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ANTICOAGULATION IN HEMATOLOGICAL CANCER PATIENTS

Introduction 
Healthcare professionals are commonly faced with the 

dilemma of managing patients with cancer complicated by both 
thrombocytopenia and thrombosis. Treatment decisions need to 
balance the risks of bleeding and the extension of thrombosis. 
Thrombocytopenia is common in patients with cancer and may 
be multifactorial, with contributing systemic chemotherapy, ma-
lignant bone marrow infiltration, or infection.1 Whilst thrombo-
cytopenia may increase the risk of bleeding, it confers no 
protection against thrombosis recurrence in patients with can-
cer-associated thrombosis (CAT).2,3 This adds an extra layer of 
complexity to an already difficult balance between the compet-
ing risks of bleeding and thrombotic complications. 
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ABSTRACT 
Individuals who have thrombocytopenia and cancer-associated thrombosis (CAT) are difficult to manage because they have a high 

risk of bleeding and recurrent thrombosis. The International Society on Thrombosis and Haemostasis guidelines for the management 
of thrombocytopenia in patients with CAT suggest two main approaches: either complete anticoagulation with transfusion support if 

necessary, or dose-modified anticoagulation while the platelet 
count is <50×109/L. Nevertheless, rather than being based on in-
formation from randomized controlled trials (RCTs), these rec-
ommendations were based on expert consensus. Recent research 
from two different countries has shown how this cohort’s man-
agement and results vary widely. While the United Kingdom 
study, Cancer-Associated Venous Thrombosis and Thrombocy-
topenia, found no significant differences in bleeding or recurrent 
thrombosis between full dose and modified dose groups, the 
North American Thrombocytopenia Related Outcomes with Ve-
nous thromboembolism study demonstrated a significantly lower 
risk of bleeding events in those receiving modified dose antico-
agulation compared to full dose, without an increased risk of re-
current VTE. Therefore, an RCT is required to assess the best 
course of action for patients with CAT and thrombocytopenia. 
To define the standard of care for the management of patients 
with CAT and thrombocytopenia, a full-scale trial called the 
START randomized trial (STrategies for Anticoagulation in pa-
tients with thRombocytopenia and cancer-associated Thrombo-
sis) is an international, multi-site pilot study that compares the 
use of platelet transfusions plus higher dose anticoagulation to 
modified dose anticoagulation in patients with thrombocytope-
nia and CAT receiving anticoagulation.
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How common is cancer-associated  
thrombosis in thrombocytopenic patients  
with solid and hematological malignancies? 

The estimated lifetime risk of developing cancer in the 
United Kingdom (UK) is 50% and cancer is a significant risk 
factor for venous thromboembolism (VTE).4 The risk of VTE is 
7-11-fold higher in patients with cancer compared to those with-
out cancer,5 with the risk rising to 23-fold if receiving 
chemotherapy or immunotherapy.6 The incidence of CAT is in-
creasing, likely due to thrombotic risks observed with some 
newer therapeutic agents, patients living longer with cancer due 
to advancement in therapies,6 as well as increased vigilance of 
CAT over the last 20 years.5 

CAT is the second leading cause of mortality in patients with 
cancer.7 Thrombocytopenia (platelet count 100×109/L or less) 
is present in approximately 1 in 2 patients with CAT and hema-
tological malignancies and 1 in 5 patients with CAT and solid 
tumors.8 

Amongst patients with hematological malignancies, co-
horts that are particularly at risk of thrombosis include patients 
with: myeloma and on immunomodulatory drugs;9 acute lym-
phoblastic leukemia receiving L-asparaginase; acute promye-
locytic leukemia, who are prone to thrombotic as well as 
bleeding complications due to disseminated intravascular co-
agulopathy;10,11 and patients who have undergone hematopoi-
etic stem cell transplant.12 

Risk factors for thrombosis in ambulatory patients with 
solid organ tumors receiving chemotherapy include cancer type 
and treatment-related factors. Although risk prediction scores 
have been validated to predict patients at higher risk of CAT,13 
most patients who developed CAT were not identified as high 
risk by current risk assessment models.14 It should also be 
noted that the majority of patients included in the development 
of the risk scores had solid tumors rather than hematological 
malignancies.11 

 
 

What are the consequences  
of cancer-associated thrombosis  
in thrombocytopenic patients with cancer? 

