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บทคัดย่อ
หลักการและวัตถุประสงค์: ภาวะลิ่มเลือดอุดตันเป็นภาวะแทรกซ้อนรุนแรงที่พบได้ในผู้ป่วยเด็กมะเร็งเม็ดเลือดขาวและมะเร็งต่อมน�้าเหลืองที่ได้รับยาแอสพาราจิเนส วตัถปุระสงค์ 
เพือ่หาอบุตักิารณ์ ปัจจัยเสี่ยงต่อลิ่มเลือดอุดตัน และผลการรักษาหลังการใช้ยาแอสพาราจิเนส
วิธีการศึกษา: เป็นการศึกษาย้อนหลังเชิงพรรณนาในผู้ป่วยเด็กอายุน้อยกว่า 18 ปีที่เป็นโรคมะเร็งเม็ดเลือดขาวลิมโฟบลาสต์และมะเร็งต่อมน�้าเหลืองในโรงพยาบาลศรีนครินทร์  
ตั้งแต่เดือน มกราคม 2540 ถึง ธันวาคม 2550 และได้รับการวินิจฉัยภาวะลิ่มเลือดอุดตัน โดยเก็บและวิเคราะห์ข้อมูลทั่วไปของผู้ป่วย อาการของภาวะลิ่มเลือดอุดตัน ปริมาณ 
ยาแอสพาราจิเนสสะสม ยากลุ่มแอนทราไซคลินและสเตียรอยด์ที่ได้รับในระหว่างการรักษาด้วยยาแอสพาราจิเนส ภาพทางรังสีวินิจฉัยภาวะลิ่มเลือดอุดตัน ผลการรักษา  
ผลการศึกษา: พบว่า ผู้ป่วยเด็กมะเร็งเม็ดเลือดขาวลิมโฟบลาสต์และมะเร็งต่อมน�้าเหลือง 831 ราย ได้รับการรักษาด้วยยาแอสพาราจิเนส เกดิลิม่เลอืดอดุตนั 16 ราย ค่ามธัยฐานอายุ  
12 ปี ค่ามธัยฐานระยะเวลาการเกดิลิม่เลอืดอดุตนั 17 วันหลงัจากได้รบัยา (ช่วงระหว่าง 1 ถงึ 41 วนั) โดยพบลิม่เลอืดอดุตนัในต�าแหน่งหลอดเลอืดด�า (ร้อยละ 62.5) มากกว่าหลอดเลอืดแดง  
(ร้อยละ 37.5) โดยท่ี 14 ราย (ร้อยละ 87.5) เกดิลิม่เลอืดในระบบประสาท อาการทีพ่บบ่อยทีส่ดุ คอื ชกั ผูป่้วยส่วนใหญ่ได้รบัยาแอสพาราจิเนสควบคู่กับยากลุ่มแอนทราไซคลินและ 
สเตียรอยด์ ปัจจยัสมัพนัธ์การเกดิลิม่เลอืดอุดตนั คอื ภาวะพร่องโปรตนี S ภาวะขาด antithrombin และ โปรตนี C ผูป่้วยส่วนใหญ่ได้รบัการรกัษาด้วยยากลุม่เฮพารนิทีมี่น�า้หนกัโมเลกลุ
ต�่า (ร้อยละ 81.1)  ผู้ป่วย 8 ราย ภาวะลิ่มเลือดอุดตันสลายหมดหลังการรักษา ผู้ป่วย 4 รายพบลิ่มเลือดอุดตันบางส่วน ผู้ป่วย 2 ราย มีอาการดีขึ้น โดยไม่ได้ติดตามด้วยภาพถ่ายรังสี  
ผู้ป่วย 10 ราย (จาก 14 ราย) มีลิ่มเลือดอุดตันในระบบประสาท มีผลการรักษาดีมาก (ค่าคะแนน modified Rankin scale 0 หรือ 1) มี 12 รายรอดชีวิต และ 2 ราย เสียชีวิต 
จากโรคมะเร็งลุกลาม และภาวะสมองขาดเลือด
สรุป: การรักษาโดยใช้ยาแอสพาราจิเนส ในผู้ป่วยเด็กโดยเฉพาะอายุ 10 ปีขึ้นไปที่เป็นโรคมะเร็งเม็ดเลือดขาวลิมโฟบลาสต์และมะเร็งต่อมน�้าเหลืองควรมีการเฝ้าระวังภาวะลิ่มเลือด 
อุดตัน ปัจจัยเสี่ยงที่พบมากที่สุด คือ ภาวะขาดโปรตีน S ผลการรักษาโรคลิ่มเลือดอุดตัน น่าพงึพอใจ การกลบัมาใช้ยาแอสพาราจเินสอกีครัง้ค่อนข้างปลอดภยั อย่างไรกต็าม ปัจจยัเสีย่ง 
ของลิม่เลอืดอดุตนัตามหลงัการใช้ยาแอสพาราจิเนส และแนวทางในการป้องกันลิ่มเลือดอุดตันหลังจากการใช้ยานี้ ยังต้องการการศึกษาเพิ่มเติมในอนาคต

