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abstract

Background: Venous thromboembolism (VTE) is a frequent complication in patients 

with acute lymphoblastic leukemia (ALL). A significant proportion of patients develop 

cerebral venous thrombosis (CVT).

Methods: To investigate risk factors for and the clinical course of CVT in ALL pa-

tients, we describe all cases of CVT which occurred in a well-defined cohort of 240 

adults, treated for newly diagnosed ALL in the HOVON-37 study. We conducted a 

nested case-control study to explore the relevance of early symptoms for CVT in ALL 

patients.

Results: Nine of 240 patients developed CVT (4%). CVT occurred during or shortly 

after L-asparaginase therapy (in 8 cases) and shortly after intrathecal methotrexate 

injections (in all cases) during Cycle I of remission induction treatment. CVT was 

associated with prior headache and seizures. In 5 of 9 patients with CVT, headache 

prior to the diagnosis of CVT occurred within 3 days after lumbar puncture and 

initially had a postural character.

Conclusions: CVT is relatively common in adult ALL patients. Our data suggest that 

CVT in adult ALL patients results from the additive effects of multiple risk factors, 

with a particular role for asparaginase and the effects of lumbar punctures for intra-

thecal therapy.
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introduction

Venous thromboembolism (VTE) is a well-known complication in patients with acute 

lymphoblastic leukemia (ALL). Reported incidences vary between 1-36%, depending 

on the investigated patients (adults or children), treatment protocol, the inclusion of 

asymptomatic or symptomatic VTE, and whether the study design was prospective 

or retrospective.1-5 VTE causes mortality, morbidity and the premature discontinua-

tion of ALL therapy. Remarkably, up to 50% of patients with VTE in ALL have cerebral 

venous thrombosis (CVT),1-3, 6-8 although the general incidence of CVT is low.9

The increased risk of VTE in patients with ALL has been attributed to multiple 

factors,10 such as components of the treatment, particularly steroids and L-asparagi-

nase.1, 6, 11 Prothrombotic changes induced by the ALL itself may also contribute to 

the risk of VTE,11 while thrombophilic mutations may provide an additional throm-

botic risk.1, 6, 10, 12

Although CVT constitutes a large proportion of VTE in ALL, the absolute number of 

events is small and limited data are available on the presentation, clinical course and 

outcome of CVT in the context of ALL. We examined all CVT events that occurred 

in a well-defined cohort of adult patients treated for ALL in the HOVON (Dutch-

Belgian Hemato-Oncology Cooperative Group)-37 study. Data on the incidence and 

prevention of VTE in the HOVON-37 ALL study have been published previously.5 In 

this study, we focus on the clinical course, potential risk factors and relevance of early 

symptoms of CVT in patients within this cohort.

methods

Study population and ALL treatment protocol

We retrospectively analyzed patients treated in the Dutch-Belgian HOVON-37 ALL 

(HO37) study, a prospective, multicenter, phase II study that investigated the value 

of early intensification by allogeneic or autologous stem cell transplantation in ALL 

treatment (registered at www.trialregister.nl as NTR228).5, 13 Briefly, 240 adult patients 

(16-59 years) with newly diagnosed ALL or lymphoblastic lymphoma were included 

between April 1999 and November 2005. All patients received the same three cycles 

of combination chemotherapy according to the study protocol, before assessment 

for stem cell transplantation (Fig. 1). Cycle I consisted of daily prednisone 60 mg/m2 

(days 1-28), daunorubicin 45 mg/m2 and vincristine 1.5 mg/m2 (days 1, 8, 15 and 22), 

and L-asparaginase 5000 IU/m2 (days 15-28). In addition, at least three intrathecal 

injections of 15 mg methotrexate (MTX) were administered as central nervous system 

(CNS) prophylaxis. None of the patients received (low-molecular-weight) heparin 
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for thromboprophylaxis. All women of fertile age received lynestrenol or other 

progestogenic agents to prevent (menstrual) blood loss. The study was performed 

Cycle 1
1st week

Cycle 2
± 6th week

Cycle 3
± 12th week

Prednisone 60 mg/ m2/ day p.o. (day 1-28)
Vincristine 1.5 mg/ m2/ day i.v. (day 1, 8, 15, 22)
Daunorubicin 45 mg/ m2/ day i.v. (day 1, 8, 15, 22)
L-asparaginase 5000 IU/ m2/ day i.v. (days 15-28)
Methotrexate 15 mg/ day i.t. (3x for prophylaxis, 
     >3x in case of CNS 
     localisation of ALL)

