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INTRODUCTION

Primary central nervous system lymphoma (PCNSL) is an 
extranodal Non-Hodgkin’s lymphoma confined to the brain, 
eyes, and/or leptomeninges with no evidence of a primary tu-
mor elsewhere in the body [1]. PCNSL can affect all age groups, 
and those without acquired immunodeficiency syndrome 
(AIDS) have a median age in the sixth decade [2]. This tumor 
is rare in childhood, and thus, the incidence and prognosis of 
PCNSL is not well defined in children, and the best treatment 
strategy remains unclear. In fact, among 596 cases of PCNSL 
reported to the Japanese Brain Tumor Registry between 1969 
and 1990, only nine (1.5%) were in children [3]. In the US, 1% 
of all PCNSL were found to occur in patients younger than 19 
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Primary central nervous system lymphoma (PCNSL) is an extranodal Non-Hodgkin’s lymphoma that is 
confined to the brain, eyes, and/or leptomeninges without evidence of a systemic primary tumor. Although 
the tumor can affect all age groups, it is rare in childhood; thus, its incidence and prognosis in children 
have not been well defined and the best treatment strategy remains unclear. A nine-year old presented at 
our department with complaints of diplopia, dizziness, dysarthria, and right side hemiparesis. Magnetic 
resonance image suggested a diffuse brain stem glioma with infiltration into the right cerebellar peduncle. 
The patient was surgically treated by craniotomy and frameless stereotactic-guided biopsy, and unexpect-
edly, the histopathology of the mass was consistent with diffuse large B cell lymphoma, and immunohisto-
chemical staining revealed positivity for CD20 and CD79a. Accordingly, we performed a staging work-up 
for systemic lymphoma, but no evidence of lymphoma elsewhere in the body was obtained. In addition, 
she had a negative serologic finding for human immunodeficient virus, which confirmed the histopathologi-
cal diagnosis of PCNSL. She was treated by radiosurgery at 12 Gy and subsequent adjuvant combination 
chemotherapy based on high dose methotrexate. Unfortunately, 10 months after the tissue-based diag-
nosis, she succumbed due to an acute hydrocephalic crisis.
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years of age in the Surveillance, Epidemiology, and End Re-
sults program, which ran from 1973 to 1998 [4], giving an es-
timated incidence of 15 to 20 cases per year in North Ameri-
ca. It is estimated that 14 cases of pediatric PCNSL will be 
reported annually to the newly opened Rare non-Hodgkin’s 
lymphoma registry of Children’s Oncology [5]. PCNSL tends 
to occur more frequently in immunodeficient children, and 
has an incidence of 0.57 to 1% in human immunodeficiency 
virus (HIV)-infected children [6] and of 4% in patients with a 
congenital immunodeficiency [7].

PCNSL is usually located in the craniospinal axis, particu-
larly in the posterior fossa [1]. The most frequent locations 
are the frontal lobes, basal ganglia, and corpus callosum, and 
multiple lesions are seen in 20–40% of cases at presentation 
[8,9]. PCNSL lesions may be divided into parenchymal, sub-
ependymal, and leptomeningeal [10], and all present the pos-
sibility of ventricular involvement (2–8.6%) [11,12], which 
nearly always occurs secondary to an extension from a subep-
endymal location (the reported incidence of subependymal 
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location is as high as 40–100% in cases with ventricular in-
volvement) [10,11]. The frontal lobe is the region of the brain 
most commonly involved and a brain stem location is extreme-
ly rare [13]. We were unable to find any report of PCNSL in-
volving the brain stem, especially in childhood. Here, we re-
port a case of PCNSL of the brain stem in an immunocom-
petent child, and provide a review of literature.

CASE REPORT

A 9-year-old Korean girl was admitted to our hospital with 
a complaint of slowly progressive diplopia, dysarthria, gait dis-
turbance, and weakness on the right side of her body which 
had worsened significantly over the previous 2 weeks. A physi-
cal examination revealed an obese girl with a body weight of 
58 kg, who was not in acute distress, but was somewhat lethar-
gic. Cardiovascular, respiratory, gastrointestinal, hematologic, 
skin, endocrine, and immunologic reviews were all negative. 
She had no history of congenital immunodeficiency disease, 
previous organ transplantation, or immunosuppressive thera-
py, and did not have AIDS. Her family history was unremark-
able for cancer or any immunodeficiency. A neurological ex-
amination conducted at admission revealed intact visual acuity 
with a normal light reflex on both sides, oculomotor and ab-
ducent cranial nerve palsy on the right side, and left-sided mo-
tor paresis of grade 4/5 in both upper and lower extremities. 
The other cranial nerves were functionally intact, and the sen-
sory system examination was essentially normal. Her Kar-
nofsky performance scale (KPS) score was 70, and she had no 
specific medical history or developmental disorder.

