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Purpose : To evaluate the role of conventional postoperative adjuvant radio-
therapy in the management of supratentorial malignant glioma and to deter-
mine favorable prognostic factors affecting survival

Material and Methods : From Sep. 1985 to Mar. 1997, the number of eligi-
ble patients who received postoperative radiotherapy completely was 69.
They ranged in age from 7 to 66 years (median, 47). Forty-two (61%) pa-
tients were glioblastoma multiforme and the other 27 (39%) were anaplastic
astrocytoma. Twenty patients (29%) had Karnofsky score equal or more than
80 preoperatively. Forty-three patients (62%) had symptom duration equal or
less than 3 months. Twenty-four patients (35%) had gross total resection
and forty patients(58%) had partial resection, the remaining five patients
(7%) had biopsy only. Radiotherapy dose ranged from 50.4 Gy to 61.2 Gy
(median, 55.8: mode, 59.4) with fraction size of 1.8 Gy-2.0 Gy for 33-83
days(median, 48) except three patients delivered 33, 36, 39 Gy, respective-
ly with fraction size of 3.0 Gy due to poor postoperative performance status.
Follow-up rate was 93% and median follow-up period was 14 months.
Results : Overall survival rate at 2 and 3 years and median survival were
38%, 20%, and 16 months for entire patients: 67%, 44%, and 34 months
for anaplastic astrocytoma: 18%, 4%, and 14 months for glioblastoma multi-
forme, respectively (p=0.0001). According to the extent of surgery, 3-year
overall survival for gross total resection, partial resection, and biopsy only
was 38%, 11%, and 0%, respectively (p=0.02). The 3-year overall survival
rates for patients age 40>, 40-59, and 60< were 52%, 8%, and 0%,
respectively (p=0.0007). For the variate of performance score 80< vs 80>,
the 3-year survival rates were 53% and 9%, respectively (p=0.008). On
multivariate analysis including covariates of three surgical and age
subgroups as above, pathology, extent of surgery and age were. significant
prognostic factors affecting overall survival. On another multivariate analysis
with covariates of two surgical (total resection vs others) and two age (50>
vs 50<) subgroups. then. pathology. extent of surgery and pertormance
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status were significant factors instead of age and 3-year cumulative survival
rate for the five patients with these three favorable factors was 100%
without serious sequela.

Conclusion: We confirmed the role of postoperative conventional radiothera-
py in the management of supratentorial malignant glioma by improving
survival as compared with historical data of surgery only. Patients with
anaplastic astrocytoma, good performance score, gross total resection and/or
young age survived longest. Maximum surgical resection with acceptable
preservation of neurologic function should be attempted in glioblastoma
patients, especially in younger patients. But the survival of most glioblastoma
patients without favorable factors is still poor, so other active adjuvant
treatment modalities should be tried or added rather than conventional
radiation treatment alone in this subgroup.

Key Words : Postoperative Radiation Therapy, Supratentorial Malignant Glioma

Of them, fourteen patients received

incomplete

INTRODUCTION

Malignant gliomas constitute 33-45% of primary
brain tumor and the majority of them{up to 85%)
are glioblastoma multiforme.” Survival for these
patients has been increased by adding post
operative adjuvant radiotherapy but its outcome is
stilt poor. Despite of recent advances of therapeutic
strategies such as altered fractionation,z’ boost of
brachytherapy,a’ adjuvant chemotherapy,‘” addition of
hypoxic cell radiosensitizer or halogenated pyrimidine
ana\ogs,s) etc, the survival gain of these has been
no real breakthrough over the conventional radio-
therapy with limited success for selected patients.
Pretreatment prognostic factors in malignant glioma
may have an even greater effect on the outcome

than minor modifications - in therapy. We - evaluated-

the role of conventional postoperative radiotherapy in
the treatment of malignant glioma retrospectively in
terms of survival and tried to determine any
favorable prognostic factors or patient subgroups.

MATERIALS AND METHODS
1. Patient Characteristics

From Sep. 1985 through Mar. 1997, eighty—four
patients with histologically confirmed supratentorial
malignant gliomas were registered for the post-
operative adjuvant radiotherapy at our department.

radiotherapy and one patient's record was not avail-
able, so the remaining 69 patients were eligible.
Various patient-related characteristics are tabulated
in Table 1. Patients ranged in age from 7 to 66
years (median, 47). Performance status was scored
preoperatively based on Karnofsky scale? Three
most common presenting symptoms are headache,
motor weakness, vomiting, etc, and 26 (38%)
patients had any one of the symptoms for more
than 3 months before surgical intervention.

