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Abstract

Background and objective: Bleeding and thrombosis are major causes of morbidity
and mortality in patients with acute leukemia (AL); they are attributed to hemostatic
derangement and coagulation defects that are associated with leukemia. There is a paucity
of information regarding coagulopathy in AL patients in our locality; this study, therefore,
was employed to evaluate hemostatic parameters in patients with AL at the time of
presentation.

Methods: This prospective cross-sectional study included 84 newly diagnosed patients
with AL. The study was carried out at Nanakali hemato-oncology center from September
2021 to May 2022. Patients were assessed for coagulation parameters including
prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen level
(FBG), D-dimer (D-Di), antithrombin (AT), protein C (PC), and protein S (PS).

Results: The median age of the studied patients was 26 years with a male to female
ratio of 1.1:1. Acute myeloid leukemia (AML) patients constitutes 51.2% (43 patients),
and the remaining 41 (48.8%) patients had acute lymphoblastic leukemia (ALL). PT was
significantly prolonged, D-Di was significantly higher and AT, and PC were significantly
decreased in AML compared to control groups. Only D-Di level was significantly higher in
ALL compared to control groups. Bleeding manifestations were encountered in 40 (47.6%)
patients with a higher incidence among the AML group (28 patients, 70%). Thrombosis
occurred in 2 (2.4%) patients.

Conclusion: Defects of coagulation were common in AL. Hemostatic derangement
and bleeding at the time of presentation were more noticeable in patients with AML.
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Introduction

AL is a diverse entity of blood malignancies
that results from the accumulation of
immature precursor cells in the bone
marrow and the peripheral blood. AML and
ALL are the main types of AL."Adults are
more likely to get AML, while children are
more likely to develop ALL.’The incidence
of leukemia in Irag has increased from
3.24/100,000 in 2000 to 4.37/100,000 in
2016.°

Advances in the management of various
types of AL have turned these lethal
malignancies into potentially curable ones.

However, both thrombosis and
hemorrhage, as overt manifestations of
underlying coagulopathy, continue to
cause considerable deaths in patients with
AL.*Coagulopathy is quite common in AL,
and its pathogenesis is complex and
incompletely understood. Tissue factor
molecules are over-expressed on the
surface of leukemic cells in all types
of AL. Production of cancer procoagulant,
a cysteine protease that directly activates
factor X, by the leukemic cells is universal
in leukemias. Other unique mechanisms
for coagulopathy include the expression of

1 Unit of Hematopathology, Nanakali Hemato-oncology Hospital, Erbil, Iraq.
2 pepartment of Basic Sciences, College of Medicine, Hawler Medical University, Erbil, Iraq.

Correspondence: dr_sara812@yahoo.com

Copyright (c) The Author(s) 2022. Open Access. This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0

International License.



https://doi.org/10.15218/zjms.2023.019
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Early hemostatic derangements in patients with de novo ...
doi.org/10.15218/zjms.2023.019

https:

Zanco J Med Sci, Vol. 27, No. (2), August 2023

annexin I, a cell receptor that activates
tissue plasminogen activator. Levels of
urokinase plasminogen activator have
also been found to be increased.
Decreased levels of plasminogen activator
inhibitor-1and thrombin activatable
fibrinolytic inhibitor may explain the
hyperfibrinolysis that is associated with
some types of AL.>®

Hemorrhage predominates in acute
promyelocytic leukemia (APL) while also
thrombosis may occur, though thrombosis
is more common in patients with ALL.
Alterations in the level of naturally occur-
ring anticoagulants like PC, PS, and AT
have also been studied as factors that
may increase the thrombotic tendency
especially, in patients with ALL.*’

To the best of our knowledge, no studies
have addressed the issues of coagulopathy
in patients with AL at the time of
presentation in our locality. This study,
therefore, was carried out to evaluate
the coagulation markers in patients with
different AL subtypes, and to detect the
incidence of bleeding and thrombotic
events at presentation, as some of these
patients may require early intervention with
supportive or specific therapies that might
help in reducing morbidity and mortality
associated with these complications.

Methods
This prospective cross-sectional
comparative study was carried out

from September 2021 to May 2022 at
Nanakali hemato-oncology center, Erbil,
Iragi Kurdistan. A total of 84 consecutive
newly diagnosed patients with de novo AL
of all ages were enrolled in this study,
together with 50 apparently healthy control
subjects after obtaining written consent.
The diagnosis of AL was based on clinical
and morphological findings of peripheral
blood, bone marrow (BM) aspirates and
biopsies. Confirmation and classification
of AL were done based on the
immunophenotypic characteristics using
BD flowcytometry (BD FACSymphony™
A1 Cell Analyzer, New Jersey, USA).

