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Absiract - Astrocytomas, glioblastoma
multiforme (GBM), arc the most comynon bhrain tumors.

including

Post-operative radiotherapy plays an important role in their
freatment, Records of all patients with a pathologic diagnoesis of
astrocytoma  referred for radiotherapy from 1987-1992 were
reviewed and prognostic factors with regard (o recurrences were
analyzed.

During the study period, 162 astrocytoma patients were fredated
by radiation in our department. Maledto-female ratio was 1.4:1.
The discase was most prevalent in the 3rd and dth decades of
life. Most tumors were in cerchral hemispheres and grade IV, In
nearly all patienis only €T scan had been used for diagnosis,
and total rescetion frad been performed.

Radiation dose was mostly 5,000-5500 <Gy by standard
Jractionation. Follow.up was available for 91 patients, and in
these patients CCNU (lomustine) chemotherapy was prescribed
for Bigh-grade tumors. Three-year local control was 77% .
Grade, extent of surgery, and use of CCNU were statistically
significant as prognostic factors. Alse 4 GBM long-term
survivors were found. Treatment of brain astrocytomas by
radiation in our department was concluded to he reasonably
successful.
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INTRODUCTION

Brain tumor is the second most commaon cause of
neurological death after cerebrovascular accidents. It is
the most common solid tumor of childhood and the
second most common cause of cancer death in children,
after  leukemias (1)  Astrocytomas, including
ghioblastoma muitiforme (GBM), are the most common
primary brain tumors (2). Post-operative radiotherapy
plays an important role in  the treatment of
astrocytomas and has led to significant improvements in
their prognosis, but optimal therapy with a high rate of
long-term disease - free survival is still not available (3).

Adjuvant chemotherapy too is used in high-grade
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temors with some success (4}, but no major advantage
has been reported yet for this modality.

Considering the importance of brain tumors and the
significapt  morbidity and mortality they cause, a
retrospective study was undertaken 1o evaluate the
epidemiological  characteristics, radiotherapy  details,
treatment results, and prognostic factors of the brain
astrocytoma patients treated in the Radiation Oncology
Department of Cancer Institute, Tehran University of
Medical Sciences.

MATERIAL AND METHODS

Records of all patients with a pathologic diagnosis
of astrocytoma referred 10 our  department  for
radiotherapy in the 5-year period of 1987-1992 were
retrospectively studied. Epidemiological and treatment
details were sought; patients’ follow-up was checked
and the number and time of tumor recurrences were
evaluated. Prognostic factors (age, sex, tumor site,
histologic  grade, extent of surgery and use of
chemotherapy) with regard 10 recurrence of disease
were statistically analyzed by chi-square test and linear
correlation.

RESULTS

During the study period, 162 patients with a
pathologic diagnesis of astrocytoma were treated in our
department. Ninety-five patients (57%) were male and
67(43%) female, with a male to female ratio of 1.4:1.
The youngast patient was 2.5 and the oldest 83 years
old with a mean age of 28 years. The disease was most
prevalent in the 3rd and 4th decades of life, and 40%
of the patienis were in this age range. The second most
common age group was 1-10 years (20%). The
distribution of age in our patients has been shown in
Fig. 1.

The tumor site was in the cerebral hemispheres in
112 patients (69%]), cerebellum in 22(13%), thalamus,
hypothalamus and optic chiasma in 15 (9%), brainstem
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in 8(5%) and spine in 4 (2%) (Fig. 2).

Grade IV astrocytoma was found in 40 patients and
grade 111 in 37, totally including 49% of the paticnts.
Twenty-nine patients (18%) had grade II wumors and
33 (23%) grade i, Grading had not been performed on
tumors of 18 patients (Fig. 3).

The most common symptoms were headache,
followed by nausea and vomiting, which were present iz
morz than 50% of the patients. Less common were
sensory and motor disturbances, vision dysfunctions,
convuisions, and mental probiems (Fig. 4).

All patients had beer diagnosed by computed
tomography (CT). Only one patient had beep evaluated
by magnetic resonance imaging (MRI), in addition 1¢
CT. Most tumors (1%, 71%)} had been removed hy
subtlotai  resection, and  otal resection had  been
performed i only Y patients (5%, 1n 24% of the cases
{41 patients) the tumors had only been biopsied. Elever:
pauents had a shunt operation.

