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Abstract
Mixed phenotype acute leukaemia (MPAL) is associated with worse overall survival, compared with other acute 
leukaemias in adults. Lack of clear treatment guidelines makes the therapy challenging. ALL-like induction 
and consolidation treatment followed by allo-HSCT is the preferred first-line treatment. We present a case of a 
36-year-old woman diagnosed with MPAL (EGIL Myelo/B) with KMT2A rearrangement, treated with the PALG-
ALL-7 (including PEG-asparaginase) protocol. On day 25 after the induction therapy initiation, numbness of limbs 
and dizziness were observed. Therefore, the imaging studies (CT and MRI) were performed and a diagnosis of 
thrombosis of superior sagittal sinus of the brain was established. Routinely performed blood coagulation tests 
showed prolonged APTT and PT, decreased antithrombin III activity and decreased free protein S concentration. 
LMWH treatment and substitutional therapy with antithrombin III were started, which resulted in a significant 
reduction in the thrombosis associated symptoms and improvement of the neurological status after 3 days. After 
induction and consolidation therapy, the patient obtained complete haematological remission and negative 
measurable residual disease. Six months after the diagnosis, allo-HSCT was successfully performed. During the 
4 months follow-up, the patient remained MRD negative and thrombotic symptoms free. To the best of our 
knowledge, our communication has been the first report of such complication in an MPAL patient treated with 
PEG-asparaginase containing protocol in adults. We recommend increased vigilance in patients manifesting any 
mild neurological symptoms and early decision about the MRI study performance.
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Background
Mixed phenotype acute leukaemia (MPAL) is a subtype 
of acute leukaemia with coexistent presence of pheno-
typic features specific for both myeloid and lymphoid lin-
eages. It accounts for 2–5% of all acute leukaemias with 
worse overall survival, compared with other disease types 
in adults [1, 2]. It is classified as biphenotic MPAL, where 
single blast population demonstrates features of different 
lineages (myeloid, B-cell or/and T-cell), as well as bilin-
eage MPAL, where distinct blast populations express dif-
ferent lineage markers independently [1].

Current World Health Organization (WHO) criteria 
divide MPAL into three genomic categories, depending 
on the presence of KMT2A rearrangement, BCR-ABL 
fusion or other defined genetic alterations. Other MPAL 
cases are classified as immunophenotypically defined 
and include B/myeloid (59%), T/myeloid (35%), or T/B 
(4%), T/B/myeloid (2%) phenotype [3–5]. Furthermore, 
MPAL can also be diagnosed according to the European 
Group for Immunological Classification of Leukaemia 
(EGIL), where the diagnosis of MPAL requires scoring at 
least two points in two distinct lineages (Supplementary 
Table 1) [4, 6].

Lack of clear guidelines concerning the appropriate 
way of treatment result in challenges in curing MPAL 
[4, 7]. The latest meta-analysis of 1300 patients includ-
ing small series and case reports of patients with MPAL 
diagnosed based on EGIL or WHO criteria, revealed that 
acute lymphoblastic leukaemia like (ALL)-like therapy 
induction is superior compared with acute myeloid leu-
kaemia (AML)-like induction treatment, due to signifi-
cantly higher complete haematologic response (CHR) 
rates and a two-fold reduction in the mortality risk [8]. 
Nowadays, ALL-like induction treatment followed by 
allogeneic haematopoietic stem cell transplantation (allo-
HSCT) is recommended in patients with MPAL as the 
first-line of treatment [4].

Case presentation
Herein, we present a case of a 36-year-old woman diag-
nosed with MPAL, with no past medical history, with an 
unusual thrombotic complication after induction ther-
apy. The patient was admitted to the Department of Hae-
matology and Bone Marrow Transplantation in October 
2022, due to progressive lymphadenopathy (enlarged 
circumferential lymph nodes) and bleeding symptoms 
(increased bruising). Laboratory tests, including mul-
ticolour flow cytometry (MFC) of the bone marrow 
cells confirmed that 88% of cells expressed CD13 0.0%, 
CD33 90%, CD34 73%, CD117 0.0%, HLA DR 75%, CD38 
100%, CD31 100%, CD36 0,0%, CD14 0,0%, CD11b 0.0%, 
CD11c 0.0%, CD64 57%, CD163 0.0%, CD18 61%, CD56 
0.0%, CD16 0.0%, CD19 57%, CD10 0.0%, CD20 0.0%, 
CD22 0.0%, CD3 0.0%, CD5 0.0%, CD4 0.0%, CD8 0.0%, 

