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Purpose: To analyze the patterns of practice and survival in a series of 1722 adult astrocytoma patients treated
in 12 Italian radiotherapy centers.
Methods and Materials: A total of 1722 patients were treated with postoperative radiotherapy (90% World
Health Organization [WHO] Grade 3–4, 62% male, 44% aged >60 years, 25% with severe neurologic deficits,
44% after gross total resection, 52% with high-dose radiotherapy, and 16% with chemotherapy). Variations in
the clinical–therapeutic features in three subsequent periods (1985 through 2001) were evaluated, along with
overall survival for the different subgroups.
Results: The proportion of women, of older patients, of those with worse neurologic performance status (NPS),
with WHO Grade 4, and with smaller tumors increased with time, as did the proportion of those treated with
radical surgery, hypofractionated radiotherapy, and more sophisticated radiotherapy techniques, after staging
procedures progressively became more accurate. The main prognostic factors for overall survival were age, sex,
neurologic performance status, WHO grade, extent of surgery, and radiation dose.
Conclusions: Recently, broader selection criteria for radiotherapy were adopted, together with simpler tech-
niques, smaller total doses, and larger fraction sizes for the worse prognostic categories. Younger, fit patients are
treated more aggressively, more often in association with chemotherapy. Survival did not change over time. The
accurate evaluation of neurologic status is therefore of utmost importance before the best treatment option for
the individual patient is chosen. © 2006 Elsevier Inc.
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INTRODUCTION

espite important advances in neuroimaging, surgery, radi-
tion therapy, and chemotherapy, the prognosis of patients
ith malignant astrocytomas is still very poor (1, 2).
Surgery followed by high-dose radiotherapy is consid-

red the standard treatment for high-grade astrocytoma (3–
). More recently, the addition of chemotherapy (temozo-
omide) to radiotherapy for newly diagnosed high-grade
lioma (HGG) patients has produced a statistically signifi-
ant survival advantage (6). However, the results obtained
re generally unsatisfactory and suggest exploration of new
pproaches to this very aggressive disease.

To evaluate the clinical and therapeutic management of
alignant astrocytoma patients in Italy, 12 Italian radiation

ncology centers decided to collaborate in the analysis of
heir patterns of practice during the last 2 decades, to create
background for future studies. This report is related to the
ecision to create a group for the study of central nervous
ystem tumors, which was approved by the Steering Com-
ittee of the Italian Society for Radiation Oncology in June

005.
The data pertaining to 1722 patients treated for primitive

lial tumors (World Health Organization [WHO] Grade
–4) were collected and used for survival analysis (7).

METHODS AND MATERIALS

To analyze the patterns of practice and to better elucidate the
ariations in accrual, staging procedures, and treatment over time,
he recruitment period was divided into three parts: 1985–1990,
991–1996, and 1997–2001. Out of the 1,722 patients considered,
11 were treated in the first accrual period, 652 in the second, and
59 in the third. This is because the databases of the majority of the
2 participating centers did not date back to 1985, and two centers
tarted their activity in the 1990s. When considering only the
atabases of the six centers contributing information on their
atients consecutively treated since 1990, inclusive, the accrual for
hese tumors seems to be only slightly increasing (overall, 928
atients; average yearly accrual, 77 patients; range, 63–83 pa-
ients; accrual 1990–1995, 450 patients, 48.5%; accrual 1996–
001, 478 patients, 51.5%).
These patients were treated according to the institutional policy

f each center but without the strict selection criteria of a prospec-
ive clinical trial. This is a largely unselected series, including
pproximately 90% high-grade and 10% low-grade astrocytomas.
orty-six percent of the patients with low-grade astrocytoma were
ged �50 years or had a neurologic performance status score
NPS) of 3 or 4, according to the Medical Research Council scale
8). Among WHO Grade 3 and 4 patients, approximately two
hirds of the patients (68%) were aged �50 years or had an NPS
core �3. This is at variance with most randomized trials and
uidelines reports for high HGG, which include a much smaller
roportion (�40%) of unfavorable patients (9).

eatures of the centers
Twelve radiation oncology centers located in central and north-

rn Italy participated in the analysis. Of these, nine are academic

enters treating 500–2000 patients per year, and three are regional
ospitals treating �1000 patients per year. The technical equip-
ent in each institution includes at the time of this writing at least

wo high-energy treatment units and one three-dimensional (3D)
reatment-planning system; however, the technological facilities
ave evolved in each center over time.
The fraction of all the new patients treated yearly for central

ervous system tumors ranged, on average, for each center and
uring the evaluated period, from 1.7% to 9.1%.
The patients were usually referred for radiotherapy by the neu-

osurgeon and treated in accordance with different protocols in the
ifferent institutions and, within each center, according to the
atient and tumor features. Nevertheless, all the centers were able
o provide at least the basic data required for the pattern-of-
ractice study. Several meetings were held with the participating
esearchers to ensure the homogeneity of the data. In particular, the
riteria chosen to reclassify histology according to the WHO
lassification, when needed, were clearly defined in “ad hoc”
eetings.
The contribution of each center to the whole data set ranged

rom 1% to 21%.
No significant differences have been observed in the distribution

f the different clinical and therapeutic features or in outcome
etween academic and regional institutions.

atient and tumor features
Between 1985 and 2001, 1,722 patients aged 18–91 years

median, 59 years), affected by histologically verified cerebral
strocytoma, underwent radiotherapy, after surgery, at the partic-
pating institutions. The original histology reports were reclassi-
ed, when needed, according to the WHO classification (7); Grade
and Grade 4 tumors represent the overwhelming majority of the

ases (18% and 72%, respectively). The male/female ratio for the
ntire series was 1.6/1 (1,070/652).

