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Aim: There are limited data describing incidence of symptomatic venous thromboembolism (VTE) in ado-
lescent and young adult (AYA) acute lymphoblastic leukemia (ALL) patients receiving peg-asparaginase.
Materials & methods: Single-institution retrospective analysis of 44 AYA ALL patients treated with peg-
asparaginase. Rates of VTE and proposed risk factors were assessed. Results: 18 patients (41%) had a
symptomatic VTE following peg-asparaginase. The cumulative incidence rate was 25% (95% CI: 13–38%)
within 30 days of the initial dose. Personal history of thrombosis was statistically significantly associated
with an increased risk of VTE with HR of 2.73 (95% CI: 1.40–5.33, p = 0.003) after adjusting for gender.
Conclusion: These data indicate a high rate of VTE in the AYA ALL population following treatment with
peg-asparaginase.
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Asparaginase is an integral component of pediatric acute lymphoblastic leukemia (ALL) chemotherapy regimens and
is known to be associated with improved long-term outcomes and survival [1,2]. Asparaginase aids in the hydrolysis
of L-asparagine to L-aspartic acid and ammonia and glutamine to glutamic acid, which results in the depletion
of L-asparagine and glutamine, both of which are necessary for maintaining rapid growth of lymphoblasts [3]. As
such, the absence of these substrates subsequently leads to leukemia cell death and improved disease-free and overall
survival for ALL patients [4].

Unfortunately, due to a number of serious drug-related toxicities, such as pancreatitis, hypersensitivity reactions,
anaphylaxis and thrombosis, asparaginase is not universally included in adult ALL protocols [5]. Pediatric-inspired
regimens for adolescent and young adult (AYA) patients with ALL, which contain either L-asparaginase or pegylated
(peg)-asparaginase, have been demonstrated to improve disease responses and survival outcomes, and are now
considered standard treatment for this age group, which includes patients 15–39 years of age per the National
Comprehensive Cancer Network (PA, USA) AYA definition [6–9]. Fortunately, ALL remains a relatively rare disease
in the AYA population, with a reported incidence of 1.1 per 100,000 cases [10].

One of the most significant asparaginase- related toxicities, which has high potential to affect morbidity and
mortality, is venous thromboembolism (VTE). Although asparaginase has been noted to decrease procoagulant
factors (such as fibrinogen, factors II, V, X), its predominant effect on coagulation is the reduction of natural
anticoagulants, such as antithrombin (AT), as well as downregulation of fibrinolytic factors such as plasminogen
thereby leading to a propensity for development of thromboembolic complications [11].

In pediatric ALL patients, symptomatic VTEs from asparaginase have been reported to be relatively low. A large
meta-analysis by Caruso and colleagues reported a 5.2% rate of symptomatic thrombotic complications in 1752
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pediatric ALL patients [12]. In their report, most VTEs occurred during induction chemotherapy and specific risk
factors, such as lower asparaginase doses administered over longer periods of time, the use of prednisone over
dexamethasone, and the presence of central venous catheters, were associated with a higher risk of thrombosis [12].
The PARKAA trial also reported a low rate of symptomatic deep vein thrombosis (5%) in pediatric ALL patients
treated with L-asparaginase, however, asymptomatic deep vein thrombosis, which were detected prospectively using
a number of screening imaging modalities following completion of L-asparaginase treatment, were diagnosed in
32% of patients [13].

In contrast, the incidence of asparaginase-related VTE in adult ALL patients have been shown to be consistently
higher. Grace and colleagues demonstrated that the rate of asparaginase-related thrombosis increases with age in
ALL patients treated across a number of Dana-Farber Cancer Institute (DFCI; MA, USA) protocols [14]. Whereas,
only 5% of pediatric patients experienced symptomatic VTE, the rate of symptomatic VTE increased with age
with rates of 20%, 25%, and 42% in the respective 11–14 years, 21–30 years and >30 years adult ALL patient age
groups [14].

Although the existing literature on asparaginase-related VTE risks has mainly focused on pediatric or adult
patient populations, VTE complications following peg-asparaginase administration in AYA ALL patients have not
been extensively explored. However, in the general AYA oncology population, VTEs have been reported to occur
in approximately 5% of patients across all cancer types [15]. The largest study to date to report outcomes following
treatment with a pediatric-inspired protocol, CALGB 10403, reported a 5% rate of VTE in the 295 AYA patients
who were enrolled. Additionally, half of these VTE events occurred within the context of an indwelling central
venous catheter [9].

