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Guzmán-Uribe & Vargas-Ruíz. Curr Oncol Rep 2015

Pathogenesis of thrombosis in leukemias

Disease-related
• Subtype of leukemia
• CBC: WBC, PLTS

Treatment-related
• Type of chemo (ASP, CCS?)
• CVC
• Immobility

Patient-related
• Age
• BMI, diabetes
• Infection
• History of thrombosis
• Thrombophilia
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De Stefano, J Thromb Haemost 2005

Thrombosis in acute leukemias

Thrombosis at diagnosis (incidence)
ALL 1.4

APL 9.6

AML 3.2







Site of thrombosis in ALL

Pediatric patients

Caruso. Blood 2006; Orvain, Blood 2020; Rank, Blood 2018

Adult patients

GRAAL







Risk factors for thrombosis in 
ALL

Rank, Blood 2018; Orvain, Blood 2020; Mateos, Thromb Research 2019; Ruiz-Llobet, J Thromb Haemost 2022 



ASP-related toxicityes in adults

Aldoss & Douer. Blood 2020



Andrés-Jensen, Leukemia 2022

Biomarkers of thrombosis in ALL
      Thrombomodulin and VEGFR-1



Truelove, Leukemia 2013; Guzmán-Uribe & Vargas-Ruíz. Curr Oncol Rep 2015

Mechanism of L-ASP-induced thrombosis







Thromboses in ALL: GRAAL 2005

Orvain, Blood 2020

Incidence of VTE 16% (122 VTEs in 112 patients)

MOST PATIENTS 
RECEIVED  UFH 



AT III replacement in ALL

Zwicker (ISHT), J. Thromb. Haemost. 2020



WANG et al  (ISHT), J. Thromb. Haemost. 2020; Zwicker (ISHT), J. Thromb. Haemost. 2020



Zwicker (ISHT), J. Thromb. Haemost. 2020
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Risk factors for thrombosis in APL

Breccia, Leukemia 2007

Incidence: 11/124 (8.9%)



Can we differentiate thrombohemorragic disorders in APL?

Xiao, Thromb Res 2022
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Management of APL coagulopathy

Sanz, Blood 2019
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• The incidence of venous thromboembolism (VTE) ranged from 2 to 14.4% in different studies

• Prognostic impact is not firmly established

• Different risk factors in different reports

 Infections increase the risk of catheter-related thrombosis (CRT)

 Female gender, older age, n° of chronic comorbidities, CVC

 Age and cytogenetics risk

• Khorana score did not seem to work in this context

Thrombosis in AML

Ziegler, Thromb Res 2005; De Stefano, J Thromb Haemost 2005; Ku, Blood 2009; Del Principe, 
Thromb Res 2013; Libourel,  Blood 2016; Mirza, Thrombosis Journal 2019; Paterno, EHA 2020

• DIC score was predictive, but it is not validated yet
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Study Design
 Endpoints

 To evaluate the frequency of thrombosis in AML patients treated with intensive chemotherapy 
 To assess the ability of genetic and clinical factors to predict the risk of thrombosis
 To validate DIC and Khorana score
 To assess the potential prognostic impact of thrombosis in AML 

Methods
 Retrospective analysis of adult patients with newly diagnosed AML (and HR-MDS), excluding APL
 Consecutively treated with intensive chemotherapy between January 2013 and February 2020
 Clinical and laboratory data at diagnosis were collected, including complete coagulation parameters

  

 Khorana, Blood 2008; Libourel, Blood 2016; Mirza, Thrombosis Journal 2019

Variable Value Points
Platelets (10^9/L) >100 0

50-100 1

<50 2

Prolonged PT (s) <3 0

3-6 1

>6 2

Fibrinogen level (mg/dl) >100 0

<100 1

D dimer (mg/L) No increase (<0.5) 0

Moderate increase (0.5-4) 1

High increase (>4) 2

DIC SCORE 

Variable Value Points
Platelets (10^9/L/L) >350 1

<350 0

White blood cells (10^9/L) >11 1

<11 0

Hemoglobin (g/dL) <10 1

>10 0

Body max index (kg/m^2) >35 1

<35 0

Khorana SCORE 



N (%) Median (range)
OVERALL                                                                                   222
Gender Male 115 (52)

Female 107 (48)
Age, years 59.5  (20-78) 
AML 210 (94.6)

De novo 157 (74.8)
Secondary 44 (20.9)

Therapy-related 9 (4.3)
HR-MDS 12 (5.4)
Leucocytes (x 10^9/L) 36.5 (0.36-313)
Platelets (x 10^9/L) 88 (3-421)
Bone marrow blasts, % 60 (4-95)
AML Risk ELN 2010 Favorable 41 (19.5)

Intermediate-1 82 (39)
Intermediate-2 33 (16)

High 43 (20.5)
NA 11 (5)

Induction therapy 3+7 like 159 (72.6)
Fludarabine-based 58 (26.1)

Other 5 (2.3)

Patients' charachteristics

Martella, Cerrano, et al. Ann Hematol 2022



Median follow-up, months IQR 43.5 23-58.2
Patients with thrombosis, n % Yes 49* 22.1

