
RADIATION THERAPY ONCOLOGY GROUP 

RTOG 80-07 

PHASE I1 DOSE-SEARCHING RANDOMIZED STUDY OF 

M I  XED BEAM (NEUTRON/PHOTON) 

RADIATION THERAPY FOR ANAPLASTIC 

ASTROCYTOMAS AND GLIOBLASTOMAS 

Study Co-Chairmen: G. E. Laramore, Ph.D., M.D. 

Phone: (206) 543-3390 
Thomas G r i f f i n ,  M.D. 

Modal i ty Chairman: David Hussey, M.D. 
Phone: (206) 792-3410 

Act ivated: September 10, 1980 
Current E d i t i o n :  October 16, 1981 



INDEX 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

*7.0 

*8.0 

*9.0 

10.0 

11.0 

12.0 

13.0 

Sc h ma 

I n t roduc t  i on 

Ob jec t ives  

P a t i  ent Sel  ecti on 

Pretreatment Eva1 ua t ion  

R a ndom i z a t  i on 

Radia t ion  Therapy 

Drug Therapy 

Surgery 

Other Therapies  

Pathology Review 

Data C o l l e c t i o n  

S t a t i s t i c a l  Cons idera t ions  

Addi t iona l  Treatment 

References 

Appendix I 

Appendix I1 

Appendix I11 - Neurological  Functions Class 

Appendix IV 

- Sample Consent Form 

- Karnofsky Performance S c a l e  

- Late Radia t ion  Morbidity Scor ing  Scheme 

*not appl i cab1 e t o  t h i  s , six&. .-. -.-. - CI -- 

0 0  I b o 3 1  



RADIATION THERAPY ONCOLOGY GROUP 

S 

T 

R 

A 

T 

I 

F 

Y - 

RTOG 80-07 

PHASE I 1  DOSE-SEARCHING NONRANDOMIZED STUDY OF 
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RADIATION THERAPY FOR ANAPLASTIC 
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Photons : 
4500 rad who1 e brai n i r r a d i  a t i  on 
in 30 fr3ctions over 6 weeks. 

Neutrons : 
Two treatments per week (preferably 
separated by two  o r  more days) given 
prior t o  and within 3 hours of the 
pho ton  irradiation for  t h a t  day t o  a 
boost f ield geometry 1 oca1 i zed t o  the 
primary tumor vol me. 

360 radny* in 12 fractions over 6 
weeks . 
420 radny* i n  12  fractions over 6 
weeks. 

480 radny* in 12 fractions over 6 
weeks . 

*For the Seattle, Washington Neutron faci l i ty .  
fac i l i t i es  are t o  be scaled according t o  the relative R B E ' s  o f  the 
respective neutron beams. 

Doses for the other 

Patients may be randomized by calling RTOG Headquarters (215)  574-3191, 
between 9 a.m. and 5 p.m.,  EST. 

CASE CREDITS: 2 credits per case 



1.0 INTRODUCTION 
1.1 Oisease  Background. 

A1 though uncomon compared t o  o t h e r  mal ignancies  , recent 
s t a t i s t i c s  i n d i c a t e  t h a t  t h e r e  a r e  about 11,000 new c a s e s  of 
primary b r a i n  and c e n t r a l  nervous system tumors o c c u r r i n g  
each year. '  Approximately 2% of  a l l  c a n c e r - r e l a t e d  d e a t h s  
a r e  c a u s e d  by p r i m a r y  b r a i n  t u m o r s ,  and  a n a p l a s t i c  
as t rocytomas  and g l iob la s tomas  a r e  the most mal ignant  of the  
i n t r a c r a n i a l  neoplasms. These l e s i o n s  t e n d  t o  be h i g h l y  
i n f i l t r a t i n g  i n  c h a r a c t e r  and g e n e r a l l y  cannot  be completely 
removed s u r g i c a l l y  due t o  the c l o s e  proximi ty  of v i t a l  b r a i n  
a r e a s .  F o l l  owing d i  a g n o s i  s and g e n e r a l  l y  a s u r g i c a l  
debulk ing  procedure,  r a d i a t i o n  the rapy  i s  r o u t i n e l y  g iven .  
Nevertheless, 1 oca1 tumor persistence or recurrence r a t h e r  
t han  m e t a s t a t i c  spread  c o n s t i t u t e s  the pr imary f a i l u r e  mode. 
A t  the p resen t  time, there i s  c o n s i d e r a b l e  interest i n  
e x p l o r i n g  new t h e r a p e u t i c  o p t i o n s  such a s  h i g h  d o s e  
c o n v e n t i o n a l  p h o t o n  r a d i a t i o n ,  p h o t o n  r a d i a t i o n  i n  
combination w i t h  chemotherapy and/or  r a d i a t i o n  s e n s i t i z e r s ,  
and high l i n e a r  energy t r a n s f e r  (LET) r a d i a t i o n  such a s  
neut rons  or p i  -mesons . 
The  issues o f  high  dose  convent iona l  photon i r r a d i a t i o n  and 
the c o m b i n a t i o n  o f  c o n v e n t i o n a l  p h o t o n  i r r a d i a t i o n  w i t h  
c h e m o t h e r a p y  a r e  b e i n g  a d d r e s s e d  by a j o i n t  R T O G - E C O G  

