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INTRODUCTION

With the advent of aggressive multimodality therapy, acute

lymphoblastic leukemia (ALL) has become a curable disease for

the majority of children. Venous thromboembolism (TE) is a well-

recognized serious complication of chemotherapy and related to an

L-asparaginase-induced acquired antithrombin (AT) deficiency [1].

Furthermore, the use of central venous lines enhances the

occurrence of thromboses [2].

Documented TE occurs in 2.5%–11.6% of children with ALL

undergoing current therapy regimes and in up to 36.7% with

systematic screening [3,4]. In a recently published meta-analysis of

17 prospective studies comprising 1752 pediatric ALL patients, the

rate of thrombosis was 5.2% [5]. Although this relatively frequent

complication has been recognized for more than 20 years, there is

only little information on appropriate prophylactic intervention [2].

As the mechanism for thrombosis may be related to the acquired AT

deficiency, AT supplementation given concurrently with asparagi-

nase was assessed as a therapeutic intervention in children and

adults [6,7]. Anticoagulation with low-molecular-weight heparin

has also been suggested during L-asparaginase therapy. The

anticoagulant properties of heparin, which aremediated by catalysis

of AT, however, can be impaired in the presence of decreased AT

plasma levels [8]. Recently Kuhle et al. showed in vitro that the

anticoagulant effects of low-molecular-weight heparin were

profoundly affected by endogenous AT levels in children under-

going ALL therapy [1].

We conducted a prospective cohort study in children undergoing

ALL therapy comparing the effect of two regimens of TE

prophylaxis, namely combined AT substitution and the low

molecular weight heparin enoxaparin versus AT substitution alone,

on symptomatic venous TE and severe bleeding.

METHODS

Patient Population

This single center trial was conducted at the Department of

Pediatrics, Innsbruck Medical University, Innsbruck, Austria. All

children in this area diagnosed with ALL are referred to our center

regardless of coexisting risk factors.With parental consent, children

12months of age and older referred to our center with acute onset of

ALL treated according to the BFM 95 or BFM 2000 protocols

between June 1995 and January 2006 were included. In total, 112

consecutive children with newly diagnosed leukemiawere enrolled.

The inclusion criteria were: age �12 months and <18 years

independent of disease-related risk stratification. The exclusion

criteria were: previous treatment with asparaginase, known

hypersensitivity to any of the compounds in AT concentrate, or

required therapeutic anticoagulation.

Leukemia Therapy

Children treated according to the ALL BFM 95/2000 protocols

received Escherichia coli asparaginase medac (CASP) (Kyoma,
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Hakko, Kyogo, Japan) during induction chemotherapy in doses of

5000 U/m2 at 3-day intervals, starting on day 12 through 33 (eight

doses) as previously published [9]. Plasma AT level measurements

started on day 12 and were repeated every 3 days until day 36, and

another AT sample was taken on day 45 (total of 10 tests during

induction therapy). AT measurements were uniformly applied

among patients within the BFM 95 and 2000 protocols. In the BFM

95 protocol all patients received prednisone (60 mg/m2) on days 1–

36. In the BFM2000 protocol patients were randomized after 7 days

prednisone therapy either to prednisone (60 mg/m2) or to

dexamethasone (10 mg/m2) on days 8–36 (Supplemental Fig. 1).

Patients randomized to dexamethasone received 10 mg/m2

dexamethasone on days 8–28 during induction therapy (instead of

prednisone). The only relevant treatment difference between BFM

95 and 2000 protocols during induction phase was this randomiza-

tion of patients to dexamethasone versus prednisone in the BFM

2000 protocol. Furthermore, children received prophylactic

intrathecal methotrexate on days 1, 12, 30, 45, and 59, weekly

vincristine (1.5 mg/m2) and daunorubicin (30mg/m2) on days 8, 15,

22 and 29. Children receiving prednisone during induction therapy

were analysed seperately since Nowak-Göttl et al. suggested that at

the time of maximumCASP activity, fibrinogen and activities of AT

are significantly reduced in prednisone treated patients compared to

dexamethasone [9]. Baseline characteristics of all patients are

shown in Table I.