2. Tumor Characteristics

Histopathologic criteria was based on WHO 4
grading system” and 27 (39%) patients had an-
aplastic astrocytoma (AA) and the other 42 (61%)
had glioblastoma multiforme (GM). in the AA group,
five' patients were diagnosed to anaplastic mixed
astrocytoma with oligodendroglial component. In GM
group, one patient was a gliosarcoma in which a
component of sarcoma is admixed with the glioma
and its prognosis is known to be similar to that of
GM.” The most frequent site of main tumor mass
was frontal fobe in 26 patients (38%) and the next
was parietal lobe in 20 (29%), temporal lobe in 13
{19%), basal ganglia or thalamus in seven (10%),
multiple lobes in two, occipital lobe in one patient,
respectively. Other tumor-related characteristics are
also shown in Table 1.
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Table 1. Patient and Tumor-related Charac-

teristics
Characteristics No. of patients(%)

Age (years)

40> 23 (33)

40-59 32 (47)

60< 14 (20)
Gender

male 37 (54)

female 32 (46)
Performance score

80< 20 (29)

80> 49 (71)
Motor deficit

present 37 (54)

absent 32 (46)
Change in mental status

present 20 (30)

absent 49 (70)
Seizure

present 6 (9

absent 63 (91)
Symptom duration (months)

3< 26 (38)

3= 43 (62)
Tumor histology

anaplastic astrocytoma (AA) 22 (32)

mixed AA 5(7)

glioblastoma multiforme (GM) 41 (59)

gliosarcoma 1(2)
Tumor size (cm)

6> 34 (49)

6< 35 (51)
Main tumor location

frontal lobe 26 (38)

parietal lobe 20 (30)

temporal lobe 13 (19)

others 10 (13)

3. Treatment

Table 2 lists treatment-related characteristics.
Radiotherapy was-performed by 6-MV X-ray LINAC
with daily dose of 1.8-20 Gy five times per week
up to 504-61.2 Gy (median, 55.8; mode, 59.4) of
total dose in most patients for 33-83 days (median,
48). But three patients were treated by 3.0 Gy
fraction size with total dose up to 33, 36, 39 Gy
respectively because of poor performance status
postoperatively. Before the era of routine use of
MRI, target volume included contrast-enhancing
lesion only on preoperative CT scan with 3 cm
margin and was reduced after 45-50 Gy with 1-2
cm margin. Since 1992, target volume also included
edema with 1-2 cm margin on preoperative MRI

Table 2. Treatment-related Characteristics

Characteristics No. of patients(%)
Extent of resection

gross total 24 (35)

partial 40 (58)

biopsy 5(7)
Radiotherapy dose(Gy)

59.4> 40 (58)

50.4< 29 (42)
Radiotherapy duration(days)

45> 18 (26)

45< 51 (74)
Surgery to radiotherapy interval(days)

22> 25 (36)

2< 44 (64)
Chemotherapy

yes 15 (22)

no 54 (78)

and was reduced after 45-50 Gy including contrast-
enhancing lesion only with 1-2 cm margin.
Chemotherapy was delivered to 15 patients with the
agents of procarbazine, vincristine, BCNU or ACNU
of 1 to 6 cycles after radiation treatment, but there
was no strict indication for chemotherapy. Thirty-one
out of 47 patients who could be evaluated for
disease progression underwent salvage treatment
such as surgery, chemotherapy, radiosurgery, or
combined treatment for tumor progression.

4. Follow-Up

Of total 69, sixty—four patients were followed- up
(93%) and five were lost. Final follow-up was
obtained in April 1998. Follow-up range was 2- 103
months (median, 14). Follow-up was performed by
reviewing medical records and calling or mailing to

local government office or patients home. Forty-

seven patients (68%) could be evaluated in terms of
progression-free survival {PFS). The term of disease
progression was named only when radiological study
revealed disease progression compared to previous
postoperative image or on the date of salvage
operation when radiological study was unavailable.

5. Statistical Methods

Overall survival and progression-free survival
were measured from the date of surgery or biopsy
to the date of death or last follow-up or local tumor
progression, respectively. Statistical difference in
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Fig. 1. Overall and progression-free survival in entire
patients.
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Fig. 2. Overall survival according to the histopatho-
logy.

patient proportion between groups was analyzed
using Pearson x? test. Estimates of overall survival
and PFS were calculated by the Kaplan-Meier
method. Statistical difference in survival between
groups was evaluated by log-rank tests. Multivariate
analysis was carried out using the stepwise Cox
proportional hazard model. All these procedures
were performed by SAS software version 6.12.