A recent systematic review and meta-analysis found high 
risks of both recurrent VTE (2-4%/100 patient months) and 
bleeding (major bleeding: 2-4%/100 patient months, total bleed-
ing: 3-13%/100 patient months) in patients with CAT and throm-
bocytopenia (platelet count <100×109/L), regardless of the 
anticoagulation management strategies.15 This adds to the find-
ings of a previous systematic review in 2018, which found that 
27% of patients with CAT experienced recurrent VTE regardless 
of their management, whilst 13% of anticoagulated patients de-
veloped major bleeding.3 In addition, CAT has a significant im-
pact, including increased morbidity, reduced quality of life, 
interruptions in cancer treatment, significant healthcare system 
costs, as well as a 3-fold reduction in one-year survival rate com-
pared to cancer patients without VTE.6,16,17 

 
 

Overview of current management  
of cancer-associated thrombosis  
in thrombocytopenic patients 

The optimal management options need to consider the com-
peting risks of bleeding and thrombosis extension. Therefore, 
one common practice has seen a dual approach of raising platelet 
count by platelet transfusion and treating with anticoagulants,18 
based on the unproven assumption that anticoagulation would 
be safer above a certain platelet threshold. However, here is 
where the uncertainties start, with no randomized controlled tri-
als (RCTs) guiding the target platelet count, dose of platelet 
transfusion, or frequency of monitoring and dose of anticoagu-
lation.  

Both platelet transfusions and anticoagulants have inherent 
risks. Platelet transfusions have risks common to all biological 
agents and blood components and have been implicated in bac-
terial and viral transfusion-transmitted infections, transfusion-
related acute lung injury, allergic reactions, and febrile 
non-hemolytic transfusion reactions.19 These risks of platelet 
transfusion have been reinforced by findings of recent random-
ized trials comparing more liberal and restrictive policies for 
platelet transfusion. For example, several RCTs have reported 
evidence of additional harm in patient cohorts needing platelet 
transfusions, including neonates with thrombocytopenia and pa-
tients presenting with acute hemorrhagic strokes associated with 
antiplatelet medications.20,21 It is likely that these risks reflect 
the immunological effects of platelets, which have in vivo ac-
tions beyond hemostasis. 

 
 

What do guidelines say about management? 
There is a lack of consensus on the management of CAT in 

patients with thrombocytopenia, with current international guid-
ance informed by observational studies and expert opinions 
rather than evidence from RCTs.18,22 The 2018 guidance from 
the International Society on Thrombosis and Haemostasis 
(ISTH) Scientific and Standardization Committee recommends 
a risk-stratified management approach according to the acuity 
of the thrombus, the risk of thrombosis progression, and platelet 
count (Table 1). 

 
 

What is the current practice? 
Despite the international guidelines, audits and studies 

demonstrate inconsistent and variable practice, likely reflecting 
the lack of strong evidence behind the guideline recommenda-
tions. Two international studies have recently demonstrated the 
heterogeneity in the management of this cohort, the key findings 
of which are summarized in Table 2.23,24 The Cancer-Associated 
Venous Thrombosis and Thrombocytopenia (CAVEaT) UK 
study in patients with hematological malignancies showed that 
47% of patients with higher risk thrombosis and 5% with lower 
risk thrombosis were managed according to the ISTH guidance. 
There was variation in the use of platelet transfusions. Changes 
in anticoagulation were observed in 51% of patients by 90 days. 
Mortality was 15% at 28 days and significant morbidity was 
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demonstrated.24 The North American Thrombocytopenia Related 
Outcomes with Venous thromboembolism (TROVE) study also 
found that changes in anticoagulation choice were frequent, with 
less frequent alterations in anticoagulation intensity.23 

Interestingly, the two studies revealed different findings. The 

TROVE study showed a significantly reduced risk of bleeding 
events in those receiving modified dose anticoagulation com-
pared to full dose, without an increased risk of recurrent VTE. 
In contrast, the CAVEaT study showed no significant differences 
in bleeding or recurrent thrombosis between full-dose and mod-
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Table 1. Summary of the 2018 International Society on Thrombosis and Haemostasis Scientific and Standardization Committee guidance 
on the management of cancer-associated thrombosis in patients with thrombocytopenia. 

