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ABSTRACT

It is well established that the benefit of myeloablative ALLO-HSCT can be associated with a potential
high risk of procedure-related toxicity. The objective of this report is the analysis of complications in
a 17-year-old girl with AML previously treated for medulloblastoma and myelodysplastic syndrome.
Thiotepa, fludarabine, treosulfan and thymoglobuline were used in conditioning regimen. During
conditioning neurological complications have occurred. MRl and CT scan results revealed the coexist-
ence of PRES with the left internal carotid artery thrombosis. The effect of fludarabine on endothelial
cells could possibly contribute to irreversible CNS damage and death in presented case.
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INTRODUCTION

Conventional myeloablative hematopoietic stem cell transplan-
tation (HSCT) is associated with significant transplant related
mortality (TRM) [1, 2]. Reduced-intensity conditioning (RIC)
regimens decrease toxicity and risk of TRM [1], but there is still
a group of patients where even standard doses of drugs used
during the conditioning procedure may cause serious neuro-
logical complications [2, 3]. This divergence may depend on
a presence of potential risk factors such as: multiple chemo-
therapeutics use, number and doses of drugs administrated
before the RIC, previously treated CNS disease or conditioning
to allogeneic HSCT (ALLO-HSCT) [3]. In the first year after trans-
plantation, the incidence of CNS complications ranges in be-
tween 8% and 56% [2].

Fludarabine (FLUD) is a drug widely used in the treatment of he-
matological malignancies, representing one of the main compo-
nents in the RIC regimens for HSCT [4]. Neurotoxicity is possible
adverse event during treatment with FLUD [4].

The objective of this case report is to present severe neurological
and vascular complications in patient after RIC-HSCT.

CASE REPORT

A 17-year-old girl was admitted to transplant unit to perform
peripheral blood stem cell transplantation from 10/10 HLA-
-matched unrelated donor (MUD). The patient was previous-
ly treated for medulloblastoma diagnosed 5 years earlier. The
therapy of medulloblastoma included surgery, chemotherapy
(2 cycles of carboplatin, etoposide, vincristine, alternately with
2 cycles of ifosfamide, etoposide, cisplatin), radiotherapy (35 Gy
for CNS and 55 Gy for primary tumor area) followed by 8 cycles
of maintenance therapy (week 1: lomustine, cisplatin, vincristine;
week 2: vincristine; week 3: vincristine) in six weeks intervals. One
year later she was diagnosed with myelodysplastic syndrome
which proceeded to acute myeloid leukemia (AML) within one
year. The patient was given two courses of IDA-FLAG (idarubicin,
FLUD, cytarabine, G-CSF) chemotherapy.

On admission the patient was in good clinical status presented
with mild bradykinesia, headaches and unspecific vision dis-
orders (blurred vision, central scotoma), and Karnofsky score
80. Cranial CT scans showed no relevant disorders, despite of
a constant dilatation of ventricles and postoperative changes.
Ophthalmological examination did not reveal any abnormali-
ties. The patient received RIC consisting of: thiotepa (8 mg/kg)
days: -7, FLUD (40 mg/m?) days: -6, -5, -4, -3, treosulfan
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(14 g/m?) days -6, -5, -4 and thymoglobuline (8 mg/kg) days:
-3,-2, -1. After the third day of conditioning chemotherapy the
patient presented with seizures, right side hemiparesis, apha-
sia and progressive consciousness disorders with somnolence
and confusion. In MRI an increased signal in T2 and FLAIR (cor-
tical-subcortical) in occipital and parietal regions of the left
hemisphere of the brain was observed (fig. 1). Also in deeper
structures of the left hemisphere the same type of lesion (12 x
5.6 mm) were notified. Moreover other neurological abnormal-
ities such as dilatation on fourth ventricle and in sequence DWI
presence of diffused areas of a low signal responded to small
areas of hemorrhage with hemosiderin were discovered. Trans-
plant procedure was continued. After 3 days the second MRI
confirmed the progression of the ischemic changes in frontal
and parietal lobes, as well as in the deep structures of the left
hemisphere. Also thrombotic occlusion of a left internal carotid
artery in the intracranial part as well as presence of ischemic
changes in left hemisphere of the brain and signs of posterior

FIGURE.1.