All patients received their radiotherapy by twe
opposec lateral fields on cobalt-6G units. Nearhy all
recieved a dose of 5.000-53506 cGv by treatment
fractions of 200 cGy, five daily fraclions ecach week
Radiation ficlds were locat fields with suitable margins
in grade i and I astrocyiomas. and whole-brain ficids
up to 3000-5000 cGy with localized boost fields
afterwards in grades Il and JV astrocytomas. Spinc
ficlds were posterior direct tocat fields with switable
margins and a dose of 5,000 cGv in 25 fractions.

It should be mentioned that i6 patients (10%:) did
not complete their treatment, the reasons of which are
not clear. Also, 4 children received their radiation to a
dose of 3400-4,600 cGy in 22-23 fractions, and twe
GBM patients received 6,000cGy in 30 fractions in the
last year of the study period. From the 162 treated
patients, only 91 (56%) returned for follow-up. In thesc
patents the mean follow-up auration was [5 months,
with @ range of 3-60 momnths. Chemotherapy with
CONU (lomustiney was  prescribed ¢ 2/3 of the
followed adult patients with grade IV wmors (14 oui of
21y and nearly half of grade 1T patients (9 out of 211
Only one patient with a grade I tumor among the 49
followed grade 1 or II patients received CONUL The
decision for CONU administration was onty made by
the judgment of the responsible radiation oncologisi.
Dose of CONU was 100-130 mg/sg.m every 6 weeks

Of the followed-up patients. 58 had follow-up for
less than one-year, 8 of whom suffered a local
recurrence. Thirty-three patients were followed for
more than one year, {3 of whom had & local
recurrence. The total number of recurrences in the
whole follow-up period was 21 (23%), which shows o
local control of 77%.

The relationship of various patient variahies, tumor.
and treatment factors were evaluated for statistical
significance. The highest significance was found for
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correlation  of age and  wmor grade. showing  an
imerease of  tumor prade with age. there was a

significant associalon belwesn grade and use of CONU
chemotherapy, showing more CONED use o mighes
grades. Age had an effect on tumor site. with mors
hemisphenie sites i older patients, and 3rd ventricie
and spinad sites 0 younger ones, In addiion. biopsy was
often performed in 3ra veninicie and spinat tumors
with more complete surgerics m cerebral hemispheres
and cerchelivm.

The efiect of various epdeninlogicsd and treatmen
factors  on wmor and  prognosis
statisneally unalyzed. These factors included ape. sen
umor site, lWwmor grade, extent or surgery, iand use G
chemotherapy  (CONUG Statsticai signficanee
foung only for grade (higher rate of recurrence Witk

reourfenco ML

With

higher gradesy. surgicid exten: (lower rate of recurrence
with more complete sargervy. and CONTD ase tower
fecurrence j,

It 1s noteworthy that after treatment with radianon
and CONUL four male GHM paucnis (o 403
GBMs. 10%: survived Tor Soyeurs wilth nne
recurrence. and two of them were sl disease- frec o
the Tast tollow-up. 50-35 months after radiotheram

[
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DISCUSSION

Alter surgicad resection. radintion therapy s the

single  most  cffective  trestment [or mailgnant
astrocytomas {4}, Randomized trials of radiotherapy

added 10 surgery have demuonstrated o
benefit 1,2y, Dose escalation through

clear survival
radiosurgery (3
ur brachytherapy bousts (07 0 addition w standard

extermil-bedin  treatment has been attempled. but
application ol these  maodatiies 1 limiled 1o
approxmately 26-30%  of  patients  with  mahgnani
ghoma. Another  approach i the  use  of

hyperfractionated (7) or accelerated radiotheapy (87 or
concurrent use of chemotherapy with radivion (9,105,
but 1o date these methods have no demonstiated
definite survival advantage (2).