In reinduction therapy, standard risk patients received CASP

(10,000 U/m2) on days 8, 11, 15, and 18 along with dexamethasone

(10 mg/m2) on days 1–21, weekly vincristine (1.5 mg/m2), and

doxorubicin (30 mg/m2) on days 8, 15, 22 and 29. Medium risk

patients received a second course of this reinduction protocol. High

risk patients received CASP in doses of 25,000 IU/m2 on days 6 and

11 of the HR-10, HR-20 and HR-30 blocks in reinduction therapy.

Study Design

A prospective cohort study with two cohorts was designed. The

first cohort consisted from observations between 1995 and 2000, the

second cohort from observations between 2001 and 2006. Children

with enoxaparin-prophylaxis treated between 2001 and 2006 were

compared to children without enoxaprin-prophylaxis treated

between 1995 and 2000. Both cohorts received AT supplements,

when the AT level fell below 50%.

Outcome Measures

The primary efficacy outcome was an objectively documented,

symptomatic venous TE during the 240-day study period. This

period comprises the induction phase of ALL-treatment, which

relates to the time periodwith the highest risk for the development of

thrombosis and later phases of treatment (reinduction) [5].

Symptomatic venous TE was detected by close monitoring of

patients during the study period and confirmed using appropriate

radiologic tests. Patients with central venous line thrombosis or

thrombosis at the catheter tip without any symptoms of swelling,

tenderness, pain or venous dilatationwere considered asymptomatic

and were not included in the study. However, central venous line-

related thrombi with associated symptoms or those requiring

removal or revision of the central venous line were considered

symptomatic and included in the study.Right atrial thrombi detected

on routine echocardiography without associated symptoms were

excluded from analysis. Standard radiological methods, based on

institutional guidelines, were used to confirm the diagnosis of

venousTE:magnetic resonance imaging (with andwithout contrast)

for central venous TE,Doppler ultrasonography and venography for

deep venous thrombosis, ventilation-perfusion scan and/or spiral

CT for pulmonary embolism, and echocardiography for right atrial

TE.

All intracranial, intraabdominal and pulmonal bleeding episodes

and those with a drop in hemoglobin needing prompt transfusion

were considered as severe bleedings. All other bleeding was

considered minor.

Supportive Therapy

All children received AT infusions when the AT level fell�50%.

The amount of AT required was calculated using the following

formula: units required (IU)¼ (desired minus baseline AT levels)�
weight (kg)/1.4,where baselineAT functional levelswere expressed

as percent of normal. Furthermore, all children received small

amounts of unfractionated heparin for prophylaxis of central venous

line blockage in intermittent flushes (100 units/mL up to three times
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TABLE I. Comparison of Demographic Features of Children with ALL

AT supplement group AT plus enoxaparin group

Characteristic (n¼ 71) (n¼ 41) P value

Age, years

Median (range) 5.6 (1.0–17.0) 3.8 (1.0–17.3) 0.41

Male sex, n (%) 38 (53.5) 24 (58.5) 0.69

Immunophenotype (%)

C-ALL 45 (63.4) 29 (70.7) 0.42

Pre-B-ALL 12 (16.9) 8 (19.5)

Pro-B-ALL 4 (5.6) 0 (0)

T-ALL 9 (12.7) 4 (9.8)

Central venous line placed

within 2 weeks (%) 44 (62.0) 38 (92.7) 0.002

Risk group (%)

Standard 21 (29.6) 12 (29.3) 0.99

Medium 39 (54.9) 21 (51.2)

High 11 (15.5) 6 (14.6)
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per day). This supportive care following local standards was not

altered between 1995 and 2006, and uniformly applied among

patients within the BFM 95 and 2000 protocols. The insertion of a

central venous line within two weeks of initiating induction

chemotherapy was documented (Table I). Platelet transfusions

were administered when the platelet count fell below 20� 109 l�1.

Enoxaparin Prophylaxis

From 2001 to 2006, all children at our institution received

prophylaxis with enoxaparin (s.c. every 24 hr) during the induction

and reinduction phases, since most episodes of venous TE occur

during these phases. Enoxaparin was started with the first dose of

CASP and discontinued when AT levels resolved within 1–2 weeks

after cessation of CASP. Doses of enoxaparin were weight adjusted

(range 0.75–1.2 mg/kg BW) and not reduced in patients with

thrombocytopenia. Enoxaparin was administered during hospitali-

zation and continued at home. Patients and family members were

taught to inject the medication and home care or equivalent nursing

services were arranged if necessary. Daily s.c. injection of

enoxaparin was well accepted by our patients and their parents.

