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Special Feature 

RADIATION THERAPY ONCOLOGY GROUP (RTOG) SURVIVAL DATA ON 
ANAPLAsIlC ASTRocyToMAS OF THE BRAIN: DOES A MORE &GRESSIVE 

FORM OF TREATMENT ADVERSELX IMPACT SURVIVAL? 
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INTRODUCIlON 

In the United States alone then were approximately 
10.200 deaths in 1987 attributed to antral  nervous system 
malignancies ( 1  3). The majority of these wcrc due to ma- 
lignant gliomas of the brain. These tumors present a par- 
ticular challenge to the radiation oncologist since local 
tumor persistence and/or recurrence followad by inex- 
orable growth tends to be the primary failurc mode and 
cause of death. 

In attempts to improve local control, efforts over the 
years have focuscd on increasing the dore of conventional 
radiotherapy delivtred to the tumor, adding chemother- 
apeutic agents which cross the blood-brain barrier to 
standard radiotherapy, utilizing hypoxic cell ScnSitirCrS, 
or using high linear energy transfer (LET) radiation such 
as fast neutrons. In general, thest efforts have met with 

f .  

link or no su~xg in terms of incrwsai ptimt survival. 
One oonsistcnt finding in thesc studies is the important 
prognostic significance of tumor histology. Initially, the 
Kcrnohan schema (6) was used to scgrrgate astrocytomas 
of the brain into four categoria, but then the Nelson 
schema ( I O )  was shown to be of greater prognostic sig- 
nificance. In the latter approach, malignant gliomas of 
the brain arc divided into t h r u  categoria: mlldifkren- 
tiatad astrocytomas. anaplastic-atypical astrocytomas 
(AAF). and glioblastoma multifotme (GBM). The last two 
categoria comprise the morr a&ve ksions and clin- 
ical trials testing various experimental therapia ZIT gen- 
d l y  restricted to them. 771e diffenna between AAF 
and GBM relata to the presence of necrosis which OCCUK 

in the latter but not in the former (10). In mod series. 
patients with M F  tend to account for about I S-2B of 
entered CBSQ and in comparing various treatment u r n s .  

Reprint requests 10: Gaxgc E. h a m %  Ph.D, M.D. Ampted for publiation I7 M8y 1989. 
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it % imporiurt to make art rh.1 they in 

reguds to histologid distinction M o ~ w u r ,  thin 
of patients pmvida a unique ted of the kng- 

morbidity of vuious .pprorrcher 
r U n r i d  

of patients with tumors confirmed on CentrrI pa- 
thdooy *.sWng M F w h o  mrr trtrted on M i a -  
oioo Tbcnw Oncology Group CRnX;) prolocds dc- 
g i g d  to tcst ditferent lppnveher to thc tmtment of 
nulignrnt gliomas (a) photon ndttion Jon, @) pbaton 
d i n t i o n  + chemotherapy. (c) p@on &tion + &e 
motbcrrpy + misonidauk md (d) photon d i t i o n  
+ neutron radiation. In some s e a  as ollc goes from a p  
prooch (a) to .ppropch (dA thc treatment bsoma -more 
ygreaive” and we will see that this, unfortunately, cur- 
&a with dertwMdnuvival in patients with MF. In 
this context we will use aggrusivt“ to dkr to a 
mort compliated andlor more comprrbensive fonn of 
autment with greater inherent risks to the pntimt. This 
sams lo hold particulady in the favorable subgroups of 
wnga” patients and “better- KmnoGky p a f i  
status patients It was also unfixtunate thu none of these 

Subgroup of patients with tbe more virulent, GBM tumors. 

In this paper we will 8 d y z C  Lhe 

..pproadres made any significant difkmMx for the 

MElllODS AND MATERIALS 

Patients discussed herein were enteed on one of four 
RTW protocols. Final reports prrrenting the det4ited 
rrsults as far as the primary study endpoints were con- 
caned have been previously p u M i  and so this infor- 
mation will not be repeated herc ( I ,  4,7.9). To k eligible 

,for one of thest studies, patients hrd to have a supnten- 
torial, maIignant glioma The pathology for dl the patients 
was centrally reviewal by OM of us (JS.N.) and dassiCcd 
as to either GMB or AAF (IO). Only thost patients with 
the latter histology will be considered in this paper. The 
design of the four studies and further patient eligibility 
criteria arc outlined below. 