Pastoperative treatment of low-grade astrocylomas,
especidiy in o children, s comroversial.  Postoperative
adjuvant therapy is clearly not indieated alter complete
surgical resection of pilocytic and other  ow-erade
astrocyiomas - children, but the use of radiotherapy
following fess than complete resection & reportea in
several series (o result in better disease-free survivat
(i1 The outcome of aduit putients with total resection
s beea found m some series to e simiar o that of
patients undergoing less extensive surgery. Thus in
adults postoperative radiation has been recommended
after complete resection by some  authors, whereas
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others advise that radiotherapy he withheld until there
is evidence of tumor recurrence (1),

Our study could not present epidemiological data
representing  the  Iranian  patient  population  with
astracyiomas, as the study population includes only the
pattents referred for radiotherapy and does not include
the patients with low-grade tumors solely observed after
surgery. Nonetheless it could be informative in the
absence of a population-based cancer registry.

In our study, the male-to-femate ratio of 1.4:1 is in
decordance with international  literature  showing
preponderance among males for most brain tumor
ypes (2.4). Peak age was in the 3rd and 4th decades of
fife. The most common Tumor site was the cerebral
hemispheres and the most common grade was grade IV
(25%), though the patients were almost equally divided
among the malignant (grades 111 and IV) and fow-geade
{grades 1 and II) groups. This is again in agreement
with international literature.

All our patients had heen diagnosed by (T scanning
with omiy one MRI performed, although the recent
widespread availability of MRI has replaced CT as the
optimal method of imaging {12y and MRI is now
considered 1o be the imaging madality of choice for
most brain tumors (1.2.4). This is probably the resull of
ditficult access and high cost of MRI during the study
period in Iran, and of changing neuroimaging strategies.

Total resection had been performed for only 3% of
our patients, and most had been treated by subtotal
surgery. This demonstrates the difficulty of performing
a complete resection in malignant astrocytomas, and is
alse a reflection of the referral nature of vur patient

pupulation, as the totally resected low-prade
astrocytomas  might  not  have  bheen  semt for
radiotherapy.

All patients in our study were treated by cobalt-60
radiotherapy units. It should be emphasized that brain
irradiation presents no technical difficulties using either
a cobalt-600 unit or a linear accelerator (13). The
radiation ficlds included Jocal (partial) brain fields in
low-grade astrocytomas, and whole-brain ficlds with
local boost fields after an initial dose in malignant
astrocytomas. However, the use of localized fields for
low-grade tumors has heen the subject of dispute.
Previously, whole-brain irradiation was recommended
{13} and earlier trials of radiation therapy treated whole
brain fields bui recent 1rials of limited field irradiation
have shown survival times comparable 1o those
obtained with whole-brain therapy {4). Therefore,
generous margins and inclusion of all radiographic
evidence of tumor and associated edema is the rule
today (1,2) and is the current treatment policy of our
department.

Dose of radiation in our patients was mostly
5,000-5,500 cGy, but children tended to receive a [ower
dose and GBM patients received a dose of 6,000 cCry in
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the last year of stuagy period. This again reflects the
evolving treaiment policies. Previously, doses like 4,500
cGy in 20 fractions were recommended for malignant
astrocytomas (14), but the recent recommendation is
6,000 ¢Gy in 30 fractions for GBM (1,2,4) and is the
current dose of radiation in vur department. Attempis
for higher doses through radiosurgery or brachytherapy
boosts or hyperfractionated radiotherapy continues, as
mentjoned before.

Only 56% of the patients eame back for follow-up,
and in these patients the mean follow-up time was 15
months (max. 60 months). Lack of long-term follow-up
covering the maximum aumber of patients has always
been a problem of the retrospective studies in our
institute, and we believe of the Iranian studics in
general. The reasons for this are multiple, and cannot
be discussed here.

In the followed patients the rate of tumor
recurrence was [3% in one year and 23% at the fast
follow-up, which shows a 3-year local control of 77%.
Considering  the relatively short  and incomplete
follow-up in our study, this local conirol rate cannat be
very dccuraie. Bul keeping in mind its limitations, it is a
measure of tremment success in our department and
compares lfavoraby with internationat literature.

The statistical analysis of various patient, tumor and
reatment  factars  showed  significant relationships
representing the increased incidence of high-grade
tumors in older ages and the difficulty of more
compelete surgeries in tumors around 3rd ventricle. It
also showed the prevaling policy of using chemotherapy
for high-grade temors.