ค�าส�าคัญ: ยาแอสพาราจิเนส, ภาวะลิ่มเลือดอุดตัน, ผู้ป่วยเด็ก, โรคมะเร็งเม็ดเลือดขาว

Abstract
Background and Objective: Asparaginase is a standard chemotherapy agent which is successful against childhood acute lymphoblastic 
leukemia (ALL) and lymphoblastic lymphoma (LL). However, asparaginase increases the risk of Thromboembolic events (TEEs). This retrospective 
descriptive study aims to describe the characteristics, treatment, and outcomes of children with asparaginase-related thrombosis in Srinagarind 
Hospital, Thailand.
Methods: Pediatric ALL and LL patients, aged under 18 years old at diagnosis of ALL and LL with definitely diagnosed TEEs, treated between 
1997 and 2017, were retrospectively reviewed. Patient demographic data, clinical presentations of TEE, actual dosage of asparaginase,  
concomitant anthracycline and steroids administration, imaging study results, treatments, and outcomes, were all collected and analyzed.
Results: Of 831 ALL and LL patients, 16 developed asparaginase-related TEE. Median age of patients with TEE were 12 years (range 3-15 years). 
CNS thrombosis (14 patients). was the most were more venous site more than arterial sites (62.5% versus 37.5%). Seizures were the most 
common presentation, with a median time of onset of 17 days from the first exposure (range 1–41 days). Most of them received anthracycline 
and steroids during asparaginase administration. Acquired protein S deficiency was the most common prothrombotic state, followed by  
acquired antithrombin and acquired protein C deficiency. Most patients were treated with low-molecular weight heparin (81.1%). of 8 patients 
had complete responses, 4 had partial responses, and 2 had clinical improvement. Ten of 14 patients (71.4%) with CNS TEE had favorable 
outcomes (modified Rankin scale 0-1). Twelve patients (75%) were alive, two died from advanced cancer, and one died from brain herniation 
after cerebral infarction. 
Conclusions: Caution is necessary concerning asparaginase-related TEE in leukemia and lymphoma patients, particularly in patients aged more 
than 10 years old. Protein S deficiency was the most risk. Post-TEEs treatment had favorable outcomes. Rechallenge of asparaginase is rather safe. 
Further larger prospective studies focusing on risk factors and TEEs prophylaxis studies should be conducted to improve outcomes.  
EC reference number: HE611459

Keyword: Asparaginase, thromboembolic events leukemia, pediatric patient, leukemia
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Introduction
 Thromboembolic events (TEEs) are rare  
complications of childhood hematologic malignancies 
but result in morbidity and mortality. Asparaginase is 
one of the predisposing factors for TEE. Asparaginase 
is the backbone of childhood acute lymphoblastic 
leukemia (ALL) and lymphoblastic lymphoma (LL)   
treatments. Asparaginase is the enzyme that can break 
down the amino acid L-asparagine to ammonia and 
glutamic acid. Asparagine is important for cell  
metabolism but leukemic cells lack the ability to 
synthesize L-asparagine itself, therefore asparaginase 
can cause apoptosis of leukemic cells.1 However, 
asparaginase can also decrease the synthesis of both 
procoagulant (fibrinogen, factor II, V, X) and  
anticoagulant proteins. The predominant effects on 
the anticoagulant system include the declining levels 
of antithrombin, protein C, and protein S. Moreover, 
downregulation of plasminogen and α-2-antiplasmin, 
an increase in plasminogen activator inhibitor-1 (PAI-1), 
and increased ADP susceptibility of platelets have  
been reported.2 Overall, this results in increasing risks 
of bleeding and thrombosis.
 Asparaginase-associated thrombosis is well  
reported in western populations. However, there are 
few reports in asian populations, especially in  
Thailand. To improve knowledge in the Thai setting, 
this study has been conducted to describe the  
incidence of asparaginase-related TEE, the clinical 
characteristics of patients, and the risk factors,  
treatments, and outcomes of patients in a tertiary 
care center in northeastern Thailand.