RTOG 74-01/ECOG 1374 
This was a study done in conjunaion with the Eastern 

Cooperative Oncology Group (ECOG). It was a four- 
armed study with patients being randomized to either ( I  ) 
60 Gy whole brain ndiation, (2) 60 G y  whole brain ta- 
diation + 10 Gy tumor booss (3) 60 Gy whole brain ra- 
diation + carmustine (BCNU) at 80 mum’ on days 1-3 
and subsequently at 240 mumz every 6-8 weeks (after 
3/76, toxicity led to a dosc modification to 80 mg/mz 
days 1-3 every 8 weeks). or (4) 60 Gy whole brain radia- 
tion + scmustine (MeCCNU) + &cartwine (DTlC) (be- 
forr 6/75 the DTIC was gim at 175 mum’ for 5 days 
at C m e k  intervals and McCXNU was given at IS0 mg/ 
mz orally every 8 weeks begirining on the Sfh day of al- 
ternating cou~scs of DTIC; k a u s c  of toxicity, the D n C  
dose was later d u d  to I S 0  mum’ and the McCCNU 

-1989.V- If.)lll.rbsb . 
to 125 mg/m3. nK ebanotkpy was to begiven fix 2 
y u n  fdlowing rdiothaapy. Tbc &tion was givcn at 
thc nte of 1.7-2.0 Gy pa f d o n  on a 5 dry*-mck 
basis. Patientshad to be in the age nngcof 18-70 years 
and have a lonrofsky pafornunoe N t u f  (W) of 240. 
Fu* study &tails arc found in the Original replt (I). 

RTOG 79-18 
Thk,was a two-mned rtady that randomized pmtients 

to a& ( I )  60 Gy whok brain mdiition + amustine 
.L (BOW) at 80 mum’ I V  on drys 3.4, and 5 and then 

every 8 waks for 2 yanor(2)tiOGy whde brPin radia- 
tion + BCNU + m i s o n i c  with thc radiation s d d u l e  
king tailacad to the misonidudt ddivery. An onl dose 

4Gybeinggiim4hrLtcrurdthen ISGywrrgivenon 
TUe0d.n Thusdays, rad Fridrys. ’fhit was npated for 
6 melo resulting in a total dore ofrnironidude of 15 
m/mz and 51 Gy to the txain. Following thir five ad- 
ditional trcatmmuof1.8Gymrrgiwn tobringthetotal 
dose to 60 Gy. On arm ( I )  the d i t i o n  wasgiven con- 
ventionally at 1.7-20Gy pa frrdon Sdays-a-welc Pa- 
rients.IS0 had to h v r  a KPS ofat km 40, be between 
18-70 years old and have normal hematologic status, liver 
and renal function. Only patients randomized to a m  ( I )  
are included in the prcsent analysis. Additional details are 
noted in Refmncc 9. 

of= d m ’  of m’ lsonidpzak WIS &en on Mondays with 

RTOG 76-11 
this was a d i t ion -on ly  study that compared the tf- 

rims of a neutron boost versus a photon boost Patients 
mxived SO Gy whole bmin photon i d i t i o n  in 1.8-20 
Gy fiaclions on a 5 day-a-week basir followed by either 
( 1  ) IS G y  photon boosl or (2) an RBE-djustcd neutron 
boost to a dose thought to k equ iden t  to 15 Gy photon 
irradiation. The photon boost was given in 8-10 fractions 
over 1.5-2 meks a d  the neutron boost was given in 6- 
8 fractions o m  1.5-2 weeks. Further details of the study 
arc given in Refertnct 4. 

RT0G 80-07 
This was a randomized study that searched for a safe 

neutron boost d o x  that would also give a reasonable 
probability of irradicating the tumor. This study was based 
on the observation that in the neutron boos! subgroup of 
RTOG 76- I I ,  there was a high percentage of patients who 
died of radiation side effects without any evidence of tu- 
mor progression. In RTOG 80-07, patients received the 
neutron irradiation throughout the entire course of ra- 
diotherapy using a “field-within-a-field” technique. Pa- 
tients rcaivcd 45 Gy whole brain photon irndiation at 
1.5 Gylfnction, 5days-a-wak and on 2 non-suQxssve 
days recti& neutron boast inadiation prior to and within 
3 hr of the photon i d i t i o n .  The randomization schema 
was complex but evcntualiy sir different dose kvels were 
tested 3.6 Gy,. 4.2 Gy,. 4.8 Gy,, 5.2 Gy,, 5.6 Gy,. 