Given the relatively limited data regarding thrombosis complications from asparaginase within the AYA popula-
tion and the observation that, at our institution, VTE appeared to be more common than expected, we conducted
this retrospective study to further evaluate the incidence, risk factors, and outcomes of VTE in ALL patients in the
AYA age group receiving peg-asparaginase.

Materials & methods
Patient characteristics
This is a single-institution retrospective study of AYA patients, between 18 and 38 years of age, with ALL who
received peg-asparaginase as part of treatment per the CALGB 10403 [9] protocol, either on or off study, between
January 2013 and December 2018. Most patients received the equivalent dose 2500 IU/m2 of peg-asparaginase per
the CALGB 10403 treatment protocol. Off-study patients treated after 2014 received a peg-asparaginase dose that
was capped at 3750 IU/dose due to increased toxicities above this dose. All VTE events in our patient population
were diagnosed based on symptoms and confirmed with the appropriate imaging modality. VTE prophylaxis and
screening were not considered standard of care in these patients at our institution. Clinical data, which included
demographic characteristics, ALL diagnosis details, VTE risk factors, VTE characteristics, management of VTE,
overall disease and survival outcomes, were collected by individual review of patient charts. The study was approved
by the Institutional Review Board.

Statistical analysis
Descriptive statistics such as medians and ranges, frequencies and percentages were used to summarize patient
characteristics. Time to first VTE was calculated from the start date of ALL treatment to the date of first VTE
onset, censoring at the transplant date or the last clinical visit date if no VTE event, treating death without
VTE as a competing risk. For our population, the start date of ALL treatment represents when the first dose of
peg-asparaginase was given, which was on day 4 of the treatment protocol. The cumulative incidence of VTE
was estimated. The Fine and Gray regression models accounting for competing risks were used to examine the
association between patient characteristics and risk of VTE. Overall survival (OS) was calculated from start of ALL
treatment to death, censoring those alive at the last clinical visit date. Relapse-free survival (RFS) was time from
start of ALL treatment to progression of ALL or death whichever occurred first, censoring those without progression
or death at the last clinical visit date. Time to recurrence of VTE was calculated from the date of first VTE to the
date of second VTE. The effect of VTE on OS and RFS were estimated by treating VTE as a time-dependent
covariate in the regression model. Analyses were performed using Stata 14, and the statistical tests were two-sided
with statistical significance defined as p <.05.
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Table 1. Patient demographic and disease characteristics.
Characteristic Total (n = 44) VTE (n = 18) No VTE (n = 26) CALGB 10403 [9]

(n = 295)

Sex:
– Females
– Males

16 (36.4)
28 (63.6)

3 (16.7)
15 (83.3)

13 (50)
13 (50)

115 (39)
180 (61)

Age:
– Median
– Range
– 18–20
– 21–29
– 30–38

23.5
18–38
13 (29.6)
17 (38.6)
14 (31.8)

25
19–38
2 (11.1)
10 (55.6)
6 (33.3)

22.5
18–37
11 (42.3)
7 (26.9)
8 (30.8)

24
17–39
74 (25.1)
146 (49.5)
75 (25.4)

BMI kg/m2:
– Median
– Range
– �30
– 30–40
– �40

24.5
18–48.2
36 (81.9)
2 (4.5)
6 (13.6)

24
18.8–40.2
16 (89)
1 (5.5)
1 (5.5)

25.4
18–48.2
20 (76.9)
1 (3.9)
5 (19.2)

26.5
14.9–54.3
201 (68.1)
72 (24.4)
22 (7.5)

Race:
– C
– AA
– Other
– Unknown

32 (72.7)
4 (9.1)
1 (2.3)
7 (15.9)

14 (77.8)
0
0
4 (22.2)

18 (69.2)
4 (15.4)
1 (3.9)
3 (11.5)

220 (74.6)
29 (9.8)
19 (6.4)
27 (9.2)

Personal history of thrombosis:
– Y
– N

1 (2.3)
43 (97.7)

1 (5.6)
17 (94.4)

0
26 (100)

N/A
N/A

Family history of thrombosis:
– Y
– N

3 (6.8)
41 (93.2)

2 (11.1)
16 (88.9)

1 (3.9)
25 (96.1)

N/A
N/A

Smoking history:
– Y
– N

16 (36.4)
28 (63.6)