Methods
Patient selection
 The medical records of pediatric ALL and LL 
patients were retrospectively reviewed. The inclusion 
criteria were newly diagnosed ALL and LL patients 
aged under 18 years old at diagnosis of cancers with 
diagnosis of TEEs, treated at Srinagarind Hospital  
between 1997-2017. The study protocol was  
approved by the ethics committee of the Faculty of 
Medicine, Khon Kaen University (reference number: 
HE611459) according to the ethics principles of the 
Declaration of Helsinki (1975) and its revision.

Treatment protocols
 Thai Pediatric Oncology Group (ThaiPOG)  
regimens were used to treat children with ALL and 
LL. The therapy protocol was optimized using risk 
stratification (Supplemental Table S1). Patients with 
LL were given a high-risk ALL treatment regimen.  
According to the chemotherapy phases, all patients 
got E. coli L-asparaginase in a variety of total dosages 
and administration days. 
 From 1997-2008, pediatric ALL and LL patients 
were treated according to the ThaiPOG ALL 01-08 for 
standard risk ALL, ALL 02-08 for high-risk ALL, and ALL 
03-08 for very high-risk ALL and LL (Supplemental 
Figure S1). Asparaginase was used during the induction 
and delay-intensification phases. All the ALL regimens 
included 6 doses of 10,000 IU/m2 asparaginase in the 
induction phase, along with high-dose prednisolone, 
vincristine, doxorubicin, and intrathecal methotrexate. 
For the delay-intensification phase, there were 6 
doses of 10,000 IU/m2 asparaginase in the ALL 01-08 
and ALL 02-08, and 12 doses of 10,000 IU/m2  
asparaginase in the ALL 03-08 regimen. 
 From 2009-2017, pediatric ALL and LL patients 
were treated according to the 2008-revised version 
of the ThaiPOG regimens. The ALL 1301 was for  
standard risk ALL, the ALL 1302 was for high risk ALL 
and LL, and the ALL 1303 was for very high-risk ALL. 
(Supplemental Figure S2). Asparaginase was used 
during the induction, consolidation, and delay- 
intensification phases. Asparaginase dosage in the 
induction phase was the same as in the former  
regimens. For the ALL 1301 protocol, two doses of 
25,000 IU/m2 asparaginase were used in the delay- 
intensification phase. For ALL 1302 and ALL 1303, the 
protocol contained 4 doses of 25,000 IU/m2 asparaginase 
during the consolidation phase and an additional 4 
doses of 25,000 IU/m2 during the delay-intensification 
phase.

Data collection
 All cases of TEEs were included by indicating 
clinical signs and symptoms and confirmed by  
imaging studies with a positive thrombus in vessels. 
The data including basic characteristics of the patients, 
clinical presentations, actual dosage of asparaginase, 
concomitant anthracycline and steroids administration, 
types of steroids, imaging study results, treatments, 
and outcomes, were all collected.
The time to the onset of TEEs during the induction 
and consolidation phases was calculated from the 
start date of asparaginase given, which was on day 4 
of the induction, to the first TEE onset. Likewise, the 
time to the onset of TEEs during delay-intensification 
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was calculated from the start date of asparaginase, 
which was on day 8 of the delay-intensification, to 
the date of the first TEEs onset.
 Thrombophil ic laboratory results after  
asparaginase administration were collected, including 
lupus anticoagulant, protein C, protein S, antithrombin, 
fibrinogen, factor VIII, factor IX, factor XII levels, and 
factor V Leiden. All the results were interpreted using 
age-specific reference ranges.