Risk category                                                     Baseline platelet count                                            Management 
                                                                           at the time of index VTE                                                       

Any                                                                                            >50×109/L                    Therapeutic dose anticoagulation without platelet transfusion support 
Higher risk* acute# CAT                                                             <50×109/L                                    Platelet transfusion support, target >40-50×109/L,  
                                                                                                                                                          and therapeutic anticoagulation (LMWH/UFH) 
Lower risk& acute CAT, subacute or chronic^ CAT                 25-50×109/L                                Reduced dose (50% of therapeutic dose) LMWH, or 
                                                                                                                                                                           Prophylactic dose LMWH 
                                                                                                   <25×109/L                                  Withhold anticoagulation while platelet <25×109/L 

*Higher risk CAT, including but not limited to: symptomatic segmental or more proximal pulmonary embolism (PE), proximal deep vein thrombosis, history of or recurrent/ 
progressive thrombosis; #Acute CAT, within the first 30 days of index venous thromboembolism; &Lower risk CAT, including but not limited to: distal deep vein thrombosis, 
incidental subsegmental pulmonary embolism, catheter related thrombosis; ^Subacute or chronic CAT, >30 days since index venous thromboembolism.  
VTE, venous thromboembolism; CAT, cancer-associated thrombosis; LMWH, low molecular weight heparin; UFH, unfractionated heparin. 
 
 
 
Table 2. A comparison between Thrombocytopenia-Related Outcomes with Venous thromboembolism and Cancer-Associated Venous 
Thrombosis and Thrombocytopenia studies.23,24 

                                                                                          TROVE                                                                      CAVEaT 
Region                                                                                      North America                                                                      United Kingdom 
Design                                                        Prospective, observational, multicentre cohort study           Prospective, observational, multicentre cohort study 
Number of patients                                                                            121                                                                                          105 
Type of malignancy 
• Hematological                                                                        85/121 (70%)                                                                       105/105 (100%) 
• Solid tumor                                                                             36/121 (30%)                                                                                  0% 
Index VTE event: 
• Upper limb DVT                                                                    48/121 (40%)                                                                         44/105 (42%) 
• Lower limb DVT                                                                  49/121 (40.5%)                                                                        16/105 (15%) 
• PE                                                                                           45/121 (37%)                                                                         35/105 (33%) 
• Other                                                                                         4/121 (3%)                                                                           10/105 (9.5%) 
Baseline platelet threshold for enrolment                                  <100×109/L                                                                             <50×109/L 
Initial anticoagulation                                 • Full dose LMWH, UFH or DOAC: 75/121 (62%)                   • Full dose LMWH or UFH: 56/105 (53%) 
                                                               • Modified dose LMWH, UFH or DOAC: 33/121 (27%)                  • Modified dose LMWH: 33/105 (31%) 
                                                                                • No anticoagulation: 13/121 (11%)                                                 • DOACs: 4/105 (4%) 
                                                                                                                                                                                • No anticoagulation: 12/105 (11%) 
Thrombosis recurrence according                                              At 60 days:                                                                             At 28 days: 
to initial anticoagulation                             • Full dose anticoagulation: 5.6% (95% CI 0.2-11)                             • Full dose LMWH or UFH: 4% 
                                                                                • Modified dose anticoagulation: 0%                                          • Modified dose LMWH: 4% 
                                                                                                                                                                                                  • DOACs: 0% 
                                                                                                                                                                                         •No anticoagulation: 0% 
Major bleeding according to initial                                           At 60 days:                                                                             At 28 days: 
anticoagulation                                         • Full dose anticoagulation: 12.8% (95% CI 4.9-20.8)                          • Full dose LMWH or UFH: 3% 
                                                               • Modified dose anticoagulation: 6.6% (95% CI 2.4-15.7)                         • Modified dose LMWH: 4% 
                                                                     • Fine Gray hazard ratio 2.18 (95% CI, 1.21-3.93)                                            • DOACs: 0% 
                                                                                                                                                                                         • No anticoagulation: 0% 
Conclusions as reported by authors                Modified dose anticoagulation may be a safe                   No clear relationship between platelet transfusion 
                                                                         alternative to treatment dose anticoagulation                  threshold, anticoagulation dose reduction threshold  
                                                                                                                                                                  and risk of thrombosis progression or major bleeding 
TROVE, Thrombocytopenia Related Outcomes with Venous thromboembolism; CAVEaT, Cancer-Associated Venous Thrombosis and Thrombocytopenia; VTE, venous 
thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism; LMWH, low molecular weight heparin; UFH, unfractionated heparin; DOAC, direct oral anti-
coagulants; CI, confidence interval.
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ified-dose groups. The reasons for these differences were not 
clear but might reflect aspects of the study methodology includ-
ing inclusion criteria and differences in baseline characteristics 
(Table 2). While these studies advanced the field by providing 
prospective data for the first time for patients with CAT and 
thrombocytopenia, the observational nature and non-randomized 
design of the studies were potential confounders and limited the 
strength of any conclusions. The results are hypothesis-gener-
ating and not yet practice-changing. 