7 (38.9)
11 (61.1)

9 (34.6)
17 (65.4)

N/A
N / A

On OCPs:
– Y
– N

2 (4.5)
42 (95.5)

1 (5.6)
17 (94.4)

1 (3.9)
25 (26.1)

N/A
N/A

Cell subtype:
– B – ALL
– T – ALL
– B – lymphoblastic lymphoma
– T – lymphoblastic lymphoma

28 (63.6)
12 (27.3)
1 (2.3)
3 (6.8)

13 (72.2)
4 (22.2)
0
1 (5.6)

15 (57.7)
8 (30.7)
1 (3.9)
2 (7.7)

223 (75.9)
71 (24.1)
0
0

WBC × 109/l at diagnosis:
– Median
– Range
– ≤30
– �30

8.8
0.4–520
31 (70.5)
13 (29.5)

5.3
0.71–82.6
16 (88.9)
2 (11.1)

17.4
0.4–520
15 (57.7)
11 (42.3)

9
0.4–444.6
217 (74.3)
75 (25.7)

Mediastinal mass at diagnosis:
– Y
– N

8 (18.2)
36 (81.8)

3 (16.7)
15 (83.3)

5 (19.2)
21 (80.8)

N/A
N/A

Cytogenetics:
– Unclassifiable
– Intermediate
– Unfavorable
– Not fully evaluable
– Favorable

17 (38.6)
18 (40.9)
5 (11.4)
4 (9.1)
0

7 (38.9)
9 (50)
1 (5.6)
1 (5.6)
0

10 (38.5)
9 (34.6)
4 (15.4)
3 (11.5)
0

25 (9.8)
112 (43.6)
18 (7)
86 (33.5)
16 (6.2)

N/A: Data were not evaluated in the CALGB 10403 population.
AA: African–American; ALL: Acute lymphoblastic leukemia; BMI: Body mass index; C: Caucasian; LBL: Lymphoblastic lymphoma; OCP: Oral contraceptive; WBC: White blood
cell.

Results
Patient characteristics & risk factors for VTE
Patient characteristics and VTE risk factors are summarized in Table 1. 44 AYA patients with a diagnosis of B-
or T-ALL or B- or T-lymphoblastic lymphoma (LBL) who received peg-asparaginase were included. There was
one patient with lymphoid blast crisis due to progression from chronic myeloid leukemia included as well. The
median age was 23.5 years (range, 18–38 years). 28 patients (64%) had B-ALL, 12 (27%) had T-ALL, three (7%)
had T-LBL, and one (2%) had B-LBL. Only one patient (2%) had a personal history of VTE at the time of ALL
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Table 2. Univariable analysis of risk factors for venous thromboembolism.
Characteristics HR 95% CI p-value

Age at Dx 1.03 0.97 1.10 .30

Male vs female 3.45 1.01 11.86 .05

BMI at Dx 0.96 0.89 1.04 .33

WBC at Dx 0.99 0.97 1.00 .14

Mediastinal mass at Dx 0.82 0.25 2. 71 .74

ALL cell subtype, T vs B 0.65 0.24 1.76 .40

Personal H/o thrombosis 3.50 2.05 7.06 �.01

Family H/o thrombosis 2.75 0.61 12.34 .19

Smoking history 0.99 0.40 2.45 .99

On OCP 1.15 0.20 6.69 .88

Fibrinogen level at ALL Dx 1.00 1.00 1.01 .18

Platelet count at ALL Dx 1.00 1.00 1.01 .58

ALL: Acute lymphoblastic leukemia; BMI: Body mass index; Dx: Diagnosis; H/o: History of; HR: Hazard ratio; OCP: Oral contraceptive pills; VTE: Venous thromboembolism; WBC: White
blood cell.

diagnosis and three patients (7%) had a family history of VTE. 16 patients (36%) had a smoking history and, out
of 16 female patients, two (13%) were on oral contraceptive pills at the time of ALL diagnosis. One patient was on
norethindrone at the time of peg-asparaginase administration.