RESULTS
1. Overall Survival

Forty-seven patients (68%) died over the study
period. Overall survival rates (OSR) at 2 and 3
years wereé 38% and 20%, respectively, for all
patients (Fig. 1) 67% and 44%, respectively, for AA
patients; and 18% and 4%, respectively, for GM
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Fig. 3. Overall survival according to the extent of
surgery.
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Fig. 4. Overall survival according to the age.

patients (Fig. 2). Median survival time(MST) was 16
months for all patients, 34 months for AA patients,
and 14 months for GM patients and their difference
was significant statistically (p= 0.0001). According to
the extent of resection, MST were 25, 14, and 10
months and 3-year OSR were 38%, 11%, and 0%
for the group of total resection, partial resection, and
biopsy only, respectively (Fig. 3, p=0.02). For the
groups stratified by age (40> vs 40-59 vs 60<),
3-year OSR was 52%, 8%, and 0%, respectively
(Fig. 4, p=0.0007). According to the performance
score (80< vs 80 >), 3-year OSR was 53% vs
9%, respectively (Fig. 5, p=0.008). By the factor of
symptom duration (3months< vs 3=), 3-year QSR
was 30% vs 13%, respectively (Fig. 6, p=0.03).

2. Progression-Free Survival

In the eligible 47 patients (68%), the median time
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Fig. 6. Overall survival according to the number of
prognostic factors.

to progressive tumor regrowth was 10 months with
all patients and 13 versus 7 months for patients
with AA vs GM, respectively (p=0.003). Median
progression-free survival (MPFS) for patients with
three age groups(40> vs 40-59 vs 60<) were 12,
7, and 8 months, respectively (0=0.038). In male vs
female patients, the MPFS was 10 vs 115 months,
respectively and the difference was also significant
statistically (p=0.01). According to the history of
seizure, MPFS was 9.5 months for patients without
history of seizure but the PFS for patients with
seizure did not reach median (0=0.047).

3. Prognostic Factors

Fifteen potential prognostic variates factored into
multivariate analysis were age (40>, 40-59, 60<),
pathology (AA vs GM), tumor size (6 cm=< vs 6>),

Table 3. Univariate and Multivariate Analysis
of Potential Prognostic Factors for
Overall Survival

: Univariate Multivariate  Risk ratio
Covariate p-value  p-value 95% Q)
Pathology

AA vs GM <0.001 0.001 3.335
Extent of resection (1.598~6.958)
total vs
partial vs 0.024 0.003 . 2.658
biopsy (1.505~4.693)
Agelyears)
40> vs 2178
40-59 vs <0.001 0003  (1.294~3.668)
60<
Performance score
80< vs 80> 0.008
Symptom duration ns’ *
(months)
< vs 3= 0.026 ns *
*:not significant statistically
tumor location (frontal lobe, parietal, temporai,

others), gender, performance score (80< vs 80>),
symptom duration (3 months= vs 3<), presence vs
absence of motor deficit, mental change, and
seizure, extent of surgery (gross total resection,
partial resection, biopsy only), surgery to radio-
therapy interval (22days< vs 22>), radiotherapy
duration (45days< vs 45>), radiotherapy dose (59.4
Gy< vs 59.4>}, adjuvant chemotherapy (yes vs no).
Table 3 lists significant prognostic factors associated
with improved OSR in all patients. Table 4 lists
several prognostic factors in each pathology. In view
of PFS, univariate analysis showed that pathology,
age, gender and history of seizure were significant
but only pathology and extent of surgery were
significant on multivariate analysis.

4. Survival Analysis of Subgroups in AA

Survival outcomes for specific subgroups in AA
are shown in Table 5. They were firstly stratified by
performance status, which was the only significant
variate on multivariate analysis in AA. Furthermore,
in 17 patients of poor performance score (80>), they
were again stratified by radiotherapy dose (55Gy<
vs 55>), which was the only significant variate in
this subgroup.
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Table 4. Prognostic Factors in Each Pathology

Covariate

Univariate p-value Multivariate p-value

Risk Ratio (95% Cl)

Anaplastic astrocytoma

Performance score (80< vs 80>) 0.02 0.016 8.296 (1.068-64.419)
Gender 0.03 nst *
Extent of surgery (total resection vs others) 0.03 ns *
Pure AA* vs mixed AA 0.04 ns *
Radiotherapy dose (55Gy< vs 55>) <0.001 ns *
Age (40> vs 40-59 vs 60<) 0.08 ns *
Glioblastoma multiforme

