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Leptomeningeal dissemination of child- 
hood pilocytic astrocytoma (PA) i s  a rare 
event with little information available re- 
garding therapy. We report here four chil- 
dren with disseminated PAwhom we treated 
with high doses of cyclophosphamide with 
clinical benefit. The patients were aged 2.5 
to 8 years. Three patients presented with PA 
localized in the posterior fossa, initially 
treated with surgical resection (n = 3) and 
radiotherapy (n = 1). Leptomeningeal dis- 
semination occurred at 32,44, and 8 months 
from diagnosis, respectively. The fourth pa- 
tient presented with an optic pathway tumor 
with leptomeningeal dissemination at diag- 
nosis. At commencement of cyclophospha- 
mide therapy, disease was present in the 
subarachnoid space (intracranial, n = 2; spi- 
nal, n = 4), cerebral ventricles (n = 2), and 
primary site (n = 3). Histology was identical 
at diagnosis and recurrence in the two bi- 

opsied cases and cerebrospinal fluid was 
negative in all cases. Treatment was with cy- 
clophosphamide 4-5 g/m2/cycle given every 
4 weeks for a total of two cycles (n = 1) and 
four cycles (n = 3) .  One patient achieved 
disease stabilization (duration 27 months at 
the time of publication) and three patients 
experienced significant reductions in tumor 
burden. Subsequent intrathecal therapy was 
administered to two patients. Two patients 
developed disease progression at 10 and 9 
months from cessation of chemotherapy. 
The one re-treated patient responded to fur- 
ther, lower dose, cyclophosphamide. This is 
the first report of the use of high dose cyclo- 
phosphamide for disseminated PA. The 
recurrence of disease in two cases with a 
further response to lower dose cyclo- 
phosphamide has implications for the opti- 
mal duration of therapy for these low grade, 
aggressive tumors. o 1996 Wiley-Liss, Inc. 
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INTRODUCTION 

Pilocytic astrocytomas (PA) are indolent, low-grade 
glial neoplasms, the clinical course of which is intimately 
related to their site of origin [l-31. Resectable lesions, 
such as the juvenile cerebellar pilocytic astrocytoma, are 
cured with surgical intervention alone. Pilocytic astrocy- 
tomas located at more eloquent sites such as the optic 
pathway are more problematic, since gross resection is 
often not possible and tumor progression ultimately oc- 
curs in a significant proportion of these cases. Although 
radiotherapy can delay tumor progression, either as adju- 
vant therapy following initial sub-total resection or at the 
time of progressive disease [3-51, this modality does not 
cure pilocytic astrocytoma [3,6] and, when applied to the 
brain of younger children, may be profoundly neurotoxic 
[7]. Recent observations have supported the role of che- 
motherapy in the treatment of these tumors, and Packer et 
al. [8], Cohen et al. [9], Moghrabi et al. [lo] and others 
0 1996 Wiley-Liss, Inc. 

have suggested the application of this approach to the 
rarer biologically aggressive pilocytic astrocytomas. 

A small minority of pilocytic astrocytomas are associ- 
ated with the development of a more aggressive course 
with metastatic spread to the leptomeninges [ 1 1-22]. The 
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ing cyclophosphamide 2.5 g/m2/day for two days with 
mesna uroprotection and subcutaneous granulocyte-mac- 
rophage colony stimulating factor (GM-CSF) 250 pg/m2 
twice daily. Chemotherapy was administered at 4-week 
intervals and was complicated by myelosuppression. 
Five months from the initiation of chemotherapy, scans 
revealed no change in tumor bulk. The patient was then 
treated with two doses of intrathecal 4-hydroxyperoxy- 
cyclophosphamide (12.4 mg) administered via an Om- 
maya reservoir. He has been followed with no further 
therapy for 19 months (27 months since initiation of 
chemotherapy) and serial MRI scans have demonstrated 
stable intracranial and spinal imaging abnormalities. He 
remains clinically well and is monitored with surveillance 
scans every 6 months. 