The NPS scores (Table 1) (8) at diagnosis, after surgery, and at
he first and last follow-up visits after radiotherapy were collected
r defined in retrospect from the clinical records, when possible.
wing to the retrospective nature of this study, data regarding the

nitial NPS scores were unavailable and/or could not be retrieved
rom the clinical records of the referring neurosurgical unit in a
ubstantial fraction of the patients. Conversely, they were always
btainable after surgery from the clinical records of the radiother-
py departments participating to the study. The NPS scores at the
rst and last follow-up examinations after radiotherapy were also
ollected; however, mainly because two centers had a “no active
ollow-up” policy for these patients, these data were available only
or approximately half of the patients. The fraction of cases with
ifferent NPS scores after radiotherapy was therefore calculated
nly for patients actively followed.

Table 1. Neurologic performance status

0–1 No or some neurologic deficit; function adequate for
useful work

2 Neurologic deficit causing moderate functional
impairment

3 Neurologic deficit causing major functional
impairment

4 No useful function; inability to make conscious
responses
Data from the MRC Brain Tumor Working Party (8).



l
r

S
l
m
s
s
s
q
1
i
d
n
d

o
r
t
e
P
m

a

I

b
r
d
t
p
s

C

T

p
m
p

l
q
w

A

G

I

P

F

L

r

t

790 I. J. Radiation Oncology ● Biology ● Physics Volume 65, Number 3, 2006
Data on the Karnofsky performance status (10) were also col-
ected, but they were even more incomplete and therefore are not
eported here.

The site of origin of the tumor was detailed for each patient.
ites were defined as follows: frontal, parietal, temporal, occipital

obes, corpus callosum, periventricular area and basal ganglia,
esencephalon, and cerebellum. The involvement of two or more

ites was also registered, with the dominant site specified. A single
ite was involved in 58.2%, two sites in 39.1%, and more than two
ites in only 2.6% of the patients. Frontal lobes were most fre-
uently involved (in 18.4% of the patients as a single site, plus in
8.9% as the dominant site when two or more than two sites were
nvolved), followed by the parietal (12.2% single site, 15.4%
ominant) and by the temporal lobes (18.1% single, 4.1% domi-
ant). Overall, frontal, parietal, or temporal lesions (single or
ominant) were present in 87.5% of the patients.
The largest diameter of the tumor as measured by the radiologist

n the preoperative computed tomography (CT) and/or magnetic
esonance imaging (MRI) scan (considering the entire lesion with
he enhancing border, when present, but not the surrounding
dema) was also retrieved from the original diagnostic report.
articipating institutions agreed on this method of evaluating tu-
or diameter because it limits inter-institutional uncertainties.

Table 2. Patients characteristics in the three acc

Factor

A

1985–1990
(n � 211)

ge (y)
�50 94 (45)
�50–�60 60 (28)
�60 57 (27)

ender
Male 339 (66)
Female 172 (34)

nitial NPS*
0–1 36 (22)
2 103 (63)
3–4 25 (15)
Unknown 47

ostsurgery NPS
0–1 125 (59)
2 52 (25)
3–4 34 (16)

irst visit after radiotherapy NPS*†

0–1 86 (64)
2 36 (27)
3–4 12 (9)
Unknown 77

ast visit after radiotherapy NPS*†

0–1 55 (45)
2 39 (32)
3–4 26 (23)
Unknown 91

Abbreviation: NPS � neurologic performance status.
Significance of the differences between periods for each factor a

efer to the total number of patients in each accrual period.
* Missing values are not considered for the calculation of the s
† For the data on NPS at the follow-up visits after radiotherapy
he 1,252 actively followed have been considered (refer to Methods and
Patient and tumor features for the whole series of 1,722 patients
re summarized in Tables 2 and 3.

maging procedures
Data were collected to analyze the imaging procedures used

efore surgery, after surgery, and at the first follow-up visit after
adiotherapy (Table 4). The fraction of patients undergoing the
ifferent imaging procedures at the first examination after radio-
herapy has been calculated considering only the total number of
atients receiving active follow-up (n � 1,252) and not the entire
eries (n � 1,722), as specified previously.

haracteristics of treatment
The features of the treatments delivered are summarized in

able 5.
Before radiotherapy, all patients underwent different surgical

rocedures (biopsy only or partial or macroscopically radical re-
oval of the tumor, respectively in 25%, 31%, and 44% of

atients).
Approximately two thirds of the patients were treated with

imited-volume radiotherapy: to the site of the disease with ade-
uate margins, in one or two phases (64%), the remaining with
hole-brain irradiation, with or without a boost (Table 5). Total

riods and for the entire series of 1722 patients

period

p
1996
652)

1997–2001
(n � 859)

All
(n � 1,722)

0.000
(30) 223 (26) 511 (30)
(28) 204 (24) 446 (26)
(42) 432 (42) 756 (44)

(65) 443 (58) 1,070 (62) 0.005
(35) 322 (42) 652 (38)

0.001*
(34) 88 (21) 241 (27)
(44) 185 (47) 439 (48)
(22) 126 (32) 229 (25)
6 460 813

0.000
(40) 323 (38) 712 (41)
(43) 380 (44) 710 (41)
(17) 156 (18) 300 (18)

0.04*
(53) 180 (50) 474 (54)
(31) 113 (32) 272 (31)
(16) 66 (18) 140 (15)
9 500 836