Risk assessment:
*poor risk t(9;22), t(4;11)

REGISTRATION

High-dose ARA-C 2 x 3 g/ m2/ day i.v. (days 1-4)
Mitoxantrone 10 mg/ m2/ day i.v. (days 3-5)
Methotrexate 15 mg/ day i.t. (1x)

High-dose Methotrexate 1500 mg/ m2/ day i.v. (day 1, 15)
L-asparaginase 10.000 IU/ m2/ day i.v. (day 2, 16)
6-Mercaptopurine 25 mg/ m2/ day p.o. (days 1-5, 15-19)
Methotrexate 15 mg i.t. (1x)

PBSC
harvesting

- Complete Remission (CR)
- Partial Remission (PR) 
  without EMD and with blasts < 20%

Off protocol
treatment
follow-up

NO

YES
Stem Cell Transplantation (SCT)

p.o. = oral; i.v. = intravenous; i.t. = intrathecal; EMD = extramedullary disease; PBSC = peripheral blood stem 
cells; CNS = central nervous system; ALL = acute lymphoblastic leukemia; SCT = stem cell transplantation.
*high risk was defined as presence of cytogenetic abnormalities (t(9;22), t(4;11), or t(1;19)), 
pro–B-cell immunophenotype, and high white blood cell count (i.e. >30 x 10^9/l in case of B-cell ALL; 
>100 x 10^9/l in case of T-cell ALL).

Figure 1. Flow chart of treatment protocol for acute lymphoblastic leukemia for patients in the HO-
VON-37 multicenter study (before stem cell transplantation [SCT])
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in accordance with the Declaration of Helsinki and approved by the medical ethics 

committee. Written informed consent was obtained from all patients.

Study design

All occurrences of VTE during treatment were identified and recorded prospectively 

as serious adverse events (SAE) on case report forms (CRFs). For all patients with 

CVT, we systematically extracted data from patients’ medical and nursing records. 

The diagnosis of CVT was re-evaluated by examination of imaging results by an 

independent neuroradiologist (CBLMM). We qualitatively describe characteristics of 

CVT events and ALL patients with CVT. The following variables in patients with CVT 

were described; radiological characteristics, temporal relationships with treatment 

components and potential etiological factors, and clinical outcome. Temporal rela-

tionship with ALL treatment was analyzed by calculating days between CVT diagnosis 

and the last administration date of the various chemotherapeutic agents. To explore 

the relevance of early symptoms for CVT (headache, seizures, neurological deficits) 

in ALL patients, we conducted a nested case-control study. For each CVT case we 

selected two control patients without CVT from within the HO37 and analyzed pres-

ence of headache, seizures or neurological deficits prior to the diagnosis of CVT. 

Controls were matched by treatment center, sex, ALL type and risk classification 

(standard versus poor risk), and age (± 5 years).

Definitions

VTE was defined as a clinically symptomatic venous thrombosis or pulmonary embo-

lism, confirmed by standard imaging tests. Screening for asymptomatic VTE was not 

done. CVT was defined as an intraluminal filling defect or presence of a thrombus 

in one of the cerebral veins or sinuses, detected with magnetic resonance (MR) 

venography, computed tomographic (CT) venography or angiography. Complete 

remission (CR) was defined as normocellular marrow containing less than 5% blast 

cells by morphology and immunophenotyping, no peripheral blood leukemic cells, 

and no evidence of extramedullary disease. Patients were classified with a poor risk 

ALL in case of presence of cytogenetic abnormalities (t(9;22), t(4;11), or t(1;19)), pro–

B-cell immunophenotype, and high white blood cell count (i.e. >30 x 109/L in case of 

B-cell ALL; >100 x 109/L in case of T-cell ALL).

Statistical analysis

Differences between patients with and without CVT were analyzed by Fisher’s exact 

or Mann-Whitney tests. The relevance of early symptoms for CVT in ALL patients 

was expressed as odds ratios (OR) with corresponding 95% confidence intervals (CI). 