Patient characteristics and risk factors were comparable between our cohort and those treated on CALGB
10403 [9]. Notable differences included a lower percentage of patients with B-ALL in our cohort (64 vs 76%) as
well as the absence of any patients with LBL in the CALGB 10403 cohort. We used the same cytogenetic risk
assignment as CALGB 10403, which was based on criteria from the CALGB 19802 trial [16], to assign patients to
favorable, intermediate, unfavorable, unclassifiable and not fully evaluable risk groups. The majority of our patients
were in the unclassifiable (39%) or intermediate (41%) cytogenetic risk groups, while the minority were in the
unfavorable (11%) or not fully evaluable (9%) risk groups. There were no patients with favorable-risk disease.
Compared with the CALGB 10403 cohort, the majority of patients were in the intermediate (43.6%) and not fully
evaluable (33.5%) cytogenetic risk groups, while the minority were in the unclassifiable (9.8%), unfavorable (7%)
and favorable (6.2%) cytogenetic risk groups.

Univariable analysis to identify risk factors for VTE are presented in Table 2. Male sex and personal history of
thrombosis were significantly associated with an increased risk of VTE, with a hazard ratio (HR) of 3.45 (95%
CI: 1.01–11.86, p = 0.049), and HR of 3.50 (95% CI: 2.05–7.06, p <.01, respectively. In multivariable analysis
model, personal history of thrombosis remained statistically significantly associated with an increased risk of VTE
with HR of 2.73 (95% CI: 1.40–5.33, p = .003) after adjusting for gender.

Incidence & treatment of VTE
18 patients (41%) experienced a VTE complication following peg-asparaginase administration with a cumulative
incidence rate of VTE of 25% (95% CI: 13–38%) within 30 days after their initial peg-asparaginase dose
(Figure 1A). The initial VTE occurred most commonly during the induction phase of ALL treatment in thirteen
patients (72%). Two patients (11%) experienced their first VTE during consolidation, two patients (11%) had
a VTE during delayed intensification, and one patient (6%) had a VTE during maintenance. The median time
to VTE onset was 14 days (range, 6–99 days) after the preceding dose of peg-asparaginase. On average patients
received one dose of peg-asparaginase (range of 1–6) prior to diagnosis of initial VTE.

The VTE sites were upper extremity (n = 6), lower extremity (n = 6), cerebral (n = 6) and pulmonary (n = 1).
One patient was diagnosed with two VTEs concurrently at differently sites and two (11%) patients had VTEs in
association with a central line. The most common presenting symptom of initial VTE was edema and pain in ten
out of the 18 patients (55.5%) who suffered from a VTE event followed by seizures in three (17%), focal findings
on neurological exam in two (11%), shortness of breath in one (5.5%), headaches in one (5.5%) and altered mental
status in one patient (5.5%). The most common diagnostic tests used to confirm the initial VTE event were upper
and/or lower extremity dopplers in 11 (61%) out of the 18 patients who suffered from a VTE event followed by
computed tomography (CT) pulmonary angiogram in one (6%), CT angiogram brain in two (11%), magnetic
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Figure 1. Venous thromboembolism incidence and disease outcomes of adolescent and young adult acute lymphoblastic leukemia
patients receiving peg-asparaginase.(A) Cumulative incidence of VTE from start of ALL treatment, (B) cumulative incidence of recurrent
VTE from initial VTE, (C) relapse-free survival from start of ALL treatment, (D) overall survival from start of ALL treatment.
ALL: Acute lymphoblastic leukemia; VTE: Venous thromboembolism.

resonance imaging (MRI) brain angio-venogram in two (11%) and MRI brain with and without contrast in two
(11%).

Antithrombin (AT) levels were obtained in ten patients at time of VTE diagnosis with a median activity level of
56.5% (35–94%). In patients who experienced at least one recurrent VTE, the median AT activity level was also
56.5% (35–72%). Fibrinogen levels (mg/dl) were obtained in 17 patients at time of VTE diagnosis with a median
value of 130 (0–792) and a median value of 96 (0–792) in patients who experienced at least one recurrent VTE.
Median platelet count (K/ul) at the time of VTE diagnosis was 124 (20–248) and a median count of 128 (20–226)
in patients who experienced at least one VTE.

The initial VTE completely resolved in 13 patients (72%) with partial resolution in three (17%) and presence of
a chronic thrombus in two patients (11%). Out of the 18 patients with VTE, nine (50%) had a total of 17 recurrent
VTEs with the median (range) duration to recurrent VTE being 28 days (range, 1–211 days). The recurrent VTE
events occurred most frequently during the consolidation phase (n = 7, 41%), followed by the maintenance phase
(n = 6, 35%), induction (n = 3, 18%) and delayed intensification (n = 1, 6%). The most common location of
recurrence was in a lower extremity vein (29% of total recurrent VTEs).