Case 2 

A 5-year-old girl presented in March 1989 with hydro- 
cephalus and an enhancing midline cerebellar tumor mea- 
suring 5 X 4.5 cm. Gross total resection was performed 
followed by insertion of a ventriculoperitoneal shunt 6 
days later. Cerebrospinal fluid (CSF) was negative for 
tumor cells. Histopathology revealed typical morphology 
of PA with fibrillar astrocytes exhibiting round to elon- 
gated nuclei and cytoplasmic Rosenthal fibres. There was 
moderate variation in cellular distribution with perivascu- 
lar crowding of neoplastic cells separated by occasional 
microcysts. The patient was followed clinically and with 
serial CT scans which revealed no evidence of tumor over 
the 2 years following tumor resection. 

In November 1992, she developed recurrent tumor 
measuring 2 X 1.5 cm in the midline of the cerebellum 
(Fig. 2A). Macroscopic gross total resection was per- 
formed and the patient made an uneventful recovery. 
Histopathology was similar to that at diagnosis, with 
typical appearance of pilocytic astrocytoma. 

The patient was referred to Duke University Medical 
Center for further evaluation and treatment. On review of 
her cranial MRI scan, a small enhancing nodule was seen 
at the surgical bed, considered most likely to represent 
residual tumor (Fig. 2B), and an enhancing nodule was 
seen on the anterior spinal cord at the level of C2 (Fig. 
3A). Spine MRI revealed two enhancing masses near the 
conus medullaris (Fig. 3B). CSF was negative for tumor 
cells. Treatment was with cycles of chemotherapy admin- 
istered every 4 weeks, beginning in February 1993. Four 
chemotherapy cycles were administered, each compris- 
ing cyclophosphamide 2 g/m2/day for 2 days with mesna 
and subcutaneous GM-CSF 250 pg/m2 twice daily. Tox- 
icity related to myelosuppression. Following two cycles, 
spine MRI revealed a minor decrease in the size of all 
tumor deposits. One month after the completion of che- 
motherapy there was complete resolution of the cervical 
spine nodule and no change in size of the lumbar lesions. 
Six months later, MRI revealed complete resolution of 

Fig. 1. The original biopsy was characterized by heterogenous ap- 
pearance of bipolar spindle shaped astrocytes exhibiting clustering 
around vessels separated by looser, stellate arrangements. Rosenthal 
fibers are evident (arrow) (H&E, X400). 

few cases reported in the literature are notable for the 
absence of de-differentiation at the time of spread. There 
is minimal experience reported regarding treatment of 
metastatic pilocytic astrocytoma, with variable benefits 
seen following use of radiation therapy. 

We previously described the moderate activity of a 
constellation of chemotherapeutic agents in the treatment 
of three children with optic pathway tumors metastatic to 
the subarachnoid space [ 171. We now report four children 
with leptomeningeal metastases secondary to pilocytic 
astrocytoma who demonstrated significant benefit from 
high dose cyclophosphamide and discuss strategies for 
further improvements in the treatment of similar patients. 

CASE REPORTS 

Case 1 

An 8-year-old boy presented in February 1989 with 
symptoms and signs of hydrocephalus. Subtotal resection 
of a third ventricular tumor was performed and a shunt 
was inserted. Histopathology revealed a neoplasm con- 
sisting of fibrillar elongated processes with elongated, 
hyperchromatic nuclei located either centrally or at one 
end of the cytoplasmic processes. The bipolar cells occa- 
sionally exhibited a perivascular radial orientation. Mi- 
totic activity was not seen (Fig. l ) .  He received 5040 Gy 
external beam radiation therapy to the tumor bed which 
led to reduction in the size of the residual tumor. 

He remained well until October 1991 when a surveil- 
lance MRI scan revealed multiple deposits of intracranial 
and spinal sub-arachnoid tumor. Cerebrospinal fluid 
analysis was negative for tumor cells. The patient was 
referred to Duke University Medical Center. He was 
treated with four cycles of chemotherapy, each compris- 
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Fig. 2. A: Post-contrast axial CT scan of the posterior fossa per- 
formed in December 1992 on patient in Case 2 showed an enhancing 
mass approximately 2 X I .5 cm in size with adjacent edema near the 
inferior vermis which is consistent with imaging findings of recurrent 

pilocytic astrocytoma. B: Post-contrast axial T1-weighted image per- 
formed immediately after surgery in January 1993 on patient in Case 2 
demonstrates a small enhancing nodule (arrow) at the surgical bed 
which most likely represents residual tumor. 