i 
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RTOG RTOG 

Phocolu pbaton Pbaon Photon Pboron Photon 

RTOG 7401- 1374 RTOG 761 I 791s 8007 

ocrlr +chaw d Y  + neutron + cbcmo + neutron 

Topl cniasd 288 35 I 13 83 160 203 
IndidWancdW 

iatnlurble 23 32 5 3 ‘  13 13 
No onrtudy data 5 4 0 0 0 0 

M Y  260 315 - 78 80 147 190 
No fdlov-up 8 .  ’ I ’ 0  0 0 0 
No 

22 32 8 I I  2 6 
GBM arz 199 230 62 60 I19 I 55 

Arrrlynbk M F  cases 39 52 8 9 26 29 

pdhology 

d 6.0 Gy..,. The neutron boost wasgivcn in 12 fiaaioas 
over the 6 weeks that the whole brain photon i n a d i i o n  
was given. Patients had to be greater than 16 yearz OM 
lad have a neurological function dass betmar I-IIL Fur- 
ther details of the study and the ntionak for its design 
arc given in the original report (6). 
For the purposc of this study, m will combine the pa- 

tients into three groups: 

a. Photons alone-the patients come h m  arms ( I )  
and(2)ofRTOG 7601/u3oG 1374aadthepboton 
boost arm of RTOG 76-1 I; 

b. photons + chemotherapy-thcsc patients come 
from arms (3) and (4) of RTOG 74-01/ECOG 1374 
and arm ( I )  of RTOG 79-18; an4 

c Photons + neutron boost--thae patienboome fiom 
the neutron boost arm of RTOG 76-1 1 and dl six 
arms of the dose-searching study RTOG 8047. 

The administrative data for these protoaols is sum- 
marized in Table I. The bottom line of the tabk gives the 
number of analyzable cases that cacb study contributes 
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 characteristics of 
the combined patient groups are liaed in Table 2. Note 
that combining patients from different protocols in this 
‘A’ay can lead to an imbalance among prognostic factors 
Juch as age and KPS because the patients wcre not ran- 
domly assigned into the three groups wc am analyzing. 
W e  will attempt to account for this in part by subset anal- 
ysis according to the relevant variables. 
The survival curves in the next seaion wcre calculated 

using the Kaplan-Meier method (5 )  and differences be- 
tween curves analyzed using the chi-square (kg rank) test 
with twu-sided differences (8, I I). Fdlow-up times arc 
wasurcd from the initiation of therapy. A Cox Stepwise 
Jnalysis (2) was used to determine prognostic variables 
relating to survival and linear trend testing was used 

- 

to compare the changes among the thra pooled sub- 
goups ( 12). 

RESULTS 

The major endpoint considered in this paper is overall 
survival. Figure 1 shorn patient survival as a function of 
years from cnuy into the study. The median survival is 
3.0 years for the patients treated with photons alone. 1 3  
yean for the patients treated with photons and &em* 
thaapy, and 1.7 years for the patients trcatal with photons 

Table 2. Pretreatment chpnaeriaia of the 
t h m  d e n t  S U ~ U D S  

photons Photons 
photons + + 

only &mi neutmns 
(N = 47) (N = 78) (N = 38) 

No. B No. Z No. S 

Ase 
16-39 26 55 29 37 19 50 
40-59 17 36 39 50 I2 32 
60+ 4 9 10 I3 7 18 

Prior surgery 
Biopsy only 18 38 17 22 IS 39 
Partial revction 25 54 42 54 20 S3 
Total ramtion 3 6 I5 19 2 s  
Other 1 2  2 2.5 I 3  
Unknown 0 0 2 2 . 5  I 3  

<70 19 40 27 3s I 1  29 
80-100 28 60 SI 65 27 71 

work 25 53 31 40 16 42 
Home I5 32 38 49 20 53 
Hospital 6 13 9 I 1  2 s  
coma I 2 0 0  0 0  

KPS 

Neurologic function 

I 
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ind neutrons. Assuming equivalent ptkot Popuktion~ 
thesc CUIVCS arc not rt.tisticaIly different (p = 021) (8, 
I I ). Suw’val data is also shown in a tabular form in Table 
3 to facilitate numerical comparison at various time in- 
ta-vak. 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 
Siepwise analysis (2) to identify thc major pognostic fac- 
t o ~  relating to survival. Agc md hofsky  performance 
a t u s  wen found to be important in all studies A Cox 
l0at~i.s on the combined data set confirmed age and 
Karnofsky status as prognostic factors and also identified 
neurological function dass as significant in da t ion  to 
survival. Although the individual studies were stdfied 
(and balanced) according to the major p r o g n d c  factors 
once treatment arms from the various studies arc com- 