Only four patients (22%) who suffered from a VTE on peg-asparaginase received prophylactic anticoagulation,
two received heparin and two received enoxaparin, prior to diagnosis of the initial VTE. In the absence of a standard
institutional VTE prophylaxis guidelines, the most common reasons for patients not receiving VTE prophylaxis
were presence or anticipation of prohibitory thrombocytopenia, increased bleeding risk or ambulating patient
population. The most common initial treatment of VTE was a heparin infusion in nine patients (50%), followed
by enoxaparin in seven patients (39%), and inferior vena cava filter placement in one patient (5.5%). The median
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total duration of anticoagulation therapy initiated after the initial VTE event was 203 days with the range being
21–560 days. Not included in this duration was one (5.5%) patient in whom anticoagulation was contra-indicated
due to risk of bleeding.

The most common secondary thromboprophylaxis therapy for the seventeen patients (94%) who were initially
placed on anticoagulation after their initial VTE was enoxaparin in 13 patients (76%). Other therapies included
the initiation of enoxaparin along with inferior vena cava filter placement in two patients (12%) and direct
oral anticoagulants in two patients (12%). Ten (56%) patients who experienced a VTE received at least one
administration of AT. Nine (90%) of these patients received their first dose of AT after their initial VTE however
one patient received AT as primary prophylaxis.

14 patients (32%) in the entire cohort experienced at least one bleeding complication, with nine of these
patients suffering from at least one VTE. Five patients (36%) were on anticoagulation at the time of their bleeding
complication. The most common initial bleeding complication involved the central nervous system in eight patients
(57%), followed by ophthalmologic hemorrhages in five patients (36%) and hemorrhagic mucositis in one patient
(7%). After initial VTE, peg-asparaginase was continued in ten patients (56%), stopped in six (33%), and dose
reduced in two (11%).

Overall survival & progression-free survival
At the time of data collection cut-off on 29 January 2020, 12 (27%) patients had died, with five deaths occurring
as a result of ALL progression. The median follow-up duration among those alive was 36.1 months (range 3.4–
71.8 months). Out of the seven patients with VTE for whom peg-asparaginase was discontinued or dose reduced,
three (37.5%) developed progression of ALL compared with progression in two (18%) of the 11 patients in which
peg-asparaginase was continued after VTE (p = .52). The 3-year RFS rate for the entire cohort was 62%. The RFS
rates at years 1, 2 and 3 were 88.3% (95% CI: 74.1–95.0%), 75.3% (95% CI: 58.8–85.9%) and 61.1% (95% CI:
42.4–75.4%), respectively (Figure 1C). Median RFS duration was 42 months (95% CI: 33.5-not reached). The
overall survival rates at years 1, 2 and 3 were 95.2% (95% CI: 82.2–98.8%), 82.2% (95% CI: 66.2–91.1%) and
72% (95% CI: 53.7–84.1%), respectively (Figure 1D). There was no significant difference in RFS or OS in those
who did and did not experience VTE. In patients who experienced VTE, there was no significant difference in RFS
or OS between those patients who got all of the planned doses of peg-asparaginase compared with those who did
not get all planned doses.

Discussion
This single-institution retrospective analysis shows an alarmingly high rate (41%) of VTE complications in 44 AYA
patients treated with peg-asparaginase as part of a pediatric-inspired regimen for ALL. To our knowledge, this is the
first analysis to focus specifically on VTE complications after peg-asparaginase administration in this population
as the majority of other studies have included AYA patients within a broader age group of ALL patients [14,17,18].
Notably, the largest study to date to evaluate outcomes in AYA ALL patients receiving peg-asparaginase, CALGB
10403, reported only a 5% VTE rate, half of which were in association with the presence of an indwelling central
venous access catheter [9]. In contrast, only 11% of our study population experienced VTE in association with a
central line. Although our study and CALGB 10403 contained the same patient population, the vastly differing
rates of VTE between the two studies is compelling and the reason for this difference is unclear. Our results are
more aligned with those of the DFCI data in which the symptomatic VTE rate was observed to be 42% in ALL
patients over 30 years of age; however, that study included a number of patients past the age of 39 years and outside
the standard age range that is typically considered for AYA patients [14]. Furthermore, we observed a symptomatic
VTE cumulative incidence rate of 42% (95% CI: 27–56%) by 216 days following the initial peg-asparaginase dose,
which is significantly higher than the 18.1% cumulative incidence rate by 2.5 years that Rank and colleagues had
observed in their AYA cohort [18].

