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INTRODUCTION 

In the United States alone there were approximately 
10.200 deaths in 1987 attributed to antral  nervous synem 
malignancies ( 1  3). The majority of these were due to ma- 
lignant gliomas of the brain. Thesc tumors prucnt a par- 
ticular challenge to the radiation oncologist s i n e  local 
tumor pcnistencc and/or recurrence followed by inex- 
orable growth tends to be the primary Wurc mode and 
caw of death. 

In attempts to improve I d  controI, efforts over the 
ymrs have focused on increasing the dosc of wnventional 
radiotherapy delivered to the tumor, adding chemother- 
apeutic agents which crass the blood-brain barrier to 
standard radiotherapy, utilizing hypoxic cell Stnsihn, 
or using high linear energy trader (LET) radiation such 
as fast neutrons In general, thest efforts bavc met with 

r. 

little or no success in terms of inncased patient survival. 
One consistent finding in these studies is the important 
prognostic significance of tumor hhology. Initially. the 
Kernohan schema (6) was used to segregate astrocytomas 
of the brain into four categories, but then the Nelson 
schema (IO)  was shown to be of greater prognostic sig- 
nificana. In the latter approach, malignant gliomas of 
the brain arc divided into three categories: welldiffcren- 
tiated astrocytomas. anaplastic-atypical astroqtomas 
(M), and glioblastoma multiforme (GBM). The last two 
categories comprise the more e v e  lesions and clin- 
ical trials t d n g  various experimental therapies arc gcn- 
d l y  mtrided to them. The d i f f m n a  betwecn AAF 
and GBM relates to the prrscncc of necrosis which occurs 
in the latter but not in the former (10). In most series. 
patients with M F  tend to account for about lS-i-2o(k of 
entered cass and in wmpan'ng various treatment urns 
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it is important to make sure that thcy ~ I X  balanced in 
rcgardr to this histological distinction. MOIWvtr. this 
subgroup of patients provides a unique tcst of the long- 
term morbidity of various treatment a- 

In this paper wc will analyze the long-term survival 
data of patients with tumors confinned on c tn tn l  pa- 
thology review ps being AAF who were treated on Radia- 
tion Therapy Oncology Group (RTOG) ptotocols dc- 
signed to test different approaches to the tmtmcnt  of 
malignant gliomas (a) photon radiation alone. (b) photon 
radiation + chemotherapy, (c) photon &tion + che- 
motherapy + misonidamle, and (d) photon radiation 
+ neutron radiation. In some sense as one goa from a p  
proach (a) t o  approach (d), the treatment b a x m a  "more 
agkrmive" and we will sa that this, unfortunately, coc- 
relates with d e c r e d  survival in patients' with U F .  In 
this context wc will ~ 3 e  %ore aggrrssive" to d e r  to a 
more complicated and/or more comprehensive form of 
treatment with greater inherent risks to the patient Thii 
sctms to hold pdcu la r ly  in the favorable subgroups of 
"younger" patients and "better" Kanrofdcy performance 
status patients. It was also unfortunate that none of thcsc 
approaches made any significant dilTcrcnce for the 
subgroup of patients with the more virulenf GBM tumors. 

METHODS AND MATERIALS 

Patients discussed herein were entered on one of' four 
RTOG protocols final reports presenting the detailed 
rcsults as far as the primary study endpoints were con- 
ccmed have k e n  previously published and so this infor- 
mation will not be repeated h m  (1.4.7.9). To k eligible 

,for one of t ha t  studies, patients had to have a supraten- 
torial, malignant glioma. The pathology for all the patients 
was centrally reviewed by one of us (J.S.N.) and classified 
as to either GMB or AAF (IO). Only those patients with 
the latter histology will be cons ided  in this paper. The 
design of the four studies and further patient eligibility 
criteria are outlined below. 

