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The occurrence of venous thromboembolism (VTE) in acute lymphocytic leukemia patients 
receiving L-asparaginase therapy may cause significant morbidity, neurological sequela 
and possibly worse outcomes. The prophylactic use of antithrombin infusion (to keep 
antithrombin activity >60%) or low molecular weight heparin (LMWH) may reduce the risk of 
VTE. The decision to continue L-asparaginase therapy after the development of VTE should 
be based on anticipated benefits, severity of VTE and the ability to continue therapeutic 
anticoagulation. In patients receiving asparaginase rechallenge, the use of therapeutic 
LMWH, monitoring of anti-Xa level and antithrombin level are important. Novel oral 
anticoagulants are not dependent on antithrombin level, hence offer theoretical advantages 
over LMWH for the prevention and therapy of asparaginase-related VTE.
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The use of L-asparaginase, along with multiagent systemic chemotherapy including anthracy-
cline, vincristine and steroid, has made acute lymphocytic leukemia (ALL) a curable malignancy, 
particularly in children [1,2]. L-asparaginase catalyzes the conversion of asparagine (useful for pro-
tein synthesis) to aspartic acid and ammonia, thereby depleting the supply of asparagine to the 
leukemic cells that rely on an exogenous source due to their inability to synthesize it  [3]. This 
leads to cell cycle arrest in the G1 phase and DNA strand breaks, thereby promoting apoptosis of 
leukemic cells [4]. L-asparaginase also deaminates glutamine to glutamic acid, which decreases the 
glutamine levels in the circulation [5]. Glutamine is believed to be a nitrogen donor for synthesis 
of RNA and DNA by the tumor cells, hence its depletion halts tumor growth and enhances cell 
apoptosis [6]. L-asparaginase is available in three forms, which include Escherichia coli asparaginase, 
Erwinia asparaginase and pegylated form of the native E. coli asparaginase (pegaspargase)  [7]. 
Although a useful agent, the use of L-asparaginase has several potential toxicities including the risk 
of thrombosis [8–10]. In this review, we summarize the key studies on L-asparaginase-related venous 
thromboembolism (VTE) in patients with ALL with a focus on identification of high-risk patients, 
approaches to prevent VTE and management of patients who develop VTE.

Epidemiology
The incidence of VTE in ALL patients has been reported to vary from 1 to 36% depending upon 
the age group of the patients, study designs, treatment protocols, symptomatic thromboembolism 
versus detection with screening radiography [10–12]. Caruso et al. reported a meta-analysis of 17 
prospective studies on thrombotic complications in childhood ALL and demonstrated a throm-
bosis rate of 5.2%; more than half of the patients had CNS thrombotic events [12]. A 2007 review 
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suggested that the majority of symptomatic 
thrombotic events occur in the venous system, 
predominantly in the upper extremity, with 
CNS thrombosis being a unique association 
with L-asparaginase therapy  [10]. The data on 
thrombosis in 548 adult and pediatric patients 
treated with asparaginase-based therapy on 
Dana-Farber Cancer Institute Consortium 
ALL protocols reported VTE in 8% of patients 
including 5% pediatric and 34% adult patients. 
The most common sites of thrombosis were 
venous circulation of upper extremity/central 
venous catheters (CVCs) (36%), followed 
by lower extremities (19%) and CNS (19%). 
Pulmonary embolism was also observed in 15% 
of patients. The sites of thrombosis were mostly 
similar for both adult and pediatric patients, 
with numerically increased predilection for pul-
monary embolism in adults than children (22 
vs 10%; p = 0.40) and cerebral sinus venous 
thrombosis in children than adults (24 vs 11%; 
p = 0.45). The median time to occurrence of 
VTE was 3.5 months  [11]. In a retrospective 
analysis of Dutch–Belgian HOVON-37 multi-
center study of 240 adult patients, symptomatic 
VTE occurred in 10% of patients during the 
first cycle of L-asparaginase-based induction 
therapy, with a median time to thrombosis of 
23 days (range: 6–46 days). Upper extremity 
vein thrombosis (46%; all related to CVC) and 
CNS thrombosis (37%) were the most com-
mon sites of VTE. The development of VTE, 
particularly CNS thrombosis, in cycle one was 
associated with significantly worse complete 
remission rate [13]. Other studies discussed later 
have also demonstrated a possible association 
between worse outcomes and the occurrence of 
VTE with L-asparaginase-based therapy [14] but 
this finding is not consistent, particularly if the 
patients complete L-asparaginase therapy  [11]. 
These studies indicate that VTE is common 
with L-asparaginase therapy, frequently involves 
upper extremity and CNS and may influence 
outcomes.

