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Abstract

Background: Disseminated Intravascular Coagulation (DIC) is a life threat-
ening complication frequently observed in acute leukemia. Among the mor-
phological varieties of Acute Myeloid Leukaemia (AML), Acute Promyelo-
cytic Leukaemia (APL) is well established to cause DIC. But there have been
reports noted that abnormal DIC parameters also commonly observed in the
patients with non-APL AML. This study evaluated the DIC parameters &
DIC score according to International Society of Thrombosis and Haemostasis
(ISTH) in newly diagnosed non-APL AML patients. Materials and Methods:
This cross-sectional observational study was conducted in the Department of
Haematology, BSMMU, Dhaka, Bangladesh. 48 newly diagnosed non-APL
AML patients were enrolled. Platelets count was measured by auto analyzer
(Sysmax XT 2000i/Pentra ABX-120DX) as well as checked manually. Proth-
rombin time, fibrinogen, D-Dimer were measured using STAGO Coagulation
analyzer. The ISTH-DIC scoring system was used to calculate DIC score. The
statistical analysis was carried out using the Statistical Package for Social
Sciences version 24.0 for Windows. Chi-Square test & Fisher exact test was
used for categorical variables. Unpaired t-test was used to compare mean be-
tween groups. For all statistical tests, p-value less than 0.05 was considered as
statistically significant. Results: By analyzing 48 newly diagnosed patients
with non-APL AML, found that DIC developed in 14.6% patients at presenta-
tion. Among the DIC parameters, PT and D-dimer were significantly higher
in patients presented with DIC. Patients with DIC exhibit lower expression of
CD117, CD34, HLA-DR and statistically significant association with negative
expression of HLA-DR (p-value 0.034). No significant association was found
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between presence of DIC and age, gender, bleeding at presentation, morpho-
logical type, WBC count or peripheral blast percentage. Conclusion: Ab-
normalities of DIC parameters in common in patients with AML. A signifi-
cant portion of patients with DIC have no apparent symptom or bleeding. So,
routine screening of DIC parameter at presentation is recommended for early
diagnosis & effective management of DIC.

Keywords

Acute Myeloblastic Leukaemia, Disseminated Intravascular Coagulation,
ISTH-DIC Scoring System

1. Introduction

Acute myeloid leukaemia (AML) is a heterogeneous disorder characterized by
clonal expansion of myeloid progenitors (blasts) in the bone marrow and peri-
pheral blood [1]. Disseminated intravascular coagulation (DIC) is a syndrome
characterized by the systemic activation of blood coagulation, which generates
intravascular thrombin and fibrin, resulting in the thrombosis of small to me-
dium-sized vessels and ultimately organ dysfunction and severe bleeding [2] [3].
Thrombohemorrhagic complications are common in patients suffering from
malignancy [4]. Clinical manifestations vary from localized deep venous throm-
bosis which frequently observed in solid tumors, to life-threatening bleeding due
to DIC with consumption of platelets & clotting factors, which is generally asso-
ciated with haematological malignancy [5]. Patients with leukaemia commonly
present with abnormal coagulation parameters, even without features of throm-
boembolism or haemorrhage. These findings demonstrate different degrees of
blood clotting activation and characterize the hypercoagulable state in these pa-
tients [6] [7]. Though DIC is frequently a presenting feature of acute promyelo-
cytic leukaemia, data regarding other forms of acute leukaemia is variable.
Disseminated intravascular coagulation has been reported in 10% to 40% of
patients at presentation in various series of patients with acute leukaemia [8].
The ISTH (International Society of Thrombosis and Haemostasis) overt DIC
score has been shown to be sensitive to DIC of infective and non-infective etiol-
ogies [9] [10]. The sensitivity of the ISTH overt DIC score is 91% with a specific-
ity of 97% [11]. A strong correlation between an increasing DIC score and mor-
tality has been demonstrated by various series of study. Several studies have con-
firmed that the presence of overt DIC by the ISTH algorithm is independently
predictive of mortality [9] [12] [13]. Libourel et al, (2016) reported the inci-
dence and risk factors for thrombosis in newly diagnosed adults with acute
myeloid leukaemia (AML) [14]. Their data suggested a thrombosis prevalence of
8.7% in younger and 10.4% in older adults with AML, patients at greater risk ex-
hibit disseminated intravascular coagulation (DIC) at diagnosis and high D-dimer

levels in particular. They establish that disseminated intravascular coagulation at
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diagnosis is a strong predictor for thrombosis in acute myeloid leukaemia. The
risk of thrombosis in those with overt DIC is over 20% in younger patients with
AML and up to 40% in older patients [14].

So, screening and evaluation of DIC parameter in newly diagnosed AML pa-
tients will be helpful to find out the pattern of DIC parameters abnormality in
AML patients, to identify patients with overt DIC early & to start treatment ac-
cordingly. This study will also be helpful to identify factors associated with the
development of DIC and to identify patients are at increased risk of developing

thrombosis.

