusion, replacement
therapy, desmopressin, or requiring
examination under anesthesia and/or the
use of uterin balloon/package to
tamponade the uterus
Spontaneous or traumatic, requiring
desmopressin or replacement therapy
Spontaneous or traumatic, requiring
desmopressin or replacement therapy
Subdural, any intervention
Surgical hemostasis, antifibrinolytics

Resuturing or packing

Abbreviations: CNS, central nervous system; GI, gastrointestinal; PBAC, pictorial blood loss assessment chart; rFVIIa, recombinant factor VIIa.
a
Distinction between 0 and 1 is of critical importance. Score 1 means that the symptom is judged as present in the patient’s history by the interviewer but does not qualify for a score 2 or more.
b
Consultation only: the patient sought medical evaluation and was either referred to a specialist or offered detailed laboratory investigation.
c
Example: 1 extraction/surgery resulting in bleeding (100%): the score to be assigned is 2; 2 extractions/surgeries, 1 resulting in bleeding (50%): the score to be assigned is 2; 3 extractions/surgeries, 1 resulting in bleeding
(33%): the score to be assigned is 2; 4 extractions/surgeries, 1 resulting in bleeding (25%): the score to be assigned is 1.
d
If already available at the time of collection.
e
Include: umbilical stump bleeding, cephalohematoma, cheek hematoma caused by sucking during breast/bottle feeding, conjunctival hemorrhage, or excessive bleeding following circumcision or venipuncture. Their
presence in infancy requires detailed investigation independently from the overall score.

Present

No/trivial or
Consultation onlyb or use of
no deliveries
syntocin or lochia > 6 weeks

Post trauma, no therapy

No/trivial

Menorrhagia

Reported in >25% of all
procedures, no
interventionc
Reported in >25%
Reported in 25% of all
of all procedures, no
procedures, no interventionc
interventionc
Time off work/school >2/
Consultation onlyb or changing
pads more frequently than every
year or requiring
2 hours or clot and flooding or
antifibrinolytics or
PBAC score>100d
hormonal or iron
therapy

Reported in 25% of all
procedures, no interventionc

No/trivial or
none done

CNS bleeding
Never
Other bleedingse No/trivial

Blood transfusion, replacement therapy or
desmopressin

Surgical hemostasis

Consultation onlyb

Spontaneous or traumatic, requiring surgical
intervention or blood transfusion
Spontaneous or traumatic, requiring surgical
intervention or blood transfusion
Intracerebral, any intervention
Blood transfusion or replacement therapy or
desmopressin

Blood transfusion, replacement therapy, or
desmopressin
Blood transfusion, replacement therapy, or
desmopressin

Extensive

Consultation onlyb

Surgical hemostasis, antifibrinolytic

Blood transfusion or replacement therapy
(use of hemostatic blood components and
rFVIIa) or desmopressin
Spontaneous hematoma requiring blood
transfusion
Blood transfusion, replacement therapy, or
desmopressin
Blood transfusion, replacement therapy or
desmopressin
Blood transfusion, replacement therapy, or
desmopressin

Packing or cauterization or antifibrinolytic

Consultation onlyb
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Score
2

Present (not associated with ulcer, Consultation onlyb
portal hypertension,
hemorrhoids, angiodysplasia)
Present (macroscopic)
Consultation onlyb

For bruises 5 or more (>1 cm) in
exposed areas
>Five/year or more than 10
minutes
Present

>Five/year or more than 10
minutes

1a

Surgery

Tooth extraction No/trivial or
none done

No/trivial

GI bleeding

Bleeding from
No/trivial
minor wounds
Oral cavity
No/trivial

0a

Symptoms

Table 1. A Questionnaire for Bleeding Score (ISTH/SSC Bleeding Assessment Tool).
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Table 2. Demographical Data and Basic Hemostatic Test Results.

Age
Gender (F/M)
Platelet (103/mL), (159-388  103/mL)
aPTT (22.8-32 sec)
INR (0.8-1.2)
vWF-Ag (50%-160%)
TT (14-21 sec)
Fibrinogen (180-350 mg/dL)
Factor VIII (70%-150%)

_Imatinib (n ¼ 47)

Dasatinib (n ¼ 15)

Nilotinib (n ¼ 6)

P

46 (18-68)
24/23
232 (103-387)
28 (20-32)
1 (0.8-1.7)
134 (66-193)
16.4 (14.6-22.1)
308.6 (192-506)
155 (81-287)

48 (34-66)
8/7
267 (147-456)
27.5 (22-33)
0.9 (0.8-1.1)
144.5 (104-196)
16.4 (10.2-20.2)
334.7 (254-506)
175.5 (129-288)

51.5 (30-59)
4/2
164 (145-353)
29.1 (24-33)
1 (0.9-1)
129 (81-177)
15.3 (14.7-17.9)
328 (263-459)
162 (82-202)

.98
.81
.37
.58
.91
.5
.22
.2
.2

Abbreviations: aPPT, activated partial thromboplastin time; INR, international normalized ratio; TT, thrombin time; vWF-Ag, von Willebrand factor antigen.

