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Abstract

Background: Cerebral Sinus Venous Thrombosis (CSVT) is one of many side effects encountered during acute lymphoblastic
leukemia (ALL) therapy. Due to the rarity of cases, lack of data, consensus management, no recommendations exist to target
the population at risk. Methods: This is a retrospective chart review of 229 consecutive patients diagnosed with ALL and aged
1-21 years, treated at the Children’s Cancer Institute (CCI) between October 2007 and February 2017. Results: The incidence
of CSVT was 10.5%. Using univariate analysis, increased risk of CSVT was observed with male gender, age >10 years, T-cell
immunophenotype, intermediate/high risk disease, maximum Triglyceride (TG) level of > 615 mg/dL, presence of mediastinal
mass, and larger body surface area. With multivariate analysis, the only statistically significant risk factors were maximum TG
level, body surface area (BSA), presence of mediastinal mass, and risk stratification (intermediate/high risk). Conclusion: Our
study was able to unveil TG level of > 615 mg/dL, mediastinal mass, and a larger body surface area as novel risk factors that

have not been previously discussed in the literature.

Introduction:

Leukemia is the most common childhood cancer today, representing 25% of all childhood cancers. Acute
lymphoblastic leukemia (ALL) is the most common type of childhood leukemia. Cure rates for children
with ALL have currently reached 90% following multi-agent intensive chemotherapy [1]. Today, efforts are
directed towards controlling the toxicities that result from such aggressive therapies that can lead to serious
complications and thus treatment cessation.

Cerebral Sinus Venous Thrombosis (CSVT) is one of many side effects encountered during ALL therapy.
CSVT was shown to complicate therapy in 1-2% of children being treated for ALL [2]. In childhood, CSVT
has a mortality rate of 8-13% [2] and can cause serious neurological morbidity. In addition, CSVT was



shown to compromise ALL therapy by a reluctance to interrupt anticoagulation for intrathecal treatment
and/ or delayed/missed doses of L-asparaginase due to concern about thrombus progression or recurrence
[3]. Thus, CSVT development during ALL therapy is not only limited to its own complications but extends
to its potential negative impact on treatment, which makes it a rare but serious complication. There is
still no consensus in the literature regarding identification of high-risk groups, potential risk factors, and
prophylaxis.

Moreover, the most recent guidelines for the management of venous thromboembolism in pediatric population
did not find enough accord in the literature to recommend CSVT prophylaxis in children being treated for
ALL.

The aim of this manuscript is to explore potential risk factors for the development of CSVT in children
with ALL undergoing treatment and to augment our previous findings (Ghanem et al,) with additional risk
factors based on a larger and more representative sample.

Methods
Patient Population

The study is a retrospective chart review of consecutive patients treated for Acute Lymphoblastic Leukemia
at the CCI. Children and adolescents aged 1-21 years who were diagnosed between October 2007 and February
2018 were included. Patients who developed CSVT during treatment were identified. Relevant information
such as patient characteristics, treatment regimen and clinical outcome were collected and compared between
two groups: patients who developed CSVT during treatment versus those who did not. CT venography and/
or MRI were used to diagnose CSVT.

This study builds on a previous one done at our institution that described certain potential risk factors for
the development of CSVT in children being treated for ALL. It showed that age above 10 years at diagnosis,
T-cell immunophenotype and risk stratification (intermediate/high risk) were statistically significant risk
factors for CSVT [4].

Our study was reviewed and approved by the Institutional Review Board at the American University of
Beirut Medical Center.

Treatment Protocol

Our treatment protocol was adopted from the St. Jude Total XV therapy with minor modifications [5, 6].
Remission induction therapy began with prednisone, vincristine, daunorubicin, and asparaginase. Patients
with [?] 1% MRD on day 15 received three additional doses of asparaginase. The second part of Induc-
tion therapy consisted of cyclophosphamide, mercaptopurine and cytarabine. Upon hematopoietic recovery
(between days 43 and 46), MRD was assessed, and consolidation therapy initiated.

