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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common
malignancy in children, with complete remission (CR) rates
reaching 70-80%. It accounts for approximately 25% of all
childhood cancers and almost 75% of childhood leukemias
[1]. CR is defined as the presence of less than 5% leukemic
blast cells in bone marrow, absence of tumor cells from pe-
ripheral blood, and absence of other sign and symptoms of
the disease. As leukemia cells sometimes invade the central
nervous system (CNS), most treatment protocols include
chemotherapy delivery into the CNS fluid, termed intrathe-
cal chemotherapy. Remarkable advances in therapeutic regi-
mens and the commencement of CNS-directed treatment
have reduced the risk of CNS relapse for childhood ALL to
5-10% [2].

Here, we report our experience of a patient with isolated
CNS relapse of standard risk group pre-B-cell type ALL in an
11-year-old girl, relapsed 3 years after successful completion
of chemotherapy (i.e., remission induction, consolidation, re-
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Acute lymphoblastic leukemia (ALL) is the most common form of childhood cancer and may exhibit
central nervous system (CNS) involvement. Advances in chemotherapy and effective CNS prophylaxis
have significantly decreased the incidence of CNS relapse of ALL to 5-10%. Here, we report the case
of a patient with isolated CNS relapse of standard risk group pre-B-cell type ALL in an 11-year-old girl,
relapsed 3 years after successful completion of chemotherapy. An 11-year-old girl visited our hospital
complaining of headache, dizziness, vomiting, and visual field defects. Neurological examination re-
vealed left-side homonymous hemianopsia. Brain magnetic resonance imaging showed a large irregu-
lar dural-based sulcal hematoma in the right parietal and occipital lobes. Surgery to remove the hema-
toma revealed the existence of hematopoietic malignancy after pathologic evaluation. Bone marrow
biopsy was subsequently performed but showed no evidence of malignancy.
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intensification, and maintenance therapy for 2 years).

CASE REPORT

History and neurologic examination

An 11-year-old girl came to our outpatient department in
February 2011 with symptoms of headache, dizziness, vomit-
ing, and visual field defects that had begun 2 days earlier.
Neurologic examination on admission showed sleeping ten-
dency and left-side homonymous hemianopsia.

She had a history of ALL that was found as a result of an as-
ymptomatic enlarged neck and axillar lymph node mass in
June 2006. Needle aspiration and bone marrow biopsy were
performed, followed by peripheral blood study. In bone mar-
row biopsies, cells are positive for CD10 (11%), CD19 (28%),
CD22 (24%) and negative for T-cell lymphoid markers and
myeloid markers such as CD3, CD5, CD7, CD33. Chromo-
somal study was not available due to scanty mononuclear cell
count (<500/pL). In cerebrospinal fluid study, no evidence of
malignant was found. She was diagnosed as having standard-
risk pre-B-cell ALL. As the CCG 1952A regimen, four weeks
of induction chemotherapy (prednisone+vincristine+L-
asparaginase-+intrathecal-cytosine arabinoside+intrathecal-
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methotrexate), four weeks of consolidation chemotherapy
(prednisone+vincristine+6-mercaptopurine+intrathecal-
methotrexate), eight weeks of interim maintenance (vincristine
+prednisone+methotrexate+6-mercaptopurine), eight weeks
of delayed-intensification chemotherapy (dexamethasone-+vi-
ncristine+doxorubicin+L-asparaginase+cyclophosphamide+
6-thioguanine+cytosine arabinoside+intrathecal-methotrex-
ate), and repeated second cycle of interim maintenance, de-
layed-intensification. Subsequently, two years of maintenance
chemotherapy (prednisone+vincristine+6-mercaptopurine+
methotrexate+intrathecal-methotrexate) were administered
until August 2008. After the standard therapy, she had no evi-
dence of disease for 3 years.

Radiologic findings

Non-enhanced computed tomography of the brain re-
vealed a large irregular dural-based high-density lesion; it
seemed to be a sulcal hematoma in the right parieto-occipital
lobe (Fig. 1).

Brain magnetic resonance imaging demonstrated a low-in-
tensity lesion on both T1- and T2-weighted images that ap-
peared to be a sulcal hematoma. Gadolinium-enhanced T1-
weighted imaging showed a heterogeneously enhanced dural-
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Fig. 1. Computed tomography of the brain revealed a large irreg-
ular dural-based high-density lesion in right parieto-occipital lobe.
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based mass-like lesion and sulcal enhancement (Fig. 2).