Associations between occurrence of CVT and the likelihood to achieve CR were ex-

plored by multivariate logistic regression analysis. We used IBM SPSS Statistics (IBM, 
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Armonk, NY, USA) version 19.0 for Windows and Stata Statistical Software (StataCorp 

LP, College Station, TX, USA) release 11 for analyses.

results

Patients

Among 240 ALL patients in the HO37, 24 patients experienced VTE (10%), of whom 

9 developed CVT (4%; 38% of all VTE).5 Median age of patients with CVT was 33 

years (range 17-49); five were female; five patients were treated for B-ALL and four 

for T-ALL. Four patients with CVT were classified as a poor risk ALL (cases 3, 5, 6 

and 8); one patient with CVT had CNS infiltration of the ALL (case 7). Patient and 

disease characteristics did not differ significantly between patients with and without 

CVT (Table 1). The remaining VTE episodes were upper limb vein thrombosis (n=11), 

deep vein thrombosis (DVT) of the leg (n=3), and one case of pulmonary embolism. 

Thus, the ratio of CVT to leg-vein DVT was 3:1. Seven of nine patients with CVT were 

evaluated for presence of thrombophilic factors (prothrombin G20210A mutation, 

Factor V Leiden mutation, lupus anticoagulant). One patient tested positive for lupus 

anticoagulant on two occasions (case 7). None of the patients carried the prothrom-

Table 1. Patient and disease characteristics by distribution of occurrence of cerebral venous throm-
bosis (CVT) in the HOVON-37 ALL multicenter study

Patient and disease characteristics Patients with CVT (n=9) Patients without CVT (n=231)

Median age at inclusion (range) 33 (17-49) 33 (16-59)

Female, n (%) 5 (56%) 89 (39%)

ALL subtype

B-lineage ALL, n (%) 5 (56%) 176 (76%) 

T-lineage ALL, n (%) 4 (44%) 50 (22%) 

Other / unknown, n (%) 0 5 (2%) 

Prognostic risk classification, n (%)

standard 5 (56%) 129 (56%) 

poor* 4 (44%) 102 (44%) 

CNS infiltration of ALL, n (%) 1 (11%) 20 (9%)

Median WBC count at inclusion (range) 10.5x109/L (1.0-34.0) 12.0x109/L (0.5-878.0)

Median platelet count at inclusion (range) 178 x109/L (26-571) 54 x109/L (5-652)

CR after cycle I (%) 4 (44%) 191 (83%)

CR after treatment protocol (%) 5 (56%) 209 (90%)

CVT = cerebral venous thrombosis; ALL = acute lymphoblastic leukemia; CNS= central nervous sys-
tem; CR = complete remission; WBC = white blood cell. *based on presence of cytogenetic abnor-
malities (t(9;22), t(4;11), or t(1;19)), pro- B- cell immunophenotype, and high white blood cell count 
(i.e. > 30x10^9/ L in case of B-cell ALL; > 100x10^9/ L in case of T-cell ALL).
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bin G20210A or Factor V Leiden mutation. No patient had meningitis, sinusitis or 

other concurrent cranial infections at the time CVT occurred. None of the patients 

had a history of previous VTE.

Radiological characteristics of CVT

CVT was diagnosed by MR venography in five patients and by CT venography in 

four. CVT was located in the superior sagittal sinus in 8 of 9 patients; in three patients 

multiple sinuses were affected (Table 2). Seven patients had cerebral parenchymal 

lesions (5 hemorrhagic infarcts, 2 non-hemorrhagic infarcts). Two patients (cases 3 

and 8) had significant mass effect of the hemorrhagic infarct resulting in a midline 

shift of 7 and 2 mm, respectively.

Temporal relationships with ALL treatment

All CVT cases occurred during Cycle I of remission induction treatment. The median 

interval from the start of ALL treatment to the diagnosis of CVT was 21 days (range 13-

33). In 8 of 9 cases, CVT occurred in close temporal association with L-asparaginase 

therapy: seven during L-asparaginase therapy and one just after (case 9; Fig. 2). One 

CVT occurred before the patient was exposed to L-asparaginase (case 1); the drug 

was withheld from this patient during later stages of treatment. L-asparaginase was 

prematurely discontinued in Cycle I due to CVT in six of the seven patients in whom 

CVT occurred during its administration, and delayed in one (case 2). The median 

interval between the last L-asparaginase administration and CVT was 0 days (range 

0-3).