RTOG 7441/ECOG I374 
This was a study done in conjunction with the Eastern 

Cooperative Oncology Group (€COG). It was a four- 
armed study with patients being randomized to either ( I ) 
60 Gy whok brain radiation, (2) 60 Gy whole brain ra- 
diation + 10 Gy tumor boost, (3) 60 Gy whok brain ra- 
diation + carmustine (BCNU) at 80 mum' on days 1-3 
and subsequently at  240 mglm' every 6-8 week (after 
3/76, toxicity led to a dosc modification to 80 mglm' 
days 1-3 cvery 8 wceks), or (4) 60 Gy whok brain d i a -  
tion + scmustine (MeCCNU) + dacarbezine (DTIC) (be- 
fore 6/75 the DTIC was given at 175 mdm' fbr 5 days 
at C w k  intenals and MeCCNU waf given at Is0 mgl 
m' orally every 8 weeks begianing on the 51h day of d- 
t m t i n g  courses of DnC; bccausc of toxidty, the DTlC 
dose was later reduced to 150 mgm' and the MeCCNU 
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to 125 mglm'). The chemothtkpy was to be given for 2 
years following radiothaapy. The radiation was given at 
the rate of 1.7-2.0 G y  per fraction on a 5 day-a-week 
bask Fktients had to be in the age range of 18-70 yean 
and have a KarnoEiky ptrfomance status (KPS) of 240. 
Further study details arc found in the rrpofl (I) .  

RTOG 79-18 
J%e,was a two-armed study that randomized patients 

to either ( I )  60 G y  whole brain radiation + carmustine 
(BCNU) at 80 mglm' IV on days 3.4, and 5 and then 
every 8 wceks for 2 yean or (2) 60 Gy whole brain radia- 
tion + BCNU + mhnidazole with the radiation r h c d u k  
k i n g  tailored to the misonidazole delivery. An oral dose 
of 23 gm/m' of mhnidazole was given on Mondays with 
4 Gy being given 4 hr later and then I .5 Gy was given on 
Tuesdays, Thundays, and Fridays. This was repeated for 
6 weeks resulting in a total dose of misonidazole of IS 
gm/m2 and 51 C y  to the brain. Following this, five ad- 
ditional treatments of I .8 Gy wcre given to bring the tow 
dosc to 60 Gy. On arm ( I )  the radiation was given con- 
ventionally at 1.7-2.0 Gy ptr fraction Sdays-a-wak. R- 
tients also had to have a KPS of at least 40, k betmcn 
18-70 yean old and have normal hematologic status, Iim 
and renal function. Only patients randomized to arm ( I ) 
are included in the present analysis. Additional details am 
noted in Referencc 9. 

RTUG 76-11 
This was a d i a t i o n s n l y  study that comparcd the cf- 

f h s  of a neutron boost versus a photon boon Rticna 
received 50 Gy whole brain photon irradiation in 1.8-2.0 
Gy fractions on a 5 day-a-week hasis followed by eiihtr 
( I )  I5 Gy photon boon or (2) an  RBE-adjusted neutron 
boost to a dose thought to be equivalent to IS Gy photon 
irradiation. The photon boost was given in 8-10 fractions 
over 1.5-2 wceks and the neutron boost was given in b 
8 fractions over 1.5-2 weeks. Further details of the study  
are given in Reference 4. 

RTOG 80-07 
This was a randomized study that searched for a d e  

neutron boost dosc that would also give a rtasorubk 
probability of irradiating the tumor. This study was based 
on the observation that in the neutron boost subgrou~ d 
RTOG 76-1 I, t h a t  was a high perantage of patients who 
died of radiation side efficts without any evidence d:u-  
mor progression. In RTOG 80-07, patients receival rhc 
neutron irradiation throughout the entire course of m- 
diotherapy using a "field-within-a-field" technique. Pa- 
t k n u  received 45 Gy whole brain photon imdiaimn at 
I .5 Gylfraction, Sdaysa-wcck and on 2 non-suaxsvc 
days racdved neutron booa inadiation prior to and wnthin 
3 hr of the photon imdiation. The randomization &nu 
was complex but eventually six different dose leveh vrc~c 

test&3-6 Gy,, 4.2 Gy,. 4.8 Gy,, 5.2 Cy,. 5.6 Gy,. 