2. Materials and Methods

This cross-sectional observational study was conducted in the Department of
Haematology, BSMMU, Dhaka, Bangladesh from September 2016 to February
2018. 48 newly diagnosed AML patients were enrolled. Patients with APL con-
firmed by morphology & molecular study were excluded from the study. Ethical
issues were addressed to every patient. Ethical clearance was obtained from in-
stitutional review board (IRB) of BSMMU. Informed written consent was taken
from the study population. For PT, D-dimer & fibrinogen assay 2.7 ml blood
was collected in tri-sodium citrate (3.8%) containing tube. After rotating the
tube at 2000 rpm for 20 min sample was put in auto analyzer STAGO Coagula-
tion analyzer (Diagnostica Stago, Asniéres, France). The STA-Liatest D-Di kit
(Diagnostica Stago) was used for quantitative determination of D-dimer in plasma
by immune-turbidimetric method. The STA-fibrinogen kit (Diagnostica Stago)
was used with STA-R analyzers for the quantitative determination of Fibrinogen
levels in plasma using the clotting method of Clauss. The STA-néoplastine Cl
Plus was used with STA-R analyzers for the determination of PT. To measure
platelets count 3 ml blood was collected in EDTA containing tube, then was put
into the auto analyzer (Sysmax XT 2000i/Pentra ABX-120DX). Platelets count
was checked manually, any discrepancy of results were retested. The ISTH-DIC
scoring system was used to calculate DIC score and a cut of value of 25 is used
for overt DIC (Table 1) [15]. The statistical analysis was carried out using the
Statistical Package for Social Sciences version 24.0 for Windows (SPSS Inc., Chi-
cago, Illinois, USA). Qualitative variables (e.g. sex, morphological varieties of
AML) of this study were expressed as percentage. Quantitative variable (e.g. age,
platelet count) were expressed as mean * standard deviation. Chi-Square test &
Fisher exact-test were used for categorical variables. Unpaired t-test was used to
compare mean of two groups. For all statistical tests, p-value less than 0.05 was

considered as statistically significant.

3. Results and Discussions

Disseminated intravascular coagulation is responsible for most cases of clinically
significant bleeding or thrombosis in acute leukaemia [16]. Although more

commonly recognized in association with acute promyelocytic leukaemia, all
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Table 1. Scoring system for overt disseminated intravascular coagulation (DIC) accord-
ing to ISTH-DIC scoring system [15].

A. Risk assessment:

Does the patient have an underlying disorder known to be associated with overt DIC?
If yes: proceed

If no: do not use this algorithm

B. Order global coagulation tests:
PT, platelet count, fibrinogen, fibrin related marker

C. Score the test results
1) Platelet count (=100 x 10°/1 = 0, <100 x 10°/1 = 1, <50 x 10°/1=2)
2) Elevated fibrin marker (e.g. D-dimer, fibrin degradation products) (no increase = 0, moderate
increase = 2, strong increase = 3)
3) Prolonged PT (<35 =0,>3but<6s=1,>6s=2)
4) Fibrinogen level (>1 g/1 =0, <1 g/1=1)

D. Calculate score:
>5: compatible with overt DIC, repeat score daily
<5: suggestive for non-overt DIC, repeat next 1 - 2 d

types of acute myeloid leukaemias can trigger DIC. The mechanism by which the
malignant cells play a role in the pathogenesis of coagulopathy has not been
completely clarified, although 2 hypotheses have been proposed. The first theory
suggests that the granules of the malignant cells contain enzymes that can non-
specifically degrade proteins, including plasma coagulation factors. The second
theory focuses on the presence of tissue factor-like material in the granules of
leukaemic cells that lead to activation of the coagulation cascade when they are
released. Secretion of inflammatory cytokines by leukaemic cells, the introduc-
tion of cytotoxic chemotherapy, and concomitant infections can all produce DIC
[17]. The present study was undertaken to find out the frequency of overt DIC at
presentation and to identify clinical parameters associated with DIC.

In this study, the median age was 40 years (range, 16 - 70 years), 25 patients
(52.1%) were males and 23 (47.9%) were females (Table 2). Morphologically the
distribution was AML MO: 2 (4.8%), AML M1: 7 (16.7%), AML M2: 20 (47.6%),
AML M4: 10 (23.8%), AML M5: 2 (4.8%), and AML M6: 1 (2.4%). Patients with
acute promyelocytic leukaemia (AML M3) were excluded from the study.