Extent of.surgery O

(ol e v s o) o s 5ge o
Age (40> vs 40-59 vs 60<) 0.08 0027 2418 (1.083- 5.398)
Tumor size 6 cm=< vs 6>) 0.02 ns .
Tumor site 0.28 ns ®

Performance score (80< vs 80>)

= : anaplastic astrocytoma, ': not significant statistically

Table 5. Survival Outcome for Patients with AA* by the Most Significant Factor of Performance

score (No. of patients: 27)

Subgroups No. of patients  Median survival (months) 2-year survival (%) p-value
Performance score
80 < 10 NET 89
80 > 17 28 56 0.01
RT'dose 55 Gy < 12 31 75 <001
55 Gy > 5 12 0 ’

*: anaplastic astrocytoma, ' :no median estimable, T : radiation therapy

Table 6. Survival Outcome for Patients with GM* by the Most Significant Factor of Extent of

Surgery (No. of patients; 42)

Subgroups No. of patients = Median survival (months) 2-year survival (%)  p-value
Gross total resection 13 }; %
Partial resection 26
Age (vears) 40-> 5 NET ©
40-58 15
14 16
Biops 0= 2 7 0 0.001
i 3 0 <0.001

*: glioblastorna multiforme, *: no median estimable

5. Survival Analysis of Subgroups in GM

Survival outcomes for specific subgroups in GM
are shown in Table 6. They were firstly stratified by
the variate of extent of surgery, which was the most
significant variate on multivariate analysis in GM.
After this, in 26 patients with partial resection, they
were again stratified by age variate, which was the
most significant variate on muiltivariate analysis in

this subgroup. On the other hand, when GM
patients are stratified to two surgical extents
{resection vs biopsy), their median survival were 14
vs 3 months, respectively. Of them, in 39 patients
who had resection, tumor size (6 cm=< vs 6>) was
the only significant factor and their median survival
were 13 vs 16 months, respectively (p=0.03).
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Table 7. Survival Outcome for Patients by the
Number of Favorable Prognostic
Factors Including Pathology(AA),
Performance score(80<), and Gross
Total Resection

No. of No. of Median survival 3-year survival
factors  patients (months) (%)

3 5 NE* 100

2 13 NE 54

1 30 16 9

0 21 11 0

p-value < 0.001, *:no median estimable
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Fig. 7. Overall survival according to the duration of
symptom.

6. Survival Analysis of Subgroups
According to the Number of
Prognostic Factors

Another multivariate analysis was performed with
different splitting nodes of extent of surgery (total
resection vs others) and age (50< vs 50>) from
original three surgical and age subgroups so as to
have only two subgroups in each variate, then,
pathology of AA, total resection, and good per-
formance score (80<) were three favorable pro-
gnostic factors. The overall cumulative survival rate
of five patients having all these three factors was
100% at 3 years (Table 7, Fig. 7) and they survived
at the follow-up 18, 32, 36, 46, and 103 months,
respectively, and they had suffered no serious
treatment-related sequela until the end date of this
study.

DISCUSSION

Our results also confirmed the role of radio-
therapy in the management of malignant glioma in
that postoperative adjuvant conventional radio-
therapy improved outcome from 4-6 months treated
by surgery alone of historical data® to 16 months of
this study in terms of median survival. Median
survival of our patients with AA and GM were
comparable to those of other studies which reported
15-46 months for AA and 7-14 months for GM,
respectively.* 5 1©

There are several well-known prognostic factors
affecting overall survival in malignant glioma™® such
as pathologic grade, performance status, age, extent
of surgery, duration of symptom, etc, all of which
are also found to be significant on univariate
analysis in our study. It is well known that
anaplastic astrocytomas appear to be distinct and
respond differently than GM. The relationship
between age and survival outcome may in part
reflect a greater proliferative potential of malignant
glioma in older patients. Performance status is of
prognostic value by virtue of its dependence on the
quantity and quality of neurologic defect? The
duration of symptom appears to be indicative of the
rate of tumor growth.g’ Radical tumor removal has
been known to be favorable to progression-free
survival, overall survival, and improving functional
status despite the terminociogy describing the extent
of resection varying from surgeon to surgeon.” In
our study, performance score and symptom duration
lost statistical significance after adjustment for age
and pathology. In fact, the variate of performance
status was dependent on age variate with older
patients having worse performance score (p=0.001)
and the factor of symptom duration was dependent
on pathology with AA patients having longer
duration of symptom (p=0.001). As a result of
multivariate analysis, three favorable factors affecting
overall survival in entire patients are AA, gross total
resection, and age younger than 40, and the eight
patients with all these factors survived 87.5 % at 3
years.
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In view of progression—free survival, history of
seizure was one of the significant variates on
univariate analysis. The history of seizure may
predate the clinical diagnosis by months to years in
patients with slowly growing tumors.'” Of six
patients having history of seizure in our study, five
had histology of AA and four had symptom duration
more than 3 months (mean, 18months). But this
variate has not been consistently observed to be
significant across all historical data. Only pathology
and extent of surgery were significant variates of
multivariate analysis affecting progression-free sur-
vival,