A, B. In the fronto-parietal regions of both hemispheres (less visible
in right) of the brain in cortical and subcortical areas, the elevated signal
in T2-FLAIR sequences (A) and diffusion restrictions in DWI sequences
(B) are visible. C. The IV ventricle is widened with surrounding large
areas of elevated signal in T2-FLAIR sequences. D. In the deep structures
of brain’s left hemisphere there is an area of elevated signal in DWI
sequences.
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reversible encephalopathy syndrome (PRES) were observed. In
Doppler examination lack of the proper blood flow confirmed
the occlusion of the left carotid internal artery. Ischemic stroke
and PRES were diagnosed. Enoxaparinum, 20% mannitol and
corticosteroids were implemented. Due to progression of the
consciousness disorders and acute respiratory failure the pa-
tient was transferred to the intensive care unit. Conditioning
regimen was continued and HSCT was performed with no de-
lay. The patient condition has deteriorated with coma, high lev-
el of inflammatory indicators and renal failure. The patient died
on day 3 after transplantation.

DISCUSSION

Neurological complications after ALLO-HSCT are common and
life-threatening in most cases and they may affect CNS [2]. Pa-
tients who developed CNS complications after FLUD-based RIC
had higher rates of 1 year non-relapse mortality (37% vs. 20%)
and worse 4 years overall survival (33% vs. 45%) in comparison to
patients without FLUD in conditioning regimen [2]. Only recently,
clinical and MRI aspects of a possible specific neurotoxicity after
standard dose FLUD both in the treatment of hematologic malig-
nancies and in RIC HSCT have been reported [1, 3-7].

Pathophysiology of PRES is not clear. It is known that it is an en-
dotheliopathy of the posterior cerebral vasculature leading to
failed cerebral autoregulation, posterior edema and encepha-
lopathy [8].

A number of studies has been done demonstrating effects
of chemotherapy on endothelial function in cancer survivors
[6, 9-11]. FLUD has the highest significance in the aspect of im-
pairment of endothelial function [9]. Also young adults treated
for acute lymphoblastic leukemia (ALL) during childhood are at
risk for impaired flow-mediated dilatation regardless of whether
or not they received cranial irradiation [12].

Injury to endothelial cells is the inciting factor in the sequence of
events leading to thrombotic microangiopathy (TMA), which in
some cases can't be easily distinguished from PRES [13]. A bor-
derline difference in the hemorrhage rate was seen among the
various clinical conditions associated with PRES [14]. Some au-
thors found that FLUD-based non-myeloablative conditioning
does not confer a lesser risk for TMA, which suggests, that FLUD
itself may be involved in causing endothelial damage [10].
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In case of our patient we excluded inheriting blood-clotting
disorders (protein C or S deficiency, factor V Leiden defect, pro-
thrombin defect, elevated factors I, VII, IX, XI and antithrombin

Il deficiency).

CNS toxicity presenting as encephalopathy of different severity
has been observed not only after FLUD administration but also
with other chemotherapeutic agents, such as vincristine, cispla-
tin, methotrexate, cytarabine, ifosfamide, 5-fluorouracil [3, 4].
Additionally authors suggest that previous treatment with
high dose cytarabine, intrathecal therapy, or cranial irradiation
may be at greater risk for neurotoxicity [3]. We haven't found
any evidence suggesting that other drugs, such as thiotepa or
treosufan can be involved in this process. Thiotepa-based con-
ditioning therapy in AML is feasible, effective and safe, as in-
vestigated for sinusoidal obstruction syndrome and mucositis
[15], whereas no suggestive imaging counterpart of thiotepa
neurotoxicity has been proposed thus far [4]. Moreover a recent
study demonstrated the efficacy and safety of treosulfan based
conditioning regimens with no significant association between

higher treosulfan dose and severe toxicity [16, 17].

The neurotoxicity of FLUD can have very early (hours) or late
onset (months after administration) [6]. Previous treatment of
our patient with high doses of chemotherapy (IDA-FLAG) and
CNS radiotherapy could increased CNS susceptibility to neu-
rotoxic properties of RIC. In case of our patients we observed
coexistence of PRES and ischemic stroke. Multiple ischemic
changes, brain edema and left internal carotid artery occlusion
could have been caused by dysfunction in cerebral vascular au-
toregulation due to a direct endothelial damage. We suspect
that FLUD can be also responsible for the left internal carotid ar-
tery occlusion. FLUD is a major constituent of RIC, and its effect
on endothelial cells may contribute to irreversible CNS damage
and death.

CONCLUSION

We should be very careful with patients who have been previ-
ously treated with chemotherapy. They are at high risk of organ
toxicity during conditioning before ALLO-HSCT. Moreover FLUD
toxicity should be included in a differential diagnosis of patients
with unexplained CNS findings, especially in case of patients
treated with this drug before.
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