ISTH (International Society of Thrombosis and Haemostasis) DIC criteria was
used, because it is more specific to diagnose overt DIC than other proposed cri-
teria and using cut off 5 in ISTH score has a sensitivity of 91% and specificity of
97% for DIC [11]. Although these criteria failed to pick up some cases of prec-
linical DIC compared with Japanese Ministry of Health and Welfare (JMHW)
criteria, they were able to identify overt DIC [3] [18].

Dixit et al, (2007) evaluated 67 patients with acute leukaemia, they showed 33
patients (49.3%) had prolonged prothrombin time, 57 patients (85%) had throm-
bocytopenia, the platelet count at presentation was less than 50 x 10°/L in 38 pa-
tients (56.7%). No patients had any abnormality of fibrinogen at presentation,
D-dimer was raised in 20 patients (29.9%) at presentation [8]. Of the 48 newly
diagnosed non-APL AML patients evaluated at presentation in present study, all
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Table 2. Distribution of study subjects by age & gender.

Age group (years) Frequency (n) Percent (%)
16 - 26 12 25.0
27 -37 9 18.8
38 -48 13 27.1
49 - 59 6 12.5
60 - 70 8 16.7
Gender
Male 25 52.1
Female 23 47.9

Table 2 shows age & gender distribution of study subjects. Maximum 27.1% patients belong to the age
range 38 - 48, followed by 25% in age range 16 - 26 years. Male was slightly predominant with a male: fe-
male ratio was 1.08.

had some form abnormality of the DIC parameters (Table 3). 18 patients (37.5%)
had prolonged prothrombin time. 40 patients (83.3%) presented with thrombo-
cytopenia defined as a platelet count of less than 100 x 10°/L and platelet count
at presentation were less than 50 x 10°/L in 25 patients (52.1%). Fibrinogen le-
vels was not found significantly low in any patients. 44 patients (91.7%) had
raised (>0.5) D-dimer and 10 patients (20.8%) had a strong rise (>4.0) of
D-dimer. The finding of this study showed concordance with Dixit et al, (2007)
except for D-dimer. Elevated D-dimer in 91% of patients that found in our study
showed similarity with the study conducted by HU et al (2016), Reddy et al
(1990) & Speiser et al. (1990) who reported elevated D-dimer in over 95%, 87.5%
and 90% respectively [19] [20] [21]. Cielinska et a/ (2000) also found elevated
D-dimer in most patients, irrespective of the type of acute leukaemia [22].

Fibrinogen level was not found to be a sensitive marker for DIC screening as
none of our study patients had significantly low fibrinogen (<100 mg/dl). This
result was in accordance with that of ISTH observations and with other re-
searchers (Nur S et al, 1995; Wada H et al, 2003) [3] [23]. However, a drop in
the value from an earlier higher level remains a possibility. The mean PT (17.48
vs 14.87) & D-dimer (5.28 vs 2.10) was higher in patients with DIC than without
DIC and reached statistical significance (p < 0.05). The mean platelet count
(32.14 vs 61.02) & fibrinogen (217.14 vs 324.93) were lower for patients with
DIC than those without DIC, but this did not reach statistical significance (p >
0.05).

Study conducted by Dixit ef al, (2007) found 40.3% of study patients & 60%
of patients with DIC had some bleeding manifestations at presentation [8]. The
present study shows concordance with that result as 19 patients (39.6%) of study
population & 57% of patients with DIC had bleeding at presentation. 72% of pa-
tients with platelets less than 50 x 10°/L had bleeding. Bleeding was found to be
significantly related to thrombocytopenia (p-value < 0.001), rather than DIC
status (p-value 0.412).
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Table 3. Characteristic of DIC parameters of study subjects.

Parameter Value Frequency (%)
>100 8 (16.7%)
Platelets (x10°/L)
<100 40 (83.3%)
Normal 30 (62.5%)
PT (s)
Raised 18 (37.5%)
Normal 4 (8.3%)
D-dimer (pg/ml)
Raised 44 (91.7%)
>100 48 (100%)
Fibrinogen (mg/dl)
<100 0 (0%)
<5 41 (85.6%)
ISTH-DIC Score
>5 7 (14.6%)

Table 3 shows characteristics of DIC parameters of study subjects at presentation. The predominant ab-
normality was raised D-dimer (91.7%), followed by thrombocytopenia (83.3%) & raised PT (37.5%). None
had hypofibrinogenemia. DIC (ISTH-DIC score > 5) was diagnosed in 14.6% of patients. PT: Prothrombin
time, ISTH: International society of thrombosis and haemostasis.

The incidence of DIC in present study was 14.6% (Figure 1). These results
show an incidence of DIC that is similar to that found by other authors [8] [24].
Patients were classified into DIC (n = 7) and Non-DIC (n = 41) groups. Uchiumi
et al, (2007) found significant differences between the 2 groups (DIC & non-DIC)
regarding WBC counts, fibrinogen, prothrombin time ratio (INR), FDP levels
and blast percentages in the bone marrow [24]. Present study found only PT and
D-dimer were significantly higher in patients presented with DIC (Table 4). No
significant correlation was found between DIC status and platelets count, fibri-
nogen levels, WBC counts, peripheral blast percentage. Also no significant asso-
ciation was found in respect of age, sex, bleeding at presentation.