Outcome criteria
 Both of the diseases and the TEE outcomes 
were reported. The disease outcome was categorized 
as remission or relapse. The survival status of the 
patients was also collected. The outcome of TEEs 
was evaluated by clinical signs and imaging studies. 
For the imaging, the outcomes of TEEs were classified 
as follows: complete resolution (CR) if the thrombus 
was completely resolved, partial resolution (PR) if the 
thrombus was shrunken in size but not completely 
resolved, and stable disease (SD) if the thrombus size 
was unchanged. In particular, patients with CNS TEEs 
had outcomes reported by using a modified Rankin 
Score (mRS) with a grade of 0-6.3 Grading of the mRS 
is defined as “grade 0” when a patient has no  
residual symptoms, “grade 1” when a patient has 
residual symptoms but is able to carry out all usual 
duties and activities, “grade 2” when a patient has a 
slight disability but is able to look after his/her own 
affairs without assistance,  “grade 3” when a patient 
has a moderate disability requiring some help but is 
able to walk without assistance, “grade 4” when a 
patient has a moderately severe disability, and is 
unable to walk and attend to his/her own bodily 
needs without assistance, “grade 5” when a patient 
has a severe disability or is bedridden, and “grade 6” 
when a patient is dead. 

Statistical analysis
 Descriptive statistics, including mean, median, 
standard deviation, number, percentage, and range 
for continuous data, were analyzed by STATA version 
10.0.

Results
 A total of 831 childhood ALL and LL patients 
were included. None of patient was excluded. Sixteen 
patients developed TEEs, with an incidence rate of 
1.9%. The majority of patients were female (56.2%), 
with a median age of 12 years (range 3-15 years). The 
median time to the onset of TEEs was 17 days (range 
1-41 days) after the first dose of asparaginase was 
given. Most patients (87.5%) developed TEEs during 
the induction and consolidation phases. Thirteen 
cases (81.1%) were high-risk ALL, followed by 1 case 
with standard risk (6.3%), and 1 patient with relapsed 
ALL (6.3%). Almost all of the patients received  
asparaginase concomitant with steroids (87.5%) and 
anthracycline (93.8%). The most common site of TEEs 
was CNS thrombosis (81.1%), followed by pulmonary 
embolism (6.3%), deep vein thrombosis of the lower 
extremities (6.3%), and multiple sites of thrombosis 
(6.3%). The majority of patients with CNS TEEs  
presented with seizures, followed by hemiparesis. 
Nearly half of the patients also experienced other 
side effects from asparaginase, including hyperglycemia, 
pancreatitis, and anaphylaxis. None of the patients 
died from these adverse events. Most of the patients 
were treated with low-molecular weight heparin 
(LMWH). Serious bleeding from the anticoagulant 
therapy was not found (Tables 1 and 2). 
 Apart from asparaginase, six patients (37.5%) 
had other predisposing risk factors for TEEs, including 
infection, indwelling central venous catheter, and 
progressive ALL/LL. Thrombophilic work-up was  
performed in 13 patients (81.2%). The most common 
thrombophilic risk factor found was a low level of 
protein S (Table 3).
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Table 1 Demographic data of TEEs patients

Number of patients (N=16) (%)

Age

Median; yr (range) 12 (3-15)

< 10 5 (31.3)

≥ 10 11 (68.7)

Sex

Male 7 (43.8)

Female 9 (56.2)

Disease

ALL 13 (81.2)

LL 3 (18.8)

Days of asparaginase

< 9 8 (50.0)

≥ 9 8 (50.0)

Daily dose of asparaginase

≤ 6,000 U/m2 1 (6.3)

≥ 10,000 U/m2 13 (81.2)

≥ 25,000 U/m2 2 (12.5)

Total dose of asparaginase

< 60,000 U/m2 7 (43.8)

> 60,000 U/m2 9 (56.2)

Use of anthracyclines

Yes 14 (87.5)

No 2 (12.5)

Use of steroids

Yes 15 (93.8)

 No 1 (6.2)

Types of steroids

Prednisolone 9 (56.2)

Dexamethasone 4 (25.0)

Prednisolone and 

dexamethasone

2 (12.5)

Table 1 Demographic data of TEEs patients (per)