Cases with bleeding tendency or
thrombophilia, those with organ failure,
patients on anticoagulants, patients who
received supportive or definite therapy, and
pregnant ladies were excluded from this
study.

Patients were fully examined, and
comprehensive clinical and lab data were
recorded. Bleedings were graded as per
the WHO grading system.® Early death
was defined as death within 30 days of
diagnosis. PT, APTT, and FBG were
performed using Stagocoagulometer (STA
Compact, France). Plasma D-Di level
and AT were measured as per the
manufacturers  kits and instructions
(Roche, Hitachi Cobas 6000 analyzer). PC
and PS were performed by ELISA based
method using (Aesku Diagnostics GmbH,
Wendelsheim, Germany).

Statistical analysis was performed using
the Statistical Package for the Social
Sciences (SPSS version 25). Numerical
variables were expressed as median
(and range) and mean (SD). Comparison
between two groups was done by
Mann-Whitney U test and between more
than two groups by Kruskal-Wallis test
with post hoc Bonferroni adjustment.
Categorical variables were expressed as
frequencies (percentages). Chi-square test
and Fisher's exact test were used to
compare categorical variables. A P-value
of <0.05 was considered statistically
significant.

Results

Eighty-four patients with de novo AL
were included in this study, of whom 44
(52.4%) were male. The control group
consisted of 50 healthy individuals, age
and gender-matched, apparently healthy
individuals of whom 29 (58%) were male.
The mean (SD) age of the patients and
controls were 30.68 (23.4) and 31 (19.5)
years, respectively. Details of the
demographic data are shown in Table 1.
Table 2 shows the hematologic and
coagulation parameters of the AML and
ALL patients.
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Table 1 Characteristics of patients and control groups

Variables Patients Control P
Age (years) Mean (SD) 30.68 (23.4) 31.54 (19.5) 0.749*
Median (Range) 26 (0.1-81) 30 (0.9-72)
BMI (Kg/m?) Mean (SD) 23.82 (5.48) 23.21 (3.95) 0.511*
Median (Range) 25.5 (14-41) 25 (15.2-27)
Gender Male No. (%) 44 (52.4) 29 (58)
0.528**
Female No. (%) 40 (47.6) 21 (42)
* By Mann-Whitney U Test. ** By Chi-square test.
Table 2 Lab parameters of AML and ALL patients
Lab parameters AML ALL
Mean (SD) Median (range) Mean (SD) Median (range)
Hematological parameters
Hb (g/dl) 8.16 (1.8) 7.8 (4.9-13.2) 9.23 (2.30) 8.9 (3.7-15.1)
WBC (x10%L) 52.8 (78.8) 14.3 (1.6-360) 41.2 (73.6) 16.8 (0.4-376)
Platelet (x10°%L) 58.7 (54.8) 42.0 (6-268) 73.3(81.8) 53.0 (23-98)
Blast in PB (%) 46.6 (31.8) 48.0 (0-98) 53.0 (31.5) 60.0 (0-94)
Blast in BM (%) 67.2 (22.8) 80.0 (20-96) 82.7 (13.7) 90.0 (23-98)
ESR (mm/hr) 70.16 (35.5) 56.0 (20-150) 58.41 (33.3) 50.0 (3-155)
Coagulation markers
PT (sec.) 18.14 (4.43) 17.8 (10.1-33) 14.12 (2.37) 13.9 (10.4-21.9)
APTT (sec.) 32.98 (8.30) 30.0 (20.9-54.0) 30.77 (5.33) 30 (21.9-44.4)
FBG (g/l) 2.44 (1.47) 2.14 (0.40-7.20) 2.63 (1.21) 2.44 (0.50-5.96)
D-Di (ug/ml) 11.15 (12.5) 7.4 (0.16-59.82) 6.96 (12.5) 3.38 (0.19-73.0)
PC (%) 75.43 (34.47) 68.0 (14.5-162) 123.3 (60.1) 119.0 (24.0-272)
PS (%) 75.15 (29.93) 73.7 (19.1-146.1) 81.86 (35.1) 70.0 (20.1-173)
AT (%) 86.92 (20.65) 90.0 (20.0-130.0) 106.2 (21.8) 110.0 (59-147.4)

Biochemical parameters
CRP (mg/l) 30.89 (19.5)

S.LDH (U/L) 964.3 (823)

32.0 (2.84-78)
716 (207-4781)

21.68 (23.98)
1547 (2867)

10.0 (1.40-102)
746 (212-15207)
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Table 3 shows the hemostatic parameters  followed by raised D-Di level that found
in AL patients. The predominant in 73 (86.9%) patients, and prolonged
abnormality was thrombocytopenia which APTT and hypofibrinogenemia were the
was encountered in 76 (90.5%) patients, least detected in 18 (21.4%) patients each.