Operative and pathologic findings

Right occipital craniotomy, tumorectomy, and duroplasty
were performed. When the bone flap was removed, we found
suspicious invasive bony lesions on the inner cortex of the
skull and dura mater. After dural incision, the hematoma was
thrust out. Regarding gross findings, the hematoma had a
mass-like appearance and adhered to cerebral vessels; it ap-
peared to be a hematologic malignancy. Pathologic analysis
revealed hematologic malignant cells in frozen sections.

The dark brown-colored tumor and gliotic brain parenchy-
ma had ambiguous margins. Furthermore, infiltration of the
superior sagittal sinus was suspected. The tumor was meticu-
lously excised without vascular injury or bleeding control.
Some residual mass on the superior sagittal sinus was cauter-
ized. Duroplasty and bone flap fixation were subsequently
performed.

Pathological examination showed the neoplasm was com-
posed of hematopoietic malignant cells (Fig. 3A); they were
found to be B-cell lymphoblastic leukemia as they expressed
lymphoblast markers [e.g., Terminal deoxynucleotidyl trans-
ferase (Fig. 3C) and CD10 (Fig. 3B)] and B-cell lymphoid
marker (e.g., CD79a) (Fig. 3D) with moderate intensity. No
myeloid markers or T-cell lymphoid markers (e.g., CD3) were
expressed.

Postoperative course

The patient fully recovered without any complications. To
monitor leukemia recurrence, additional laboratory tests in-
cluding peripheral blood smear, chromosomal study, and
bone marrow biopsy were performed. However, there was no
subsequent evidence of malignancy. Thus, the cerebral lesion
was the only manifestation of disease. For adequate therapy,

Fig. 2. Brain magnetic resonance imaging demonstrated a low-intensity lesion on both T1- (A) and T2- (B) weighted images that appeared to
be a sulcal hematoma. Gadolinium-enhanced T1-weighted imaging (C) showed a heterogeneously enhanced dural-based mass-like lesion
and sulcal enhancement.
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Fig. 3. Photomicrographs of the tumor specimen. A: H&E stain (x600). Several lymphoblasts with high nuclear/cytoplasmic ratio and vari-
ably condensed nuclear chromatin. B: Immunophenotype stain (CD10). Lymphoblast marker (CD10) was positive. C: Immunophenotype
stain (TdT). Lymphoblast marker (TdT) was positive. D: Immunophenotype stain (CD79a). B-cell marker (CD79a) was positive.

she was transferred to the Department of Pediatric Oncology
of Seoul National University Hospital. According to her medi-
cal records, she received reinduction chemotherapy by means
of CCG-1884 protocol, and craniospinal irradiation (24 Gy to
brain, 6 Gy to spinal). And then, she received peripheral
blood stem cell transplantation.

DISCUSSION

Combination chemotherapy consisting of steroid and vin-
cristine was developed in the 1950s. This was supplemented
by effective CNS preventive therapy in the 1960s, resulting in
great advances in treatment. The evolution of multidrug che-
motherapy enhances patients’ long-term event-free survival
(EFS) rate, which is currently above 75%. Despite the current
cure rate, relapse remains the most pressing obstacle. Relapse
in the CNS also can occur alone or with accompanying bone
marrow infiltration. Most of ALL relapses occur during treat-
ment or within the first 2 year after treatment completion, al-
though relapses have been reported to occur even after 10
years from diagnosis.

Central nervous system-directed treatment is a significant
contributing factor for improving the survival rate of children
with ALL. It is an essential part of treatment that not only re-
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duces the rate of CNS relapse, but the incidence of bone mar-
row recurrence as well. Although less than 5% of patients
with ALL actually present with overt CNS leukemia, without
prophylactic CNS-directed treatment, over 50% will develop
CNS disease [3]. Presenting features associated with an in-
creased risk of CNS relapse in pediatric patients include a T-
cell immunophenotype, hyperleukocytosis, high-risk genetic
abnormalities such as the Philadelphia chromosome and
t(4;11), and the presence of leukemic cells in cerebrospinal flu-
id (even from iatrogenic introduction due to a traumatic lum-
bar puncture). More recently, polymorphisms in genes that
code for proteins involved in the pharmacodynamics of anti-
leukemic drugs have been associated with the risk of CNS re-
lapse [4].