All patients with CVT also received at least one intrathecal injection of MTX 

therapy by lumbar puncture at the time of CVT diagnosis (Fig. 2). The median interval 

Table 2. Radiological characteristics upon CVT diagnosis detected with imaging

Characteristics Patients with CVT (n=9)

Location

- Superior sagittal sinus 8 

- Transverse sinus left and/ or right 3 

- Sigmoid sinus left and/ or right 1 

- Straight sinus 1 

- Cortical vein 7

- Cerebral parenchymal lesions 7

- Hemorrhagic 5 

- Non-hemorrhagic 2 

Midline shift (n) 2

CVT = cerebral venous thrombosis
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between the last intrathecal MTX administration and the diagnosis of CVT was 6 days 

(range 1-13).

Clinical outcome of CVT and of ALL

After the diagnosis of CVT, 8 patients were treated with therapeutic doses of (low-

molecular-weight) heparin. In one patient with a large hemorrhagic infarct, antico-

agulant treatment was not given (case 8). Two patients were treated additionally with 

endovascular thrombolysis (cases 3 and 5). These patients had severe hemorrhagic 

lesions before treatment and both died in the acute phase due to transtentorial 

herniation by increased hemorrhage. Another patient (case 8, not treated with anti-

coagulation) also had increase of the hemorrhagic infarct, while two patients (cases 

2 and 9) had increase of non-hemorrhagic infarcts during anticoagulant treatment.

Two patients with CVT had recurrent VTE (cases 2 and 7), none a recurrent CVT. 

Five patients with CVT died in the first 12 months of their HO37 treatment (2 after 

thrombolysis for CVT treatment, 2 due to ALL progression, 1 due to non-relapse ALL-

related mortality). The overall mortality (all ALL cases) at 12 months was 29%. Patients 

with CVT less often obtained CR than patients without CVT, both after Cycle I (44% 

versus 83%; OR 0.17; 95% CI 0.04-0.65) and after the complete treatment protocol 

(56% versus 90%; OR 0.13; 95% CI 0.03-0.53). Adjustment for poor ALL risk did not 

alter this (adjusted OR 0.17; 95% CI 0.04-0.65 after Cycle I, adjusted OR 0.12; 95% CI 

0.03-0.51 after complete protocol).

At 3-month neurological follow-up, occasional headache was documented in 3 of 

the 6 surviving patients (cases 1, 4 and 6), another seizure in Cycle III in one patient 

(case 2), and remaining neurological deficits (hemiparesis) in two patients (cases 2 

and 8).

Relevance of early symptoms for CVT in ALL patients

Headache was documented in 8 of the 9 patients prior to CVT diagnosis and in 4 

of the 18 matched controls without CVT (OR 28; 95% CI 3-296). Headache in CVT 

patients was reported as severe and persistent. In 6 CVT patients, headache was 

present within 4 days before the diagnosis of CVT. In 5 cases, the headache com-

menced within 3 days after lumbar puncture and initially had a postural character, i.e. 

increased severity of headache in vertical position. Median time between headache 

onset and the diagnosis of CVT was 4 days (range 0-19; Fig. 2). In the 4 controls, 

headache was bilateral and remitting, also was postural initially, and began within 

24 hours after lumbar puncture. In 2 controls, it prompted diagnostic imaging of 

the brain, without any signs of CVT. Seizures occurred in 8 of 9 patients with CVT 

and in none of the controls (OR ∞). Focal neurological deficits developed in 6 of 9 

patients with CVT and in 3 of 18 controls (OR 10; 95% CI 2-64). Neurologic deficits 
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in the controls were caused by CNS infiltration of ALL (2 cases) and by a subdural 

hematoma (1 case).

discussion

Although CVT is a rare kind of thrombosis, it is relatively common in adult ALL pa-

tients, occurring in 9 of the 240 patients (4%) in our study. Two patients with CVT died 

in the acute phase due to the consequences of CVT. CVT was also associated with a 

worse outcome of ALL treatment, indicated by lower rates of CR in patients with CVT.