Mechanism of thrombosis
The mechanism of induction of throm-
bosis by L-asparaginase is likely complex. 
L-asparaginase is believed to disrupt the 
physiologic balance between the hemostatic 
and anticoagulation pathways, along with 
activation of platelets and endothelial cells 
(Figure 1)  [9–11,14–15]. Although L-asparaginase 
appears to decrease the synthesis of both 

procoagulant and anticoagulant proteins by the 
liver, the decline in the levels of anticoagulant 
proteins C, S and antithrombin III contributes 
to an increased risk of thrombosis [9–11,14–15]. In 
a retrospective study, the median pretreatment 
antithrombin level of 120% was reduced to 
59% in approximately half of the adult patients 
after the fourth infusion of L-asparaginase [14]. 
An earlier study suggested that L-asparaginase 
directly affects the antithrombin levels and 
other proteins of the coagulation system  [15]. 
However, later studies have demonstrated that 
L-asparaginase prevents the secretion of pro-
teins from the cells and leads to retention of 
protein aggregates intracellularly, thus indi-
rectly decreasing the plasma levels of these pro-
teins  [16,17]. L-asparaginase may also increase 
platelet aggregation in response to adenosine 
diphosphate  [18], but this finding is not con-
sistent  [19]. Another study showed enhanced 
endothelial activation by increasing the levels 
of soluble P-selectin, high molecular weight 
von Willebrand factor antigen and plasmino-
gen activator inhibitor-1 [20]. The net results of 
the decline in anticoagulant proteins, platelet 
activation and endothelial activation is the 
development of thrombosis.

Identification of high-risk patients
The ability to identify patients at high-risk of 
VTE can allow close monitoring and the use of 
preventive measures. A few studies have assessed 
the risk factors of VTE in ALL patients treated 
with L-asparaginase. In the Dana-Farber con-
sortium study, high-risk ALL group, older age 
at diagnosis and T-cell phenotype predicted 
a higher risk of VTE in a univariate analysis; 
however, increasing age was the only predictor 
of VTE in multivariate analysis. Patients aged 
>30 years had a VTE rate of 42% [11]. Another 
Canadian pediatric study also suggested that 
the risk of CNS thrombosis may be higher in 
high-risk ALL patients  [21]. In an Italian pedi-
atric study, boys had a higher risk of sympto-
matic VTE, as compared with girls (38 vs 10%; 
p = 0.001)  [22]. In a Canadian study, non-O 
blood group (hazard ratio of 2.3; p = 0.006) 
was identified as an independent risk factor for 
VTE [23].

In the pediatric ALL patients, the meta-anal-
ysis by Caruso et al. demonstrated a higher inci-
dence rate of thrombosis during induction versus 
after induction phase (4.8 vs 2.0%; p = 0.004), 
with daily asparaginase doses of ≤6000 versus 
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Figure 1. Risk factors, pathogenesis and effect of asparaginase-associated thrombosis in acute 
lymphocytic leukemia. 
ALL: Acute lymphocytic leukemia.
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≥10,000 U/m2 (8.0 vs 2.9%; p < 0.001) and the 
use of asparaginase for ≥9 days versus <9 days 
(9.6 vs 3.1%; p  <  0.001). This was the first 
study to show an association between lower 
daily doses of L-asparaginase and higher rates of 
thrombosis, which could be related to the inten-
sification of regimens in patients who received 
lower doses of L-asparaginase. There may also 
be other differences between patients receiving 
different doses of L-asparaginase [12]. Although 
there is a relative paucity of high-quality data, 
randomized trials comparing the outcomes of 
ALL using different forms of L-asparaginase 
fail to demonstrate a difference in thrombotic 
risks between the three forms of asparagi-
nase  [12,24–26]. However, in one study, the use 
of E. coli asparaginase was associated with a 
greater likelihood of coagulation abnormalities 
(defined as ‘any clinical or biologic abnormality, 
e.g., hypofibrinogenemia requiring a modifica-
tion of chemotherapy or supportive care’) [25]. In 
another small study (n = 20), the use of E. coli 
asparaginase was associated with a higher risk 
of decline in protein C level below 70%, com-
pared with Erwinia asparaginase (50 vs 0%; 
p = 0.03) [27]. The use of L-asparaginase encap-
sulated within erythrocytes, compared with the 

native form of the enzyme, is thought to allow 
gradual serum asparagine depletion with lower 
doses. This is speculated to be associated with 
a lower risk of toxicities including thrombotic 
complications  [28]; however, it remains to be 
established in larger studies.

The use of CVC may be a potential risk fac-
tor for site-specific thrombotic events with 25 
out of 91 VTE events (27.5%) associated with 
CVC in the Caruso study; CVC-associated 
thrombosis accounted for more than half of 
non-CNS thrombosis. Although unclear in 
asparaginase-related VTE, the risk of line-
related thrombosis in general appears to be 
higher with the use of peripherally inserted 
central catheter than CVC  [29]. The use of 
anthracycline as well as prednisone (vs dexa-
methasone), particularly during postinduction 
therapy, were other potential risk factors [12]. In 
another pediatric study, all of the CNS throm-
boses occurred during the induction phase and 
were associated with the use of prednisone as 
steroid [21].