0.1*
(32) 113 (38) 276 (36)
(36) 84 (28) 244 (32)
(32) 102 (34) 236 (32)
5 560 966

were tested with the chi-square test. Percentages (in parentheses)

ance of the differences, nor in the computation of percentages.
the patients with sound information in the clinical records out of
rual pe

ccrual

1991–
(n �

194
182
276

288
158

117
151
78
30

264
278
110

208
123
62
25

108
121
108

31

nalyzed

ignific
, only
Materials).
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oses ranged from 5 to 74 Gy (average, 54.8 Gy; median, 60 Gy).
he vast majority of the patients were treated with fraction doses

n the range of 1.8–2 Gy (conventional fractionation, 88%). Beam

Table 3. Tumor characteristics in the three accr

Factor

Acc

1985–1990
(n � 211)

1
(

Histology (WHO Grade)
1 11 (5)
2 27 (13)
3 46 (22)
4 127 (60)

Diameter (cm)
�3 18 (9)
�3–�5 58 (27)
�5 135 (64)

Abbreviation: WHO � World Health Organ
Significance of the differences between per

chi-square test. Percentages (in parentheses) refe

Table 4. Imaging procedures in the three accru

Imaging procedure

Accrua

1985–1990
(n � 211)

1991
(n �

Before surgery
Brain CT 163 (77) 336
Brain MRI 2 (1) 53
CT and MRI 46 (22) 263
PET yes 2 (1) 2
PET no 209 (99) 650
SPECT yes 2 (1) 5
SPECT no 209 (99) 647

After surgery
Brain CT 119 (57) 423
Brain MRI 5 (2) 31
CT and MRI 5 (2) 49
Neither 82 (39) 149
PET yes 1 (0.5) 1
PET no 210 (99.5) 651
SPECT yes 0 2
SPECT no 211 (100) 650

After radiotherapy*
Brain CT 74 (42) 173
Brain MRI 13 (7) 68
CT and MRI 3 (2) 17
Neither 87 (49) 241
PET yes 1 (0.6) 5
PET no 176 (99.4) 494
SPECT yes 0 5
SPECT no 177 (100) 494

Abbreviations: CT � computed tomograp
nonsignificant; PET � positron emission tomo
tomography.

Significance of the differences between per
chi-square test. Percentages (in parentheses) refe

* For the data on imaging at the first follow
with sound information in the clinical recor

considered (refer to Methods and Materials).
nergy was that of a cobalt unit in approximately half of the
atients (45%); 6-MV or �6-MV photons from a linear accelerator
ere used in 41% and in 13% of patients, respectively. The

riods and for the entire series of 1,722 patients

eriod

p
96
2)

1997–2001
(n � 859)

All
(n � 1,722)

0.001
) 18 (2) 49 (3)
) 59 (7) 129 (7)
7) 149 (17) 309 (18)
3) 633 (74) 1235 (72)

0.001
0) 112 (13) 197 (11)
7) 337 (39) 635 (37)
3) 410 (48) 890 (52)

n.
or each factor analyzed were tested with the
total number of patients in each accrual period.

ods and for the entire series of 1,722 patients

ds

p
1997–2001
(n � 859)

All
(n � 1,722)

216 (25) 715 (41)
118 (14) 173 (10)
525 (61) 834 (49)

5 (1) 9 (1) NS
854 (99) 1,713 (99)
33 (4) 40 (2) 0.000

826 (96) 1,682 (98)
0.000

472 (55) 1,014 (59)
116 (14) 152 (9)
141 (16) 195 (11)
130 (15) 361 (21)

0 2 (0.1) NS
859 (100) 1,720 (99.9)
30 (3) 32 (2) 0.000

829 (97) 1,690 (98)
0.000

121 (22) 368 (30)
146 (27) 228 (19)
47 (8) 67 (5)

235 (43) 563 (46)
0 6 (0.5) NS

549 (100) 1,219 (99.5)
26 (5) 31 (3) 0.000

523 (95) 1,194 (97)

RI � magnetic resonance imaging; NS �
; SPECT � single photon emission computed

or each factor analyzed were tested with the
total number of patients in each accrual period.
sit after radiotherapy, only the 1,225 patients

of the 1,252 actively followed have been
ual pe

rual p

991–19
n � 65

20 (3
43 (7

114 (1
475 (7

67 (1
240 (3
345 (5

izatio
iods f
al peri

l perio

–1996
652)

(51)
(8)
(41)
(1)
(99)
(1)
(99)

(65)
(5)
(8)
(23)
(0.2)
(99.8)
(0.3)
(99.7)

(35)
(14)
(3)
(48)
(1)
(99)
(1)
(99)

hy; M
graphy

iods f
r to the
-up vi
ds out
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ajority of the patients were treated with a simple method of target
dentification (simulator, 64%); 24% had a two-dimensional (2D)
nd 12% a 3D plan. Data about more advanced techniques show
hat only a small fraction of the patients had conformal (16%) or
tereotactic radiotherapy (0.1%).