DIC is a devastating complication of acute leukaemia, and early therapeutic
intervention for DIC is warranted [25]. Therefore, efforts to identify the clinical
parameters associated with DIC are important. Uchiumi H. et al (2007) at-
tempted to find out the relationship between DIC and the immune phenotypes
of leukaemic cells [24]. A clinically important and novel finding of that study
was the negative expressions of CD13 and HLA-DR were found as independent
risk factors for DIC. Negative expression of HLA-DR turned out to be one such
factor of present study. Flow cytometric evaluation done on 33 immunopheno-
typing reports available patients showed lower expression of CD117, CD34,
HLA-DR in patients presented with DIC (Figure 2) and statistically significant
(p-value 0.034) negative expression of HLA-DR in DIC group (Table 5).

Approximately 10 to 20 percent of all cases of AML do not express HLA-DR
antigens, and half of them were diagnosed to have APL [26] [27]. Leukaemic
cells of APL are generally negative for HLA-DR. Of the 9 patients with negative
HLA-DR that found in this study, DIC developed in 4 (44%) patients with a rel-
ative risk of 5.34%. Therefore, we ruled out APL for these patients by morphology
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Table 4. Comparison
groups.

of clinical & laboratory characteristics between DIC & non-DIC

Age (years)
Sex (%)
Male

Female

Bleeding at presentation

Present
Absent
Platelets (x10°/L)
PT(s)

D-Dimer (ug/dl)

Fibrinogen (mg/dl)

WBC (x10°/L)

Peripheral Blast (%)

Overt DIC

37.57 £23.08

4 (57.1%)

3 (42.9%)

4(57.1%)

3 (42.9%)

32.14 £27.14

17.48 £2.90

5.28 £2.61

14.87 £13.25

43.57 +27.79

217.14 £ 112.44

No DIC

40.85 + 14.542

21 (51.2%)

20 (48.8%)

15 (36.6%)
26 (63.6%)
61.02 + 57.30
14.87 + 1.71
2.10 £ 1.76
324.93 + 146.49
25.45 + 34,56

51.00 + 33.90

p-value

0.617%

1.00°

0.412°

0.200*
0.002*
<0.001°
0.071*
0.431*

0.587%

Table 4 shows PT & D-dimer is significantly elevated in DIC group (p-value 0.002 & <0.001 respectively).
Whereas no significant difference is found in platelets count, fibrinogen levels, age, sex, bleeding at presen-
tation or peripheral blast percentage between DIC & without DIC group. WBC: White blood cells, *: p-value
reached from unpaired t-test, > p-value reached from chi-squared test.

Table 5. Comparison of immunophenotypic marker expression between DIC & non-DIC

groups.
DIC No DIC pvalue
Positive 4 22
CD13 0.58
Negative 2 5
Positive 5 26
CD33 0.335
Negative 1 1
Positive 4 21
CD117 0.61
Negative 2 6
Positive 6 25
MPO 1.00
Negative 0 2
Positive 1 13
CD34 0.20
Negative 5 14
Positive 2 22
HLA-DR 0.034
Negative 4 5
Positive 2 5
Aberrant 0.584
Negative 4 2

Table 5 shows statistically significant (p-value 0.034) negative expression of HLA DR in patients with DIC,
CD: Cluster of differentiation, MPO: Myeloperoxidase, p-value reached from chi-squared test.
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M DIC
No DIC
41. 85%
Figure 1. Pie diagram shows frequency of DIC in our study subjects.
%0 81.454
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68.65
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60 55.54
49.32 >0.98
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M DIC
40 33.52 No DIC
30
20
10.18
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0

CDh13 CD 33 CD 117 MPO CD 34 HLA DR

Figure 2. Bar diagram shows the comparison of mean immunophenotypic marker ex-
pression in DIC & non-DIC group.

and cytogenetic/molecular study. Muroi et al (1997) reported 11 HLA-DR nega-
tive non-APL AML patients to have been complicated by DIC [28]. As a result,
the negative expression of HLA-DR is closely associated with the development of
DIC and the effect of DIC is considered to be independent of APL.

4. Conclusion

In patients with AML, the presence of DIC may adversely affect the disease out-
come. A significant portion of patients with DIC have no apparent symptom or
bleeding. So, routine screening of DIC parameter at presentation is recom-
mended for early diagnosis & effective management of DIC in AML patients.
Extensive evaluation of clinical & laboratory parameters is recommended too for

identifying factors associated with the development of DIC.
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