After induction, patients were stratified into three risk groups (low, intermediate, high) and two protocol
arms (low-risk and intermediate/high-risk). The consolidation phase of 8 weeks consisted of a 24-hr IV
infusion of methotrexate at a dose of 2.5 g/m2 for low-risk patients and 5 g/m2 for intermediate- /high-
risk individuals every 2 weeks for four doses in combination with 6-MP 50 mg/m2 orally once daily. The
continuation phase consisted of 120 weeks for females and 146 weeks for males. A more intensive therapy
termed “reinduction” was given for both risk groups. Reinduction I and II phases last for 3 weeks each and
occur at weeks 7-9 and 17-19, respectively, during continuation therapy. Low-risk patients received nine
doses of IM asparaginase (ASP) at 10,000 units/m2/dose in combination with dexamethasone 8 mg/m2/day
for 2 weeks in each reinduction phase. Intermediate-/high-risk patients received an intensive once weekly
IM ASP treatment of 25,000 units/m2/dose for the first 20 weeks of continuation in combination with once
monthly dexamethasone pulses of 12 mg/m2/day over 5 days. During reinduction phases (weeks 7-9 and
17-19), intermediate-/high-risk patients receive twice-monthly dexamethasone pulses at the same dose over
7 days; between 2015 and 2017, dexamethasone doses were decreased from 12mg/m?/dose to 8mg/m?/dose
for intermediate/high risk patients and from 8mg/m?/dose to 6mg/m?/dose for low risk patients.



In case of allergy to Escherichia coli (E. coli ) ASP, Erwinia-derived ASP was used at a dose of 20,000
units/m2 three times weekly to replace the 10,000 units/m2 of E. coli ASP during induction and reinductions
1 and 2 for low risk patients and 30,000 units/m2/dose twice weekly instead of e once weekly 25,000 units/m2
ofE. coli ASP for Int/high risk patients. In case of allergy to both products, we used pegylated ASP at a dose
of 2,500 units/m2 once every other week. Low-risk patients are those aged 1- 9.9 years with precursor B-cell
ALL and presenting white blood count of less than 50,000/ ¢ 1, DNA index of [?] 1.16 or t (12, 21). Low-risk
patients must not have extramedullary disease, t (1, 19), or mixed- lineage leukemia (MLL) rearrangement.
High-risk patients are those with t (9, 22) or failure of induction (> 1% of leukemic lymphoblasts at remission
date). Intermediate-risk patients are all T-cell patients and precursor B-cell patients who do not meet the
low-risk criteria [4].

CSVT Prophylaxis and Treatment

The standard CSVT treatment in our organization comprises of low molecular weight heparin (LMWH). 15¢
choice is Enoxaparin with a dose of 1 mg/kg twice daily administered subcutaneously. We aim for therapeutic
target of anti-Xa activity level that ranges between 0.5 and 1 IU/ml, and we stop treatment after a minimal
period of 3 months when CT scan or brain MRI shows complete resolution or significant improvement of
the filling defect. Treatment is halted for 24 hours pre and 6 hours post some procedures such as lumbar
puncture.

For primary prophylaxis, we didn’t utilize anticoagulation treatment. Neither antithrombin replacement was
given for low antithrombin (AT) levels nor fresh frozen plasma were provided when fibrinogen levels were
low.

Anticoagulation was given for at least 3 months and until radiological resolution is achieved. It was con-
tinued as well throughout the ASP therapy. Therapy was modified in case of CSVT; for low risk patients,
dexamethasone was omitted in the third week of each reinduction, and asparaginase was omitted from the
first week of each reinduction. In intermediate and high-risk patients, dexamethasone was omitted from
weeks 4 and 9 and low molecular weight heparin was given during the first 19 weeks of continuation.

LMWH was continued till all asparaginase doses were received even if it entailed prolonging anticoagulation
for more than 3 months.