Most patients (75%) were treated with steroid support during
adiotherapy, and a limited number (272, 16%) received chemo-
herapy. Single-agent chemotherapy was administered to 175 of
72 (64%). In decreasing order of frequency, nitrosoureas (81
atients, in 11 of whom the drug was administered intra-arterially),
emozolomide (77 patients), lonidamine (9 patients), platinum deriv-
tives (5 patients), and procarbazine (3 patients) were used. Te-
ozolomide was almost exclusively used during the last period of

ccrual (76 of 77 cases), whereas nitrosoureas were used with the
ame frequency between 1990 and 2001 and only rarely before.
he use of lonidamine was restricted to the 1985–1990 accrual

Table 5. Treatment characteristics in the three ac

Feature
1985–1990
(n � 211)

urgery
Biopsy 60 (28)
Partial surgery 77 (37)
Radical surgery 74 (35)

T volume
Site of disease with margin 38 (18)
Site of disease with margin (two phases) 13 (6)
Whole brain 21 (10)
Whole brain and boost on the disease 139 (66)

T total dose (Gy)
�50 13 (6)
�50 �60 60 (28)
�60 138 (66)

T fraction size (Gy)
�1.8 7 (3)
1.8 11 (5)
2 190 (90)
2.5–3 3 (2)
�3 0 (0)

eam energy
Cobalt 60 101 (48)
�6 MV 57 (27)
�6 MV 53 (25)

T plan
Simulator 171 (81)
2D 40 (19)
3D 0

onformal techniques
Yes 3 (1)
No 208 (99)

hemotherapy
Yes 19 (9)
No 192 (91)

teroids
Yes 185 (70)
No 56 (30)

Abbreviations: RT � radiotherapy; 2D � two dimensional; 3D
Significance of the differences between periods for each factor a

efer to the total number of patients in each accrual period.
eriod. t
The remaining 97 chemotherapy-treated patients (36%) had
ombination chemotherapy. Nitrosoureas where used in combina-
ion chemotherapy in 42 patients, vinca alkaloids in 31 patients,
rocarbazine in 25 patients, and platinum derivatives in 19 pa-
ients. Procarbazine, vincristine, and CCNU (20 patients) was
ainly administered.

ollow-up
The policy of follow-up was very different in the different

enters, ranging from bimonthly visits and imaging (CT or/and
RI) to visits at different intervals (usually bimonthly to quar-

erly) without imaging; two centers adopted a “no active follow-
p” policy, sometimes collecting information from the general
ractitioner or not conducting any follow-up at all.
Part of the data about survival was collected from the statistical

ffice of the patient’s city of residence, from the general practi-

eriods and for the entire series of 1,722 patients

rual periods

p
991–1996
n � 652)

1997–2001
(n � 859)

All
(n � 1,722)

1,722 0.020
192 (29) 185 (22) 437 (25)
193 (30) 256 (31) 535 (31)
267 (41) 409 (48) 750 (44)

0.0000
244 (37) 471 (55) 753 (44)

88 (14) 239 (28) 340 (20)
109 (17) 54 (6) 184 (10)
211 (32) 95 (11) 445 (26)

0.0000
113 (17) 148 (17) 274 (16)
219 (34) 270 (32) 549 (32)
320 (49) 441 (51) 899 (52)

0.0000
21 (3) 18 (2) 46 (3)

181 (28) 249 (29) 441 (26)
388 (59) 502 (59) 1,080 (62)
45 (7) 44 (5) 92 (5)
17 (3) 46 (5) 63 (4)

0.0000
305 (47) 386 (45) 792 (46)
252 (39) 390 (45) 699 (41)
95 (14) 83 (10) 231 (13)

0.0000
497 (76) 440 (51) 1,108 (64)
143 (22) 223 (26) 406 (24)
12 (2) 196 (23) 208 (12)

0.0000
59 (9) 219 (26) 281 (16)

593 (91) 640 (74) 1,441 (84)
0.0000

76 (12) 177 (21) 272 (16)
576 (88) 682 (79) 1,450 (84)

0.003
487 (72) 678 (78) 1,320 (75)
165 (28) 181 (22) 402 (25)

ee-dimensional.
were tested with the chi-square test. Percentages (in parentheses)
crual p

Acc

1
(

� thr
nalyzed
ioner, or from the relatives. Patients who did not have any visit
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ince the end of the treatment and for whom it was impossible to
cquire sound information were considered lost to follow-up (ap-
roximately 27% of the total number, 470 patients). This group of
atients pertains mainly (401 of 470, 85%) to the two center that
ad a “no active follow-up” policy for this pathology; therefore, all
he patients from these centers were excluded from the survival
nalysis. The median duration of follow-up for the remaining
,321 patients was 238 days (range, 0–5,801 days), with only 69
dditional patients (5.2%) lost to follow-up and excluded from
urvival analysis. This left 1,252 patients available for survival
nalysis, with an average follow-up of 309 days (range, 1–5,801
ays).
Patients not undergoing active follow-up or lost to follow-up

ere obviously also excluded from the evaluation of the postra-
iotherapy pattern of practice.
It should be emphasized that, even with these precautions being

aken, the quality-of-life data (neurologic status) can be considered
ess sound, owing to the differences in follow-up policies among
he different centers.

tatistical analysis
The patterns of practice, the clinical, pathologic, and therapeutic

eatures of the entire series, and the differences in their distribution
n the three accrual periods previously defined were analyzed and
heir significance evaluated with the chi-square test.

Survival analysis was applied only to the 1252 patients receiv-
ng active follow-up, as previously described, and their main
eatures are reported in Table 6. The actuarial overall survival, not
orrected for other causes of death, was calculated from the end of
adiotherapy to the death date or to the last vital status information
or living patients. Survival was calculated with the Kaplan-Meier
ethod. Actuarial survival values in the different subsets were

ompared with the log–rank test (univariate analysis) and the Cox
egression test (multivariate analysis). All the analysis was per-
ormed with the Statistical Package for the Social Sciences for

indows, version 12 (SPSS, Chicago, Ill.).