Fig. 3. A: Post-contrast sagittal T1-weighted image of the cervical 
spine performed in February 1993 on patient in Case 2 demonstrates an 
enhancing nodule located in the anterior portion of the cervical cord at 
the level of C2 (arrowhead). B: In the lumbar spine region, two 
enhancing masses are identified near the conus medullaris (arrows). 

the posterior fossa lesion, continued total resolution of 
the cervical lesion, and a decrease in the size of the 
lumbar nodules (Figs. 43). Four months later, 10 months 
from completion of chemotherapy, the lumbar lesions 
were further reduced in size but she developed two new 
small posterior fossa lesions. Currently we are monitor- 

Fig. 4. Post-contrast sagittal T1-weighted images performed in De- 
cember 1993 on patient in Case 2, 7 months following completion of 
chemotherapy, show complete resolution of tumor deposit at the level 
of C2 (A) and partial resolution of the two nodules at the level of the 
conus medullaris (B, arrowhead). 

ing the patient with periodic MRI scans which have re- 
mained stable over the subsequent 4 months. 

Case 3 
A 2%-year-old girl presented in April 1991 with a 

large mass occupying the third ventricle. Gross total re- 
section was performed. Histopathology revealed a tumor 
which was modestly cellular and composed of fibrillar, 
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Fig. 5. Post-contrast axial TI weighted images (A,B) of the posterior fossa performed on the patient in 
Case 2 in December 1993,7 months following completion of chemotherapy, show total resolution of the 
enhancing residual tumor which was noted post-operatively (compare to Fig. 2B). 

Fig. 6. Post-contrast axial T1-weighted images (A,B) at the level of the lateral ventricle performed on 
patient in Case 3 in March 1993, immediately prior to commencement of cyclphosphamide therapy, show 
a 1.5 X 1.0 cm enhancing module (white arrow) adjacent to the genu of the corpus callosum. Several 
ependymal metastatic nodules are also identified (black arrows). 

bipolar astrocytes with compact and loosely woven stel- 
late areas evident. Rosenthal fibres were common. 

She remained disease-free on serial CT scans until 
December 1991 when a small lesion in the original tumor 
bed and a punctate lesion in the fourth ventricle were 
detected, followed 4 months later by further seeding of 

the fourth ventricle and the development of a single lesion 
in the lumbar region above the conus medullaris. Endo- 
scopic biopsy of one of the brain lesions again revealed a 
low grade astrocytic neoplasm. Two months later, MRI 
demonstrated tumor deposits in the third, fourth, and 
lateral ventricles, as well as the lumbar lesion. She was 
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Fig. 7. A: Post-contrast sagittal T1-weighted image of the lumbar 
spine performed on patient in Case 3 in March 1993, immediately prior 
to commencement of cyclophosphamide therapy, shows abnormal en- 
hancement around the conus medullaris representing metastatic disease 
(arrowheads). B: The same patient's study performed in November 
1993, 4 months following completion of chemotherapy, shows total 
resolution of tumor. No abnormal enhancement is identified. 

treated with carboplatin and vincristine with stable dis- 
ease from July 1992 until March 1993 at which time 
progression of the ventricular lesions was detected. MRI 
scan revealed a 1 cm diameter mass in the fourth ventri- 
cle, an 8 X 6 mm mass in the third ventricle, a 1.5 X 1 
cm mass adjacent to the genu of the corpus callosum, and 
several ependymal metastatic nodules (Fig. 6). The spi- 
nal lesion was unchanged in size (Fig. 7A). 

The patient was referred to Duke University Medical 
Center in April 1993 and chemotherapy was changed to 
cyclophosphamide 2 g/m2/day for 2 days with mesna and 
subcutaneous GM-CSF 250 pg/m2 twice daily. A total of 
four cycles were administered at 4 week intervals. Toxic- 
ity related to myelosuppression. MRI scans in early Octo- 
ber 1993, 3 months following completion of chemother- 
apy, demonstrated resolution of the third ventricular, 
subependymal, and spinal lesions and significant reduc- 
tion in the size of the mass near the genu of the corpus 
callosum (Figs. 7B,8). In mid-October 1993, she re- 
ceived a single dose of 1131-labeled monoclonal antibody 
8 I C6 administered via a ventricular reservoir (with com- 
munication via CSF pathways with the intracranial and 
spinal subarachnoid space). Her disease remained stable 
on serial scans until March 1994 at which time she devel- 
oped new enhancing nodularity along the fourth ventri- 

cle, septum pellucidum, and lateral ventricle. Spinal MRI 
scan remained negative for tumor. Treatment was re- 
instituted with cyclophosphamide lg/m2/day for two days 
(half the previous dose) every four weeks. Cranial MRI 
scan obtained after two courses of this therapy revealed 
an approximately 60% reduction in tumor bulk. She con- 
tinues on this treatment at monthly intervals. 