CD7 0.0%, CD2 0.0%, CD1a 0.0%, CD66b 0.0%, CD66c 
0.0%, CD65 32%, CD15 80%, CD123 100%, cytCD68 
0.0%, MPO 0.0%, TdT 0.0%, cytCD3 0.0%, cytCD79a 28%, 
cytCD22 0.0%, cyt.IgM 0.0%, CLL-1 68%, CRLF2 0.0%, 
surface kappa 0.0%, pow lambda 0.0%//CD45 mid, FSC 
mid, SSC low (EGIL classification: myeloid line − 3 points, 
B-lymphoid line − 3 points). Molecular analysis with RT-
PCR did not confirm BCR::ABL gene, PML::RARA gene, 
FLT3 D835 mutation, FLT3-ITD, and NPM1 mutation. 
FISH study of the bone marrow cells was positive for 
KMT2A-r (Vysis®, IL, USA) and negative for BCR::ABL 
fusion (Cytocell®, Cambridge, UK).

CT scans of the chest and abdomen revealed enlarged 
lymph nodes in the mediastinum, right axillar fossa, 
along major blood vessels, liver and spleen enlargement. 
Cytopathological examination of central nervous fluid 
(CSF) did not confirm leptomeningeal involvement of 
malignant cells. Finally, the diagnosis of MPAL (EGIL 
Myelo/B) with the KMT2A rearrangement within the 
11q23 was established. Therapy according to the Polish 
Adult Leukaemia Group ALL-7 protocol (PALG ALL-7) 
was started in October 2022 [daunorubicine 83.5  mg—
day 1, 8, 15, 22, vincristine 2.0  mg—day 1, 8, 15, 22, 
cytarabine 40.0 mg—day 13, 27, PEG-asparaginase (Spec-
trile®) 3.340 UI—day 20, methotrexate 15.0 mg—day 13, 
27] [9]. On day 26 after the induction therapy initiation 
(6 days after PEG-asparaginase infusion), numbness of 
limbs and dizziness were noted. Routine blood coagula-
tion tests showed prolonged APTT = 55.9s (N: 25.1-37.7s) 
and PT = 13.6s (N: 9.9-12.3s), and a drop in antithrombin 
III activity (54% [N: 83–128%]) and free protein S concen-
tration (18.2% [N: 54.7-123.7%]). Also fibrinogen concen-
tration in the blood was significantly reduced (Fig.  1A). 
Moreover, a significant increase in the D-dimers concen-
tration was noted (Fig. 1B). CT and MRI studies revealed 
the thrombosis of venous sinuses of the brain (superior 
sagittal sinus and a proximal part of left transverse sinus) 
(Fig. 2A-E).

Therefore, substitutional therapy with antithrombin III 
(Anbinex®) and low molecular weight heparin (LMWH) 
at a dose 1 mg/kg b.w. subcutaneously—6000 IU, 60 mg 
(LMWH, Clexane®) was started immediately. The therapy 
resulted in significant reduction of the thrombosis asso-
ciated symptoms and improvement of the neurological 
status after 3 days. Fresh frozen plasma or cryoprecipitate 
was administrated only if fibrinogen concentration was 
< 100 mg/dL. The evaluation of the response to induction 
therapy confirmed CHR. MFC assessment of the bone 
marrow cells on day 35 after induction therapy showed 
the presence of measurable residual disease (MRD)  – 
0.002%. Consolidation therapy with intermediate doses 
of cytarabine was given without any important complica-
tions (MRD = 0.0%). A repeated CT scan was performed 
in March 2023, revealing no signs of thrombosis.
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Meanwhile, a fully matched family donor was identi-
fied. Allo-HSCT with CyTBI 12  Gy conditioning and 
graft versus host (GvHD) prophylaxis with thymo-
globulin, cyclosporine, methotrexate was performed six 
months after the diagnosis in April 2023. Post-transplant 

disease monitoring revealed CHR, full donor chimerism 
and the absence of MRD and GvHD symptoms.

Fig. 1 Assessment of fibrinogen concentration, antithrombin activity, free protein S plasma content, PT, aPTT and D-dimers during induction therapy. 
Graphical presentation of haematological parameters (fibrinogen concentration, antithrombin activity, free protein S plasma content, PT and aPTT) of 
our patient before, during and after the clinical manifestation of the disease (A). D-dimers plasma level during induction L-asparaginase, containing che-
motherapy application in the presented case (B)
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Discussion and conclusions
The treatment of MPAL is challenging. According to 
recent literature data, the superiority of ALL-like therapy 
regiments (containing PEG-asparaginase) over AML-like 
therapy is suggested [7, 10–12].