Number of patients (N=16) (%)

Phase of chemotherapy

Induction 12 (75.0)

Consolidation 2 (12.5)

Delayed-

intensification 

2 (12.5)

Other risk factors

Infection 4 (25.0)

Central line 

insertion

1 (6.3)

Progressive 

disease 

1 (6.3)

None 10 (62.4)

Site of thrombosis

Cerebral 

sinovenous 

thrombosis

7 (43.8)

CNS arterial 

thrombosis 

6 (37.3)

Deep vein 

thrombosis

2 (12.6)

Multiple sites 1 (6.3)

Other side effects of asparaginase

Hyperglycemia 5 (31.3)

Pancreatitis 1 (6.3)

Anaphylaxis 1 (6.3)

None 9 (56.1)

Treatment modalities

Low-molecular 

weight heparin     

13 (81.1)

Unfractionated 

heparin

2 (12.6)

No treatment 1 (6.3)
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Table 3 Thrombophilic work-up

Thrombophilic work-up
Number of patients 

with blood work obtained
Abnormal findings

Number of patients 
(%) 

Antithrombin                13 Low Antithrombin 5 (38.5)
Protein C level                   13 Low protein C level 3 (23.0)
Protein S level                   13 Low protein S level 11 (84.6)
Thrombin time           1 Prolonged thrombin time           0 (0)
Factor VIII level                1 High factor VIII level                0 (0)
Factor IX level                   1 High factor IX level                   0 (0)
Fibrinogen level                          4 Low fibrinogen level 1 (25)
Factor V Leiden         2 Abnormal factor V Leiden         0 (0)
Lupus anticoagulant 6 Positive for lupus anticoagulant 0 (0)

 Thirteen patients (81.2%) had the outcome 
assessed by imaging studies: eight patients had CR, 
four patients had PR, and one patient had progressive 
disease (PD). Two patients had clinical improvement 
without the follow-up imaging performed. Ten of 
fourteen patients (71.4%) with CNS TEEs had favorable 
outcomes (modified Rankin scale 0-1) as shown in 
Figure 1. Eleven patients (68.8%) were alive, two 
patients died from advanced cancer, two patients 
died from infection, and only one patient died from 
brain herniation after progressive cerebral infarction. 
Administration of asparaginase was withheld for all 
patients at the time of TEE occurrence. Eight patients 
got asparaginase re-challenge with no further TEEs. 
Only one patient had recurrent DVT after  
re-administration of asparaginase while having other 
thrombotic risk factors of central line insertion and 
immobilization from bedridden status. The remaining 
6 patients did not receive asparaginase re-challenge 
because of persistent seizures (2 patients), death  
(3 patients), and no additional asparaginase in the 
protocol after TEEs (1 patient). 

      

Figure 1 Modified Rankin Scale (mRS) of CNS TEE (N=14)
Treatment protocol for

ALL and LL (during 1997-2013) 
(A) Induction phase for standard risk (ALL SR 01-08 protocol), 
(B) Induction phase for high risk/very high risk (ALL SR 02-08  
     protocol)

(C) Delay-intensification phase

A

B 

C
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Supplemental Figure S1 Treatment protocol for ALL and LL (during 19972013)  
(A) Induction phase for standard risk (ALL SR 0108 protocol),  
(B) Induction phase for high risk/very high risk (ALL SR 0208 protocol) 
(C) Delayintensification phase 
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Abbreviations : Lasp, Lasparaginase; CTX, cyclophosphamide; ARAC, Cytarabine; 6MP, 6
mercaptopurine; MTX, methotrexate; IT, intrathecal; IM, intramuscular 
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Treatment protocol for ALL and LL (during 2014-2017) 
(A) Induction phase for standard risk (ThaiPOG ALL-1301)
(B) Induction phase for high risk/very high risk (ThaiPOG  
 ALL-1302/1303)
(C) Consolidation phase for high risk/very high risk (ThaiPOG  
 ALL-1302)
(D) Consolidation phase for very high risk (ThaiPOG ALL-1303)
(E) Delay-intensification phase

A

B

C

D

E

Abbreviations : L-asp, L-asparaginase; CTX, cyclophos-
phamide; ARA-C, Cytarabine; 6-MP, 6-mercaptopurine; 
MTX, methotrexate; IT, intrathecal; IM, intramuscular