Case 4 
A 7-year-old girl presented in February 1994 with an 

18-month history of behavioral problems, visual field 
abnormalities, dysconjugate eye movements, and nausea 
and vomiting. MRI scan demonstrated hydrocephalus 
and a large lobulated mass within the sella turcica and 
suprasellar region. There was extensive meningeal dis- 
ease in subarachnoid and lumbar regions and intraventric- 
ular spread. Ventriculo-peritonea1 shunt and tumor bi- 
opsy were performed. Histology revealed a slightly 
hypercellular glial neoplasm with a fibrillary back- 
ground. There were round to oval nuclei with long bipo- 
lar processes with slight pleomorphism. Microcysts and 
myxoid material were present. The findings were consis- 
tent with the diagnosis of pilocytic astrocytoma. CSF was 
negative for tumor cells. 

The patient was referred in May 1994 to Duke Univer- 
sity Medical Center and two chemotherapy cycles were 
administered, each comprising cyclophosphamide 2 g/m2 
per day for 2 days with mesna and subcutaneous GM- 
CSF 250 pg/m2 twice daily. Reevaluation 'in August 
1994 following these two cycles revealed stable disease 
at the primary site, a minor reduction in intracranial lep- 
tomeningeal disease, and a dramatic reduction in the tu- 
mor burden around the spinal cord. These findings were 
associated with a dramatic reduction in her back pain. 
Treatment continues now with monthly cyclophospha- 
mide at half of the previous dose. 

DISC U SSlO N 

The occurrence of metastatic disease from a pilocytic 
astrocytoma is a rare event, estimated to occur in 4% of 
cases [ 1 11. These low grade tumors more typically follow 
an indolent course, with gross resection of surgically 
accessible lesions curative in a high proportion of cases. 
Radiotherapy, previously used for those cases which 
were unresectable is now frequently reserved until radio- 
graphic or clinical evidence of tumor progression is seen. 
However, there exists a small subset of patients with 
these tumors who have an aggressive clinical course, 
either with progressive or recurrent tumor, or with the 
development of disease metastatic to the leptomeninges. 
Several cases of leptomeningeal tumor dissemination 
have been described which retained the histological char- 
acteristics of pilocytic astrocytoma. 
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Fig. 8. Post-contrast T1-weighted images performed on patient in 
Case 3 in October 1993, 3 months following completion of chemother- 
apy, at the level of the third ventricle (A) and lateral ventricle (B). The 
enhancing mass at the third ventricle (see text) has resolved. The mass 
adjacent to the genu of the corpus callosum (arrowhead) is significantly 

decreased in size compared with Figure 6, as is the ependymal nodule. 
These masses are also somewhat less enhancing, but this may be 
partially attributable to differences in technique. There is a small sub- 
dural hygroma noted in the right frontal region. 

We previously reported our experience using chemo- 
therapy for pilocytic astrocytomas, describing eleven pa- 
tients who had experienced disease progression or recur- 
rence despite conventional treatment with surgery and 
chemotherapy [23]. All patients had disease which had 
recurred within brain parenchyma, generally in close 
proximity to the anatomic location of the original tumor. 
A total of 16 different chemotherapy regimens were used 
on the 11 patients, with 12 regimens producing tumor 
stabilization or regression. The broad spectrum of regi- 
mens used precluded analysis of the role of individual 
agents, but of five patients receiving cisplatin or a cispla- 
tin analogue, three had a radiographic and clinical re- 
sponse, and two experienced tumor stabilization. Other 
groups have confirmed the efficacy of chemotherapy in 
the treatment of these tumors, including actinomycin-D1 
vincristine [24], “TPDCV” (6-thioguanine7 procarba- 
zine, dibromodulcitol, lomustine and vincristine [25], 
“MOPP’ (mechlorethamine, vincristine, procarbazine, 
and prednisone) [26], and carboplatin-containing combi- 
nations [ 8,271. 