Prior studies have assessed the presence of 
any correlation between the level of coagula-
tion proteins or inherited thrombophilia and 
the risk of L-asparaginase-related thrombosis. 
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In a small study of pediatric patients treated 
with L-asparaginase-based therapy, levels of 
protein C, S and vitamin K-dependent factors 
(such as factors IX and X) of eight patients with 
thrombosis were compared with those of nine 
patients without any thrombosis. The frequency 
of protein C deficiency (37 vs 33%; p = 0.38) 
and protein S deficiency (83 vs 28%; p = 0.10) 
was numerically different but statistically 
similar between patients with versus without 
thrombosis. The lower levels of protein C and 
S were also associated with reduced levels of fac-
tors IX and X. Furthermore, the ratio of protein 
C and S to each other and to factors IX and X 
was similar in the two groups  [30]. Although 
this study demonstrated no clear evidence of 
the reduced levels of these proteins in identify-
ing at-risk patients, this may have been related 
to small sample size. An Israeli pediatric study 
(n = 41) utilizing enoxaparin prophylaxis (dis-
cussed later in detail) demonstrated a high inci-
dence of genetic thrombophilia in 27 children 
(11% prothrombin G20210A and 18% factor 
V Leiden), who were Arabs and Jews in ethnic 
origin; however, no one had any VTE [31].

Another underpowered prospective trial of 85 
pediatric patients demonstrated no significant 
association between thrombosis and the pres-
ence of factor V Leiden mutation, prothrombin 
gene 20210A and antiphospholipid antibod-
ies [32]. An Italian study of 48 children demon-
strated a numerically higher prevalence of factor 
V Leiden (20 vs 3–7%; p-value unavailable) and 
prothrombin mutation (10 vs 1–3%; p-value 
unavailable) in the ALL patients with VTE, as 
compared with the general population  [22]. In 
the Dana-Farber study, the prevalence of acti-
vated protein C resistance (9% of 23 patients 
tested) and factor V Leiden mutation (4%) was 
felt to be similar to that expected in the general 
population [11]. In an adult study, none of the 
patients with VTE who underwent thrombo-
philia testing (54% of 24), were found to have 
factor V Leiden mutation or prothrombin gene 
20210A [13]. The aforementioned meta-analysis 
assessed the impact of genetic thrombophilia 
in 557 children; the presence of genetic pro-
thrombotic abnormalities was similar to that 
of general population. In pooled analysis, the 
presence of genetic thrombophilia increased the 
thrombotic risk by approximately eightfold [12]. 
Thus, genetic thrombophilia, although contro-
versial, may be a potential risk factor for VTE in 
children treated with L-asparaginase. Since the 

benefit of thrombophilia testing in such context 
has not been ascertained, its routine evaluation 
cannot be recommended outside of a trial.

Prevention
The use of L-asparaginase therapy is associated 
with reduced levels of antithrombin and fibrin-
ogen; hence studies have investigated the role 
of fresh frozen plasma (FFP) or cryoprecipitate 
supplementation to reduce the thrombohemor-
rhagic risk of L-asparaginase therapy (Table 1). 
A large pediatric study from Canada (n = 719) 
utilized antithrombin level of 40–60 U/ml or 
less and fibrinogen level of 1 g/l or less as gen-
eral thresholds for transfusing FFP and cryo-
precipitate respectively. Approximately 37 and 
68% of children in the supplementation group 
received FFP and cryoprecipitate, respectively. 
The risk of CNS thrombosis was numerically 
lower but statistically similar (0 vs 1.5%; p-value 
unavailable) between patients who did versus did 
not receive FFP or cryoprecipitate supplemen-
tation  [21]. Conversely, in the aforementioned 
Dutch–Belgian study, the incidence of sympto-
matic VTE in cycle one of L-asparaginase-based 
induction therapy was lower with FFP supple-
mentation versus no prophylaxis (6 vs 19%; 
p = 0.02), even though FFP supplementation did 
not influence antithrombin levels. Prophylactic 
FFP was used in 82% of total patients at the 
dose of 10–15 ml/kg for each treatment day 
with L-asparaginase. The development of VTE, 
particularly CNS thrombosis, (but not the use 
of FFP) was associated with significantly worse 
complete remission rate (54 vs 84%; odds ratio 
of 0.22; 95% CI: 0.09–0.53) even after adjust-
ment for ALL risk categories but not worse 
overall survival [13].