However, it should be mentioned that the final therapy 
result depends on fully matched donor availability and 
patient MRD-negative status before allo-HSCT [7].

In humans, intravenous administration of L-aspara-
ginase leads to a decrease in the serum asparagine level, 
due to a reduction in the synthesis of fibrinogen, plas-
minogen and anti-coagulant factors, as well, includ-
ing antithrombin III, protein C, and protein S [13]. Its 
application may result in thrombosis and/or bleeding 
complications thereafter, due to the drug induced blood 

coagulation and natural anticoagulation system abnor-
malities [14]. Other PEG-asparaginase administration 
associated side effects include hypertriglyceridemia, hep-
atotoxicity and pancreatitis [15].

The frequency of thrombotic and bleeding com-
plications associated with asparaginase treatment in 
ALL patients is age-dependent [16]. The occurrence of 
venous thromboembolic events (VTE) in patients with 
ALL treated with L-asparaginase containing regimens 
varies from 1 to 36%, depending on the treatment pro-
tocol, the inclusion/exclusion of asymptomatic throm-
botic events, and whether the study was prospective or 
retrospective [17], where the incidence of VTE at the 
time of ALL diagnosis varies between 1.4 and 2.09% [18, 
19]. The data obtained from clinical trials conducted at 

Fig. 2 A-E. The images reveal characteristic findings of cerebral venous sinus thrombosis in a 36-year-old female patient with superior sagittal sinus 
thrombosis. Coronal non-enhanced CT scan (A) and axial non-enhanced CT scan (B) show areas of abnormal hyper attenuation in the superior sagittal 
sinus (A) and the proximal part of left transverse sinus that are consistent with thrombosis. Axial T1 weighted MRI image (C) and axial fluid-attenuated 
inversion recovery (FLAIR) image (D) shows thrombus as an area of increased signal intensity in the superior sagittal sinus. Coronal contrast-enhanced MR 
reveals thrombus as filling defects in the superior sagittal sinus (E)
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Dana-Farber Cancer Institute in the years 1991–2008, 
concerning patients with newly diagnosed ALL, revealed 
that 5% of paediatric patients, 34% of adult patients, and 
42% of adults above 30 years of age suffered from VTE 
during intensive L-asparaginase therapy, and that the 
age was the only significant predictor of the thrombosis 
occurrence [16]. According to the available data, the use 
of less intensive L-asparaginase treatment regimens and 
employment of the antithrombin replacement therapy is 
associated with lower incidence of VTE events [20]. VTE 
occurs more frequently in adults treated with pegylated 
formulation of asparaginase (PEG-asparaginase) com-
pared to L-asparaginase, despite appropriate prophy-
lactic anticoagulation treatment [21, 22]. Underwood et 
al. revealed that if an initial VTE incident appeared in 
patients treated due to ALL, it happened usually during 
the induction phase (72%), followed by consolidation 
(11%) and delayed intensification (11%), rather then dur-
ing maintenance therapy (6%). The cumulative incidence 
rate of thrombotic complication within 30 days after 
the administration of the initial dose of drug was 25%. 
However, it should be mentioned, that the median time 
between the previous asparaginase dose and the VTE 
episode occurrence was 14 days, where the range was 
6–99 days [23].

Previous studies involving patients with ALL treated 
with L-asparaginase containing regimens found that 
objectively confirmed thrombosis occurred in 18.5% 
of patients during the induction phase, with a range 
between day 3 and day 12 after the L-asparaginase infu-
sion [24]. In another study, 4.2% of patients presented 
thrombotic complications, which occurred between 5 
and 15 days after the first dose of asparaginase, with a 
median onset on day 11 [25].

Thrombotic events in the course of PEG-asparagi-
nase treatment are mostly venous and most often affect 
lower or upper extremities, the pulmonary system, or 
cerebral site [23, 26]. Data obtained from Dana-Farber 
Cancer Institute Consortium ALL protocols reveals that 
thrombotic events were localized most frequently in the 
venous circulation of the upper extremities or were cen-
tral venous catheters related (36%). VTE disease was also 
localized in the lower extremities (19%) and the central 
nervous system (19%) [16].

In 15% of patients pulmonary embolism (PE) was docu-
mented [16]. In an observational study involving patients 
with ALL, the majority of pulmonary embolism incidents 
(78%) occurred during the L-asparaginase treatment 
phase. The complication was associated with a 30-day 
mortality rate of 9.4% [27]. Pulmonary embolism episode 
may influence the established leukaemia treatment [28]. 
Unexpectedly, according to the available data including 
63% of patients who experienced PE during treatment, 

the total administered doses of L-asparaginase remained 
unchanged [27].

