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Treatment of Patients With Pineoblastoma With High Dose Cyclophosphamide
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The outcome for patients with pineoblas-
toma has historically been very poor, with
most patients dying of disseminated disease
despite irradiation. Furthermore, the low in-
cidence of this tumor has hindered progress
toward defining better treatment strategies.
Here we report the activity and toxicity of
cyclophosphamide administered as a single
agent at a dose schedule of 2 g/m*/day for 2
successive days at monthly intervals for a
maximum of four courses. Eight patients
were evaluated, six newly diagnosed and
two recurrent. Amongst the six newly diag-
nosed patients, there were three patients
demonstrating partial responses, and three
had stable disease throughout the cyclo-
phosphamide treatment period. All six pa-
tients are alive and disease free after further
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therapy. One patient with recurrent disease
demonstrated tumor progression on cyclo-
phosphamide, and the other had stable dis-
ease throughout the cyclophosphamide
treatment period. Both patients subse-
quently died of progressive disease. The ma-
jor toxicity of high dose cyclophosphamide
was hematopoietic, with one patient requir-
ing a dose reduction after three courses due
to prolonged thrombocytopenia. One pa-
tient was also withdrawn from treatment
with cyclophosphamide due to impaired
pulmonary function. This study demon-
strates the activity of high dose cyclophos-
phamide in the treatment of pineoblastoma
and may serve as basis for the design of fu-
ture studies of this tumor.

© 1996 Wiley-Liss, Inc.

INTRODUCTION

Tumors of the pineal region are rare, accounting for
only 2% of all primary central nervous system (CNS)
tumors in children, and pineoblastomas account for only
9% of all the malignancies encountered in this location
[1,2]. This tumor displays histologic features and biolog-
ical behaviour, such as local invasion and leptomeningeal
dissemination, similar to medulloblastoma, although it is
associated in young children with a worse prognosis [3].
Thus, it is considered by many a member of the primitive
neuroectodermal tumor family of CNS malignancies
{2,4].

The management of patients with this rare tumor is
evolving. Historically, irradiation was the mainstay of
therapy and when used alone was associated with a dis-
mal outcome, with only 25% or less of patients surviving
[1]. Whilst few reports of the treatment of this tumor
exist, more recently a multimodal approach to therapy
has been described, with patients undergoing combina-
tions of resection, neoadjuvant or adjuvant chemother-

© 1996 Wiley-Liss, Inc.

apy, and irradiation [4-10]. The scarcity of pineoblas-
toma makes large clinical trials evaluating phase 2 or 3
chemotherapeutic approaches an impractical task. Thus,
in order to precisely define agents with activity in these
tumors, it is important to consider experience with single
drugs in trials with small cohorts of patients.

Alkylating agents have been demonstrated to have ac-
tivity in a wide variety of pediatric CNS malignancies in
both laboratory and clinical studies [5,11-13]. Cyclo-
phosphamide displays activity against medulloblastoma
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in phase 2 trials of patients with recurrent or newly diag-
nosed disease [5,12,14]. Furthermore, treatment of pa-
tients with recurrent medulloblastoma with high dose cy-
clophosphamide (2 g/m*day for 2 days) administered
with GM-CSF or G-CSF resulted in responses in 9 of [1
patients [15], suggesting the capacity to overcome alkyla-
tor resistance in these tumors through dose escalation. In
this report we describe the activity and toxicity of high
dose cyclophosphamide in the treatment of eight patients
with newly diagnosed or recurrent pineoblastoma.