Increasing grades of malignancy within  the
astracylomia group are generally associated directly with
patient age. Low-grade astrocytomas are most common
in patients 20-40 years ofd, anaplastic astrocylomas in
30-50 years, and GBM (the most malignant tumor) in
patients who are 50 or older (15).

Alse the analysis of prognostic factors demonstrated
the effects of grade, extent of surgery, and use of
CCNU 10 be statistically significant. It is recognized that
higher grades of malignancy in gliomas are associated
with a poorer patient prognosis (15). But the role of
surgical extent in determining eventual outcome of
patients  with  malignant  glioma is  somewhat
controversial. To date, no prospective, randomized
studies have critically evaluated this (16), though the
trend in recent literature is to support the strategy of
removing as much tumor as possible. [t is believed that
maximal surgical resection improves the results of
tremiment (1, 17), and our swudy is in agreement with
this belief.

The chemotherapy prescribed to our patients was
single-agent CCNU, and it was prescribed to more than
half of the patients with grade IT1I or IV tumors. The
pitrosoureas, including carmustine (BCNU)  and



lomustine (CCNU), appear to be the most active single
agents for malignant astrocytomas (18). These drugs
readily cross the blood-brain barrier. BCNU is the most
active in this group, but it should be used intravenously
while CCNU is used orally and is more convenient.

Qur study showed a lower rate of recurrence with
the use of adjuvant chemotherapy. Adjuvamt
chemotherapy after irradiation has modestly improved
survival in GBM and more so in anaplastic astrocytoma
(1,4,19). At least one study supports the use of
three-drug combination of procarbazine, CCNU, and
vineristine (PCVY) over signle-agent BCNU (20} for this
purpose, and because of this some authorities
recommend PCV for the adjuvant chemotherapy of
malignant astrocytomas (1) while others consider the
treatment of 60 Gy radiation plus adjuvant BCNU 1o
be the standard to which other therapies should be
compared (4), stili others consider either BCNU or
PCV currently acceptable (21). Considering the above
and considering the relative convenience of CCNU and
its efficacy in our experience, the current policy in our
department is to use CCNU as adjuvant to radiation in
malignant astrocytomas. Also a randomized trial for
comparison of adjuvant CCNU and PCV has been
proposed by us, and will be hopefully faunched soon in
our depariment.

Chemotherapy has no established role in the
treatment of low-grade astrocytomas (22), but it could
be useful in infants and very young children for
controlling the lesion while deferring irradiation umi!
the child is older (4,23).

No mention has been made in this report of the
adverse effects of radiation. This is because whithin the
therapeutic doses, acute damage of radiation to (NS
parenchyma is rare. Nausea and vomiling and
occasionally a transiem worsening of pretreaiment
symptoms may occur during the course of radiotherapy.
But ihe significant side effects of CNS irradiation are
late effects, which require long-term and accurate
follow-up to discover and are generally difficull to
diagnose and differentiate from tumor recurrence. The
most serious late reaction to radiotherapy is radiation
necrosis, which may appear years (peak at 3 years) after
irradiation (2). We did not find any significant late
effect of radiation in the study patients. However,
considering the limitations mentioned before we may
have remained ignorant of some late sequelae.

Despite all the efforts and the multimodality
management of high-grade astrocytomas, unfortunately
treatment is not ultimately successful and recurrence is
the rule leading to death, especially in GBMs.
Long-term survivors of GBM are reported in literature
{24). In this study we found four GBM patienis
surviving without tumor recurrence for more than 4-4.5
years after irradiation and CCNU, two of them still
disease-free at the last follow-up.
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In conclusion epidemiologic findings in patients with
brain astrocytomas referred to our department for
radiotherapy were simitar to those reporied in
international literature. Qur treatment with irradiation
plus CCNU chemotherapy in high-grade tumors had a
3-year local control of 77%, comparable to international
literature.  Statistically significant  prognostic factors
included grade, extent of surgery, and use of CONU.
Considering this, the current policy in our department is
to use 5,000-5,500 cGy radiotherapy with local fields for
incompletely resected low-grade astrocytomas, and to
use 6,000 cGy radiation with wide margins plus
adjuvam CCNU in GBM. Alse o randomized trial is
proposed to test combination chemotherapy (PCV)
against stingle-agent CONLIL
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