Table 3. Tabular displny of patient sumnl for the 
three patient w b u m  

photons Photons 
Photons + chemo + neutrons 
(N = 47) (N = 78) (N = 38) 

Time(ycars) No. B No. S No. S 

0 
1 
2 
3 
4 
5 
6 

Wt0t.l 
Median survid 

47 Loo 
29 65 
26 61 
22 51 
16 37 
13 35 
9. 31 

36147 
3.0 yean I 

78 loo 
59 78 
42 56 
31 44 
25 36 
I7 29 

. I I  20 
59P8 
2.3 wan 

38 100 
29 76 
14 41 
9 . 2 9  
4. I9 
3. 19 
2. 13 

29/38 
1.7 y a ~  

~ ~~ 

Estimates n u y  k unnliabk bcarrrt of d patient num- 
bm 

binad, this is not nccessdythecree. RtvimofT.bk2 
chowsoomedwiousdiK~TodlIapossblebias- 
ing from thii clrc next consider repantdy tbt most fa- 
vorable patient subsets in ach lrcltment category. 

F g u ~  2 shows patient s u n i d  k t h c  rum ofpatients 
under 40 yarr of a@. Them m 26 palknls in this cat- 
egory treated with photons alone, 29 patknts treated with 

photonsandrncutmn tpoa ~vcmcdianmediurrurvivals 
u t 5 1  p ~ . 3 . 2 ~ a n d Z l ~ ~ ~ ~ t h e m -  
selves we not rrptiaially diffbtnt (p = 0. IS), but then 
is a linear vtnd ( p  * 0.06) of dayeasing survival going 
from photons alone to photons + c h e m o t b ~ ~  to ph* 
 to^ + lleutl01-1~ Comparingonlythephoconavrrtvasus 
the photons + ~ K U ~ ~ O N  cum, the pnluc i s  0.07; mm- 
paring pbotons done to photons + Chanotharw the P- 
n l ~ e  is0.23. ~ o t c  thrtthedifferencesbetwaa the median 
survivds in this ymoct tkvorabk” arbgroup me larger 
than in the o d  &esTbatwcre aodartrerrds in 
the other age groups. Patients in the middle rgc group 
(40-59 yeas) had d v t  median sutvivrlsofO5 yeas, 

to photons + neutrons was not ruegativr of any diffa- 
en- comparing photons to photons + chemotherapy, 
the p-value was 0.06 in favor of  the addition of chemo- 
therapy. There were too fnv patients in the ddest g o u p  
(260 yean) to generate reliable median suMvals as a 
function of treatment muhod. 

Fwct 3 shows patient survival for thesubsa ofpatients 
having a fivorable KPS 2 80. Thee WCIT 28 patients in 
this category treated with photons alone, 51 patients 
trartad with photons + chemotherapy, and 27 patients 
treated with photons and a neutron boon R@w 
madin  survivals are 3.9 years, 3.1 yan. and 21 yam. 
Thesc curves arc not statistically different (IinepriZCa p 
= 0.09). Comparing only the photon CUM and the photon 

photons d chemotherapy. and 19 patienu treated with 

2.2 Yan, and 1.7 Y a I S  ( p  .L 0.1 I). PhOlOaS 

I -  - 
L---,- 

Rocaa 
-+chemo(haqy 
Rdaa+Namm 

-...- 
25- 

---- 
07 I I I 1 1 

0 1 2 3 4 5 6 
YIWShOmU&UdY 

Fa 2. Patient suTvivai as a function of time from mtry onto 
the Rspclive study for paticnls in lhc mort frvonb& 

done is shorn LI the d i d  cum. the p u p  trated with photo- 
and chemothcrrpy is shown as the dotted CUK. and the m p  
mated with photons and a neutron boost is shown IS the drrhed 

aibgroup ( I C s  than 40 )ryr dd). The poup MIUI with phOl0nS 



I 

+ neutron curve. the p d u e  is 0.08; compariog the pho- 
ton cum to the photon + chemotherapy arm gives 8 p 
value of 0.6 I. Therc werc 00 dear trends in the subgroup 
with KPS s 70 which showed respCave median tuwivals 
of 0.4 years, 1.6 yean, and 0.9 yeas. 