We assessed a number of patient and disease related risk factors which could potentially explain the high number
of VTEs in our AYA patients and were only able to identify personal history of thrombosis and male sex as risk
factors for peg-asparaginase related VTE. Admittedly, there was only one patient in our study population who
had a personal VTE history prior to therapy, which limits the impact of this particular finding but may lead
to hypothesis-generating studies for future work. Male sex, however, has not been previously reported to predict
increased risk of VTE in ALL patient populations. In large noncancer population studies, males have been reported
to experience initial VTEs slightly more frequently than women (130/100, 000 vs 110/100,000, respectively) [19,20].
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Table 3. Comparison of venous thromboembolism rates and risk factors in previously studied acute lymphoblastic
leukemia patient populations who received peg-asparaginase.
Reference (study) Population n VTE rate Risk factors Ref.

Caruso et al., 2006
(meta-analysis)

Pediatric (�18 years) 1752 5.2% (sx) • Induction phase
• Lower doses of peg-asparaginase for longer periods
and administration with anthracycline and prednisone
• Central lines
• Thrombophilic genetic abnormalities

[12]

Grace et al., 2011
(DFCI)

Pediatric and adult
(0–50 years)

548 8% All (sx)
5% Pediatric
34% Adult

• Age 30 years or older (VTE rate 42%) [14]

Gugliotta et al., 1992
(GIMEMA protocol ALL 0288)

AYA and adult (12–68 years) 238 4.2% • Administration of peg-asparaginase with prednisone [17]

Klaassen et al., 2019
(DCOG ALL-10)

Pediatric (�18 years) 778 7.6% • Age 7 years or older
• T-ALL subtype

[23]

Lauw et al., 2013
(HOVON-37)

Adult 240 10% • VTE incidence was significantly lower with FFP
supplementation than without FFP

[24]

Mitchell et al., 2003
(PARKAA)

Pediatric (�18 years) 60 Asymptomatic 32%
Symptomatic 5%

• Screened for VTEs at the end of asparaginase treatment
• Symptomatic VTEs were confirmed by appropriate
radiographic tests

[13]

Rank et al., 2018
(NOPHOALL2008)

Pediatric and adult
(1–45 years)

1772 7.9% All
3.7% 1–9.9 years
15.5% 10–17.9 years
18.1% adult

• Age 10 years or older
• Enlarged lymph nodes
• Mediastinal mass

[18]

Stock et al., 2019
(CALGB10403)

AYA (17–39 years) 295 5% • Central lines [9]

ALL: Acute lymphoblastic leukemia; AYA: Adolescent and young adult; VTE: Venous thromboembolism.

Additionally, Kyrle and colleagues showed that the risk of recurrent VTE was significantly higher in men than
women (20 vs 6%) and that male sex was an independent risk factor for VTE recurrence [21]. It remains unclear
whether hormonal fluctuations in this setting contribute to the differences in risk of VTE between sexes. Multiple
other studies have identified different clinical risk factors (Table 3), and recent research further explored genetic
risk factors of VTE in this population. For instance, the NOPHO ALL2008 group was able to create a genetic
risk score based on the presence of single nucleotide polymorphisms, F11 rs2036914 and FGG rs2066865 that
associated with higher risk of VTE particularly in adolescents (HR: 1.64) [22].

Furthermore, it is possible that concomitant high dose steroid administration, specifically prednisone, during
induction contributed to an increased risk of VTE. This association has been reported in both pediatric and adult
ALL populations who have received peg-asparaginase [12,17,25]. However, other large randomized trials have shown
no difference in VTE rates based on choice of corticosteroid [26,27]. In our cohort, out of the 18 patients who
suffered from a VTE after peg-asparaginase, prednisone was given prior to the initial VTE in 16 (89%) patients
and two (11%) patients received both prednisone and dexamethasone prior to the initial VTE. The relationship
of prednisone to VTE may be related to its inhibition of fibrinolysis secondary to its ability to increase synthesis
of plasminogen activator inhibitor and decrease levels of fibrinogen and plasminogen. Prednisone may have more
of these effects compared with dexamethasone because of its mineralocorticoid properties which dexamethasone
lacks [25,28]. Of important note, the successor trial to CALGB 10403, Alliance A041501 (NCT03150693), which is
currently enrolling, replaces prednisone with dexamethasone during the induction phase which could, theoretically,
reduce VTE rates.