CSVT treatment initiation and duration

Immediate commencement of anticoagulation therapy was started after CSVT diagnosis, including those
who had minor bleeding. The duration of treatment ranged between 3 and 8 months (median of 4 months).

Thrombophilia Screening

All patients who developed CSVT underwent screening for inherited thrombophilia via Strip Assay (Reverse
Hybridization-SSOP) to look for factor V Leiden (G1691A), factor V (H1299R), MTHFR (C677T), MTHFR
(A1298C), and factor IT (G20210A).

Due to the lack of solid evidence for screening all children during ALL therapy for inherited thrombophilia,
only patients who developed CSVT underwent the above screening.

Triglyceride levels were measured before each asparaginase dose.
Statistical Analysis

Descriptive statistics were summarized by presenting the number and percentage for categorical variables,
whereas the mean and standard deviation (£SD) were calculated for continuous ones. The comparison
between the CSVT outcome and categorical variables was assessed by Pearson chi-square test, whereas the
Student’s t-test was used for the continuous variables. Moreover, we carried out multivariate stepwise logistic
regression to identify the predictors of CSVT. Results are presented as odds ratios (OR) and 95% confidence
intervals (CI). We used a P-value less than 0.05 to indicate statistical significance. We used IBM SPSS
statistical software for Windows version 22 (SPSS for Windows, version 22; SPSS, Inc., Chicago, IL).



Results
Patient Characteristics

A total of 24 (10.5%) patients developed CSVT during treatment, of those 9 (37.5%) were during the
induction phase of treatment and 15 (62.5%) during reinduction phases (Reinduction 1 or Reinduction2).

Clinical features of all patients are summarized in Table 1.
Risk factors:

With univariate analysis, male gender (p = 0.004), age> 10 years at diagnosis (P = 0.002), T-cell immuno-
phenotype (P = <0.0001), intermediate/high-risk disease (P = 0.05), maximum triglyceride (TG) levels of
> 615 mg/dL (p = 0.012), presence of mediastinal mass (P = <0.0001), and body surface area (P =<0.0001)
were significantly associated with increased risk of CSVT. On the other hand, initial blast count (P = 0.765),
non-O blood group (P = 0.843) and BMI (P = 0.209) were not significantly associated with increased risk
of CSVT.

With multivariate analysis using Cox regression model considering age at diagnosis, gender, immunopheno-
type, risk stratification, mediastinal mass, BSA, BMI, and maximal TG level as variables, intermediate/high-
risk disease (OR: 6.879, 95% CI: 1.235-38.304,P = 0.028), presence of mediastinal mass (OR: 23.949, 95%
CI: 5.606-102.316, P = 0.000), maximum TG levels of > 615 mg/dL (OR: 3.732, 95% CI: 1.007-13.836, P
= 0.049) and larger BSA (1 unit increase as a continuous variable) (OR: 6.234, 95% CI: 1.694-22.921, P =
0.006) were the only statistically significant risk factors. Detailed results are shown in Table 2.

Symptoms and signs of patients with CSVT

All patients who were identified as developing CSVT were symptomatic. The most common clinical presen-
tations were seizures and headache.

L-Asparaginase and Steroids

CSVT developed in patients receiving a combined therapy of ASP and steroids. The most commonly used
ASP product was that of the nativeE. coli (KidrolaseR; EUSA Pharma, France). CSVT rates were observed
to differ with different treatment regimens depending on the type of ASP or steroid used. CSVT occurred
in patients who received either native L asparginase or Pegylated ASP as the predominant ASP product,
whereas none of the patients who received Erwinia-derived ASP as the predominant ASP product developed
CSVT. Furthermore, 77% of CSVT events occurred while receiving combined ASP and dexamethasone
treatment (during Reinduction I or IT or the first 20 weeks of continuation therapy in Int/high risk patients)
compared to 23% of events that occurred during combined ASP and prednisone therapy (Induction). Of
note is that all patients treated as per our protocol received only 2 or 3 weeks of combined asparginase and
Prednisone (40 mg/m2/day), whereas they received 4 weeks of dexamethasone if they were classified as low
risk or 19 weeks of combined dexamethasone and asparginase if classified as Int/ high risk thus resulting in
more exposure to the dexamethasone/aspa combination.