Initial laboratory studies suggested that 
L-asparaginase treatment was associated with 
enhanced thrombin generation, increased levels 
of d-dimers and plasminogen activator inhibi-
tor as well as marked reduction in protein C, 
protein S and antithrombin activity levels. The 
use of antithrombin supplementation resulted 
in normalization of enhanced thrombin genera-
tion as well as levels of antithrombin, d-dimers 
and plasminogen activator inhibitor. However, 
the levels of protein C and S did not change 
with antithrombin supplementation  [34,35]. In 
an Italian study of 25 adult patients with ALL, 
antithrombin III therapy at the dose of 50 U/kg 
was given for 10 days along with 7-day course 
of L-asparaginase therapy. A significant increase 
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in the levels of antithrombin was observed with 
no thrombosis and no increase in markers of 
hypercoagulability; the rate of VTE appeared 
to be lower than the historical control (0 vs 
8%; p-value unavailable)  [36]. These studies, 
although hypothesis generating, did not aim to 
determine the efficacy of antithrombin supple-
mentation in preventing VTEs. A subsequent 
underpowered randomized control trial (RCT), 
showed a numerically lower but statistically 
similar rate of thrombosis in children receiving 
weekly antithrombin versus the control arm (28 
vs 37%; p = 0.43). However, a quarter of patients 
had lower than targeted antithrombin level, 
thus indicating that twice weekly dosing may 
be preferred over weekly dosing. Antithrombin 
replacement did not increase the risk of bleed-
ing [32]. A multicenter retrospective study of 214 
adult ALL patients utilized FFP, fibrinogen and 
antithrombin concentrates to maintain fibrino-
gen >1 g/l and antithrombin activity of 60% 
during L-asparaginase-based induction therapy; 
L-asparaginase was held for 48 h if these tar-
gets were not achieved. The infusion of these 
products in about half of the patients resulted in 
an increase in the mean levels of antithrombin 
from 61 to 88% after antithrombin infusion, 
fibrinogen from 1.0 to 1.4 g/l after fibrinogen 
infusion and no increase in antithrombin or 
fibrinogen levels following FFP infusion. The 
study reported a lower rate of omission or delay 
of L-asparaginase (53 vs 72%; p = 0.005) as well 
as reduced thrombosis (4.8 vs 12.2%; p = 0.04) 
in the patients, who did versus did not receive 

antithrombin concentrates. The occurrence of 
thrombosis was associated with a trend toward 
lower disease-free survival (14 vs 58 months; 
p = 0.05) and median overall survival (19 vs 
53 months; p = 0.06) [14].

A few studies have utilized anticoagulant 
prophylaxis to reduce the risk of VTE. In a 
pediatric study (n = 41), enoxaparin prophylaxis 
(0.45–1.33 mg/kg/day) was started at the first 
dose of L-asparaginase until 7 days after the last 
dose. No thrombotic (versus 4% VTE in the 
historical control of 50 patients; p-value unavail-
able) and bleeding episodes were noted; however, 
one patient (2%) developed brain infarct 1 week 
after the cessation of enoxaparin  [31]. Another 
pediatric study compared the effect of enoxa-
parin prophylaxis (0.75–1.2 mg/kg/day) and 
antithrombin use to antithrombin supplementa-
tion alone. Antithrombin supplementation was 
used in approximately 60% children to main-
tain a plasma antithrombin level above 50%. 
Although combined prophylaxis group were more 
likely to have a CVC placed within 2 weeks (92 vs 
62%; p = 0.002), symptomatic VTE was lower in 
combined prophylaxis group versus antithrombin 
prophylaxis group (0 vs 12.7%; p < 0.05). None 
of the patients in either group had major bleeding 
episodes [33]. Given the fact that the use of enoxa-
parin and antithrombin may be more effective 
than antithrombin alone in VTE prevention [33], 
we hypothesize that direct thrombin inhibitors, 
which do not require the presence of antithrom-
bin  [37] may be as effective as or perhaps more 
effective than enoxaparin in preventing the risk 

Table 1. Prevention of asparaginase-related venous thrombosis.

Study (year) Study design Number of 
patients, 
age group

Prophylaxis Thrombosis 
incidence

Ref.

Abbott et al. 
(2009)

Retrospective study 719 children FFP/cryoprecipitate 
vs none

CNS thrombosis 
0 vs 1.5%†

[21]

Lauw et al. (2013) Retrospective study 240 adults FFP vs none 6 vs 19%; 
p = 0.02

[13]

Mitchell et al. 
(2003)

Randomized control 
trial

85 children Antithrombin vs 
none

28 vs 37%; 
p = 0.43

[32]

Hunault-Berger 
et al. (2008)

Retrospective study 214 adults Antithrombin vs 
none

4.8 vs 12.2%; 
p = 0.04

[14]

Elhasid et al. (2001) Prospective study 
with historical 
comparison

91 children Enoxaparin vs none 2 vs 4%† [31]

Meister et al. 
(2008)

Prospective study 112 children Enoxaparin and 
antithrombin vs 
antithrombin

0 vs 12.7%; 
p < 0.05

[33]

†p-values are not available.
FFP: Fresh frozen plasma.
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of VTE; this approach may possibly also obviate 
the need of antithrombin supplementation.