Discussion
 Asparaginase-related TEEs are serious side  
effects that cause morbidity and mortality in pediatric 
ALL and LL patients. Our study demonstrated the 
clinical characteristics, treatments and outcomes of 
patients with asparaginase-related TEEs. The incidence 
rate of TEEs in patients treated with asparaginase was 
1.9%, which was comparable to the earlier reported 
incidence of 1.5-6.2%.4,14,15 The incidence rate of CNS 
TEEs is higher than non-CNS TEEs (2.9% versus 2.3%).4 
Similar to our study, the majority of TEEs were CNS 
thrombosis and the venous site was more common 
than the arterial site.
 Seventy-five percent of the patients were older 
than 10 years of age. The majority of patients (93.8%) 
had high-risk disease and received the high-risk  
chemotherapy protocol, which consisted of asparaginase 
concomitantly given with steroids and doxorubicin. 
Corticosteroids have been reported to increase the 
risk of thrombosis by increasing the levels of factor 
VIII, factor IX, and von Willebrand’s factor (VWF), while 
also inhibiting fibrinolysis by secreting PAI-1.5–8 

Doxorubicin, which is a cytotoxic agent in the  
anthracycline group, has also been found to augment 
the risks of TEEs by inducing vascular toxicity, and 
enhancing platelet adhesion and aggregation.9-10 Our 
study emphasized the evidence that intensive  
chemotherapy treatment, and particularly the concurrent 
use of asparaginase with steroids and doxorubicin, 
increased the risks of TEEs in ALL/LL patients.
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Supplemental Figure S2 Treatment protocol for ALL and LL (during 20142017)  
(A) Induction phase for standard risk (ThaiPOG ALL1301) 
(B) Induction phase for high risk/very high risk (ThaiPOG ALL1302/1303) 
(C) Consolidation phase for high risk/very high risk (ThaiPOG ALL1302) 
(D) Consolidation phase for very high risk (ThaiPOG ALL1303) 
(E) Delayintensification phase 
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Discussion 

Asparaginaserelated TEEs are serious side effects that cause morbidity and mortality in pediatric 
ALL and LL patients. Our study demonstrated the clinical characteristics, treatments and outcomes of 
patients with asparaginaserelated TEEs. The incidence rate of TEEs in patients treated with asparaginase 
was 1.9%, which was comparable to the earlier reported incidence of 1.56.2%.4,14,15 The incidence rate of 
CNS TEEs is higher than nonCNS TEEs (2.9% versus 2.3%).4 Similar to our study, the majority of TEEs 
were CNS thrombosis and the venous site was more common than the arterial site. 

Seventyfive percent of the patients were older than 10 years of age. The majority of patients 
(93.8%) had highrisk disease and received the highrisk chemotherapy protocol, which consisted of 
asparaginase concomitantly given with steroids and doxorubicin. Corticosteroids have been reported to 
increase the risk of thrombosis by increasing the levels of factor VIII, factor IX, and von Willebrand’s 
factor (VWF), while also inhibiting fibrinolysis by secreting PAI1.5–8 Doxorubicin, which is a cytotoxic 
agent in the anthracycline group, has also been found to augment the risks of TEEs by inducing vascular 
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 The effects of asparaginase dosage and duration 
were not concluded in our studies, because most 
patients were treated following the ThaiPOG protocol, 
which uses high-doses and short-durations of  
asparaginase. According to Caruso et al.,  patients who 
received a lower dose (≤ 6,000 mg/m2) and longer 
duration (> 9 days) of asparaginase had higher risks of 
TEEs than those who received a higher dosage and 
shorter duration.4 Therefore, the effect of dosage and 
duration of asparaginase on TEEs might require further 
study.  
 The central venous catheter insertion has been 
established as an important risk factor for thrombosis 
in several studies.8,9 In our institute, central venous 
catheters were not routinely used for chemotherapy 
infusion if the peripheral veins were accessible. There 
was only one patient with an indwelling central  
venous catheter when TEE occurred. Therefore, the 
association between central venous catheters and 
asparaginase-related TEEs might not be adequately 
demonstrated in this study. 
 Our study also reported the thrombophilic 
laboratory investigation of asparaginase-related TEE 
cases. The most frequent abnormality was a decreased 
free protein S level, followed by decreased  
antithrombin and protein C levels. These findings were 
similar to the previous studies.16,17 Thromboembolism 
prophylaxis strategies including the utilization of fresh 
frozen plasma (FFP), antithrombin concentrate (AT), 
and heparin have been widely published.7,18-20 FFP 
supplementation had no effect on the primary  
prevention of TEE in pediatric ALL patients. The  
PARKAA study demonstrated the efficacy of AT infusion 
to prevent thrombotic events. However, the results 
were underpowered.19 The THROMBOTECT trial has 
been conducted, focusing on the efficacy of  
unfractionated heparin (UFH), LMWH, and AT for TEE 
prophylaxis during the induction period of ALL. The 
trial demonstrated that LMWH or AT concentrate 
seemed to effectively decrease the incidence of TEEs 
when compared to UFH.20 However, the increased 
incidence of late relapse in patients who received AT 
concentration was reported. In our study, the  
primary TEE prophylaxis was not used in the patients 
receiving asparaginase in a normal setting. Nonetheless, 
seven patients with low levels of antithrombin,  
protein C, or protein S, received FFP prophylaxis for 