Table 3 Hemostatic parameters in AL

Parameters AML ALL Total
APL Non-APL B-ALL T-ALL

No. (%) No. (%) No. (%) No. (%) No. (%)
Platelet count (x10°/L)
Normal (=150) 0(0.0) 4(11.1) 4 (87.5) 0 (0.0) 8 (9.5)
Decreased (150) 7 (100.0) 32 (88.9) 28 (12.5) 9 (100.0) 76 (90.5)
PT (sec)
Normal (£14) 0 (0.0) 7(19.4) 20 (62.5) 3(33.3) 30 (35.7)
Prolonged (>14) 7 (100.0) 29 (80.6) 12 (37.5) 6 (66.7) 54 (64.3)
APTT (sec)
Normal (<36) 5(71.4) 26 (72.2) 28 (87.5) 7 (77.8) 66 (78.6)
Prolonged (>36) 2 (28.6) 10 (27.8) 4 (12.5) 2(22.2) 18 (21.4)
FBG (g/l)
Normal (=1.5) 2 (28.6) 30 (83.3) 28 (87.5) 6 (66.7) 66 (78.6)
Decreased 5(71.4) 6 (16.7) 4 (12.5) 3(33.3) 18 (21.4)
(<1.5)
D-Di (png/ml)
Normal (<0.5) 0(0.0) 3(8.3) 7 (21.9) 1(11.1) 11 (13.1)
Increased (20.5) 7 (100) 33 (91.7) 25 (78.1) 8 (88.9) 73 (86.9)
PC (%)
Normal (=70) 4 (57.1) 16 (44.4) 28 (87.5) 7(77.8) 55 (65.5)
Decreased <70 3 (42.9) 20 (55.6) 4 (12.5) 2(22.2) 29 (34.5)
PS (%)
Normal (=60) 6 (85.7) 22 (38.9) 27 (84.4) 5 (55.6) 60 (71.4)
Decreased (<60) 1(14.3) 14 (61.1) 5(15.6) 4 (44.4) 24 (28.6)
AT (%)
Normal (280) 7 (100.0) 21 (58.3) 25(78.1) 9 (100.0) 62 (73.8)
Decreased (<80) 0 (0.0) 15 (41.7) 7 (21.9) 0 (0.0) 22 (26.2)
Total 7 (100.0) 36 (100.0) 32(100.0) 9 (100.0) 84 (100.0)

170


https://doi.org/10.15218/zjms.2023.019

Early hemostatic derangements in patients with de novo ...
doi.org/10.15218/zjms.2023.019

https:

Zanco J Med Sci, Vol. 27, No. (2), August 2023

Table 4 shows the comparison of the
coagulation parameters between the AML,
ALL patients, and the control groups. There
was a statistically significant difference in
PT between AML and ALL and the
AML and control groups. The D-Di was

PC and AT levels were significantly lower
in the AML patients compared to the ALL
and control groups (P = 0.001); however,
PC and AT levels were not significantly
different when the ALL group was
compared to the control group. PS did not

show a significant difference among the
three groups.

significantly higher in the AML and ALL
patients compared to the control group.

Table 4 Comparison of coagulation markers between AML, ALL patients, and
controls

Group Mean SD p (KW) Groups p (post hoc)
PT (sec) A) AML 18.14 4.43 AxB < 0.001
B) ALL 14.12 2.37 AxC < 0.001
C) Control 13.36 1.03 < 0.001 BxC 0.738
APTT (sec) A) AML 32.98 8.30 NA NA
B) ALL 30.77 5.33
C) Control 31.82 2.69 0.215
FBG (g/l) A) AML 244 1.47 NA NA
B) ALL 2.63 1.21
C) Control 2.50 0.84 0.412
D-Di (pg/ml)  A) AML 11.15 12.49 AxB 0.266
B) ALL 6.98 12.63 AxC < 0.001
C) Control 0.20 0.15 < 0.001 BxC < 0.001
PC (%) A) AML 75.43 34.47 AxB < 0.001
B) ALL 123.34  60.12 AxC < 0.001
C) Control 120.9 415 < 0.001 BxC 1.000
PS (%) A) AML 75.15 29.93 NA NA
B) ALL 81.86 35.07
C) Control 79.4 15.55 0.463
AT (%) A) AML 86.92 20.65 AxB < 0.001
B) ALL 106.02  21.83 AxC < 0.001
C) Control 108.85  13.18 < 0.001 BxC 1.000