Whether the use of specif ic forms of 
L-asparaginase can reduce the risk of thrombo-
sis remains unclear; however, E. coli asparaginase 
is superior to Erwinia asparaginase in terms of 
disease control and overall survival [24,25], hence 
may be preferentially used in the absence of aller-
gies or neutralizing antibodies. In a small study 
of 18 patients, L-asparaginase encapsulated 
within erythrocytes appeared to have lower tox-
icities, compared with six patients treated with 
E. coli asparaginase. The former preparation 
demonstrated similar levels of asparagine deple-
tion but a trend toward less allergic reactions and 
coagulation disorders [28]. However, this remains 
to be proven in larger studies.

Management of VTE & rechallenge with 
L-asparaginase
In cancer patients in general, options for anti-
coagulation may include vitamin K antagonists 
(VKAs), LMWH, fondaparinux and unfrac-
tionated heparin (UFH). Most experts recom-
mend weight-adjusted parenteral use of LMWH 
over other agents (Table 2)  [38]. Although not 
widely accepted, in patients with severe throm-
bocytopenia (n = 10), reduced dose of LMWH 
for prophylaxis or treatment of thrombosis may 
be safe and may not result in significant bleed-
ing episodes  [39]. A Cochrane meta-analysis of 
16 RCTs for the treatment of VTE in cancer 
patients showed a reduction in mortality but not 

in the recurrence of VTE with LMWH versus 
UFH at the end of 3 months of follow-up [40]. 
The CLOT trial showed a lower incidence of 
recurrent VTE in LMWH group versus warfa-
rin group (8 vs 16%; p = 0.002) [41]. Further, a 
meta-analysis of seven RCTs in cancer patients 
showed a reduction in VTE but not in mortality 
with long-term use of LMWH versus VKA [42]. 
LMWH also has advantages of fewer drug and 
food interactions, lack of need for frequent blood 
monitoring for anticoagulant effect and flexibil-
ity of use during invasive procedures due to its 
shorter half-life. Conversely, VKAs may be bet-
ter agents in patients with cost considerations, 
preference of an oral agent and those with renal 
insufficiency. A recent post hoc analysis of the 
Matisse clinical trials, although not confirma-
tory, also suggested that fondaparinux may be 
largely similar in efficacy and safety to LMWH 
in cancer patients [43]. The novel oral anticoagu-
lants such as rivaroxaban, dabigatran, apixaban 
and edoxaban are other attractive alternatives, 
which offer the added advantage of fixed oral 
dose and a lack of requirement for regular labora-
tory monitoring [44]. A subgroup analysis of the 
EINSTEIN DVT and PE trials demonstrated 
no difference in the risk of VTE recurrence (5 vs 
7%; p = 0.24) or clinically relevant bleeding (14 
vs 16%; p = 0.28) with rivaroxaban, compared 
with warfarin in cancer patients  [45]. A meta-
analysis of six RCT reported no difference in the 
risk of VTE recurrence (3.8 vs 5.9%; p = 0.99) 
with the use of novel oral anticoagulants, as 

Table 2. Select studies comparing the management of thrombosis in cancer patients.

Study (year) Study design Management Recurrence  
risk/rate

Major bleeding 
risk

Mortality risk Ref.

Akl et al. (2004) Meta-analysis LMWH vs UFH in the initial 
management

RR: 0.78; 
95% CI: 0.29–2.08; 
p = 0.62

RR: 0.79; 
95% CI: 0.39–1.63; 
p = 0.53

RR: 0.71; 
95% CI: 0.52–0.98; 
p = 0.04

[40]

Akl et al. (2014) Meta-analysis LMWH vs VKA for the  
long-term management

HR: 0.47; 
95% CI: 0.32–0.71; 
p < 0.001

RR: 1.07; 
95% CI: 0.52–2.19; 
p = 0.85

HR: 0.96; 
95% CI: 0.81–1.14; 
p = 0.31

[42]

van Doormal 
et al. (2009)

Post hoc analysis of a 
randomized study

Fondaparinux vs LMWH in DVT 12.7 vs 5.4% at 
3 months†

7.1 vs 7.2%† HR: 1.25; 
95% CI: 0.67–2.34; 
p = 0.49

[43]

Lee et al. (2003) Randomized control trial LMWH vs warfarin in VTE 8 vs 16%; 
p = 0.002

6 vs 4%; p = 0.27 39 vs 41%; p = 0.53 [41]

Prins et al. 
(2014)

Randomized control trial Rivaroxaban vs warfarin 5 vs 7%; p = 0.24 2 vs 5%; p = 0.047 16 vs 18%; p = 0.70 [45]

Vedovati et al. 
(2015)

Meta-analysis Novel oral anticoagulants vs 
conventional anticoagulation

3.8 vs 5.9%; 
p = 0.10

3.2 vs 4.2%; 
p = 0.42

Not reported [46]

†Absolute difference in VTE recurrence was 7.3% (95% CI: 0.1–14.5; p = 0. 0.046). Absolute difference in major bleeding risk recurrence was -0.1% (95% CI: -6.7–6.5; p = 0.99).
DVT: Deep vein thrombosis; HR: Hazard ratio; LMWH: Low molecular weight heparin; RR: Risk ratio; UFH: Unfractionated heparin; VKA: Vitamin K antagonists; VTE: Venous 
thromboembolism.