Physicians involved in the treatment of these children assisted

continuously in solving all issues concerning this prophylaxis,

resulting in an excellent overall compliance.

Statistics

Statistical analyses were performed according to the intention-

to-treat principle. Normally distributed continuous values are

presented as mean� SD. For the sake of simplicity, interpretability

and brevity, no transformations were used. Hence, for skewed data,

medians and ranges are shown; 95% confidence intervals for the

main outcome measure (TE) were estimated using the method of

Clopper and Pearson. The non-parametric Mann–Whitney U-test

was used to compare age between the study groups. Frequencies and

proportions were analyzed by means of the w2 and Fishers Exact
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TABLE II. Thrombosis Prophylaxis of Children with ALL

AT supplement

group (n¼ 71)

AT plus enoxaparin

group (n¼ 41) P-value

Enoxaparin dosis (mg/kg)

mean� SD

0.0� 0.0 0.89� 0.16 n.a.

Number of AT doses 0

(days 12–45) (%)

29 (40.8) 17 (41.5) 0.35

1 2 (16.9) 6 (4.6)

2 5 (7.0) 8 (19.5)

3 3 (4.2) 4 (9.8)

4 1 (1.4) 2 (4.9)

5 2 (2.8) 0 (0)

6 1 (1.4) 0 (0)

n.a., not analyzed.
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Fig. 1. Median trough plasma AT levels (days 12–45) in 87 children treated with prednisone during induction therapy, who received combined

enoxaparin and AT prophylaxis (n¼ 24) versus AT supplementation alone (n¼ 63).
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tests with Yates continuity correction, as appropriate. Propability of

TE was derived with the method of Kaplan and Meier, and

differences between groups were compared with the log-rank test.

Subjects who did not reach the primary study endpoint (venous TE)

were censored as event-free periods ending on the last day of the

observation period. All reported P values are two-sided with the

level of significance set at 0.05. Statistical analyses were performed

with the SPSS 13.0 software package.

RESULTS

Coagulation Abnormalities and AT Substitution

The dose of administered enoxaparin was 0.89� 0.16 mg/kg

BW (mean� SD). The number of AT infusions did not significantly

differ between the two groups (Table II). Nearly 60% of all patients

needed at least one AT infusion to maintain plasma through levels

above 50%. Since CASP reduces coagulation factors, in particular

ATand fibrinogen, we compared coagulation abnormalities prior to

CASP therapy (day 12) with levels during CASP therapy, until they

resolved after cessation of CASP (day 45). AT plasma levels

decreased after the first CASP dose (day12) and recovered after the

last dose (day 36) (Fig. 1). In a similar pattern fibrinogen plasma

concentrations remained low between days 15 and 36 and recovered

at day 45 (Fig. 2). No significant differences in the levels of AT

(Fig. 1), fibrinogen (Fig. 2), thrombocyte counts (Supplemental

Fig. 2) or the number of required AT concentrates (Table II) were

detected between the two groups. Thus, we conclude that

coagulation abnormalities and supportive care (platelet transfu-

sions, AT substitution) did not differ between the two groups.

Symptomatic Thromboembolism and Major Bleeding

Nine cases of venous TE were observed with AT supplementa-

tion alone, but no TE with combined prophylaxis (Table III and

Fig. 3). The propability of TE was significantly lower in the group

receiving combined AT and enoxaparin prophylaxis (n¼ 41)

(P¼ 0.02). The majority of venous TE occurred during induction
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Fig. 2. Median fibrinogen plasma concentrations (days 12–45) in 87 children treated with prednisone during induction therapy, who received

combined enoxaparin and AT prophylaxis (n¼ 24) versus AT supplementation alone (n¼ 63).

TABLE III. Clinical Endpoints for Children with ALL

AT

group

AT plus enoxaparin

group

All patients (n¼ 71) 95%CI (n¼ 41) 95%CI P value

Thrombosis, n (%) 9 (12.7) 6.0–22.7 0 (0) 0.0–8.6 0.02

Intracranial dural sinus thrombosis 3 (4.2) 0 (0)

Lower extremity deep venous thrombosis 3 (4.2) 0 (0)

Upper deep venous thrombosis 2 (2.8) 0 (0)

Upper deep venous thrombosis and

Pulmonary embolism

1 (1.4) 0 (0)

Thromboembolism in Childhood Acute Lymphoblastic Leukemia 301



therapy. No further TE was observed during maintenance therapy.