NA: Multiple comparisons are not performed by the SPSS because the overall test does not show
significant differences across samples. KW: Kruskal-Wallis H test.
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Table 5 demonstrates the comparison of
the coagulation markers between leukemic
subtypes, APL and non-APL AML patients
and B-ALL and T-ALL patients. FBG was
significantly lower, and PS and AT were
significantly  higher in APL patients
compared to non-APL AMLs patients.
The comparison between B-ALL and T-ALL
revealed that only PT and INR differ
significantly between the two groups, the
remaining parameters did not show any
statistically significant differences.

Bleeding events occurred in 40 (47.6%)
patients, 28 had AML and 12 had ALL.
Concerning grading, grade 4 was recorded
only in APL patients, while grade 3 was
observed in APL and non-APL patients.
Grade 2 occurred in all the subtypes as it

is illustrated in Figure 1.

Two AL cases (2.4%) had thrombotic
events at the time of presentation. The first
case was a non-APL case with deep vein
thrombosis and pulmonary embolism, the
second case was a B-ALL with deep vein
thrombosis. Both cases had normal PT and
APTT with thrombocytopenia and elevated
D-Di. They had normal PC, PS, and
AT levels. Thrombophilia molecular study
showed 3 mutations, MTR 2756, PAI
4G/5G, and Beta-Fibrinogen 455 G>A
in the first case and 2 mutations,
Angiotensin-Converting Enzyme (ACE)
287 bp insertion/deletion (I/D), Human
Platelet Antigen 1 (HPA 1; GP 111a) L33P
(1a/1b) in the second case.

Table 5 Comparison of coagulation markers between APL and non-APL patients
within AML group and between B-ALL and T-ALL patients within ALL group

Markers AML ALL
APL Non-APL P* B-ALL T-ALL P*
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
PT (sec) 20.99 (6.3) 17.59 (3.8) 0.130 13.75 (2.2) 15.46 (2.7) 0.049
APTT (sec) 34.63 (11.8) 32.66 (7.6) 0.948 30.96 (5.3) 30.09 (5.6) 0.741
FBG (g/l) 1.88 (2.0) 2.55(1.4) 0.018 2.61(1.1) 2.73 (1.6) 0.975
D-Di (ug/ml) 9.47 (2.7) 11.47 (13.6) 0.340 7.67 (14.2) 4.53 (3.0) 0.659
PC (%) 74.69 (23.4) 75.57 (36.5) 0.717 125.95 (62.3) 114.06 (53.9) 0.862
PS (%) 102.46 (27.3) 69.84 (27.7) 0.012 86.89 (35.2) 63.96 (29.6) 0.108
AT (%) 102.10 (11.2)  83.97 (20.9) 0.012 105.96 (23.4) 106.21 (15.9) 0.682
* By Mann-Whitney U Test.
P <0.001
120 H Grade 4
100 Grade 3
g 80 - 82 ? - m Grade 2
E” o o Grade 1
E 22 77.8 Grade 0
& . 69
20 41.7
0
APL Non-APL B-ALL T-ALL
AL subtypes

Figure 1 Grading of bleeding among subtypes of AL
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Discussion

Despite advances in AL treatment that
have enhanced survival rates, AL remains
a grave disease. The rate of early mortality
is still high and unchanged; this is mostly
owing to early hemorrhage and, to a lesser

extent, thrombosis, which characterize
this disease. These, in turn, represent
the distinct and complex underlying

coagulopathy that manifests early in the
course of AL.* This study investigated
several coagulation parameters in AL
patients at early presentation prior to
starting specific or supportive therapy.

Our study cohort consisted of 84 patients
with de novo AL and a comparable group
of 50 unrelated apparently healthy, age and
gender matched, control subjects. In the
current study, the median patients age was
26 years, with a range of 0.1 to 81 years,
which was lower than what has been
reported by other studies.®'® Approximately
two-thirds of the cases were > 15 years.
Males were slightly more than females,
and this was comparable to the local
studies.’®' This male predominance
appears to be a universal character across
the five continents.™ In our cohort, ALL was
almost as common as AML, and this
goes with some international and local
studies.”' Non-APL AML was the
commonest subtype (42.9%). APL, which
is a specific subtype of AML, constituted
about 8% of all patients. In addition, B-ALL
and T-ALL constituted 38% and 10% of the
patients, respectively. Similar proportions
were reported in a cohort of 282 Iragis with
ALL where B-ALL predominated.