RESULTS

atterns-of-practice analysis
Patients and tumor features. During the most recent 10

ears, an increase was evident in the fraction of patients
ged �60 years (27% during 1985–1990, compared with
0% during 1997–2001, p [chi-square] � 0.000) and of
atients with worse initial NPS (score 3–4 in 15% and 32%
f patients treated 1985–1990 and 1997–2001, respectively,

[chi-square] � 0.001, Table 2). The same trend was
vident for NPS registered after surgery and at the postra-
iotherapy follow-up visits (Table 2). Although the data on
he initial and the postradiotherapy NPS were flawed by a
ubstantial number of missing values, it is interesting to note
hat the fraction of patients with the best NPS almost dou-
led after surgery, then remained stable up to the first
ollow-up visit, to decline again at the last postradiotherapy
ollow-up visit (Table 2).

A slight but significant increase in the fraction of female
atients was also documented (Table 2).
Glioblastoma multiforme was the most frequent histologic
ubtype treated in the entire period (72%) and progressively f
ncreased in frequency over time (p [chi-square] � 0.001,
able 3).
The maximum tumor diameter at diagnosis progressively

ecreased with time; in particular, larger lesions (�5 cm)
ecame less frequent (p [chi-square] � 0.001, Table 3).

Imaging procedures. Brain CT scan was the main imag-
ng procedure in all the accrual periods (used alone in 41%
f the patients before surgery, in 59% after surgery, and in
0% after radiotherapy). A CT scan coupled with MRI or
RI alone was obtained, respectively, in 49% and 10% of

he patients before surgery, 11% and 9% after surgery, and
% and 19% after radiotherapy. One or more of these
maging procedures were always used for staging; approx-
mately 60% of the patients had an MRI scan before sur-
ery. However, no imaging procedure was used in 21% of
he patients after surgery and in approximately half (46%)
f them after radiotherapy (Table 4).
The increasing use of imaging and, in particular, of more

ophisticated techniques was documented in the more recent
ears at diagnosis, before radiotherapy, and during follow-
p. The fraction of patients not undergoing any imaging
rocedure decreased significantly in the subsequent accrual
eriods (p � 0.000, Table 4). In addition, the data show that
RI is progressively replacing brain CT to evaluate brain

umors (Table 4).
These changes were less evident in the postsurgical phase

f the diagnostic and therapeutic process.
Single photon emission computed tomography and posi-

ron emission tomography were used in �5% of the pa-
ients, mainly during the last accrual period.

Treatment. Surgery became more often macroscopically
adical with time (35%, 41%, and 48%, respectively, in the
hree periods, p [chi-square] � 0.02, Table 5).

Radiotherapy was directed to smaller volumes in the most
ecent period compared with the previous ones (site of
isease with margins, one or two phases: 83% of the pa-
ients in the third period vs. 24% in the first period and 51%
n the second, p [chi-square] � 0.0000, Table 5).

A cobalt teletherapy source was used in approximately
alf of the patients throughout the three subsequent accrual
eriods; the fraction of the patients treated with �6-MV
eams decreased progressively among those treated with
igher-energy beams from a linear accelerator (25%, 14%,
0%, p [chi-square] � 0.0000, Table 5).
Bidimensional and 3D treatment planning, as well as

onformal radiotherapy, were increasingly used in the last
ccrual periods (p [chi-square] � 0.0000, Table 5).

The use of more sophisticated techniques seemed to be
articularly relevant for patients treated with higher doses or
ith smaller fraction sizes. For example, the fraction of
atients for whom 2D and 3D planning has been applied
ncreased from 21% to 23% to 47% in the subgroups treated
ith total doses of �50 Gy, 50–59 Gy, and �60 Gy,

espectively; corresponding values for conformal treatments
ere 11%, 17%, and 17%. The use of simple plans (simu-

ator only) was more frequent in patients treated with larger

raction sizes (�2.5 Gy, 87%) as opposed to the others
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62%); corresponding values for conformal treatments were
% and 17%.
Total radiation doses of �60 Gy were used in the major-

ty of the patients (52%), but the use of this dose level
ecreased in the last two accrual periods, after 1990 (from
6% to 49% and 51%, p [chi-square] � 0.0000, Table 5).

Table 6. Median survival (in days) and percent surviving at 1,
and in the different clinical and

n (%)
Median sur

(d)

ll 1,252 299
ge (y)
�50 364 (29) 472
50–59 357 (29) 301
�60 531 (42) 227

ender
Male 786 (63) 286
Female 466 (37) 311

ostsurgery NPS
0–1 601 (48) 345
2 or 3–4 651 (52) 247
HO Grade
1 30 (2) 2,410
2 102 (8) 1,058
3 224 (18) 389
4 896 (72) 260

umor diameter (cm)
�3 148 (12) 348
3–5 481 (40) 309
�5 623 (48) 280

urgery
Biopsy 295 (24) 210
Partial 447 (36) 306
Radical 510 (40) 318

T volume
Site of disease � boost 724 (58) 325
Whole brain � boost 528 (42) 263

T plan
Simulator 802 (64) 292
2D 273 (22) 284
3D 177 (14) 328

T total dose (Gy)
�50 183 (15) 146
50–59 290 (23) 312
�60 779 (62) 316

T beam energy
Cobalt 60 470 (38) 276
�6 MV 565 (45) 310
�6 MV 217 (17) 313

T fraction size (Gy)
�2 1,141 (91) 308
�2.5 111 (9) 197

hemotherapy
Yes 231 (18) 358
No 1,021 (82) 284

teroids
Yes 998 (80) 272
No 254 (20) 374

Abbreviations as in Tables 1, 2, and 4.
Significance of the differences between subgroups was evaluate
Intermediate” doses (50–59 Gy) were used in approxi- r
ately the same proportion of patients in the three accrual
eriods (respectively, 28%, 34%, and 32%, Table 5). Thus,
he decrease in the fraction of patients treated with the
igher dose level was compensated by a parallel increase in
he subgroup treated with the lowest doses (�50 Gy: 6%,
7%, and 17% in the three subsequent accrual periods,