2465

Venous thromboembolism with asparaginase  Review

future science group www.futuremedicine.com

compared with conventional anticoagulation in 
cancer patients [46].

The anticoagulant effect of UFH or LMWH 
is dependent upon antithrombin levels, which 
may be reduced with the use of L-asparaginase. 
The use of L-asparaginase may, therefore, cre-
ate antithrombin-dependent heparin resistance 
with possible indication of antithrombin level 
monitoring and substitution  [47]. An in  vitro 
study assessed the endogenous thrombin gen-
eration capacity of direct thrombin inhibitor 
and LMWH in plasma from children with 
L-asparaginase-induced antithrombin deficient 
state. The study demonstrated a consistent 
anticoagulant effect of direct thrombin inhibi-
tors (melagatran) independent of antithrombin 
level in plasma. Conversely, the anticoagulant 
effect of LMWH was markedly dependent on 
antithrombin level  [37]. In this context, novel 
oral anticoagulants such as rivaroxaban or dab-
igatran, which are direct inhibitors of throm-
bin or factor Xa, do not require monitoring of 
antithrombin level and may presumably have a 
lower risk of failure; however, further studies are 
warranted to confirm these speculations.

Prior reports have frequently utilized LMWH 
and VKA for management of VTE in ALL 
patients for 3–6 months or till the completion 
of L-asparaginase therapy or entire chemother-
apy [11,13,48]. In select patients, particularly chil-
dren, it may be possible to safely continue the 
use of L-asparaginase along with anticoagulation 
(Table 3). In UK ALL 2003 trial, 3.2% (n = 59) 
developed VTE, predominantly during exposure 
to pegylated asparaginase (90%) and during 
induction (70%). The majority (n = 47; 89%) 
were treated with LMWH, with antithrombin 
replacement in only one patient. All patients 
with VTE recovered fully without any major 
thrombohemorrhagic sequela; however, ALL 
therapy was delayed for a median of 8 days in 
19% patients. Of 50 patients, who required 
further L-asparaginase therapy, 73% (n = 38) 
of patients (predominantly children) including 
ten patients with CNS thrombosis continued 
L-asparaginase therapy with concurrent LMWH 
prophylaxis (goal anti-Xa level of 0.1–0.3 IU/ml). 
This resulted in no further episodes of throm-
bosis or bleeding, suggesting that re-exposure 
to the agent may be safe in some children  [48]. 
In the aforementioned Dana-Farber consortium 
study, 74% of 43 patients with VTE were ini-
tially treated with LMWH (goal anti-Xa level 
of 0.4–0.6 IU/ml in thrombocytopenic patients 

and 0.5–1 IU/ml in others), whereas 19% were 
treated with Coumadin (goal international nor-
malized ratio of 1–2 in half of patients and 2–3 
in others). Three quarters of monitored patients 
received antithrombin infusion to keep activ-
ity above 60%. Such anticoagulation approach 
resulted in epistaxis (9%), bruising (2%) and 
major bleeding (4.6%; only in two adults). Of 
patients who were reimaged after initiation of 
anticoagulation, 96% of pediatric patients and 
58% of adult patients had resolution or stabiliza-
tion of VTE. Ten percent of patients (n = 3/31) 
had extension of thrombosis, two of whom had 
restarted L-asparaginase prior to reimaging. 
L-asparaginase was held in all patients after VTE 
for a median of 9 weeks in children and 4 weeks 
in adults. L-asparaginase was restarted along with 
anticoagulation in 77% patients (n = 33) with 
thrombosis, with the subsequent development 
of VTE in 33% patients (n = 11) (17% pediat-
ric vs 47% adult patients, p = 0.07). Only two 
patients had been reimaged prior to resuming 
L-asparaginase. The site of recurrence/extension 
tended to coincide with the original site of VTE. 
Of patients with VTE recurrence, L-asparaginase 
was continued in five patients, whereas others had 
already completed the therapy. VTE-related com-
plications included postphlebitic syndrome (7%, 
only in adults) and neurological changes (20%, 
ranging from chronic headaches to seizures). 
None of the patients died of VTE. At 4 years, 
the event-free survival (85 vs 88%; p = 0.36) and 
overall survival (86 vs 95%; p = 0.12) did not 
differ between patients with or without VTE. 
The authors concluded that in patients who 
develop VTE, L-asparaginase may be restarted, 
along with anticoagulation and antithrombin 
infusion as needed, if the imaging demonstrates 
either stabilization or resolution of clot [11]. In the 
Canadian study, six of seven pediatric patients 
with CNS thrombosis continued L-asparaginase 
therapy after resolution of symptoms with or 
without partial or complete resolution of clot. 
All patients were alive in remission at a median 
follow-up of 11 years (Table 3) [21].