We detected variable derangements of
coagulation markers in our AL patients at
the time of presentation. The main findings
go in line with those found by many studies
worldwide. PT was prolonged in 54 (64.3%)
patients, D-Di was raised in 73 (86.9%),
APTT was prolonged and FBG was
reduced in 18 patients (21.4%) each.
Thrombocytopenia (<150 x10%L) was
found in 76 (90.5%) patients.

The  pathophysiology of hemostatic
derangements in AL is complex and

multifactorial. The proteins expressed by
the leukemic cells acting as procoagulants,
the cytokines production by them, the
endothelial disruption, the protease activity,
and primary and secondary fibrinolysis in
specific subtypes of AL all together play
variable roles.*The APTT was prolonged
and FBG decreased relatively in a few
proportions of patients; however, these
findings were due to consumptions of
clotting factors in these patients but the
fact that should be emphasized here is
that FVIIl and FBG are positive acute
phase reactants and they often require
more time in AL patients before they
begin to decline.” Different studies
reported variable rates of derangement
in coagulation and fibrinolytic markers
and platelet counts. The similarities and
disparities in these results may be
explained by the differences in the
characteristics of the studied cohorts
including leukemic subtype, age, and
gender.'®"?

Nearly one third of the current AL patients
had reduced levels of natural coagulation
inhibitors; PC in 34.5%, PS in 28.6%, and
AT in 26.2% of the patients. The reduction
in PC and PS could be attributed to
the cytokine release in AL and the
systemic inflammation which leads to
the down regulation of thrombomodulin
and consequently lowering the PC and
PS.®

We found significant prolongation of PT in
AML patients compared to ALL patients;
however, D-Di levels did not differ
significantly in the two groups. PC levels
were significantly lower in AML patients
compared to ALL patients and controls.
AML cases had maximum derangements
in hemostatic marker, this is quite similar
to other studies.? These findings support
the notion that coagulopathy in AL is
somewhat type and subtype dependent.
Within the AML group, we found significant
hypofibrinogenemia in APL patients
compared to non-APLAML (P = 0.018).
Non-APL cases had significantly higher
D-Di levels and lower AT levels; these

173


https://doi.org/10.15218/zjms.2023.019

Early hemostatic derangements in patients with de novo ...
10.15218/2zjms.2023.019

https://doi.or

Zanco J Med Sci, Vol. 27, No. (2), August 2023

findings were in agreement with other
studies.??

In the enrolled AL patients, bleeding
occurred in 40 (47.6%) patients, of whom
more than two-thirds had AML (28 patients,
70%). The distribution of bleeding
among AL subtypes revealed that highest
proportion of bleeding diathesis occurred in
non-APL (21 patients, 52.5%), followed by
B-ALL (10 patients, 25%). Local studies
reported similar bleeding incidences in
ALL.% Though, the incidence of bleeding in
our AML cases was 65.1% which is higher
than what was reported in a study done in
Sulaymaniyah, other studies revealed
lower incidences of bleeding.'®?*2°

These variations may be due to the fact
that most of the studies were retrospective
and bleeding incidents might have not
been appropriately recorded. However,
the higher incidence of bleeding in AML
compared to ALL is mostly due to the
biological nature of myeloblasts expressing
more fibrinolytic activity than lymphoblasts.*
In our AL patients, bleedings were
predominantly of grades 1 and 2; bleedings
of grades 3 and 4 were observed among
AML cases with the latter only detected in
APL patients and found in 14% of them.
The incidence of bleeding in APL was
100%, this was dissimilar to a study
conducted in China which reported
bleeding events in 46.6% of patients.®
Kim et al®®and Chang et al*’ found much
lower bleeding rates among their cohorts,
26% and 22.4%, respectively. This could
be attributed to the fact that our study
included relatively fewer cases of APL than
other studies that particularly studied the
APL subtype; therefore, the findings of our
study cannot draw a definite conclusion.

In the current cohort, only two AL patients
(2.4%) have had venous thrombosis at
presentation. This rate keeps with the very
wide range for thrombosis in AL reported in
the literature ranging from 1.1-36.7% for
ALL and 3.2-9.6% for AML. This wide
variation in the incidence of venous
thromboembolism has been explained by
the variable diagnosis and treatment

methods of thrombosis and by different
studies.?®

Conclusion

Coagulation aberrations are common in
patients with AL at presentation,
more prominently in AML. Bleeding

manifestations were more common in AML
patients, with significantly higher rates and
severity among APL type. The rate of
thrombosis was relatively low. Larger
multicenter studies are required to better
assess coagulopathy and bleeding in
newly diagnosed AL.
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