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Brainstem Tumors
—Results of 20 Patients Treated with Radiation Therapy—
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A total of 20 patients (male: female=10:10, adult:children=8:12) with brainstem tumors had
been received radiation therapy in the Department of Radiation Oncology, Yonsei Cancer Center,
Yonsei University College of Medicine between 1980 and 1990. Thirteen of 20 patients were
treated with conventional radiation therapy (before 1989, 180~ 200 cGy per fraction, 5 days a
week, total dose 46805400 cGy), and seven patients were treated with hyperfractionated
radiation therapy (in 1990, 100 cGy per fraction, twice daily 10 fractions a week, total dose 7200
cGy). Median follow up periods for conventional radiation therapy group and hyperfractionated
radiation therapy group were 36 months and 10 months, respectively. Four of 20 patients had
histopathologic diagnosis prior to treatment; 3 cases were low grade astrocytoma and 1 case was
high grade astrocytoma. Overall 2-year actuarial survival rate was 30%. The prognosis of patients
with a longer duration of symptom and sign was better (60% vs 12%), and the adult (62%) was
better than children (14%). There was no significant difference between the focal (29%) and
diffuse (26%) type. The initial clinical response was better in the hyperfractionated radiation
therapy group. Because of the relatively small number of patients and short follow up period in

hyperfractionated radiation therapy group, there was no comparison between two group.
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INTRODUCTION

Brainstem tumors comprise 10~15% of all
childhood CNS tumors? and less than 2% in adult.
Tumors that arise primarily from brainstem vary
histologically from differentiated astrocytomas to
glioblastoma multiforme?®. Most brainstem tumors
are diffuse in nature, mainly involving pons, and
produce cranial nerve dysfunction®, ataxia, and
long ftract signs. When brainstem tumors occur
focally in the pons, medulla or midbrain, grow more
slowly than diffuse tumors. Therefore prognosis of
brainstem tumors should be different according to
the tumor nature. However, before the advent of
magnetic resonance imaging (MRI), delineation of
brainstem tumors was very difficult due to artifact
from the skull base on CT image. Consequently,
most patients were diagnosed clinically together
with a CT scan and received radiation therapy
without any surgical intervention, even biopsy. Most
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patients show rapid neurologic improvement, but
usually fail locally within 1 to 2 years®. Overall 5
years survival rate was approximately 30% in most
series®>9.

Chemotherapy trials didn’t improve survival.
Age, histology and tumor type were suggested as a
prognostic factors. Now, in MRI era, more biopsies
are tried to determine pathologic grade and to
individualize the treatment. Recent studies™® sug-
gested that hyperfractionated radiation therapy has
improved survival in diffuse type or high grade
tumors. We performed retrospective study of
twenty cases with brainstem tumors to evaluate the
treatment outcome and prognostic factor. Also we
present an early experience with hyperfractionated
radiation therapy.

MATERIAL AND METHOD

Between 1980 and 1990, 20 previously untreated
adults and children with brainstem tumors were
referred to the Department of Radiation Oncology,
Yonsei University Medical College. All patients had
intrinsic lesions involving the brainstem document-
ed by either CT or MRl scans; all the lesions had the
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radiographic appearance of glioma. No patients
presented with multicentric or disseminated
lesions. No patients received chemotherapy.
Before 1989, conventional radiation therapy was
performed in the 13 cases. Total radiation doses
were 47~60 Gy with daily 180~200 cQGy, 5 times
per week. In 1990, hyperfracti'onated radiation ther-
apy with 100 cGy fractions given twice daily with a
minimum 4 hours break between treatments had
been tried in 7 cases. Total radiation doses were
7200 cGy, 10 times per week. In the conventional
radiation therapy group, there were 7 males and 6
females ranging from 3 to 35 years of age. Tumors
were classified by CT and/or MRl imagies as being
either diffuse or focal.

diffuse: involved more than one geographic
area of brainstem.

focal: involved focal brainstem component.

The radiographic tumor pattern was focal in 7
patients and diffuse in 6 patients, respectively. Two
patients underwent biopsies and their histologic
diagnoses were documented as low grade
astrocytoma. In the hyperfractionated radiation
therapy group, there were 3 males and 4 females
ranging from 4 to 34 years of age. Focal and diffuse
tumor patterns were one and six, respectively. Two
patients underwent biopsies and proved as one low
grade astrocytoma and one high grade
astrocytoma (Table 1). The duration of symptoms
prior to diagnosis ranged from 1~24 months
(median 2 months). The primary site of tumor was
pons only In 8 patients. in the 9 patients, tumors
involved the pons plus other site extension, namely
pons plus cerebellum or pons plus midbrain etc.
Treatments were given with opposed lateral field

HYPERFRACTIONATED

CR (n=5) 71%

PR (n=2) 29%
CR; Complete Response,
PR; Partial Response,
SD; Stable Disease

encompassing the radiographically visible tumor
plus a 2~3 cm margin. Doses were specified at the
mid-plane distance: megavoltage linear accelera-
tor with 4 MV X-ray or Co-60 was used.