CLINICAL MATERIALS AND METHODS
Patient Sample

All patients reported here, other than patient 5, were a
subset from a larger population treated on one of two
studies: a phase 1 dose escalation study of cyclophospha-
mide and GM-CSF in patients with recurrent or persistent
primary CNS neoplasms or a phase II trial of cyclophos-
phamide and GM-CSF in the treatment of recurrent, pro-
gressive, or persistent childhood brain tumors. All pa-
tients on study were enrolled after written informed
consent and under the supervision of the Duke University
Medical Center institutional review board. All eight pa-
tients reported had histological confirmation of pineo-
blastoma with central review (R.M.), and seven patients
had magnetic resonance imaging (MRI) documentation
of measurable tumor. One patient had computerized to-
mographic (CT) imaging. All patients had spinal axis
evaluation, seven with MRI and one with myelography.
The life expectancy of all eight patients was at least 8
weeks, and their Karnofsky or Lansky score at least 60%.
Minimal hematological values prior to therapy included a
hemoglobin over 8.0 g/dl, an absolute neutrophil count
(ANC) over 1,500/ml, and a platelet count over 100,000
cells/ml. Patients enrolled on these two studies were re-
quired to have serum creatinine less than 2.0 mg/dl,
SGOT and a bilirubin less than 1.5 X normal values,
adequate pulmonary function as measured by diffusing
capacity (DLCO, =75% predicted), resting cardiac ejec-
tion fraction >55% with normal wall motion on gated
nuclear angiography scan, and recovery from the acute
toxicity of any recent therapy. Prior treatment with radia-
tion must have been completed at least 12 weeks prior to
this evaluation.

Treatment Schedule

The objective was to evaluate patients treated with
cyclophosphamide administered in a dose of 2 g/m?*/day
for two successive days at monthly intervals for a total of
four courses. Cyclophosphamide was administered over
a 1 hour period with high volume intravenous fluids (2 X
maintenance) and Mesna protection of the urogenital
tract. Patients received growth factor support with either

GM-CSF or G-CSF to ameliorate neutropenia. GM-CSF
was administered subcutaneously at a dosage of
2.50mg/m? per dose twice daily and beginning on day 3
of each cycle of therapy. G-CSF was administered subcu-
taneously at a dose of 10 mg/kg daily beginning on day 3,
and patient 5 received only 5 mg/kg daily of G-CSF.
Treatment with GM-CSF or G-CSF continued until the
ANC exceeded 1,000 cells/ml on two consecutive deter-
minations after the chemotherapy-associated nadir. Cy-
cles of chemotherapy were repeated every 4 weeks, pro-
vided that hematological recovery had occurred (ANC
>1,000 cells/ml, platelets >100,000 cells/ml).

Response Evaluation

Patients were evaluated by neurological examination
prior to each course of therapy. MRI or (CT) scan of the
brain and spine if indicated was performed following
cycles 2 and 4. MRI scans were performed pre- and
post-gadolinium contrast.

Responses were defined by previously described stan-
dard radiographic criteria: Complete response (CR) was
defined as complete resolution of all lesions and no clini-
cal progression. Partial response (PR) was defined as
greater than 50% reduction in the product of the maxi-
mum perpendicular diameters of all lesions and no clini-
cal progression. Stable disease (SD) was defined as a less
than 50% reduction and a less than 25% increase in size
with no clinical deterioration, and progressive disease
(PD) was defined as greater than 25% increases in such
dimensions.

Toxicity Evaluation

Complete blood counts, including differential leuko-
cyte counts, and platelet counts were performed twice
weekly, or more frequently if indicated. Renal function,
hepatic enzymes, and serum electrolytes were checked
prior to each course to assess nonhematological toxicity.
For those patients enrolled on study, pulmonary function
tests were performed prior to each course, and a gated
angiography scan was performed prior to every other
course and at the completion of therapy.

RESULTS
Patient Characteristics

Eight patients were treated with cyclophosphamide,
six patients with newly diagnosed disease and two pa-
tients with recurrent tumors (Table I). The patients con-
sisted of six males and two females, with ages ranging
from 3 to 23 years (median 21 years). The six patients
with newly diagnosed disease were treated prior to cyclo-
phosphamide, with surgery consisting of partial resection
confirmed radiographically within 3 days of craniotomy.
Metastatic workup was positive for a subarachnoid lesion



Cyclophosphamide Treatment of Pineoblastoma 389

TABLE 1. Summary of Patient Demographics

Patient

no. Disease status Age/sex Previous therapy Sites of disease

1 Newly diagnosed F/23 Biopsy Pineal/C2 metastasis

2 Newly diagnosed M/23 Partial resection Pineal

3 Newly diagnosed M/19 Partial resection Pineal

4 Newly diagnosed M/21 Partial resection Pineal

5 Newly diagnosed Fr22 Partial resection Pineal

6 Newly diagnosed M/21 Partial resection Pineal

7 Recurrent M/3 Biopsy/RT Pineal

8 Recurrent M/17 Partial resection/RT/ Pineal/leptomeningeal/C2/T9

CBDCA & VP-16; VCR & CTX

RT = craniospinal irradiation with tumor boost, CTX = cyclophosphamide; CBDCA = carboplatin; VCR = vincristine.