A contrast-enhanced magnetic resonance image (MRI) scan 
of the brain demonstrated an irregular space-occupying le-
sion in the pons and cerebellar peduncle that enhanced mod-
erately and heterogeneously with gadolinium (Gd) (Fig. 1). 
The scan also revealed that despite the location of the tumor, 
the cerebrospinal fluid (CSF) outflow pathway was not me-
chanically obstructed. Positron emission tomography-com-
puted tomography (PET-CT) presented a hot uptake focus in 
the area of Gd enhancement in the previous MRI (Fig. 2). In 
view of the tumor’s location, its MRI features, and the patient’s 
age, craniotomy and frameless stereotactic-guided excisional 
biopsy of the enhancing lesion located in the right-sided cere-
bellar peduncle was performed using a neuronavigation sys-
tem (Medtronic Navigation, Inc., Louisville, CO, USA) under a 

A B
Fig. 1. Preoperative axial (A) and sagittal (B) gadolinium-enhanced T1-weighted magnetic resonance image showing a poorly demarcated 
heterogeneous enhanced mass in the pons and cerebellar peduncle. There was no mechanical obstruction of the cerebrospinal fluid out-
flow pathway.

Fig. 2. Positron emission tomography-computed tomography of 
brain presented two hot uptake foci in the area of gadolinium-en-
hancement in the previous magnetic resonance image, that is, in 
the pons and cerebellar peduncle.
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presumptive diagnosis of diffuse infiltrative brain stem glioma.
Unexpectedly, the histopathology of the lesion revealed B-

cell malignant lymphoma. A section of biopsy tissue revealed 
that brain tissue had been diffusely infiltrated by large pleo-
morphic lymphoid cells (Fig. 3A). Rare mitotic figures were 
also seen. Tumor cells exhibited strong staining for CD20 (Fig. 
3B) and CD79a (Fig. 3C), bur were negative for myeloperox-
idase, glial fibrillary acidic protein, CD3, CD45R0, and CD68. 
Her MIB1 index (a surrogate of the number of actively pro-
liferating cells) was 40%. Accordingly, a diagnosis of high 
grade, diffuse large cell non-Hodgkin’s lymphoma of the B 
cell phenotype was established.

After confirming the histopathological diagnosis, we per-
formed a systemic work-up for non-Hodgkin’s lymphoma. 
However, whole craniospinal MRI and a CSF study did not re-
veal any evidence of additional neoplastic disease. A bone 
marrow biopsy, conducted by aspiration through the iliac 
crest, abdominal and chest CT scans, a bone scan, an ophthal-
mologic examination, including a slit lamp examination, and a 
whole body PET scan (Fig. 4) failed to demonstrate neoplasia 
elsewhere. Immunoglobulin levels were normal and ELISA for 
Epstein-Barr virus and acquired HIV were negative. Her lac-

tate dehydrogenase (LDH) level was below 450 mL. Therefore, 
the brain stem lesion was confirmed as a solitary manifestation 
of non-Hodgkin’s lymphoma.

Postoperatively, the patient did well and achieved a relatively 
stable neurological state. Three weeks after biopsy, she received 
stereotactic radiosurgery with the Leksell gamma knife (Elekta 
Instruments, Atlanta, GA, USA). A dose of 12 Gy was deliv-
ered to the margin enclosed in the 50% isodense line. Great 
care was taken to avoid delivering more than 10 Gy to any part 
of the pons. At one month after radiosurgery, systemic chemo-
therapy was started using a high dose methotrexate (3.5 g/m2) 
based combination regimen with vincristine and procarbazine 
because of diffusely infiltrative tumor pattern. Although she 
completed 5 cycles of chemotherapy successfully, grade 3 leu-
kocytopenia and thrombocytopenia as defined by the Com-
mon Terminology Criteria for Adverse Events occurred after 
the third cycle, and thus, the methotrexate dose was reduced 
by 25% during the fourth and fifth cycles. She tolerated the 
systemic chemotherapy and her neurologic state was stable 
throughout.

At her 3-month follow-up after chemotherapy, her KPS had 
improved to 90 from 70 at presentation, and she no longer 
complained of diplopia. She was also able to walk independent-
ly without the aid of cane and was more alert. An MRI scan re-
vealed that the enhancing lesion in the brain stem and cerebel-
lar peduncle had disappeared (Fig. 5), which concurred with 
her improved clinical condition and neurological status. How-
ever, at 5 months after chemotherapy, she was referred to the 
emergency room at our hospital due to acute altered conscious-
ness. She was comatose and her pupils were fully dilated. A CT 
scan of the head revealed an acute hydrocephalus crisis, which 
was treated by extraventricular drainage. However, she did not 
recover from her moribund neurological state and died several 
weeks after admission. Her survival duration was 10 months.

DISCUSSION

PCNSL is a very rare brain tumor in children, and it has 

Fig. 4. Whole body positron emission tomography/computed to-
mography failed to detect any lesion elsewhere in the body.