We tried to determine the survival outcome for
the most favorable subgroups in each pathology
criteria. Patients were stratified by the most signi-
ficant variate on multivariate analysis in each
pathology and again patients of subgroup were
further stratified by another most significant variate
on multivariate analysis in each subgroup and
eventually we were able to construct the tree of
subgroups by the order of significance of prognostic
factors. In AA group, because performance status
remained only significant factor after adjustment for
all factors, the patients were firstly stratified by
performance status. In the subgroup of good per-
formance score (80<), there was no further variate
by which ‘these patients could be stratified. But in
subgroup of poor performance score (80>), the
patients were further stratified by radiotherapy dose
which was only significant on mulitivariate analysis in
this subgroup when we made a different node of
dose (65Gy> vs 55<) from original node (59.4Gy>
vs 59.4<). On the contrary, all ten patients in
subgroup of AA and good performance score(80<)
received radiotherapy dose more than 55 Gy. It was
likely that patients with good performance score
were relatively younger than those with poor perfor-
mance score (median, 335 vs 47 vyears) and this
allowed them the full course of radiotherapy. From
this result, we could again validate that radiotherapy
for AA requires a total dose of at least 55 Gy by
conventional fractionated radiation schedule. The
presence of oligodendroglial component(mixed AA)
was one of the significant variates on univariate

analysis in AA. Several reports said that there were
better survival outcomes in AA patients with oligo-
dendroglial component as well as in GM patients
than in each pure pathology.”" The 2-year
survival rates of mixed AA and pure AA patients in
our study were 100% vs 59%, respectively (p=0.04).
But on multivariate analysis, all variates including
this mixed pathology lost their significance except
performance status only and actually ali these mixed
AA patients were included in favorable performance
status (80<).

In GM group, when patients were stratified by
extent of surgery, the most significant factor on
multivariate analysis in GM, there was no further
significant variate in total resection group or biopsy
only group possibly because of the small number of
patients. But in 26 patients with partial resection
group, they were again stratified to three age
subgroups which was the most significant variate on
multivariate analysis in partial resection group of
GM. Among them, six patients with at least partial
resection and younger than 40 survived 50% at both
2 and 3 years and median was not reached. With
extent of surgery, main tumor site was also
significant in univariate analysis in GM patients.
Simpson, et al, said that frontal lobe was the
favorable factor in multivariate analysis affecting
survival in GM." Also, our result shows that median
survival times for patients of frontal, parietal,
temporal lobe and other site were 17, 11.5, 17, and
10 months, respectively (p=0.02), but the survival for
patients of frontal and temporal lobe were similar
and this factor of tumor site lost its significance
after adjustment for other variates including the
extent of surgery.

When multivariate analysis was performed with
different nodes of extent of surgery(total resection vs
others) and age (50< vs 50>) in all patients, then,
pathology, extent of surgery, and performance score
remained the three significant covariates instead of
age. It seems that the significance of age disap-
peared because the power of age variate, which is
a continuous variate in nature, weakened after age
was stratified to more discrete subgroups from 3 to
only 2.



—J. Korean Soc Ther Radiol Oncol : Vol.

in conclusion, we confirmed the role of post-
operative conventional radiotherapy in the manage-
ment of this tumor by improving survival as com-
pared with historical data of surgery only. Patients
with anaplastic astrocytoma, good performance
score, gross total resection and/or young age sur-
vived longest. Maximum surgical resection with
acceptable preservation of neurologic function should
be attempted in glioblastoma patients of especially
younger age. But the survival of most glioblastoma
patients without favorable factors is stil poor, so
other active adjuvant treatment modalities (i. e,
hyperfractionation, concurrent chemotherapy, stereo-
tactic radiosurgery, brachytherapy, etc) should be
tried or added rather than conventiona!l radiation
treatment alone in this subgroup.
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