Overall occurrence of cerebral venous thrombosis 
(CVT) is estimated to be 1.3–1.6 per 100.000, with a 
mortality rate of 5–10% [29]. A study performed in Nor-
way by Kristoffersen et al. showed slightly higher fre-
quency of CVT (1.75 per 100.000 with a 30-day mortality 
rate at 3% and 1-year mortality rate at 6%) [30]. Coutu-
rier et al. report the prevalence of central nervous system 
thrombosis of 3.1%. It occurred within the range of 11 
to 31 days, with a median of 18 days, in patients receiv-
ing L-asparaginase [31]. A previous systematic review 
emphasizes various mortality rates in acute phase of CVT 
ranging from 0 to 15.2%; mean 5.6% and the mean over-
all mortality at 9.4%, where underlying conditions, most 
often cancer, are responsible for half of these deaths [32]. 
In recent years, a significant reduction in the mortality 
rate among all the patients with CVT has been observed 
[33]. Ferro et al. distinguished predictors of death, such 
as male sex, age above 37 years, coma, cancer etc. [34]. 
Despite relatively common occurrence of CVT, its local-
ization in the cavernous sinus is rarely observed [35].

Aldoss et al. observed that the cavernous sinus throm-
bosis appeared in 2 of 152 (1.3%) patients treated with 
regimens for ALL concerning L-asparaginase [26].

In the available literature, there is no data concerning 
the frequency of thrombotic complications in patients 
with MPAL treated with ALL-like therapy. To the best of 
our knowledge, our communication is the first report of 
such complication in MPAL patient treated with PEG-
asparaginase containing protocol in adults. The available 
screening resources showed only one report by Wani et 
al. of a 13-year-old girl diagnosed with MPAL treated 
with induction therapy containing L-asparaginase 10,000 
units, vincristine 2  mg, daunorubicin 40  mg who expe-
rienced a headache with an episode of focal seizure. The 
blood coagulation study results confirmed an abnormal 
prothrombin time (PT = 57% of normal), activated partial 
thromboplastin time (APTT = 62s) and prothrombin time 
(INR = 1.38). MRI enabled setting the diagnosis of dural 
sinus thrombosis. Therefore, treatment with LMWH and 
oral warfarin was introduced, with a significant improve-
ment in the patient status after 5 days and full recovery 
from the symptoms thereafter [36].

Another very important issue is the use of PEG-aspara-
ginase treatment monitoring not only for hypersensitivity 
symptoms occurrence, but also therapeutic effect [37].

Prophylaxis includes antithrombin level monitoring 
and infusion, while under the level of 50–60%. Short 
term administration of antithrombin may be consid-
ered. LMWH prophylaxis may be considered, too. The 
treatment of thrombotic episodes due to L-asparaginase 
treatment in MPAL patients should be based on thera-
peutic doses of LMWH. According to the available data, 
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re-exposure to L-asparaginase when anticoagulant ther-
apy with LMWH is given is safe [38, 39].

However, it should be stressed that therapeutic doses 
of LMWH may be safely used when platelet count is 
> 50 × 109/L, while reduced doses should be used when 
platelet count is below this level [40]. Antithrombin III 
activity lower than or equal to 60% is considered a hepa-
rin resistance factor [41]. According to the PALG-ALL7 
protocol guidelines, blood coagulation tests (APTT, anti-
thrombin activity, fibrinogen concentration, INR) should 
be performed, before initiating L-asparaginase treat-
ment (day 20), immediately before every L-asparaginase 
dose and one week post-treatment (day 34) [42]. Another 
important issue is early identification of thrombotic com-
plication on the basis of regular monitoring of D-dimers 
concentration in the blood and patients’ clinical status 
[43]. The above mentioned strategy seems to be reason-
able also in younger patients, which was confirmed by 
the positive outcome in our patient with MPAL experi-
encing dural venous sinus thrombosis at the age of 36.

In the presented case, despite the unusual localisa-
tion of thrombotic complication, superior sagittal sinus 
thrombosis was diagnosed early after the PEG-asparagi-
nase administration. Therefore, we recommend increased 
vigilance in patients manifesting any mild neurological 
symptoms and early decision about the CT/MRI study 
performance. It may allow to avoid the fatal disease out-
come due to undiagnosed thrombotic complication after 
PEG-asparaginase administration.
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