the subsequent doses of asparaginase. Despite FFP 
prophylaxis given, one out of seven patients still 
developed recurrent DVT. However, this patient also 
had multiple other risk factors for TEEs, including 
central venous catheter insertion and immobilization. 
Earlier research suggested that L-asparagine in  
plasma-derived products may decrease the efficacy 
of asparaginase and affect leukemia and lymphoma 
survival outcomes.7,20 In our cohort, no patient had 
relapsed disease within at least a 3-year follow-up 
period. The cut-off levels of protein C, protein S, and 
AT should be further studied to optimize the  
replacement therapy in order to prevent TEEs.
 Seven of 16 patients (43%) developed other 
complications from asparaginase. Five patients who 
had hyperglycemia were older than 10 years. Among 
these patients, one received insulin therapy because 
of diabetic ketoacidosis. Similar to the study in  
Hispanic children, an older age and a high body mass 
index increased the risk of hyperglycemia.21 Despite 
having these complications, no patient died from 
anaphylaxis, hyperglycemia, or pancreatitis.
 The majority of TEE patients had favorable 
outcomes after treatment, confirmed by the  
resolution of thrombosis from imaging studies,  
notably in patients who were diagnosed in recent 
years. This could result from the introduction of the 
Thai National Chemotherapy Protocol in 2014, which 
focuses on optimal chemotherapy and supportive 
care strategies to improve patient outcomes. Our 
study also displayed the functional outcomes of CNS 
TEEs, in which the majority of patients (71.4%) had 
no serious neurological consequences. In this series, 
only one patient died from progressive arterial  
infarction. 
 Even though asparaginase-related TEEs  
occurred, omitting asparaginase may affect the  
survival outcomes of ALL. Re-exposure to asparaginase 
following TEEs is a challenging topic. In the UKALL 
2003 study, no recurrent TEE was observed in the 
patients with asparaginase-related venous thrombosis 
after re-challenging and concurrent with heparin 
prophylaxis.8 Likewise, our cohort found only one 
patient with multiple pre-existing thrombotic risks 
who had recurrent TEE.
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 This report is the first to collect patients with 
asparaginase-related TEE over a 10-year period in our 
institute. Regarding the retrospective study design, 
some data might not be sufficient to generate  
conclusive results. With this limitation, prospective 
studies about TEEs and preventive strategies should 
be conducted in the future to improve the outcomes 
of pediatric leukemia and lymphoma patients.

Conclusions
 C a u t i o n  i s  n e c e s s a r y  c o n c e r n i n g  
asparaginase-related TEE in leukemia and lymphoma 
patients, particularly in patients aged more than 10 
years old. Protein S deficiency was the most common 
abnormal thrombophilic laboratory investigation. 
Post-TEEs treatment had favorable outcomes.  
Rechallenge of asparaginase is rather safe. Further 
larger prospective studies focusing on risk factors and 
TEEs prophylaxis studies should be conducted to 
improve outcomes.  
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