 
 

What current research is happening? 
There is a pressing need for a more robust design of the 

study to evaluate the optimal management strategies (including 
anticoagulation and platelet transfusion) in patients with CAT 
and thrombocytopenia. Patient groups are integral to designing 
studies and disseminating findings. Patients with hematological 
cancers frequently emphasize the importance of quality of life 
and functional recovery in addition to outcomes such as survival, 
and complications such as thrombosis are viewed as a barrier to 
rehabilitation. 

An example of a currently recruiting study is the START 
randomized trial (STrategies for Anticoagulation in patients with 
thRombocytopenia and cancer-associated Thrombosis) 
(NCT05255003) (Figure 1). This is an international, multi-site 
pilot trial assessing the use of platelet transfusions plus higher 
dose anticoagulation compared to modified dose anticoagulation 
in patients with thrombocytopenia and CAT receiving anticoag-
ulation, with planned participating sites in Canada and the UK. 
The study has been reviewed and supported by patient represen-

tatives at the Canadian Venous Thromboembolism Research 
Network, and Thrombosis UK. 

Potential participants who have developed an acute CAT 
within 14 days, received <72 hours of anticoagulation for index 
CAT and have platelet count <50×109/L are randomized to one 
of two study arms and followed up for 30 +/-3 days: 
1)   Study arm without platelet transfusion:  

I.    Platelet count 25-50×109/L: 50% dose low-molecular-
weight heparins (LMWH). 

II.   Platelet count <25×109/L: hold anticoagulation. 
2)   Study arm with platelet transfusion: 

I.    Pre-transfusion platelet count 25-50×109/L: 100% dose 
LMWH after one adult unit of platelet transfusion. 

II.   Pre-transfusion platelet count <25×109/L: 50% dose 
LMWH after one adult unit of platelet transfusion. 

Recruitment has begun for the feasibility phase of the study 
in Canada, with the aim of recruiting 50 patients internationally. 
The pilot trial is important to assess the feasibility and potential 
barriers to patient recruitment in this challenging area of study. 
It will allow assumptions about key parameters to be tested/val-
idated and hence influence the study design for a future full-
scale definitive trial. This is especially important in this patient 
population with a high risk of complications and where clini-
cians may have uncertainties in equipoise for recruitment to fol-
low a protocol. Designing a definitive study that is pragmatic 
and provides important data to guide clinical practice is a major 
endeavor and will be best accomplished by international collab-
oration. Definitive studies also need to consider cost-effective-
ness, given, for example, that more aggressive platelet 
transfusions also require more intense resource allocation. 

The aim is that the full-scale trial will define the standard of 
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Figure 1. Study design of START trial. CAT, cancer-associated thrombosis; LMWH, low molecular weight heparin.
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care for the management of patients with CAT and thrombocy-
topenia when treated with LMWH. As this is a patient group 
with high bleeding risk, future studies will then center around 
comparison of this newly defined standard of care with the use 
of alternative anticoagulants. 

In conclusion, patients with CAT and thrombocytopenia are 
at high risk of both bleeding and thrombosis. Identification of 
the optimal management strategy is urgently needed which can 
best be established by the conduct of RCTs. 
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