DISCUSSION 

In this paper, m have r e v i d  the survival data on 
patients with the condnaed histological diagnosis ofAAF 
( IO) of the brain who were treated 00 various RTOG p m  
tocols for d i t  gliomas. The intent of these protocols 
was to move towards a more aggrmive form oftrratment 
in an attempt to improve survival. The protocols mre 
open to both M F  and the more -t GBM (IO). 
Review of the protocol reports shows no d@rence in the 
survival of patients with the confinned diago& ofGBM 
which rangod from 7.7-8.9 months 00 RTOG 74-01/ 
ECOG I374 (1). from 10.3-10.7 months on RTOG 79- 
18 (9). from 8.5-9.6 months on RTOG 76-1 1 (4), and 
was 9.9 months on RTOG 8047 (7). The patients with 
the diagnosis of AAF, however, seemed to show a trend 
towards r e d u d  survival on expenmental arms when 
compared with either historical data or a photon control 
ann (if present in the protocol). The problem is that this 
vend did not achieve statistical Jignificance because of 
the relatively small number of PatientJ with this diagnosis. 
To further investigate thii trend, m have combined pa- 
tients from these protocols by catqorizing their treatment 
as either photon irradiation alone. photoas + chemo- 
therapy, or photons + neutron boost The tread was def- 
initdy towards a decreased suMval as one m o d  away 
from the "standard" watment of photon irradiation alone 
but again, because of small patient numbers, statistical 
significance was not achieved. This "lumping" approach 
may smear the prognostic matifiation variables resulting 

in an imbalaocc io the lumped To test this 
*Ih lodrad PCpMtdy at tbe betta *atgories 
orpatientrwtro - y0unprerth.a 40 yarrand rvbo h8d 
the kst KarnoWy paformanccstatm la& iasmce, 
thc linar trrad ofa mOlt lggrrsive form 0t-t 
raulting in deaeasad survival was evideDt 

Furiha informatioa is present X'w 
published results of the experimental um OCRTOG 79- 
18 (9) whaein the dditioo of rnisonkkok to pbotoo 
i d i a t i o a  + BCNU chcmothaapy resulted in 8- 
in the median survival of the anrrplrdic r~trocytonu 
subgroup from 30.3 months to 13.2 months Note that 
thc timedose schedule of the radiition thuapy ms altad 
on the misonidatde arm and LO put ofthcddetaious 
dcct might k due to thk This data is compared with 
thc median survival results of our p r s n t  mdysis in T.Me 
4. A more complete analysis of tbe effact of mhoidazole 
in thii patient population is in pmgres (3). 

Whik the measured diffmnca me not statistkally sig- 
nihmnt due to the number of patients at risk ( m o  in the 
pooled data), m bel im the trend pointed out in this paper 
is real. H e n s  we me kd to the conclusion that attempts 
to improve patient survival for high grade gliomas of the 
bninhavenotchangedsurvidatallfofthcmorcvinrknt 
histology of glioblastoma multifonne and have rdwrsely 
impacted survival for patients with the kss virulent his- 
toiiogy of anaptasticatypical aswocytoma witb the favor- 
able prognostic facton of age < 40 years and KPS of 80- 
100. Thm is an indication in the study rrports (1.4.7, 
9)  that some patients treated with a neutron boost had 
histopathological evidence of tumor steriliition while 
patients treated with photons f chemotherapy tended to 
die of Progrrssve tumor. A daaikd analysis of the autopsy 
information is currently in progrrs  

'Ihest results must be considend in future protoool 
design. One avenue might be to restrid patient entry to 
glioblastoma multifonne alone, but this might totally ob 
-re 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 with anaplastic- 
atypical astrocytomas in future studies. but then "in- 
formed consent" should cleariy point  out the increased 
risk of side effects. The implications for future protocols 
studying even less aggmsive histologies such as welldif- 
ferentiated astrocytomas or oligodendrogliomas are even 
mort profound. 

Table 4. Summary of median survival date (yeas) from 
various patient S J ~ U ~  

Photons 
+chemothmapy Photons Photons 

Photons + chemorhenoy + misoniduok + neutrons 

3.0 2.3 12 I .7 

Note: The dau for photons + chemothmpy + misonidazolc 
is from R d k c n a  (9). AU palieno with the dirgnosis ofmapla& 
astrocytomas are induded. 
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