TabkI.Mmiaism tive data of the rrspec(ive studies 

RTOG R7oG 
RTOG 740l/sax; 1374 RTOG 761 I 7918 8007 

photonr pbotoo Waon Photon Photon phocon 
O d Y  +chemO d V  + neutron + Ehemo + mtmn 

288 

23 
5 

260 
0 

22 
199 

39 

35 I 

32 
4 

315 
1 

32 
230 

52 

83 

5 
0 

78 
0 

8 
62 

8 

83 

3 
0 

80 
0 

I I  
60 

9 

160 

13 
0 

I47 
0 

2 
, I  19 

26 

203 

13 
0 

190 
0 

6 
I55 
29 

and 6.0 Gy,. The neutron boost wasginm in 12 firtiom 
over the 6 meks that the whole tnain photon imdhtion 
was given. Patients had to be greattt than 16 yavs old 
and have a neurological function class barnen I-IIX. Fur- 
ther details of the study and the rationale for its design 
are given in the original report (6). 

For the purpose of this study, wc will combine the pa- 
tients into th= groups: 

a Photons alone-the palients come from arms (1) 
and(2)ofRTOG 7441/u30G 1374aadtbepboton 
boost arm of RTOG 761 I; 

b. Photons + chemotherapy--tberc patiam come 
from anns (3) and (4) of RTOG 7eOl/ECOG 1374 

E. Photons + aeutmn boost--these patientrcome from 
the neutron boost ann of RTOG 761 I and all six 
arms of the dose-searching study RTOG W 7 .  

The adminihative dam for thw protocds is sum- 
marized in Table I. The bottom line of the tlMe gives the 
number of analyzable cases that each study conmiutes 
to the present report. It was necessary to "pool" the pa- 
tients because the number of AAF patients was limited 
in any given study. The pretreatment charaaeristics of 
the combined patient groups are listed in Table 2. Note 
that combining patients from different protocols in this 
'Aay can lead to an imbalance among prognostic factors 
iuch as age and KPS becaw the ppticnts wat not n n -  
domly assigned into the three pups wc hlt analydng 
We will attempt to a m u n t  for this in part by s u b  anal- 
ysis occording to the relevant variabk 

The sutvival cuwes in the next d o n  wen akulatcd 
using the Kaplan-Meier method (5 )  and diBatlras be- 
tween curvcs analyzed using the chi-square (hg d) tat 
with two-sided d i f f m n m  (8.1 I). Fdlow-up tima arc 
ncasu rd  from the initiation of -. A Cox ncpvW 
~nalysis (2) was used to determine prognostic &bks 
elating to survival and linear cnnd teSting was used 

and (1) of RTOG 79-18; md, 

to compare the changes among the t h m  poolad sub 
groups ( 12). 

RESULT3 

The major endpoint considered in this paper is onrrli 
survival. Figure I shows patient survival as a function d 
yean from entry into the study. The median r u n i d  u 
3.0 yean for the patienu treated with photons alone. U 
yean for the patients treated with photons and e 
thuapy, and I .7 yean for the patients treated w i l  pbaonr 

Table 2. Rctrcatmmt charrcceriniCr Orthe 
thm patient rubgroupr 

Photons phaor 
PhOtON + + 

only cherno aeutr01 
(N=47) (N-78) (N - U) 
No. 'b No. % No. S 

A S  
16-39 26 55 29 37 19 SO 
40-59 17 36 39 50 12 32 
60+ 4 9 10 13 7 I: 

Biopy only 18 38 17 22 15  39 
Rrtirlrrscction 25 54 42 54 20 53 
Total d o n  3 6 I5 19 2 5  
OtJUf 1 2 2 2 . 5 1 3  
Unknown 0 0 2 2 . 5  I 3  

<70 19 40 27 35 I1 29 
80-100 28 60 51 65 27 71 

WOfk 25 53 31 40 16 42 
I5 32 38 49 20 53 Home 

Hospitnl 6 13 9 I I  2 5  
conu 1 2 0 0  0 0  

Prior turgcry 

KPS 

Neurologic fundon 

_ - -  



and neutronn Assuming equivalent patient populations, 
t h e  curves arc not statistically diffmnt ( p  = 0.21) (8, 
1 I). Surn'val data is also shown in a tabular form in Table 
3 to facilitate numerical comparison at various time in- 
tervals. The number of patients at  risk for each time in- 
terval is also indicated in the table. 