Response to therapy was determined by both
the neurologic examination -and a comparison of
enhancing CT scan and/or MRI. Clinical response
was divided into four categories.

CR (Complete Response): normal or complete

disappearance of clinical symptom and sign

PR (Partial Response): definitely improved clini-

cal symptom and sign

SD (Stable Disease): unchanged clinical symp-

tom and sign

PD (Progressive Disease): worsening of clinical

symptom and sign

The length of survival was calculated from the
date irradiation began. One patient was lost to

Table 1. Patient Characteristics YUMC (1980~ 1990)

Conventional Hyperfrac- Total
(N=13) ti%‘nated (N=20)
(N=7)
Adult (>18) 5 3 8
M:F 3:2 1:2 4:4
Child (<18) 8 4 12
M:F 4:4 2:2 6:6
Age Mean 10 10 10
Range 3-35 4-34 3-35
Type
Diffuse 6 6 12
Focal 7 1
Pathology : Lo
Proven 2 2 4
CONVENTIONAL

PR (n=7) 54%

SD (n=5) 38%

Fig. 1. Results.of clinical response.



follow-up after treatment. The minimum follow-up
was 2 months and maximum follow-up was 7 years
6 months. Actuarial survival rates were calculated
using the Kaplan-Meier method. Because of the
relatively small number of patients, analysis of risk
factors. influencing survival was difficult.

RESULT

The clinical response was better in the hyper-
fractionated radiation group. in the hyper-
fractionated group, complete response rate was
71% and partial response rate was 29% but only
8% of CR rate in the conventional radiation group
and majority of them appeared PR (54%) and SD
(38%) (Fig. 1). The overall 2-year actuarial survival
rate was 30%. The 2-year actuarial survival rate was
40% with conventional therapy group and 18%.
with hyperfractionated group, respectively. This
was no statistical signifciance (Fig. 2). In the con-
ventional radiation therapy group, median survival
time was 10 months. Nine patients were dead 2, 7,
7, 8, 8, 10, 10, 18, 38 months after treatment. there
were five patients of long term survivor (Table 2).
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They were old age and had long symptom duration
(2 weeks to 2 years), relatively. Three patients of
them had focal type and poor clinical response. In
the hyperfractionated radiation therapy group, at
the follow-up period four patients were dead 4, 10,
10, 17 months after radiation therapy and three
patients were alive at 14, 6, 9 months. The median
survival time was 10 months. The patient with only
one focal type was alive untit 6 months follow up.
The 2-year actuarial survival rate was better for
adult (52%) than children (14%) but there was no
statistical significance (Fig. 3).

Actuarial survival times were evaluated in terms
of the rapidity of onset of signs and symptoms. For
the 14 patients whose first sign or symptom occur-
red less than 2 months before diagnosis, the 2-year
actuarial survival was 12%, whereas in the 6
patients with an interval of greater than 2 months, it
was 60%. However, this was no statistical signifi-
cance because of small number of cases (Fig. 4).
The 2-year actuarial survival rate was 29% with
focal type and 26% with diffuse type, respectively.
There appeared to be no difference between them
(Fig. 5). In the hyperfractionated radiation therapy
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Fig. 2. 2-year survival by the treatment modality. Fig. 3. 2-year survival by the age.
Table 2. Long Term Survivors with Conventional RT
Symptom . : Response after Survival
Age Sex duration Site Biopsy  Type 54 Gy RT duration
35 F 2wk pons no focal SD 4yr3mo alive
N M 1yr pons no focal PD 3yr2zmo dead
26 F 6mo post. fossa no focal SD 7yrémo alive
25 M 2yr pons, midbrain no diffuse PR 4yr9mo alive
3 M tyr pons, midbrain, medulla no diffuse PR 5yr7mo alive

SD: unchanged neurologic examination
PR: definitely improved neurologic examination -

PD: worsening of neurologic examination



18

100} S
o * < 2 MONTHS

+ > 2 MONTHS

% o] T
g 60%in=6)
z
> aof
20 -
\\_ﬁd
12%In=14)

[ i L L n L L -

0 3 6 9 12 15 18 21 24
MONTHS

Fig. 4. 2-year survival by the symptom duration.
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Fig. 5. 2-year survival by the tumor type.

group, long term toxicity has been minimal to date.
DISCUSSION

Nearly a haif of brainstem tumors arises in the
pons, with the medulla and midbrain being the next
most frequent sites?. The surgical approach to
brainstem tumors is hazardous and the degree of
resectability extremely limited. Thus, in most
instances, clinical and radiographic diagnosis
alone has been regarded as sufficient and radiation
therapy without pathologic diagnosis was standard
treatment for brainstem tumors. Five-year survival
rates of radiation therapy alone without histopath-
ologic diagnosis have varied between 0~50%3259,
which suggested that this variation was related the
proportion of malignant tumor®. The overall 2-year
survival rate for the 20 patients in this study was
30%, similar to that in all recent reports>>®, How-
ever, in several recent reports, either direct or

stereotactic biopsy was done safely and good
clinicopathologic correlations were obtained with
littte morbidity. Childrens Cancer Study Group
(CCSQ) reported that the survival rate was 20% in
the patients not explored, 11% in the patients ex-
plored but not undergoing resection, and 75% in
the patients undergoing partial resection®. And
dorsally exophytic brainstem tumors carry a good
prognosis as long as the patient receives maximum
subtotal resection only!?. But radiation remains the
only routinely used therapeutic modality in the most
brainstem tumors. Dose should not. exceed 5500
cGy to the tumor area because of brain tissue
tolerance. So survival rate of 20% to 30% at three
years is more consistent with the results of recent
large studies®*'?,