In the general population, the incidence of CVT is 1.7/100.000 per year for people 

15-49 years of age.9 A Mayo Clinic study reported a DVT (leg-veins) incidence of ap-

proximately 27/100.000 per year for people 15-49 years of age.14 Hence, one would 

expect one case of CVT for each 16 cases of DVT, which is strikingly different from 

the 3:1 ratio we observed in ALL patients (9 cases of CVT versus 3 with leg-vein 

DVT). Upper limb vein thrombosis, generally much rarer than DVT of the leg, was 

also observed more frequently among ALL patients in the HO37 cohort.5 Therefore, 

it is likely that, against a strongly increased background risk of VTE in ALL patients 

treated with L-asparaginase, additional local factors cause these rarer forms of VTE. 

For upper limb vein thrombosis, this local factor is very likely the use of central ve-

nous catheters; for CVT this is less obvious.

One of these factors might be the intrathecal MTX administration. Patients with CVT 

had received at least one intrathecal injection of MTX. Inflammatory effects of MTX 

may induce local thrombosis.8, 15 However, in the GIMEMA study, no intrathecal MTX 

was administered but the incidence of CVT during the first remission induction cycle 

was still 2.1%.16 The increased risk may also be explained by effects of the intrathe-

cal administration. Lumbar punctures may cause low cerebrospinal fluid pressure,17 

causing a downward displacement of the brain and traction on the cortical veins and 

the superior sagittal sinus. The fact that the thrombus was located in the superior 

sagittal sinus in eight of our nine CVT cases, which is more common than in general 

CVT,15, 18, 19 supports this explanation. Five of our patients with CVT had postural 

headache – indicating low CSF pressure – during 3 days after the lumbar puncture. 

Although the frequency of postural headache after lumbar puncture varies – de-

pending on the type and size of the needle20, 21 – the percentage of 56% (5/9) is quite 

high. Our small number of cases does not allow a proper risk factor analysis, but 

this observation supports the hypothesis that intrathecal MTX administration may 

contribute to ALL-associated CVT.
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Additionally, eight of nine CVT events occurred during or shortly after L-asparagi-

nase therapy in Cycle I of induction treatment (range 0-2), which suggests a causal 

relationship. ALL studies without asparaginase, such as the hyper-CVAD regimen in-

deed do not report VTE complications.22 However, protocols including asparaginase 

provide a survival advantage over those without, and are more commonly used.22, 23

After cycle I, L-asparaginase or intrathecal MTX therapy was not complicated by 

CVT. Therefore, other factors during the first induction cycle, such as use of steroids, 

leukemia activity or tumor lysis, may also contribute to the pathogenesis of CVT.

Delay of asparaginase therapy or lumbar punctures beyond the first treatment cycle 

might prevent CVT, but with the risk of lower remission rates.23 Thromboprophylaxis 

during high-risk medication in ALL induction treatment might prevent VTE.5 How-

ever, it also increases the risk of bleeding, and the efficacy and optimal approach 

of thromboprophylaxis remain unclear due to a lack of randomized trials in patients 

with ALL, particularly in adults.1, 5

Our study has several limitations. The absolute number of CVT cases is small, and 

the analysis is retrospective and observational. Hence, estimated associations 

between prodromal symptoms and CVT are limited by insufficient statistical power 

to adjust for confounders. Moreover, our case-control study was not intended to 

examine etiological risk factors for CVT, as we matched cases with CVT and controls 

for some of these risk factors. Other potential risk factors for CVT, such as treatment 

components, were only presented in a descriptive manner. Furthermore, our study 

population was treated within the HO37 trial, with specific inclusion and exclusion 

criteria and treatment protocol, limiting the external validity of our results. Finally, the 

HO37 was not intended for neurological analysis. Neurological symptoms were not 

included in CRFs, and we were not able to retrieve prevalence of headache across 

the entire HO37 cohort, but only for the cases and selected controls.

In summary, our study shows that CVT is a relatively common thrombotic complication 

in adult patients with ALL, associated with a high mortality rate and a worse result of 

ALL treatment. The majority of CVT occurred in close relation with L-asparaginase 

and intrathecal MTX therapy in Cycle I of induction treatment. Similarly to non-ALL 

related CVT, headache and seizures were strongly associated with occurrence of 

CVT. Hence, close monitoring of headache during ALL treatment may contribute to 

earlier detection of CVT and could improve its outcome.
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