Fig. 3. Histopathological microphotographs of non-Hodgkin’s lymphoma. Section of biopsy tissue revealing diffuse infiltration of brain paren-
chyma by large pleomorphic lymphoid cells (A) (hematoxylin and eosin stained; original magnification ×40). Rare mitotic figures were also 
seen. Tumor cells exhibited strong staining for CD20 (B) and CD79a (C).
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been estimated that only 14 cases occur annually in the United 
States [5]. In Korea, no case of PCNSL has been reported in a 
child of less than 10 years, although several reports have been 
issued on PCNSL in adulthood. In terms of its location, we 
found only one case of PCNSL located in the brain stem in the 
Korean literature [14], in this case, although the exact age was 
not provided, the patient was at least 17 years old. To identify 
prior cases of PCNSL with a brain stem location in children, 
we searched the PubMed database using the key words “pri-
mary, central nervous system, lymphoma, childhood, and 
brain stem”. However, we were unable to locate a single article.

Because of its rarity, the optimal treatment of PCNSL in 
children has not established and much of the available infor-
mation is derived from small pediatric case series or has been 
extrapolated from larger adult series. Although several trials 
have been conducted on the treatment of pediatric PCNSL 
by radiotherapy alone, cure rates have been low and local re-
currence rates high. Median reported overall survivals range 
from 11.6 to 15.2 months [15-17]. Although we did not find 
any reports on children regarding the role of radiosurgery, it 
has come to the fore as a therapeutic modality for the treat-
ment of PCNSL with brain stem involvement. Campbell et 
al. [18] reported a case of PCNSL in the brain stem that was 
managed by gamma knife radiosurgery. In this case, a dose 
of 11 Gy was delivered to the tumor margin and follow-up 
MRI at 2 months postoperatively revealed a 50% reduction 
in the size of the enhancing lesion. Han et al. [19] presented 
their preliminary results for Novalis radiosurgery for PCNSL 
in elderly patients. They concluded that this radiosurgery 
probably provides a safe and effective therapeutic alternative 

treatment for PCNSL in the elderly. In presented case, we 
used gamma knife radiosurgery at 12 Gy. The patient well 
tolerated this treatment neurologically, and developed no ra-
diosurgery-associated complications.

The effectivenesses of combination chemotherapy alone, be-
fore, or after cerebral irradiation have been studied [20,21] and 
the introduction of methotrexate-based regimens and cranial 
radiotherapy has been reported to improve the prognosis of 
immunocompetent patients with PCNSL [22,23]. Abla et al. 
[5] described ten cases of pediatric PCNSL treated with che-
motherapy alone to prevent cranial radiation-induced cogni-
tive dysfunction and secondary malignant neoplasm develop-
ment. Most of their patients received high-dose methotrexate 
and cytarabine, and they achieved a 5-year event-free survival 
rate of 70%. Nevertheless, despite these advances, the best 
therapeutic strategy for children with PCNSL remains unclear.

According to the International Extranodal Lymphoma Study 
Group for PCNSL, an age of more than 60 years, a performance 
status (PS) greater than 1, an elevated LDH serum level, a high 
CSF protein concentration, and involvement of deep brain re-
gions (periventricular regions, basal ganglia, brainstem, and/
or cerebellum) are significantly and independently associated 
with poorer survival [24]. In this previous study, these five 
variables were used to design a prognostic scoring system. Each 
variable was assigned a value of either 0, if favorable, or 1, if 
unfavorable, and values were then added to arrive at final sc-
ores. Patients with final scores of 0 or 1 were defined as low 
risk, those with scores of 2 or 3 as intermediate risk, and those 
with scores of 4 or 5 as high risk. For our patient, age at pre-
sentation was 9 years, her PS was 1, which meant restricted 

Fig. 5. These follow-up axial (A) and sagittal (B) magnetic resonance images obtained at 3 months after chemotherapy revealed that the 
gadolinium-enhanced lesion in the brain stem and cerebellar peduncle had disappeared. 
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strenuous physical activity but able to ambulate and carry out 
work of a light or sedentary nature, her serum LDH level was 
180 mL, and her CSF protein concentration was normal. Thus, 
her only poor prognostic factor was a brain stem location, and 
her final score was 1, indicating low risk. However, although 
she underwent successful radiotherapy and adjuvant chemo-
therapy, her the survival duration was only 10 months. We 
cannot explain why the acute hydrocephalic crisis occurred.

We report a rare case of PCNSL of the brain stem in an im-
munocompetent child. Despite aggressive radiotherapy and 
adjuvant chemotherapy, PCNSL of the brain stem is difficult 
to be treated. This tumor is very rare in childhood, and thus, 
its incidence and prognosis in children are not well defined 
and the best treatment strategy remains unclear. A better un-
derstanding of the characteristics and features of this brain 
stem lesion is required, and an optimal therapeutic strategy is 
needed to improve survival.
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