5 years in the whole series of 1,252 patients actively followed
eutic subgroups (Kaplan-Meier)

p

Percent survival � SE

1 y 2 y 5 y

38 � 1 17 � 1 7 � 0.8
0.0000

57 � 2 35 � 3 15 � 2
36 � 3 14 � 2 5 � 1
26 � 2 7 � 1 �1

0.02
37 � 2 16 � 2 6 � 1
42 � 2 20 � 2 8 � 1

0.0000
46 � 2 24 � 2 8 � 1
31 � 2 11 � 1 5 � 1

0.0000
82 � 7 74 � 8 52 � 10
75 � 4 53 � 5 23 � 5
52 � 3 28 � 3 10 � 2
29 � 1 9 � 1 1 � 0.4

0.3
45 � 4 20 � 3 7 � 2
40 � 2 18 � 2 5 � 1
35 � 2 16 � 1 7 � 1

0.0003
30 � 3 13 � 2 6 � 2
40 � 2 19 � 2 9 � 2
42 � 2 18 � 2 5 � 1

0.0000
45 � 2 23 � 2 11 � 1
30 � 2 11 � 1 2 � 1

0.2
37 � 2 17 � 1 6 � 1
39 � 3 16 � 2 6 � 1
44 � 4 20 � 4 12 � 4

0.0000
15 � 3 6 � 2 2 � 1
42 � 3 24 � 3 14 � 1
42 � 2 18 � 1 5 � 1

0.06
34 � 2 15 � 2 6 � 2
42 � 2 17 � 2 7 � 1
41 � 4 22 � 3 9 � 2

0.0000
41 � 2 18 � 1 7 � 1
16 � 4 6 � 2 3 � 2

0.02
49 � 4 23 � 3 5 � 2
36 � 2 16 � 1 7 � 1

0.0000
35 � 1 15 � 1 5 � 1
51 � 3 27 � 3 11 � 2

og–rank test (univariate analysis).
2, and
therap

vival
espectively).
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However, doses should be analyzed jointly as total dose
nd dose per fraction. The decrease in the use of the higher
ose level during the more recent years is more understand-
ble when one considers the increase in the use of higher
oses per fraction (�2.5 Gy) in the same accrual period
2%, 10%, and 10%, respectively, Table 5). In fact, of the
55 patients treated with doses per fraction �2.5 Gy, 152
98%) were treated after 1990 and 130 (84%) with doses
50 Gy. As previously stated, these patients were treated
ore often than the others, with simpler treatment tech-

iques. This same subgroup was characterized by a higher
roportion of patients with NPS scores of 3 or 4 after
urgery (37%, as opposed to 13% for the whole series, p
chi-square] � 0.0000) and of patients aged �60 years
66%, as opposed to 44% for the whole series, p [chi-
quare] � 0.0000).

Chemotherapy was increasingly used with time (p [chi-
quare] � 0.0000, Table 5). Chemotherapy was adminis-
ered to 22% of the patients treated with total radiation
oses of �60 Gy, as opposed to only 8% of those treated
ith lower radiation doses (p [chi-square] � 0.0000). The
se of chemotherapy was also strictly related to the NPS of
he patient and was delivered to 21%, 13%, and 11% of the
atients who after surgery had NPS scores of 0–1, 2, and
–4, respectively (p [chi-square] � 0.0000). The group
ndergoing chemotherapy was characterized by a smaller
roportion of patients aged �60 years (37% vs. 45% for the
hole series, p [chi-square] � 0.015).
The use of steroids also significantly increased with time

Table 5) and was particularly frequent in patients with
orse NPS after surgery (69%, 79%, and 90%, respectively,

n patients with NPS scores of 0–1, 2, and 3–4, p [chi-
quare] � 0.000) and in those treated with lower radiation
oses (83% and 75%, respectively, in patients treated with

ig. 1. Survival of patients treated 1985–1990 (n � 193), 1991–
996 (n � 506), and 1997–2001 (n � 553). Differences are not
ftatistically significant.
50 or �50 Gy, p [chi-square] � 0.02). In the last accrual
eriod (after 1996), the use of chemotherapy was twice as
requent in those patients not receiving steroids as in the
thers (22% vs. 11%).

urvival analysis
In the overwhelming majority of the 1252 evaluable

atients, the cause of death was the tumor, and for this
eason only the actuarial overall (uncorrected) survival was
valuated and is reported.

Univariate analysis. One-year and median survival val-
es did not change significantly (p [log–rank] � 0.2) in the
hree subsequent accrual periods: 40% (median, 308 days),
6% (median, 292 days), and 40% (median, 299 days), as
hown in Fig. 1.

The subgroup analysis of survival is reported in Table 6.
Among the factors related to the patient and to the tumor,

lder age, male gender, a worse postsurgical NPS, and
rade 3–4 disease were all significantly related to worse

urvival (Table 6 and Fig. 2). A similar trend was evident
or a larger tumor diameter and for a presurgical worse NPS.

Among the therapy-related parameters, biopsy as the sole
urgical procedure was strongly related to worse survival
p [log–rank] � 0.0003).