Clearly, the decision on resuming 
L-asparaginase should take into consideration 
the clinical severity of initial VTE event, risk of 
VTE recurrence (controlled cancer, presence of 
additional risk factors), age of the patients and 
perceived benefit of L-asparaginase (Figure 2). 
L-asparaginase, thus may be continued after 
an extremity deep vein thrombosis (DVT), 
VTE in the presence of additional transient risk 
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factors and clot resolution, particularly in pedi-
atric patients being treated with curative intent. 
Patients, who are not a candidate for anticoagu-
lation (e.g., secondary to severe thrombocytope-
nia) or those with a history of life-threatening 
VTE or other irreversible risk factors for VTE 
may not be a good candidate for continuation 
of L-asparaginase. Further prospective stud-
ies are needed to identify the group of patients 
who are at high risk of complications from VTE 
recurrence on continuation of L-asparaginase.

Conclusion
VTE in ALL patients receiving L-asparaginase 
therapy is a common event, particularly in 
adults, during induction and among high-risk 
ALL groups  [11–12,21]. Although VTE often 
involves upper extremity veins particularly 
when a CVC is used [12], CNS thrombosis and 
other major VTE may cause significant mor-
bidity including long-term neurological conse-
quences  [11]. Additionally, the development of 
VTE is associated with a delay in therapy and 
possibly lower remission rate and survival [13,14]. 
A paucity of high quality data limits a definite 
conclusion regarding the role of several preven-
tive measures and optimal management of VTE; 
however, the prophylactic use of antithrombin 
infusion (to keep antithrombin activity >60%) 
or LMWH may be effective in reducing the 
risk of VTE  [14,31,33]. Such approach may par-
ticularly be cost–effective in patients at high 
risk of developing thrombosis [21] such as high-
risk ALL patients receiving L-asparaginase and 
prednisone during induction therapy [21].

Patients who develop VTE should hold further 
L-asparaginase therapy for a few weeks and may 

be anticoagulated with LMWH based on data 
for cancer patients in general; however, periodic 
monitoring of antithrombin levels and replace-
ment may be necessary in patients who con-
tinue to receive L-asparaginase therapy. Patients 
should be anticoagulated at least for the dura-
tion of L-asparaginase therapy or till the comple-
tion of chemotherapy. In select patients with a 
prior history of VTE, it may be safe to continue 
L-asparaginase therapy [11,48]; however, such deci-
sion should balance the risk of VTE recurrence 
and potential survival benefit with the continu-
ation of therapy. L-asparaginase therapy may be 
continued after the resolution of VTE-related 
symptoms, with or without repeat imaging for 
clot resolution, if the goal of therapy is cura-
tive. VTE recurrence may involve the original 
site  [11], hence, continuation of L-asparaginase 
therapy may be safer in patients with extrem-
ity DVT or those with no or minor symptoms; 
however, select patients with even a major VTE 
such as CNS thrombosis may be able to continue 
L-asparaginase therapy  [11,48]. In patients, who 
continue L-asparaginase therapy, careful moni-
toring of anti-Xa level (to confirm adequacy of 
anticoagulation with LMWH) and antithrombin 
level (to maintain level >60%) is important.

Future perspective
The use of L-asparaginase is associated with 
decreased levels of antithrombin  [14], which is 
considered as an important underlying mech-
anism for the development of VTE in these 
patients. This is further substantiated by the 
beneficial role of antithrombin replacement [14]. 
The full anticoagulant effect of LMWH requires 
the presence of antithrombin, whereas new oral 

Table 3. Safety of rechallenging with asparaginase after a thrombotic event.

Study (year) Study design Number of patients†, 
age group

Thrombosis 
recurrence rate

Bleeding rate Ref.

Qureshi et al. 
(2010)

Post hoc analysis of a 
prospective study

38 children and 
adults

0 0 [48]

Grace et al. 
(2011)

Post hoc analysis of a 
prospective study

33 children and 
adults

17% of children and 
47% of adults

‡ [11]

Abbott et al. 
(2009)

Retrospective study 6 children with CNS 
thrombosis

Not reported§ Not reported§ [21]

Lauw et al. 
(2013)

Retrospective study 4 adults Not reported§ Not reported§ [13]

Patients received anticoagulation during the re-exposure of asparaginase.
†Number of patients indicates the number of patients with asparaginase-related venous thromboembolism, who were re-exposed 
to asparaginase. Only a fraction of patients were re-exposed to asparaginase; the criteria for continuation versus discontinuation of 
asparaginase are not provided.
‡For 43 patients who developed asparaginase-related venous thromboembolism, 11% had minor bleeds and 4.6% had major 
bleeds.
§Patients appeared to have no major thrombohemorrhagic complications but details not provided.
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Figure 2. Algorithm for management of asparaginase-associated thrombosis. 
†Low-risk VTE indicates asymptomatic or mildly symptomatic VTE, VTE involving extremities or 
catheter-associated VTE. A VTE that was not organ or life threatening and now has completely 
resolved perhaps could also be considered a low-risk VTE. 
VTE: Venous thromboembolism.
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anticoagulants are direct inhibitors of thrombin 
or Xa and are not dependent on antithrombin 
for their activity [37]. The aforementioned pedi-
atric study demonstrated that the use of enoxa-
parin and antithrombin was more effective than 
antithrombin alone in preventive VTE during 
L-asparaginase therapy [33], which indicates that 
the new oral anticoagulants may be as effective 
as or perhaps more effective than LMWH and/
or antithrombin replacement in the prevention 
of asparaginase-related VTE. Similarly, the 
new oral anticoagulants may have a unique role 
in patients with VTE, who are re-exposed to 