(8 cases, 17%) group (P ¼ .01). The abnormality with epinephrine was generally a prolonged lag time or diminished
aggregation amplitude. Abnormal epinephrine-induced aggregation was an isolated abnormality in 4 cases (2 nilotinib,
1 dasatinib, 1 imatinib).
When all aggregation test results were considered, a platelet
secretion defect was observed in 18 (26%) of patients with
CML; 12 (25.5%) in imatinib, 5 (33.3%) in dasatinib, and
1 (16.7%) in nilotinib group (P ¼ .71).

Bleeding Questionnaire

Figure 1. Aggregation amplitudes with different reagents on different
TKIs. Collagen and epinephrine induced aggregation amplitudes were
significantly different in dasatinib compared to imatinib and nilotinib
(P ¼ .002 and P ¼ .01). TKIs indicates tyrosine kinase inhibitors.
Table 3. The Numbers (Ratios) of Impaired/Decreased Platelet
Aggregation on Different TKI Treatments.

ADP (2 mM)
ADP (6 mM)
Epinephrine
Collagen
Ristocetin (1.25 mg/mL)
Ristocetin (0.6 mg/mL)

_Imatinib,
n ¼ 47

Dasatinib,
n ¼ 15

Nilotinib,
n¼6

P

12 (25.5%)
3 (6.4%)
8 (17%)
2 (4.2%)
2 (4.2%)
47 (100%)

5 (33.3%)
4 (26.6%)
5 (33.3%)
2 (13.3%)
0
14 (93.3%)

1 (16.6%)
1 (16.6%)
2 (33.3%)
0
0
6 (100%)

.71
.09
.01
.002
.63
.55

Abbreviations: ADP, adenosine diphosphate; TKIs, tyrosine kinase inhibitors.

ristocetin-induced aggregation results were not different
between TKI groups. But collagen-induced aggregation amplitudes were significantly lower in dasatinib compared to imatinib and nilotinib (P ¼ .002). Epinephrine-induced aggregation
results are also different between groups: impaired/decreased
epinephrine-induced aggregation was observed more frequently in dasatinib (5 cases, 33.3%) and nilotinib (2 of 5 cases,
33.3%, 1 case was not tested) groups compared to imatinib

According to survey results, bleeding symptoms were observed
only in 15 (22%) of 68 patients with CML consisting 2 epistaxis, 4 cutaneous symptoms, 2 minor wound bleeding, 2 bleeding after tooth extraction, and 5 menorrhagia. The bleeding
score was less than 3 in all of the patients and accepted as
minor bleeding.
When the relation between bleeding scores and TKI treatment was evaluated, minor bleeding was observed in 25.6%
and 20% of the patients in imatinib and dasatinib treatment
group, respectively. No bleeding was observed in nilotinib
treatment group as shown in Table 4 (P ¼ .65).

The Correlation Between Aggregation Results
and Bleeding Symptoms
There was no correlation between presence of any bleeding or
total bleeding score and platelet secretion defect or any aggregation abnormality. In the imatinib group, platelet functions
were normal in 11 (91.7%) of patients with minor bleeding.
Secretion type release defect was observed only in 1 (8.3%) of
the patients. Eleven (31.4%) of 35 imatinib patients who had no
bleeding also showed secretion type platelet dysfunction. There
was no association between the minor bleeding symptoms and
platelet function test results in the imatinib group.
In the dasatinib treatment group, platelet functions were
normal in 2 out of 3 patients with minor bleeding symptoms,
secretion type defect was observed in the remaining patient
with minor bleeding symptoms. In the group without bleeding
(n ¼ 12), 4 patients had platelet dysfunction (33%), whereas 8
(66%) have normal platelet functions. There was no association
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Table 4. Bleeding Score in the Treatment Groups.a
Bleeding Score

Imatinib
Dasatinib
Nilotinib

0

1

2

Total

35 (74.5%), (11b)
12 (80%), (4b)
6 (100%), (1b)

10 (21.3%), (0b)
2 (13.3%), (1b)
0, (0b)

2 (4.3%), (1b)
1 (6.7%), (0b)
0, (0b)

47 (100%), (12b)
15 (100%), (5b)
6 (100%), (1b)

a

There was no significant difference (P ¼ .65).
The patients with a secretion defect on platelet aggregometry.

b

between the minor bleeding symptoms and platelet function
test results in the dasatinib group, too. Platelet secretion defect
was observed in 1 patient in the nilotinib treatment group. This
patient had no bleeding symptoms at the time of aggregation
testing (Table 4).