TABLE II. Summary of Treatment and Response

Patient Response after Response after

no. Disease status Treatment 2 courses 4 courses

1 Newly diagnosed (2.0 g/m*/day CTX X 2) X 3 PR* PR?
(1.5 g/m*/day CTX x 2) x 1

2 Newly diagnosed (2.0 g/m%day CTX X 2) X 4 PR PR

3 Newly diagnosed (2.0 g/m*day CTX X 2) X 2 PR

4 Newly diagnosed (2.0 g/m%day CTX X 2) X 4 SD SD

5 Newly diagnosed (2.0 g/m*/day CTX % 2) X 4 SD SD

6 Newly diagnosed (2.0 g/m%*day CTX X 2) X 3 SD°

7 Recurrent (2.5 g/m*/day CTX X 2) X 1 PD*

8 Recurrent (2.0 g/m%day CTX % 2) x 4 SD SD

CTX = cyclophosphamide; SD = stable disease; PR = partial response; PD = progressive disease.

*Complete resolution of C2 lesion after four courses, PR of pineal tumor.

PProceeded to radiotherapy at patient’s request.

“Decreased pulmonary function after three courses.

9IClinically and radiographically progressed after one course and removed from therapy.

TABLE III. Summary of Subsequent Treatment and Qutcome

Patient Subsequent

no. Disease status treatment Weeks Outcome

1 Newly diagnosed RT/ABMT 131+ Alive: no evidence of disease

2 Newly diagnosed RT/ABMT 78+ Alive: no evidence of disease

3 Newly diagnosed RT/ABMT 63+ Alive: no evidence of disease

4 Newly diagnosed RT/ABMT 113+ Alive: no evidence of disease

5 Newly diagnosed RT/stereotactic RT 56+ Alive: no evidence of disease

6 Newly diagnosed RT/CCNU/VCR/Pred. 97+ Alive: no evidence of disease

7 Recurrent None 19 Dead

8 Recurrent IT 4HC 38 Dead

RT = Craniospinal irradiation with tumor boost; ABMT = autologous bone marrow transplant; CCNU = lomustine; VCR = vincristine;
Pred. = prednisolone; IT 4HC = intrathecal 4 HC.

at C2 in one newly diagnosed patient, and one patient
with recurrent disease had widespread leptomeningeal,
C2, and T9 metastases.

Treatment Response

All of the six newly diagnosed patients were evaluated
after the first two courses of cyclophosphamide (Table
II), with three patients demonstrating partial responses
and three patients demonstrating stable disease. Three of
these six patients completed the full four courses of high

dose cyclophosphamide as planned. Patient 6 received
only two courses due to pulmonary toxicity, (see later).
Patient 3 demonstrated a PR after only two courses and
proceeded to radiotherapy at parental request. Patient 1
received three full courses and one further course, which
was dose reduced in response to prolonged thrombocy-
topenia after course 3.

Evaluation after the fourth course in the three patients
completing therapy revealed a continuing response in one
patient and continued stable disease in the remaining two.
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Patient 1 demonstrated a further partial response after the
fourth course of cyclophosphamide, which was given ata
reduced dose. This response included complete resolu-
tion of the C2 metastasis (Fig. 1).

Two patients received cyclophosphamide after failing
prior irradiation or chemotherapy (Table II). Patient 7
was demonstrated to have progressive disease after a
single course of 2.5 g/m? of cyclophosphamide daily for
two doses and was withdrawn from further treatment.
Patient 8 received a full four courses of high dose cyclo-
phosphamide and demonstrated stable disease through
this treatment period.