Nomajor hemorrhagic complicationswere observed in either group.

DISCUSSION

The aim of this study was to determine the influence of the low

molecular weight heparin enoxaparin versus no enoxparin on the

incidence of symptomatic TE in 112 unselected childrenwith newly

diagnosed ALL treated according to BFM 95/2000 protocols.

Cumulative incidence of symptomatic venous TE was significantly

greater in theATgroup comparedwith combinedATand enoxaparin

group (P¼ 0.02). Nine children that did receive only AT-

prophylaxis developed objectively confirmed symptomatic TE, as

compared with no TE in children combined after prophylaxis. To

our knowledge this is the first study assessing the incidence of

venous TE in unselected children undergoing combined AT and

enoxaparin prophylaxis for the prevention of TE.High-risk patients,

who received high-dose steroids and CASP known to be associated

with increased risk for venous TE [10], were also included in this

study. In agreement with Caruso et al. [5] the majority of TE

occurred during induction therapy (Fig. 3). Sinovenous thrombosis

with secondary hemorrhage is reported most frequently, but deep

venous thrombosis and pulmonary embolism also occur [11,12]. In

our study, we observed sinovenous thromboses (n¼ 3), deep venous

thromboses of the lower extremities (n¼ 3) and also one case of

pulmonary embolism. Occurrence of venous TE despite AT

supplementation in this study is in agreement with results of a

randomized controlled trial in children with ALL which used AT

concentrates once weekly for 4 weeks to prevent thrombosis

(PARKAA-study) [7]. In that study only a trend to fewer TE was

seen in the AT arm (28%, 95% CI 10–46%) compared to the non-

treated arm (37%, 95% CI 24–49%). Similarly, another study did

not demonstrate clear beneficial effects ofATor fresh-frozen plasma

in preventing TE in children with ALL [13].

In general TE is a common finding in patients with malignancy

[14]. Over the last years research has greatly contributed the

progression of this field through the identification of TE risk factors

and the assessment of anticoagulation in this setting [15]. LMWH

has emerged as effective and safe drug for primary and secondary

prophylaxis for adult patients presenting with malignancy [16,17].

At the time this study was designed, there was little information on

the optimal dose and time schedule of enoxaparin for primary

prophylaxis of venous TE in children with ALL. In the meantime, a

review of case reports and cohort studies of 728 children treated with

enoxaparin showed advantages over standard heparin: minimal

monitoring, ease of administration (subcutaneous) and possibly

equivalent efficacy and safety [18]. Intermittent enoxaparin admin-

istration combined with AT concentrates during and after CASP

until normalization of AT plasma levels was sufficient to prevent

venous TE. Despite treatment-related prolonged severe thrombocy-

topenia enoxaparin did not result in severe hemorrhagic complica-

tions. Derangement of routine coagulation parameters poorly

correlates with venous TE and bleeding in these children [13].

Heparin functions as an antithrombotic agent by catalyzing the

ability of AT to inactivate specific coagulation enzymes, of which

thrombin is the most sensitive [8]. Only recently an in vitro study

demonstrated that a comparably small decrease in AT levels of

pooled plasma samples from ALL patients with secondary AT

deficiency significantly influences the anticoagulant effect of the

low-molecular-weight heparin dalteparin [1]. Kuhle et al. showed a

dose-dependent relationship between AT concentration and the

anticoagulant effect of dalteparin by determining the endogenous
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Fig. 3. Kaplan–Meier estimates of the probability of symptomatic venous TE among children with acute lymphoblastic leukemia, according to
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thrombin generation capacity. In our study, nearly 60% of all

children needed at least one, most children two or three AT

supplementations during induction therapy to maintain AT plasma

levels above 50%.

Although we tried to minimize a possible bias by accurate

comparison of AT, fibrinogen levels, thrombocyte counts and

comparison of the number of supplemented AT doses, this study has

some limitations. One main limitation is the noncontemporaneous

control group. In order to clarify if the in vivo efficacy of combined

TE prophylaxis might be attributed at least in part to the presence of

sufficiently high plasma levels of AT, enoxaparin prophylaxis alone

should be compared with combined AT and enoxparin prophylaxis

in a prospective randomized controlled clinical trial.
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