Discussion
This is the study evaluating the correlation between TKIinduced platelet dysfunction and bleeding diathesis in patients
with CP-CML. We report that TKIs may cause inhibition of
platelet aggregation in vitro, but this is not associated with
bleeding diathesis in patients with CP-CML. The superiority
of our study is the administration of an established bleeding
survey. According to the survey results, minor bleeding symptoms were observed in 15 (22%) of 68 patients with CML.
Minor bleeding was observed in 25.6% and 20% of the patients
in imatinib and dasatinib treatment group, respectively. No
bleeding was observed in nilotinib treatment group; however,
there were a limited number of patients in this group. Secretion
type release defect was observed in 26% (18/68) of patients
with CML; 25.5% (n ¼ 12) of patients using imatinib, 33.3%
(n ¼ 5) in dasatinib group, and 16.7% (n ¼ 1) in nilotinib
group. No correlation was observed between presence of any
bleeding or total bleeding scores and platelet dysfunction in
our study.
Previously, some investigators showed impaired platelet
aggregation due to TKIs in CML. The mechanism of TKIinduced platelet dysfunction is unclear. Quintás-Cardama
et al8 tested platelet aggregation in 87 patients with CML in
CP receiving dasatinib (n ¼ 27), bosutinib (n ¼ 32), imatinib (n
¼ 19), or nilotinib (n ¼ 9). Impaired platelet aggregation on
stimulation with arachidonic acid (AA), epinephrine, or both
was observed in 70%, 85%, and 59% of patients on dasatinib,
respectively. In imatinib treatment group, 66% had impaired
AA-induced platelet aggregation. In bosutinib group, only 15%
of the patients exhibited decreased aggregation to AA or epinephrine. All patients on nilotinib therapy had normal platelet
aggregation. It is impossible to compare our results with this
study because of different patient profiles and methodological
differences in reporting of platelet function results. Their
patient cohort included some patients with no hematological
response. Some cases were receiving aspirin. Most importantly, Quintás-Cardama et al8 defined impaired platelet aggregation only by evaluating aggregation wave amplitudes.

Abnormality was defined by decreased amplitude. This
approach is not standard. All of these wave characteristics must
be considered during reporting: lag phase, maximal amplitude,
primary aggregation slope, and disaggregation.10
In 4 single-arm multicenter studies including 445 patients,
the efficacy and safety of dasatinib was tested. Common toxicities with dasatinib included myelosuppression, bleeding, and
fluid retention. Forty percent of the safety population experienced bleeding events of any type and 10% experienced grade
3 or 4 bleeding. Epistaxis was the most common event, occurring in 11% of patients, followed by gastrointestinal bleeding in
14%.6 Quintás-Cardama et al11 observed bleeding in 23% of
patients with CML under dasatinib therapy and it was much
more frequent in blastic (35%) and accelerated (31%) phase of
the disease. Basic coagulation tests were normal in 97% of
patients who developed bleeding complications. The platelet
count was < 100  109/L in 63% of the patients. Gastrointestinal bleeding was by far the most common hemorrhage (81%).
They reported that especially thrombocytopenia and advanced
phase CML were associated with increased risk of bleeding.
Significant (not all) bleeding was observed in 5.4% of nilotinib
(400 mg) versus 1.8% of imatinib group in the Evaluating
Nilotinib Efficacy and Safety in Clinical Trials–Newly Diagnosed Patients (ENESTnd) study comparing these 2 drugs in
the first-line setting.12
Chronic myeloid leukemia may be associated with bleeding
manifestations due to disease characteristics. Therefore, one
should be careful when ascribing bleeding symptoms to TKI
treatment: several studies on patients with CML before TKI era
have reported hemorrhagic manifestations (20%-40%), including gastrointestinal bleeding, probably due to platelet dysfunction, thrombocytopenia, acquired von Willebrand disease, and
peptic ulceration induced by hyperhistaminemia.13-16 Bleeding
was observed at diagnosis in 21.3% of 430 CML cases seen at a
referral center between 1981 and 1995.16 Most bleeding
patients had normal or elevated platelet counts, suggesting that
platelet dysfunction was the primary cause of hemorrhage.
Bleeding events occurred in 52% and 44% of patients in blastic
and accelerated phase CML on imatinib therapy, respectively,
including 8% and 5% gastrointestinal hemorrhage.17 Gastrointestinal bleeding is especially frequent during transformation
phases of CML. In a retrospective study which was performed
when TKIs were not available, we found highest frequency of
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gastrointestinal hemorrhage between hematologic neoplasms
in CML cases, especially during blastic phase (26%).14
In accordance with this observation, frequent gastrointestinal hemorrhage has been reported in accelerated (5%-11%)
and blastic (8%) phases CML imatinib and dasatinib studies,17,18 respectively, but not in CP CML or even Philadelphia
chromosome-positive acute lymphoblastic leukemia treated
with these agents.5,6,19
The main limitation of this study is the relatively low number of cases taking nilotinib. This factor was due to later emergence of Nilotinib in the market and reimbursement strategies
of TKIs in our country. Second generation agents cannot be
used before imatinib in this country.
In conclusion, we showed that impaired platelet aggregation
with tyrosine kinase inhibitors is just an in vitro finding without
important clinical consequences just like the platelet dysfunctions observed on different antihypertensive drugs, antidepressants, antibiotics, and so on. We had no patients who underwent
surgery during TKI treatment. To the best of knowledge, there
is no CML treatment guideline recommending stopping TKI
for any surgical/invasive intervention. We recommend continuing TKI therapy preoperatively. The diagnosis of bleeding
diathesis should be based on clinical manifestations; laboratory
findings without clinical correlation should not be considered
as clues for bleeding diathesis.
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