Modifications to Therapy and Toxicity

A total of 24 courses of cyclophosphamide were ad-
ministered to these eight patients. Four patients (patients
2, 4, 5, and 8) received all four courses of high dose
cyclophosphamide without modification. The most com-
mon toxicity was hematological. Grade 4 granulocytope-
nia (ANC <200 cells/ul) occurred following 18 courses
requiring hospital admission for fever and neutropenia on
10 occasions. Specific infections during therapy included
two episodes of pseudomonas bacteremia, one shunt in-
fection, and one cellulitis of the finger. There was 16
episodes of grade 4 thrombocytopenia (platelet count
<20,000 cells/ul) requiring platelet transfusion, and the
patients required a total of 12 transfusions of packed
cells. After three courses of high dose cyclophospha-
mide, patient 1 had prolonged thrombocytopenia requir-
ing transfusion. Thus, a fourth course of only 1.5
g/m? X 2 was administered. Patient 6 was found to have
reduced pulmonary function after three courses of high
dose cyclophosphamide were administered. This patient
had no prior history of pulmonary disease, however, was
a heavy cigarette smoker prior to therapy. He showed a
reduction in functional residual capacity from 95% to
64% and of DLCO from 163% to 51%. Thus, no further
cyclophosphamide was administered to this patient. In
the remainder of patients pulmonary function remained
normal. No patients had evidence of cardiotoxicity or
hematuria.

Subsequent Treatment and Outcome

The six patients with newly diagnosed tumors were
treated with craniospinal irradiation and a boost to the
primary site; patient 5 has also received stereotactic ra-
diosurgery. Four patients received autologous bone mar-
row rescue with cyclophosphamide and melphalan (three
patients), or with busulphan and melphalan (one patient).
One patient did not proceed to bone marrow rescue due to
insurance difficulties and has received adjuvant chemo-
therapy. All patients are alive with no evidence of dis-
ease. Both patients who were treated for recurrent disease
have died of progressive tumor (Table II).

DISCUSSION

Tumors of the pineal region represent a number of
different histological variants with diverse clinical behav-
iour. Due to technical limitations, until recently these
tumors were usually managed with a course of empiric
radiotherapy without prior biopsy. This historical ap-
proach, along with the scarcity of pineoblastomas, has
limited the acquisition of useful clinical data. Analysis of
published retrospective reports during the era of such
treatment suggests that radiotherapy alone offers a very
slim chance of survival to patients suffering from pineo-
blastoma, with the vast majority of patients dying within
2 years from diagnosis [16-18]. Of seven patients re-
ported by the Children’s Cancer Group treated with
mainly local irradiation, six have died, two with dissemi-
nated disease [17]. Linggood and Chapman reported only
one survivor at 6 years from diagnosis of four patients
treated with radiotherapy, three of whom had craniospi-
nal treatment [18].

Most recently the potential role of chemotherapy has
emerged in several reports, albeit with very small patient
numbers (4, 6, 7, 9, 10, and 16). The use of adjuvant
chemotherapy was reported by Packer et al., in that series
of five patients reported, four received chemotherapy and
two were alive at 2 years [1]. Several groups have re-
ported the use of preirradiation chemotherapy in small
numbers of patients with objective responses reported
[4,10,19]. Kovnar et al. [10] reported two patients with
lasting responses to preirradiation cisplatin and etopo-
side, and Ghim et al. [4] reported similar results in two of
three patients treated with neoadjuvant etoposide, cispla-
tin, and vincristine.

Unfortunately the use of adjuvant chemotherapy has
not resulted in increased survival [1,7,20], in children
less than 3 years old, who have a uniformly dismal prog-
nosis {3,8]. The only promising, although preliminary,
results using adjuvant chemotherapy were conducted by
the Children’s Cancer Group, who reported 76% progres-
sion-free survival at 3 years [8]. However, further ad-
vances in the chemotherapy of patients with pineoblas-
toma are essential.