A higher radiation dose was strongly and significantly
elated to a better outcome (p [log–rank] � 0.0000, Table 6).

smaller fraction size and a smaller treated volume were
lso significantly related to a better outcome (Table 6).
owever, when patients treated with both higher (�50 Gy)
r lower total doses were considered separately, a signifi-
ant difference in survival according to the fraction size was
ot observed. Conversely, a significant dose effect existed
or patients treated with both small and large (�2.5 Gy)

ig. 2. Survival of patients with postsurgical neurologic perfor-
ance status (NPS) score �2 (n � 601) or �2 (n � 651). The

ifference is statistically significant (p � 0.0000).
ractions (Fig. 3). None of the other radiotherapy-related
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arameters showed a significant correlation with prognosis.
urvival was slightly but not significantly better for patients

reated with a linear accelerator (as opposed to the cobalt
nit) or with a 2D or 3D plan (as opposed to plans realized
ith the simulator only), as shown in Table 6.
Chemotherapy-treated patients (p [log–rank] � 0.02)

nd those able to be treated without steroid support (p
log–rank] � 0.0000) also had a better outcome (Table 6).

ultivariate analysis
Multivariate analysis for overall survival is reported in

able 7. All the variables significant at univariate analysis
ere entered in the initial Cox model. The final model

etained all these variables except for type of treatment
lanning and beam energy (Table 7).

However, as previously shown, smaller fraction sizes did
ot seem to have an independent prognostic effect; more-
ver, radiotherapy volume and fraction dose, as well as the
se of steroids and of chemotherapy, were strictly related to
he performance status of the patients. In fact, when all these
ariables were excluded from the initial Cox model, the
ignificance of the differences in overall survival between
he postsurgical NPS categories increased greatly (data not
hown).

The factors retained in the final model did not change
hen the subdivision of the series into the three accrual
eriods was introduced into the initial model (data not

ig. 3. Survival of patients (n � 90) treated with low total doses
�50 Gy) and large fractions (�2.5 Gy); of patients (n � 93)
reated with low total doses (�50 Gy) and small fractions (�2.5
y); and of patients treated with higher total doses (�50 Gy) and

mall (�2.5 Gy, n � 1048) or large (�2.5 Gy, n � 21) fractions.
ifferences in outcome according to fraction size, within each total
ose group, are not significant. Differences in outcome according
o total dose, within each fraction size group, are highly significant
p [log–rank] �0.000).
hown).
DISCUSSION

attern-of-practice analysis
The whole set of variations over time of the different

atient, disease, and treatment features seem to point to a
oherent change in the clinical behavior of the participating
enters during the last two accrual periods.

Patients treated more recently were, on average, older,
ith worse NPS and more often with WHO Grade 4 disease.
his might be an effect of the variation of the sample size in

he three subsequent accrual periods, but it probably also
eflects an increase in the incidence of gliomas in older
atients (11) and a change in the selection criteria applied
y the participating institutions, more recently offering ra-
iotherapy to a larger fraction of the patients with worse
rognostic features. This issue has been the subject of ample
ebate in the literature, but the option of not giving radio-

Table 7. Multivariate analysis (Cox model) of overall survival
for the 1252 patients actively followed—final model

Feature
Relative

risk
p (multivariate

analysis)

ender 0.000
Male 1
Female 0.7

ge (y) 0.000
�50 1
50–59 1.50
�60 1.88

ostsurgery NPS 0.02
0–1 1
2 or 3–4 1.20
HO Grade 0.000
1 1
2 1.6
3 3.8
4 6.1

umor diameter (cm) 0.05
�3 1
3–5 1.01
�5 1.15

ype of surgery 0.000
Biopsy 1
Partial surgery 0.78
Radical surgery 0.71

T total dose (Gy) 0.000
�50 1
50–59 0.48
�60 0.46

T fraction size (Gy) 0.004
�2.5 1
�2 0.64

T volume 0.01
Site of disease � boost 1
Whole brain � boost 1.16

hemotherapy 0.002
Yes 1
No 1.31

teroids 0.005
No 1
Yes 1.27
Abbreviations as in Tables 3 and 5.
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herapy at all has not gained much popularity and possibly
hould be applied only to older, bedridden patients who do
ot benefit from surgery or steroids, at least according to
ome guidelines and published evidence (12, 13).

Modern imaging procedures have been increasingly used
or preoperative staging, after surgery, and after radiother-
py. Magnetic resonance imaging is progressively replacing
rain CT over time. However, a relevant fraction of the
atients did not undergo brain CT or MRI after surgery, and
ven more after radiotherapy, even in the most recent ac-
rual period. Thus, in more recent years, the initial diagnos-
ic process seems to be more complete, the disease seems to
e diagnosed at an earlier stage, and a smaller proportion of
atients (approximately 15%, with a median survival of
nly 5 months) is missing an accurate preradiotherapy di-
gnostic workup. When these data are compared with data
rom other published series, some additional comments can
e made. The Glioma Outcome Project (GOP) analyzed the
atterns of care in a relevant series of 565 patients with
GG treated 1997–2000 in 52 clinical sites in the United
tates (14). In this series, MRI was obtained before surgery

n 92% of the patients: this compares with a 75% value for
he 1997–2001 accrual period of the present series. The
ajority of the published reports consider MRI as the im-

ging procedure of choice for glioma patients (15, 16) and
T a complementary procedure. Therefore, in this relatively

arge sample of the centers caring for glioma patients in
taly, there is room for improvement in the use of imaging
or staging and postsurgical evaluation.