Impact on ALL protocol

CSVT has impacted treatment in almost all patients who developed this complication. This affected patient
by delaying or deleting subsequent doses and thus compromising maximal benefit from treatment. In the
majority of patients with CSVT, there was omission of few ASP doses, whereas the vast majority had to
miss or delay doses of ASP until CSVT stabilized on anticoagulant therapy. Steroids were as well missed or
delayed because of such complication. ASP was omitted from the whole treatment in one patient who had a
life-threatening superior sagittal sinus thrombosis that was complicated by a large intracranial hemorrhage
(ICH) and required two craniotomies.

Thrombophilia screening and coagulopathy studies



The results of the genetic defects screening in our patients mentioned in the methodology section are shown
in Table 3. Due to the high cost of genetic tests and the lack of evidence for screening all ALL children
during treatment for inherited thrombophilia, we only screened patients who developed symptomatic CSVT.
Of those we were only able to retrieve results on 20 patients.

Outcomes due to CSVT

No mortality secondary to CSVT was observed in our study. Neuroimaging (CT and MR venography) was
used for follow-up. After 3 months, the majority of patients had complete radiological resolution following
anticoagulation (LMWH). Some patients continued to receive LMWH, if there were more scheduled Asp
doses to receive. No recurrent CSVT was observed. Only one patient whose anticoagulation was not started
immediately upon diagnosis because of a large concomitant bleed, ended up with a minor neurologic deficit.

Discussion

A global CSVT rate of 2.9% was reported in a meta-analysis of 17 prospective studies that included 1752
pediatric patients with childhood ALL [7]. Two recent studies have reported incidences of 1.4% and 1.9%
from the United Kingdom and the Nordic Society of Pediatric Hematology and Oncology (NOPHO) [2,
8]. However, we report an incidence of 10.5% for CSVT during treatment of our ALL patients which is
much higher than that of the literature. This may be related to the treatment protocol that we use, in
addition to our patients’ characteristics [9]. Carouso et al. found that a combination of ASP and steroids in
the presence of other prothrombotic factors like inherited thrombophilia were significantly associated with
thrombosis (OR: 34.5; 95% CI: 4.39-271.42; P = 0.0008) [7]. These studies have reported the incidence of
thrombosis during ALL treatment to be highest during the induction phase, whereas in our studies, most
CSVT events occurred during early continuation and reinductions I and II. This might be explained by the
lower prednisone dose that we use during the induction phase compared to the BFM protocols reported by
Nowak-Gottl et al. [10] (40 mg/m2/day vs. 60 mg/m2/day). However, we use higher doses of dexamethasone
during early continuation and reinduction (12 mg/m2/day vs. 10 mg/m2/day). Moreover, the duration of
the combined treatment (steroids + ASP) given was longer in the post-induction phase compared to the
induction phase.

In Lebanon the carrier rate of factor V Leiden is 14.4% compared to 3-8% in Europe and the United States
[11]. Similarly, the carrier rate of Prothrombin G20210A in Lebanon is 3% similar to that in Europe but
higher than what is reported in the United States [9]. There is no solid evidence for screening all ALL
children during treatment for heritable thrombophilia [12, 13]. Since such screening is of a high financial
burden in a middle-income country like Lebanon, we screened only patients who developed CSVT. The lack
of thrombophilia status in patients who did not develop CSVT prevented us from investigating thrombophilia
as a risk factor and integrating it into our analysis.

Nonetheless, due to the higher incidence of CSVT in our study combined with the high thrombophilia rate
in our country, we suggest revisiting the role of thrombophilia screening in regions with high prevalence of
thrombophilia, using well-designed studies, especially if their treatment protocol relies on intensive combined
ASP and steroids therapy [4].