All of the studies ( I ,  4, 7, 9)  individually used a Cox 
stepwise analysis (2) to identify the major prognostic fac- 
tors relating to survival. Age and ?Camofsky pcrfonnanct 
status mrc found to be important in all studies. A Cox 
analysis on the combined data set confirmed agc and 
Kamofsky status as prognostic factors and also identified 
neurological function clas as significant in relation to 
survival. Although the individual studies were stratified 
(and balanced) according to the major prognostic factors, 
ona  treatment arms from the various studies an com- 

Table 3. Tabular display of patient suMval for the 
t h m  patient subgroups 

Time (yean) 

0 
I 
2 
3 
4 
5 
6 

Photons 
(N = 47) 

Photons 
+ chemo 
(N = 78) 

Photons 
+ neutrons 
(N = 38) 

No. S No. 8 No. 'k 

47 100 
29 65 
26 61 
22 51 
16 37 
13 35 
9, 31 

78 100 
59 78 
42 54 
31 44 
25 36 
I7 29 
I 1  20 

38 loo 
29 76 
14 41 
9, 29 
4' 19 
3' 19 
2' 13 

Dcd/tot.l 36/47 5 9 m  29/38 
Medira survival 3.0 yar~ I .  23 1.7 ycys 

~ 

Estimates may k unr r l ibk  because of small patient num- 
bers. - 

bined, this is not necmarily the casc. Rcvicw of Table 2 
shows some obvious d i f f e n n m  To d u a  pOaible bias- 
ing from this. we next consider separately the mod  fa- 
vorable patient subsets in each treatment category. 

Figure 2 show patient survival for the subset of patients 
under 40 years of age. There were 26 patients in this cat- 
egory treated with photons alone, 29 patients treated with 
photons and chemotherapy. and 19 patients treated with 
photons and a neutron boosL Respeaive mad& survivals 
arc 5.1 yean, 3.2 years, and 2.1 years. The cums them- 
selves arc not statistically different (p = 0.15). but t h m  
is a linear trend (p = 0.06) of decreadng survival going 
from photons alone to photons + chemothuapy to pho- 
tons + neutrons. Comparing only the photon curve vcms 
the photons + neutrons curve, the pvalue is 0.07; com- 
paring photons alone to photons + chemotherapy the p 
value is 0.23. Note that the differtnoa behwetn the median 
survivals in this "more favorable" subgmup h e r  
than in the overall series. Thm werc no dear trrnds in 
the other age groups. Patients in the middk agc group 
(40-59 years) had respective median survivals of05 years. 
2.2 years, and 1.7 years ( p  = 0.1 I). Comparing photons 
to photons + neutrons was not suggestive of any differ- 
ences; comparing photons to photons + chemotherapy. 
the pvalue was 0.06 in favor of the addition of chemo- 
therapy. There were too few patients in the oldest group 
(260 years) to generate reliable median survivals as a 
function of treatment method. 

Figure 3 shows patient survival for the subset of patients 
having a favorable KPS 2 80. There were 28 patients in 
this category mated with photons alone, 51 patients 
m t e d  with photons + chemotherapy. and 27 patients 
treated with photons and a neutron booa ReSpeaiw 
median survivals arc 3.9 yean, 3.1 years, and 2.1 years. 
These curves arc not statistically differrnt (linearized p 
= 0.09). Comparing only the photon curve and the photo0 
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Fig. 2. Patient survival as a function of time from entry Onto 
thc rrspeclive nudy for paticnu in the most Bvorabk .g 

done is shown as the d i d  cutvc. the group trutcd with phom 
and chemothenpy is shown as the dotted cum. and the gmtp 
treated with photons and a neutron boost is shctwn as the drshed 

subgroup(lea than so )'*us old). ThCgrouptrulcd with phorom 

0 0  I b 2  I3 . 
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+ neutron curve, the pvalue is 0.08; comparing the p h e  
ton curve to the photon + chemotherapy cum gives a p 
value of 0.6 I. There werc no  clear trends in the subgroup 
with Kps s 70 which showed respective median suMvals 
of 0.4 y a m ,  I .6 years, and 0.9 years 