The increasing experience with the use of chemother- 
apy for pilocytic astrocytomas following intra-parenchy- 
ma1 tumor recurrence has not been extended to the treat- 
ment of leptomeningeal dissemination. The small 
number of cases reported in the literature have generally 
described the use of radiotherapy, with no clear proof of 
efficacy. A number of investigators have found apparent 
benefit following radiation therapy [ 1 1,13,16], though 
other have described disease progression [14,15,18,22]. 
The uncertain benefit of radiation therapy in this uncom- 

mon clinical setting, along with its long-term sequelae in 
the pediatric patient population [7], provide a rationale 
for exploring alternate therapeutic modalities. 

Reports of chemotherapy for the treatment of lepto- 
meningeal disease include our previous study of three 
patients with disseminated optic pathway gliomas [ 171. 
One patient responded to oral 6-mercaptopurine and car- 
mustine but developed fatal lung fibrosis as a complica- 
tion of the latter agent. The second patient, who was aged 
14 weeks, achieved disease stabilization with thiotepa 
before treatment was withdrawn by her parents. The third 
patient received vincristine, cyclophosphamide, cispla- 
tin, and etoposide and responded with a greater than 50% 
reduction in the size of leptomeningeal tumor. Obana et 
al. reported a patient treated at age 16 months for pilo- 
cytic astrocytoma with subtotal resection and external 
beam irradiation [ 191. He developed leptomeningeal dis- 
ease at age 10 years with histology similar to the original 
lesion. Treatment was with 6-thioguanine and 1,3-bis(2- 
chloroethy1)- 1 -nitrosourea (BCNU) and led to stabiliza- 
tion or reduction of all lesions over a follow-up period of 
1% years. Trigg et al. described a 3%-year-old boy who 
developed cerebrospinal and peritoneal seeding with tu- 
mor cells while undergoing treatment with vincristine and 
actinomycin-D for a previously non-metastatic optic 
pathway glioma [20]. In Pollack’s series, two patients 
received chemotherapy, with impressive responses to 
aziridynyl benzoquinone, etoposide/5-fluorouracil, and 
carboplatirdvincristine, and a minor response to 
lomustine/procarbazine/vincristine [ 1 13. The rarity of the 
disease and variety of regimens employed makes compar- 
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ison of the relative efficacy of these regimens, and our 
own, impossible. 

We have now reported treatment of four patients with 
leptomeningeal dissemination of juvenile pilocytic astro- 
cytoma using high dose cyclophosphamide, demonstrat- 
ing three significant tumor responses and one prolonged 
disease stabilization. We chose cyclophosphamide for 
the treatment of these patients because of our earlier 
demonstration of activity against high-grade and low- 
grade gliomas [28]. Our experience is notable both for the 
responses obtained, and because two of the four patients 
described subsequently developed disease progression 
months following cessation of therapy. Furthermore, the 
re-treatment of the patient in Case 3 with lower doses of 
cyclophosphamide following tumor recurrence led to a 
prompt response. It is interesting to speculate that the 
optimal treatment duration of low-grade gliomas such as 
pilocytic astrocytoma may parallel that of childhood 
acute leukemia: early pre-B cell leukemia requires sus- 
tained, moderate intensity therapy for 2-3 years, while 
the more proliferative mature B-cell disease is curable 
with as little as 4 to 6 months of high intensity therapy. 
We plan in the future to treat patients with these low- 
grade disseminated brain tumors with an initial short 
phase of high-dose cyclophosphamide, followed by a 
more prolonged phase using lower doses of cyciophos- 
phamide. 

In summary, we describe four patients with dissemi- 
nated leptomeningeal disease following treatment of pilo- 
cytic astrocytoma who responded to high-dose cyclo- 
phosphamide with significant reductions in tumor burden 
in three cases, and disease stabilization in one. The recur- 
rence of disease in two cases after cessation of therapy, 
with a further response to cyclophosphamide in the one 
re-treated patient, has implications for duration of ther- 
apy of these low-grade, aggressive tumors. 
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