No 173 77.9
Thromboses Venous, n % 45 90

DVT leg 6 13.3
DVT upper 5 11.1
Pulmonary 3 6.7
CRT 28 62.2
     -PICC 26
     -Hohn 1
     -other 1
Other 3 6.7

Arterial, n % 5 10
Myocardial 2 40
CVA 3 60

Median time to thrombosis, days IQR 84 22-224
Thromboses before day 100, n % 26 52
Thromboses  before chemotherapy, n % 6 12
Thromboses  preceded by sepsis, n % 20 40
DVT: deep venous thrombosis, CRT: catheter-related thrombosis; CVA: cerebral vascular accident
*1 patient developed both a venous and an arterial thrombosis

Thrombotic episodes    

Martella, Cerrano, et al. Ann Hematol 2022



Thrombosis No event p-value VTE p-value ATE p-value
OVERALL 49 173 45 5
Gender, n (%) Male 29 (59) 86 (39) 0.2414
Age, y (range) <60 29 (59) 90 (52) 0.3749

>60 20 (41) 83 (48)
Leukocytes, mean (range) 7.39 (0.53-261) 8.44 (0.36-393) 0.8554
Platelets, n (%) >100*10^9/L 24 (49) 54 (31) 0.036 23 (51) 0.028 2 (40) 0.94

<100*10^9/L 25(51) 119 (69) 22 (49) 3(60)
DIC score, n (%) >5 7 (14) 30 (17) 0.6214

<5 42 (86) 143 (83)
Hemoglobin, mean (%) 9.2 (3.9-16.1) 8.9 (4-15) 0.4663
BM blasts, mean (%) 60 (12-90) 70 (4-95) 0.6227
LDH, mean (range) 691 780 0.8388
BMI, n (%) <25     38 (77.6) 136 (78.6) 0.87

>25 11 (22.4)      37 (21.4)  
Active smoking, n (%) No 40 (81.69 160 (92.5) 0.025 39 (86.7) 0.389 4 (80)  0.001

Yes 9 (18.4) 13 (7.5) 6 (13.3) 1 (20)
Previous thrombosis, n (%) Yes 8 (16) 12 (7) 0.0427 8 (18) 0.0214 1 (20) 0.38

No 41 (84) 161 (93) 37 (82) 4 (80)
Previous VTE Yes 5 (10) 3 (2) 0.0053 5 (11) 0.003 0 (0) 0.66

No 44 (90) 170 (98) 40 (89) 5 (100)
Khorana score, n (%) Low 7 (22.5) 24 (13.9) 0.7606

Intermediate 42 (77.5) 146 (84.4)
High 0 (0) 3 (1.7)

ELN Risk 2010 (AML), n (%) Favorable 9 (20) 32 (19.4) 0.1697
Intermediate-1 24 (53.3) 58 (35.2)
Intermediate-2 5 (11.1) 28 (16.9)

High 6 (13.3) 37 (22.4)

Risk Factors of Thrombosis

Martella, Cerrano, et al. Ann Hematol 2022



Cumulative Incidence of Thrombosis

Martella, Cerrano, et al. Ann Hematol 2022



Cumulative Incidence of Thrombosis

Martella, Cerrano, et al. Ann Hematol 2022



Overall Survival

Variable HR= 95% CI P=
Age 1.05 1.02 – 1.07 0.0001
DIC score > 5 2.08 1.2 – 3.61 0.004
LDH 1.001 1.001 – 1.001 0.001
ELN2010
                 Intermediate-1 4.09 1.71 – 9.8 0.002
                 Intermediate-2 6.27 2.49  –  15.8 0.0001
                  Adverse  9.85  4.01  –  24.3 0.0002
Secondary AML 1.03 0.82  – 1.31 0.750
WBC>50k 1.02 0.59  – 1.76 0.89

Multivariate analysis

Martella, Cerrano, et al. Ann Hematol 2022



Impact of Thrombosis on Survival: RFS

P=0.98

Martella, Cerrano, et al. Ann Hematol 2022



• Thromboses are a frequent complication in AML, especially during chemotherapy, mostly VTE. The higher 
frequency (50 episodes in 222 pts) might be due to longer follow-up and type of CVC used

• Previous thrombosis, especially VTE, baseline platelet count above 100*10^9/L and active smoking  could 
predict thrombotic risk, while AML genetic profile did not significantly affect thrombosis occurrence.

• We confirmed that Khorana score is not a robust tool in this setting, and we could not validate the 
association of DIC score with thromboses

• No impact of thrombosis on survival was observed, both on RFS and on OS in a landmark analysis. 
Interestingly, high DIC score was independently associated with worse OS in our cohort

• Further studies are need to develop a reliable score to predict thrombosis occurrence in AML, possibly 
including a detailed genetic disease characterization

• Trials prospectively testing therapeutic measures to prevent thrombosis in AML, e.g. in high-risk subgroups, 
are warranted

Conclusions of the study

Martella, Cerrano, et al. Ann Hematol 2022
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