The current study was designed to build on prior stud-
ies demonstrating cyclophosphamide activity against
medulloblastoma [5,12,14,15] germinoma [21] and as-
trocytoma of both high and low grade [13]. Furthermore,
it builds on previous studies confirming both acceptable
toxicity [22] and increased activity against medulloblas-
toma [15] associated with growth factor supported dose
escalation of cyclophosphamide. Treatment of patients
with recurrent medulloblastoma with high dose cyclo-
phosphamide treated on the same study with (2 g/m*/day
for 2 days) administered with GM-CSF or G-CSF re-
sulted in responses in 9 of 11 patients [15]. The numbers
of supratentorial primitive neuroectodernal tumors
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Fig. 1. A: (Oct/92) Sagittal (right) and axial (left) post contrast T1-weighted MRI (TR/TE/NEX, 500/
20/1) demonstrated a large, lobulated enhancing tumor in the pineal region. B (Dec/92) and C (Feb/93):

Two follow-up studies at the same level showed continuing resolution of the pineal region mass. The mass
effect on the aqueduct was also reduced.
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(PNETs) and cerebral neuroblastoma treated with this
approach remains too small to draw any meaningful con-
clusions. Of the six patients with newly diagnosed pineo-
blastoma, we observed good responses in three patients,
including the complete resolution of a cervical me-
tastases, with no patients demonstrating progressive dis-
case. As the normal pineal gland will enhance with con-
trast, it is difficult to distinguish between residual tumor,
normal gland, and postsurgical scar. Interestingly, none
of the newly diagnosed patients with residual enhance-
ment after completing cyclophosphamide treatment have
progressed to date.

Not surprisingly, no activity was seen in the two pa-
tients with recurrent disease, although this small number
of patients renders the evaluation of the activity of cyclo-
phosphamide in the setting of recurrent disease yet to be
determined. In summary, high dose cyclophosphamide is
active in the treatment of pineoblastoma and warrants
further studies to define its potential role in improving
survival in patients with this tumor.

REFERENCES

1. Packer RJ, Sutton LN, Rosenstock JG, Rorke LB, Bilaniuk LT,
Zimmerman RA, Littman PA, Bruce DA, Schut L: Pineal region
tumors of childhood. Pediatrics 74:97-102, 1984.

2. Schild SE, Scheithauer BW, Schomberg PJ, Hook CC, Kelly PJ,
Frick L, Robinow JS, Buskirk SJ: Pineal parenchymal tumors.
Clinical, pathologic, and therapeutic aspects. Cancer 72:870-880,
1993.

3. Duffner P, Cohen M, Sanford R, Horowitz R, Krischer J, Burger
P, Friedman HS, Kun L: Lack of efficacy of post operative che-
motherapy and delayed radiation in very young children wtih
pineoblastoma. Med Pediatr Oncol, 25:38—44, 1995.

4. Ghim TT, Davis P, Seo JJ, Crocker [, O'Brien M, Krawiecki N:
Response to neoadjuvant chemotherapy in children with pineo-
blastoma. Cancer 72:1795-1800, 1993,

5. Allen JC, Helson L: High-dose cyclophosphamide chemotherapy
for recurrent CNS tumors in children. J Neurosurg 55:749-756,
1981.

6. Allen JC, Walker R, Rosen G: Preradiation high-dose intravenous
methotrexate with leucovorin rescue for untreated primary child-
hood brain tumors. J Clin Oncol 6:649—653, 1988.

7. Friedman HS, Schold SC Jr, Mahaley M Jr, Colvin OM, Oakes
W], Vick NA, Burger PC, Bigner SH, Borowitz M, Halperin EC:
Phase 1I treatment of medulloblastoma and pineoblastoma with
melphalan: Clinical therapy based on experimental models of hu-
man medulloblastoma. J Clin Oncol 7:904-911, 1989.

8. Jackacki R, Zelzer P, Boyett J, Geyer J, Allen J, Finlay A,
Albright A, Rorke L, Stanley P, Stevens K, Shurin S, McGuire P,
Milstein J, Wisoff J, Stehbens J, Packer R, Bleyer A.; Treatment
and survival of pineoblastoma in childhood: Report of the Chil-
dren’s Cancer Group trial CCG-921. Proc Am Assoc Clin Oncol
12:415, 1993.

12.

14.

15.

19.

20.

21.

22.