The strong association between CSVT during childhood ALL treatment and older age at diagnosis, T-cell
immunophenotype, and an intermediate/higher risk disease that is observed in our univariate analysis has
been well described previously [2, 10]. In our study, T cell phenotype was only significant in the univariate
analysis, whereas intermediate/high risk disease and mediastinal mass retained significance in multivariate
analysis.

Studies have linked asparaginase and corticosteroids treatment to the increased TG level in ALL patients
[14, 15]. Hypertriglyceridemia induced by asparaginase was recently reported to be significantly associated
with increased thrombosis in childhood ALL [16]. We describe a maximum TG level of more than 615mg/dL
(3x the upper normal limit) to be a statistically significant risk factor for the development of CSVT during
treatment for childhood ALL. Our study was the first to report a TG level of more than 615 mg/dL to be a



significant cutoff for the development of CSVT. Further studies with larger sample sizes are recommended
to confirm this cutoff.

Our study was the first to describe a significant association between BSA and CSVT. BMI is a measure used
to determine a person’s degree of overweight. BSA measures the total surface area of the body and is used to
calculate drug dosages and medical indicators or assessments. When height value is fixed, a strong correlation
exists between BSA and BMI as only weight values vary. However, when the two parameters change, no
correlation exists between BSA and BMI [17] which explains why BSA and not BMI was significant in
our study. Larger BSA requires higher doses of therapeutic drugs and hence possibility of more frequent
side effects. Similar findings were observed in a previous study where moderate dose methotrexate caused
toxicity in patients with larger body size upon treating non-Hodgkin’s lymphoma [18]. Further studies on
larger patient samples are recommended to find an appropriate cutoff for BSA. This may help in considering
prophylactic anticoagulation and/or capping of chemotherapy doses.

A previous study described the link between the presence of mediastinal mass in Nordic children with ALL
and overall thrombotic events in general but not CSVT specifically [10]. To the best of our knowledge we
are the first to describe the presence of mediastinal mass as a significant risk factor for the development of
CSVT in children treated for ALL.

Initial blast count and BMI were not significant as risk factors for CSVT in our study. These results are
supported by the Nordic study while exploring their relation to any thrombotic event [10].

Non-O blood group has been reported to be an important genetic risk factor for venous thromboembolism
[19]. In our previous report, we reported lack of significance of non-O blood group for the development of
CSVT in our patient population [4]. This factor was reinvestigated in our population and found to be not
significant.

Given the significant delay that CSVT has on treatment, and the higher chances of disease relapse from
early discontinuation of ASP as reported from Dana—Farber Institution [3], we believe that this issue is
of significant importance and needs further investigation and future guideline modifications in areas where
thrombotic/CSVT incidence is high. The incidence of CSVT is protocol specific such as use of prednisone
or dexamethasone and their respective doses, the intensity and duration of ASP therapy and concomitant
(Asparaginase plus steroid) therapy, as well as ethnic specificities. In a patient population similar to ours
that is being treated with a protocol similar to St. Jude Total XV, we encourage considering the use of
prophylactic anticoagulation in the presence of the risk factors that we highlighted. Studies with larger
sample sizes are needed to confirm our recommendation. Furthermore, we recommend additional studies in
different patient populations to tailor recommendations based on the population characteristics.

Conclusion

CSVT is an important complication of ALL treatment, especially in areas where its incidence is reported
to be high as in Lebanon. Some risk factors have been previously identified and our study was able to
augment with novel and additional risk factors that have not been previously discussed (Triglyceride level
> 615 mg/dL, mediastinal mass and body surface area in multivariate analysis). Given the poor literature
and recommendation consensus in relation to CSVT prophylaxis and the newly unveiled risk factors that
are highlighted in our study, we recommend further prospective studies with larger samples to confirm our
findings and help identify the subgroup of patients that qualify for CSVT prophylaxis during ALL treatment.

The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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