L-asparaginase therapy. In such circumstances, 
these agents may also obviate the need of moni-
toring of antithrombin levels or antithrombin 
supplementation. Although a lack of a reversible 
agent may be a concern, in cancer patients, the 
bleeding risk of these oral agents is at the least 
similar to LMWH and VKA [45,46]. Although 
remarkable advances in the last few decades has 
made ALL as one of the most curable malignan-
cies in children, the risk of asparaginase-related 
VTE continues to be a problem. Further inves-
tigations of the preventive measures includ-
ing the use of novel oral anticoagulants have a 

Young patient (<30 years) 
Curative intent 
‘Low-risk’ thrombosis†

No additional risk factor for VTE
No contraindication for anticoagulation
Otherwise tolerating asparaginase
Prefers aggressive approach
Early in therapy?
Clot resolution?

1. Therapeutic anticoagulation with LMWH
2. Discontinue L-asparaginase therapy 1. Cautiously continue asparaginase-based 

    therapy
2. Therapeutic anticoagulation with LMWH
3. Monitor and replace antithrombin
4. Consider monitoring of anti-Xa level
5. High index of suspicion for recurrent VTE

VTE recurrence 

Permanently discontinue L-asparaginase therapy

No Yes

VTE during asparaginase-based therapy
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EXECUTIVE SUMMARY
Background

●● 	The use of L-asparaginase, along with multiagent systemic chemotherapy including anthracycline, vincristine and 
steroid, has made acute lymphocytic leukemia (ALL) a curable malignancy, particularly in children.

●● 	Although a useful agent, the use of L-asparaginase has several potential toxicities including the risk of thrombosis.

Epidemiology

●● 	The incidence of venous thromboembolism (VTE) in ALL patients has been reported to vary from 1 to 36% depending 
upon the age group of the patients, study designs, treatment protocols, symptomatic thromboembolism versus 
detection with screening radiography.

●● 	Although VTE often involves upper extremity veins, particularly when a central venous catheter is used, CNS 
thrombosis and other major VTE may cause significant morbidity including long-term neurological consequences, an 
interruption in therapy and possibly lower remission rate and survival.

Mechanism of thrombosis

●● 	L-asparaginase causes a decline in the levels of anticoagulant proteins, which along with platelet and endothelial 
activation, may result in the development of thrombosis.

Identification of high-risk patients

●● 	In ALL patients receiving L-asparaginase therapy, VTE is more common in adults, during induction and with the use of 
central venous catheters and asparaginase therapy for ≥9 days. High-risk ALL groups and the use of prednisone instead 
of dexamethasone are other potential risk factors for VTE; however, the role of inherited thrombophilia is controversial, 
more so in adults.

Prevention

●● 	A paucity of high-quality data limits a definite conclusion regarding the role of several preventive measures and 
optimal management of VTE; however, the prophylactic use of antithrombin infusion (to keep antithrombin activity 
>60%) or low molecular weight heparin (LMWH) may be effective in reducing the risk of VTE.

Management of VTE & rechallenge with L-asparaginase

●● 	Patients who develop VTE should hold further L-asparaginase therapy for a few weeks and may be anticoagulated with 
LMWH based on data for cancer patients in general.

●● 	In patients with a prior history of VTE, the decision to continue L-asparaginase therapy should balance the risk of VTE 
recurrence and potential survival benefit with the continuation of therapy.

●● 	VTE recurrence may involve the original site, hence, continuation of L-asparaginase therapy may be safer in patients 
with extremity deep vein thrombosis or those with no or minor symptoms; however, select patients with even a major 
VTE such as CNS thrombosis may be able to continue L-asparaginase therapy.

●● 	In patients, who continue L-asparaginase therapy, careful monitoring of anti-Xa level (to confirm adequacy of 
anticoagulation with LMWH) and antithrombin level is important.

Future perspective

●● 	Unlike LMWH, novel oral anticoagulants, which are direct inhibitors of thrombin or Xa, are not dependent on 
antithrombin level for their activity. Hence, we speculate that these agents may be as effective as or perhaps more 
effective than LMWH and/or antithrombin level in the prevention and therapy of asparaginase-related therapy.

potential to reduce the incidence of VTE and its 
associated complications in ALL patients.
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