Littman'" reported that among the 18 patients
with well differentiated gliomas had five-year
actuarial survival of 55%. In a recent CCSG trial®,
74 children with brainstem gliomas were random-
ized to radiation alone versus postradiation CCNU,
vincristine and prednisone. No statistical difference
in the 5-year survival rate was apparent (17% ver-
sus 23%). Radiation sensitizers have not improved
the response in either group patients'?.

Since the principal cause of treatment failure
has always been an inability to achieve local control
of primary tumor®, hyperfractionated radiation
therapy used for the further dose escalation. The
CCSG pilot study (100 cGy fractions given twice
daily to total dose 7200 cGy) appears to have
improved survival'®, Edwards et al” of a multiin-
stitution hyperfractionated trial involving 34 chil-
dren and 19 adults showed a median survival time
of 64 weeks and 92 weeks, respectively. In the
hyperfractionated trial, survival was prolonged
significantly. Parker et al'¥ analyzed 16 children
who receiving 120 cGy of RT twice daily, to a total
dose of 6480 cGy. Median survival was 11 months,
which was not different from the results obtained
with conventional radiotherapy. Memorial Sloan-
Kettering Cancer Center'® reported 11 patients
treated with hyperfractionated radiation (100 cGy
fractions given twice daily to total dose of 7200
cQy), as well as with pre and post radiation chemo-
therapy. Median survival was 17 months. Linstadt et
al® also reported on 14 patients treated with 100
cGy fractions give twice daily to total doses rang-
ing between 6600~7800 cGy (median dose 7200
cGy). The 3-year actuarial survival rate was 59%,
and median time to progression was 31 months
(134 weeks). They recommended to perform a
biopsy of the lesion when the operative risk is



acceptably low, and focal tumors proved as very
low-grade astrocytomas can be treated with con-
ventional irradiation regimen. Patients with unbiop-
sied or more aggressive gliomas are irradiated
twice daily with 100 cGy fractions to total dose in
the range of 7200 cGy.

In present study, clinical response was better in
the hyperfractionated group. In the conventional
fractionated radiation therapy group, there was five
patients of long term survivor. They all had either
long symptom duration or focal type tumors on CT
scan and showed poor response to radiation ther-
apy. Therefore we thought they might be a low
grade gliomas or benign granulomatous lesion. On
the other hand, in the hyperfractionated group, all
except one had short symptom duration and more
extensive diffuse type tumor on MR imaging sug-
gesting high grade gliomas. Their median survival
time was 10 months. Therefore, survival differences
between two RT grups in our study were maybe due
to different component of tumor histology rather
than radiation regimen.

The principal prognostic factors in brainstem
gliomas were location and histology of the tumor.
Some authors!® have suggested that long term
survival depends on location. The mean survival of
patients with tumors of the upper brainstem is
longer than that of patients with tumors of the lower
brainstem, because most of the upper brainstem
tumors were low grade and lower tumors were high
grade. However, Epstein and McCleary'® reported
that astrocytomas of the cervicomedullary junction
carry a more favorable prognosis. In our study,
adequate evaluation according to the primary
tumor location cannot performed because of small
number of cases and uncertainty of tumor exten-
sion of CT image in old cases. Age was the signifi-
cant prognostic factor. For the 53 patients with
hyperfractionated radiotherapy, the median sur-
vival time was 92 weeks for adults and 64 weeks for
children”, Our result was also better survival for
aduft, but no statistical significance (p>0.1). The
prognosis was worse with diffuse type of tumor
than with focal type™.

The period of survival was significantly shorter
in children who presented with cranial nerve palsies
and such children were more likely to have malig-
nant tumors!”. The CT appearance also has prog-
nostic significance. Two CT features correlated
with a significantly decreased survival time; a
hypodense tumor prior to contrast administration
and a tumor that involved the entire brainstem!s.
But CT had limitation to detect brainstem lesion. so
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we suggested that MRl is mandatory and future
study should contain analysis of prognosis accord-
ing to the MR imaging. The fongest survival occur-
ed in patients with dorsally exophytic tumors that fill
the fourth ventricle. These patients are remarkable
in that their survival rate at 4.5 years may be greater
than 90%'®. The prognostic factors in brainstem
tumors are tumor histology and tumor type. So, we
think that neuroradiologic evaluation with MRI is
mandatory and aggressive surgical approach for
pathologic diagnosis is worth for better correlation
of prognosis and selection of optimal treatment.
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