DISCUSSION 

In this paper. m have reviewed the survival data on 
patients with the c o n h e d  histological diagnosis of AAF 
( IO) of the brain who werc treated on various RTOG pm 
tocols for malignant gliomas Tbe intent ofthese protocols 
was to move towards a more aggrrniw form of trtatment 
in an attempt to improve swiyal The protocols were 
open to both AAF and the more malignant GBM (IO). 
Review of the protocol reports show no drfience in the 
survival of patients with the confirmed diagnosis of GBM 
which ranged from 7.7-8.9 months on RTOG 7MI/ 
ECOG 1374 (I) ,  from 10.3-10.7 months on RTOG 79- 
18 (9). from 8.5-9.6 months on RTOG 76-1 I (4), and 
was 9.9 months on RTOG 80-07 (7). The patients with 
ihe diagnosis of AAF, however. seemed to show a trend 
towards reduced survival on experimental arms when 
compared with either historical data or a photon control 
arm (if present in the protocol). The problem is that this 
trend did not achieve statistical signifkancc kcaw of 
the relatively smail number of patients with this diagnosis. 
To further investigate this trend, wc haw combined pa- 
tients h m  these protocols by ategorking th& treatment 
as either photon irradiation alone, photons + &ern+ 
therapy, or photons + neutron boost. The trend was def- 
initely towards a decrtasad survival Y oae moved away 
from the "standard" treatment of photon irradiation alone 
but again, because of small pdtient numbers, statistical 
significance was not achieved. This "lumping" approach 
may smear the pragnostic stratification variabks resulting -- 

in an imbalance in the lumped groups. To test this cffm 
wc looked sp.rptely at the better prognostic categoria 
of patienu who wm younger than 40 years and who had 
the best Karnofslty pcrfonnanct status. In each instance, 
thc linear trend of a more aggrrssive form of treatment 
resulting in deaased survival was evident 

Furlher infomation is present if one considen the 
published results of the experimental M of RTOG 79- 
18 (9)  wherein thc addition of misonidazok to photon 
i d i a t i o n  + BCNU chemotherapy resulted in a decrease 
in the median survival of the anaplastic astmcytoma 
subgroup from 30.3 months to 13.2 months Note that 
the time-dosc schedule of the radiation therapy was altmd 
on the misonid;rtote ann and so part of the ddeterious 
effect might k due to t h u  This data is compared with 
thc m e d i i  survival mlts of our present 8d& in Tabk 
4. A more complete analysis of the effect of mkonidamle 
in this patient,population is in progrrss (3). 

Whik the measured diflerences arc not statistically sig- 
nificant due to the number of patients at  risk (even in the 
pooled data), m bdiew the tnnd pointed out in this paper 
is d. Hence, we PR led to the conclusion that attempts 
to improve patient survival for high grade gliomas of the 
brain have not changed survival at all for the more virulent 
histology of glioblastoma multiforme and have advmely 
impacted survival for patients with the l e s  virulent his- 
tobgy of anaplastic-atypical astrocytoma with the favor- 
able prognostic factors of age < 40 years and KPS of 80- 
100. Them is an  indication in the study reports ( I ,  4, 7, 
9) that some patients treated with a neutron boost had 
histopathological evidence of tumor stexilkation while 
patients treated with photons f chemotherapy tended to 
die of progrrSrive tumor. A detailed analysis of the autopsy 
information is currently in progress 

7hcsc rcsults must be considered in future protocol 
design. One avenue might be to &ct patient entry to 
glioblastoma multifonne alone, but this might totally ob- 
scure any deleterious late effects of treatment in a patient 
population having a longer life expectancy- On the other 
hand, one might decide to include patients 9 t h  anaplastic- 
atypical astrocytomas in future studies, but then "in- 
formed consent'' should clearly point out the increased 
risk of side effects. The implications for future protocols 
studying even l e 0  aggressive histologies such as welldif- 
ferentiated astrocytomas or oligodendrogliomas are even 
more profound. 

Table 4. Summary of median survival drtc (UM) from 
various mtient submou~~ 

~~ 

3.0 2.3 1 2  I .7 

Note The dam for photons + chernothaapy + misonidamk 
k from Ref' (9). All patients with the diagnosis ofanaphdc 

arc indudcd. 
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