Similar to Grace and colleagues [14], we observed no difference in OS and RFS between patients with and without
VTE, however, we acknowledge that our small sample is too small to make any definitive statements regarding
outcomes.

Expert guidelines have been proposed with respect to optimization of management for ALL patients receiving
peg-asparaginase [29]. However, alternate doses and dosing schedules of peg-asparaginase have also been explored
in an effort to reduce toxicities. Derman and colleagues were able to show, retrospectively, that patients who were
treated per the CALGB 10403 regimen, off trial, with reduced doses of peg-asparaginase (≤1000 IU/m2) were
able to achieve adequate asparagine depletion and fewer total grade 3 or 4 toxicities, compared with patients who
received standard dose peg-asparaginase (doses ≥1000 IU/m2), without compromising RFS or OS [30]. However,
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rates of new VTE between the reduced dose peg-asparaginase group and the standard dose group were, essentially
unchanged (20 vs 15.4%, p = 0.726). Larger prospective studies evaluating the utility of this approach would
provide stronger rationale to adopt this strategy. Within a large pediatric population comprising over 600 patients,
intermittent versus continuous peg-asparaginase dosing revealed significant reduction in all major peg-asparaginase-
related toxicities within the intermittent dosing group without any difference in disease-free survival [31]. Similar
approaches could potentially be explored in the AYA population.

In addition, the utility of thromboprophylaxis is also worthy of investigation. In our cohort, only four patients
out of 18 who developed VTE in our cohort received thromboprophylaxis at the time of VTE, so evaluating the
risks and benefits or thromboprophylaxis in this high risk population is essential. It’s possible that our prophylactic
strategy could be intensified, specifically with more consistent prophylaxis for patients with thrombocytopenia.
Large randomized studies are ongoing to evaluate the effect of thromboprophylaxis with direct oral anticoagulants
(NCT02369653) or low molecular weight heparin in pediatric ALL patients receiving peg-asparaginase [23]. Based
on these findings, future decisions to incorporate thromboprophylaxis in AYA ALL regimens could be extrapolated.
In addition, the use of AT concentrates to prevent VTE in peg-asparaginase-treated patients is also controversial.
The recently published International Society of Thrombosis and Hemostasis SSC (NC, USA) guidance document
suggests monitoring of AT level as well as repletion during peg-asparaginase therapy in the adult population after
the literature showed a 60% risk reduction in VTE when implementing such strategies [32]. Whether the AYA
population can benefit from a similar approach warrants further investigation.

Limitations of our study include a retrospective study design, relatively small patient population, lack of mul-
tivariate analysis and inconsistent management of patients receiving peg-asparaginase (e.g., varying doses of peg-
asparaginase, decision to check AT levels prior to peg-asparaginase dose, decision to provide AT repletion). Addi-
tionally, there was marked provider variation in VTE management. In patients treated with anticoagulation, patient
compliance with anticoagulation was also unknown, thereby affecting rates of recurrent VTE.

In summary, we report a high rate of VTE in our AYA ALL patients who have received peg-asparaginase as
part of a pediatric-inspired multi-agent chemotherapy regimen. Future larger prospective studies focusing on risk
factors and risk-adapted approaches in the management of the AYA population will allow for targeted prevention
and treatment strategies for VTE as well as other peg-asparaginase-related complications.

Summary points

• In this series of 44 adolescent and young adult (AYA) patients with acute lymphoblastic leukemia (ALL) who
received peg-asparaginase as part of treatment with a pediatric inspired chemotherapy regimen, symptomatic
venous thromboembolism (VTE) occurred in 41% of patients, which is notably higher than what is reported in
other studies.

• The cumulative incidence rate of VTE within 30 days following peg-asparaginase was 25% (95% CI: 13–38%),
with a median time to VTE onset of 14 days (range, 6–99 days) after the preceding dose of peg-asparaginase.

• 50% of patients who were diagnosed with a VTE experienced recurrent VTEs.
• The only risk factors identified for increased risk of VTE were male sex with a hazard ratio (HR) of 3.45 (95% CI:

1.01–11.86, p = 0.049) and personal history of thrombosis (HR: 2.73 [95% CI: 1.40–5.3, p = 0.003]).
• Larger studies in the AYA ALL population are needed to identify risk factors which will allow targeted prevention

and treatment strategies for VTE.
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