In recent years, surgery has been more often macroscop-
cally radical, probably because of the introduction of tech-
ical innovations and because of the smaller average tumor
ize. Data from the GOP regarding the extent of surgery
onfirm that the majority of patients receive gross total
urgery (57%) and a minority biopsy only (7%). Corre-
ponding values for the present series are 48% and 22%, but
nly 22% of our patients had an NPS score of 0–1 at
iagnosis, whereas in the GOP series a mean Karnofsky
erformance status score of 81 was reported (14). More-
ver, comparisons regarding the completeness of the surgi-
al excision should be considered cautiously. The fact that
n the GOP series 20–30% of the surgical procedures were
onducted with the neuronavigation technique testifies to
he technical advances made in the surgical management of
hese patients.

The more recently accrued patients were also more often
reated with radiation doses of �50 Gy and with larger
raction sizes, but more sophisticated radiation techniques
such as 3D and conformal plans), smaller target volumes,
nd fraction sizes were increasingly used, especially when
igher doses (�60 Gy) were prescribed.
This seems to point to the adoption of simpler techniques,

maller total doses, and larger fraction sizes for the worse
rognostic categories of patients. This change probably
eflects the attempts of many clinical researchers to identify
ypofractionated schemes suitable for palliation for poor-

rognosis patients (17–20). The Neuro Oncology Disease p
roup of the Cancer Care Ontario Practice Guidelines Ini-
iative states that “this option would be particularly appro-
riate for patients who are both older and with poor perfor-
ance status” (12).
At the same time, younger, more fit patients are treated
ore aggressively, with higher total doses; consequently,

maller fraction sizes and treated volumes are used. These
hree parameters are, in fact, strictly related. This is in
ccordance with the randomized evidence of the favorable
rognostic impact of higher total doses (1, 9, 12) and of the
quivalence of survival rates in patients treated with smaller
olumes (thus avoiding an unnecessary treatment burden)
21, 22).

In addition, chemotherapy has been more frequently used
n the patients of the present series treated more recently
1997–2001, 21% of patients). The corresponding value for
he patients recruited during the period 1997–2000 and
eported by the GOP is, however, 54%. The difference
etween these observations might be explained by the neg-
tive results of randomized trials using the older chemo-
herapy schemes and by the fact that the efficacy of temo-
olomide was only recently documented (6, 23, 24).

The increase in the use of steroids during the radiotherapy
ourse in the more recent accrual periods might well be due
o the parallel increase in the fraction of patients with a
orse NPS score after surgery.

urvival analysis
The factors more significantly related to survival in this

eries match the data from the literature (1, 2, 25–27):
pecifically, younger age and a lower WHO grade were
mong the major determinants of a better outcome. Female
atients experienced a better outcome than male patients, as
ess frequently reported (28).

The analysis of the effect of the patient performance
tatus on outcome was flawed by the small number of
atients with the assessment of the Karnofsky index; in
ddition, the NPS was available for the entire series only
fter surgery. Nonetheless, a better postsurgical NPS was
ignificantly linked with a better prognosis at both univar-
ate and multivariate analysis, and its relevance is clearly
hown in the literature (25, 29). The prognosis of the pa-
ients with a postsurgical NPS score of 2 or more is very bad
their median survival is approximately 8 months, Fig. 2).
hese patients represents more than half of our series, and

he evaluation of NPS before an appropriate treatment op-
ion is chosen is therefore of the utmost importance. Recent
eports, in fact, suggest that, especially for poor-prognosis
GG, “quality adjusted survival” or “good quality survival”

strongly linked with neurologic status) is a better measure
f outcome than uncorrected survival (30, 31).
Regarding treatment related factors, more extensive sur-

ical procedures are strongly linked with a better prognosis
t univariate and multivariate analysis, in accordance with
he large majority of the contributions published on this
ssue (1, 9, 26, 32, 33). However, median survival in the

resent series was much lower for patients undergoing
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iopsy alone (210 days) but not very different between the
roups treated with “partial” or “radical” surgery (306 and
18 days, respectively). Similar data have been reported by
hang et al. (34) and by other groups (35).
Radiotherapy total dose was strongly related to survival

t univariate and multivariate analysis. Although a clear
dvantage was documented for patients treated with doses
50 Gy, the difference between the groups treated with

0–59 Gy and with �60 Gy was much smaller. Similar
bservations were seen in randomized studies and guide-
ines; however, the pattern of failure for malignant gliomas
s such that a large number of studies explored and continue
o explore dose-escalation protocols (12). This is probably
ne of the reasons why younger, fit patients of the present
eries underwent, particularly in more recent years, high-
ose, more sophisticated treatments.
The use of smaller fraction sizes and limited-volume radio-

herapy was significantly related to a better prognosis, but
hese factors clearly depend on the postsurgical NPS, be-
ause more sophisticated treatments are offered mainly to
ore-fit patients. In addition, as previously shown, fraction

ize does not seem to reliably predict outcome indepen-
ently of total dose. The available randomized studies do
ot show a survival advantage for patients treated with
maller volumes but rather only equivalent results compared
ith those treated with larger volumes (21, 22). Accord-

ngly, in the present series, neither the use of conformal
echniques nor the use of 2D and 3D planning were signif-
cantly related to a better prognosis at univariate and mul-
ivariate analysis. Finally, when all the factors defining the
echnical advances applied (including fraction size and treated
olume) were omitted from the initial Cox model, the sig-
ificance of the differences in outcome according to the
ostsurgical NPS greatly increased.
Similar considerations might be applied to the use of

hemotherapy, which was also linked to a better prognosis
t univariate and multivariate analysis. However, the data

roduced by the GOP also show better survival for chemo- t
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