. Kellie SJ, Kovnar EH, Kun LE, Horowitz ME, Heideman RL,

Douglass EC, Langston JW, Sanford RA, Jenkins J, Fairclough
DL: Neuraxis dissemination in pediatric brain tumors. Response
to preirradiation chemotherapy. Cancer 69:1061-1066, 1992.

. Kovnar EH, Kellie SJ, Horowitz ME, Sanford RA, Langston JW,

Mulhern RK, Jenkins JJ, Douglass EC, Etcubanas EE, Fairclough
DL: Preirradiation cisplatin and etoposide in the treatment of high-
risk medulloblastoma and other malignant embryonal tumors of
the central nervous system: A phase II study [review]. J Clin
Oncol 8:330-336, 1950.

. Friedman HS, Colvin OM, Ludeman SM, Schold S Jr, Boyd VL,

Muthbaier LH, Bigner DD: Experimental chemotherapy of human
medulloblastoma with classical alkylators. Cancer Res 46:2827—
2833, 1986.

Friedman HS, Mahaley M Jr, Schold S Jr, Vick NA, Falletta JM,
Bullard DE, D’Souza BJ, Khandekar JD, Lew S, Oakes WJ,
Bigner DD : Efficacy of vincristine and cyclophosphamide in the
therapy of recurrent medulloblastoma. Neurosurgery 18:335-340,
1986.

. Longee DC, Friedman HS, Albright R Jr, Burger PC, Oakes WJ,

Moore JO, Schold S Jr: Treatment of patients with recurrent glio-
mas with cyclophosphamide and vincristine. J Neurosurg 72:583—
588, 1990.

Duffner PK, Horowitz ME, Krischer JP, Friedman HS, Burger
PC, Cohen ME, Sanford RA, Mulhern RK, Seidel FG, Kun L:
Postoperative chemotherapy and delayed radiation in children less
than three years of age with malignant brain tumors. N Engl J Med
328:1725-1731, 1993.

Mograbi A, Fuchs H, Brown M, Schold SCJ, Graham ML, Kurtz-
berg J, Tien R, Felsberg G, Lachance DJ, Colvin OM, Oette D,
Hockenberger B, Stewart E, Ferrell L, Kerby T, Duncan-Brown
M, Bigner DD, Friedman HS: Cyclophosphamide in combination
with sagramostim in the treatment of recurrent medulloblastoma.
Med Pediatr Oncol, 25:190-196, 1995.

. Boirt A, Blackwood W, Mair WG: The separation of pineocytoma

from pineoblastoma. Cancer 45:1408—1418, 1980.

. Wara WM, Jenkin RD, Evans A, Ertel 1, Hittle R, Ortega J,

Wilson CB, Hammond D: Tumors of the pineal and suprasellar
region: Childrens Cancer Study Group treatment results 1960—
1975: A report from Childrens Cancer Study Group. Cancer 43:
698-701, 1979.

. Linggood RM, Chapman PH: Pineal tumors. J Neurooncol 12:85—

91, 1992.

Allen JC, Helson L, Jereb B: Preradiation chemotherapy for newly
diagnosed childhood brain tumors. A modified Phase IT trial.
Cancer 52:2001-2006, 1983.

Rosenfeld JV, Murphy MA, Chow CW: Implantation metastasis
of pineoblastoma after stereotactic biopsy. Case report. J Neuro-
surg 73:287-290, 1990.

Allen JC, Kim JH, Packer RJ: Neoadjuvant chemotherapy for
newly diagnosed germ-cell tumors of the central nervous system. J
Neurosurg 67:65-70, 1987.

Lachance DH, Qette D, Schold SCJ, Brown M, Kurtzberg I,
Graham ML, Tien R, Felsberg G, Colvin OM, Mograbi A,
Browning I, Hockenberger B, Stewart E, Ferrell L, Kerby T,
Duncan-Brown M, Golembe B, Fredericks R, Hayes FA, Rubin
AS, Bigner DD, Friedman HS: Phase one dose trial of cyclophos-
phamide with sagramostim in the treatment of CNS neoplasms.
Med Pediatr Oncol, 24:241-247, 1995.