The most commonly used method of CNS-directed treat-
ment in the 1970s and 1980s consisted of cranial irradiation
(originally a dose of 24 Gy, later reduced to 18 Gy) and intra-
thecal chemotherapy with methotrexate. However, cranial ra-
diation is associated with various forms of damage to normal
brain tissue, including leukoencephalopathy, mineralizing
microangiopathy, and the development of secondary tumors
[5]. Because such damage can induce long-term neurocogni-
tive impairments, therapeutic regimens have been modified
to reduce or eliminate cranial radiation, substituting it with



intrathecal and systemic chemotherapy [6].

A large retrospective analysis of CNS relapse recently re-
ported no difference in relapse rates between patients who
received and did not receive cranial irradiation. Pui et al. [7]
demonstrate that with effective risk-adjusted systemic che-
motherapy and intrathecal therapy initiated at diagnosis,
cranial irradiation can safely be omitted from CNS-directed
treatment without compromising overall survival in all new-
ly diagnosed ALL patients.

Central nervous system relapse rate can be reduced by in-
troducing specific CNS-directed prophylaxis earlier, substi-
tuting dexamethasone for prednisone, which is associated
with lower CNS and systemic relapse rates in pediatric and
adult ALL patients [8], and by using CNS irradiation only for
patients at high risk of CNS relapse, such as patients with T-
cell ALL who have high initial white blood cell counts [9].

The CNS recurrence rate is low with the use of current pro-
tocols. However, until recently, there is no define therapy for
patients who experienced CNS relapse and had poor out-
comes. For example, the overall 5-year survival rates of pa-
tients with CNS relapse within 18 and 36 months of initial di-
agnosis were only 43% and 68%, respectively [10].

An improved outcome for these patients was recently re-
ported by Pediatric Oncology Group (POG) study 9061 (71%
of 4-year EFS). It is consisted with 6-month chemotherapy
with drugs known to have effective CNS penetration and cra-
niospinal irradiation. However, failures still occurred in the
bone marrow. In addition, craniospinal radiation exposed pa-
tients to potential risks of long-term neurocognitive deficits,
and secondary brain tumors. In POG study 9,061, duration of
initial remission was an important prognostic factor for chil-
dren with isolated CNS leukemia, resulting in 4-year EFS for
patients with durations of at least 18 months of 83% versus
46% for those with less than 18 months (p=0.0002) [11].

There is POG’s more recent regimen for isolated CNS re-
lapse of ALL, POG 9,412. It is consisted with 6 additional
months of intensive systemic chemotherapy. Barredo et al.
[12] reported that 6 additional months of intensive systemic
chemotherapy would improve survival by decreasing subse-
quent systemic relapses while still eradicating meningeal leu-
kemia. Furthermore, reduced cranial radiation (18 Gy) with-
out spinal radiation could be the treatment of choice for ALL
patient with isolated CNS relapse and duration of first CR at
least 18 months.

The strategy of delaying cranial or craniospinal irradiation
for 6 to 12 months to allow initial intensification of systemic
chemotherapy has yielded long-term second EFS rates of
70% to 80% in children with isolated CNS relapse [4]. None-
theless, CNS relapse in pediatric patients with a short initial
remission duration, T-cell ALL, or prior cranial irradiation
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continues to pose a therapeutic challenge.

Future direction of treatment strategies that could improve
outcome in patients who have had a CNS relapse include fre-
quent and early intrathecal therapy which can maintain a
therapeutic level of cytarabine in cerebrospinal fluid for 2
weeks or more. Ongoing studies are testing whether the dose
of cranial irradiation can be further reduced in patients with
isolated CNS relapse and long initial remissions. In the Rot-
terdam-84 CNS-ALL chemotherapy protocol, intensive sys-
temic and intraventricular therapy (methotrexate 6 mg on
days 1 and 3, and cytarabine 60 mg on day 2) without the use
of CNS radiotherapy yielded a 5-year EFS rate of 59+14%
(standard error) among 13 children with isolated CNS relapse
who had no prior irradiation [4].

In conclusion, we reported the case of a patient with isolat-
ed CNS relapse of standard risk group pre-B-cell type ALL in
an 11-year-old girl, relapsed 3 year after successful comple-
tion of chemotherapy. Leukemic meningitis is common pre-
sentation of CNS involvement. But, as mentioned above, pa-
renchymal hemorrhage due to vascular slugging of leukocyte
can be presentation of CNS involvement.
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