p r o t o c o l  (RTOG 74-01, € C O G  EST 1 3 7 4 )  w h i c h  r a n d o m i z e s  
p a t i e n t s  among f o u r  t r e a t m e n t  arms: (A) 6000 r a d y  whole 
b r a i n  i r r a d i a t i o n ,  ( B )  6000 r a d  whole b r a i n  i r r a d i a t i o n  
fol lowed by a 1000 rad, boos t  t o  the primary tumor volume, 
( C )  6000 r a d r  whole b r a i n  i r r a d i a t i o n  combined w i t h  BCNU 
chemotherapy, and ( D )  6000 rad  whole b r a i n  i r r a d i a t i o n  
combined w i t h  MeCCNU and DTIC chemotherapy. As o f  January  
1980, 552 e v a l u a b l e  p a t i e n t s  had been p laced  on the s t u d y  
w i t h  median s u r v i v a l  among the t r e a t m e n t  arms a s  i n d i c a t e d  
bel ow. 

Y 
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Median Surv iva l  i n  Months -- RTOG 74-01, ECOG EST 1374 

Treatment  Arm A n a p l a s t i c  Astrocytoma Glioblastoma 
A 17 8.1 
B 30 7 . 7  
C 25 8.5 
D 22.8 9.5 

The most d rama t i c  result o f  t h i s  study i s  the  p rognos t i c  
d i f fe rence  between the  h i s t o l o g i c a l  c l a s s i f i c a t i o n s  o f  
" a n a p l a s t i c  as t rocytomas" and "gl iob l  astomas." In t h e  c a s e  
o f  the  a n a p l a s t i c  as t rocytomas ,  the  a d d i t i o n  of  high dose  
b o o s t - f i e l d  r a d i a t i o n  t h e r a p y  h a s  t h e  mos t  i m p a c t  on 
s u r v i v a l .  However, f o r  t h e  g l iob la s tomas  the a d d i t i o n  of 
MeCCNU and OTIC has the most effect. Nevertheless, i n  a l l  
f o u r  t r e a t m e n t  arms, l o c a l  f a i l u r e  i s  s t i l l  the predominant 
f a i l  ure mode. 

The issue o f  convent iona l  photon i r r a d i a t i o n  combined w i t h  
currently avai  lab1 e hypoxic cel l  r a d i o s e n s i t i  z e r s  has  been 
addressed  by RTOG Protocol  78-01 which was a s ingle-armed 
p i l o t  study u t i l i z i n g  misonidazole  w i t h  a t a i l o r e d  dose  
f r a c t i o n a t i o n  scheme of convent iona l  photon i r r a d i a t i o n .  
For ty-n ine  e v a l u a b l e  p a t i e n t s  were entered on the s tudy  w i t h  
their  median s u r v i v a l  being 52 weeks a s  measured from the 
o n s e t  of  rad io therapy .  Although impor tan t  t h i n g s  were l ea rned  
r e g a r d i n g  t he  t o x i c i t y  o f  m i s o n i d a z o l e ,  l o c a l  t u m o r  
persistence o r  recurrence was s t i l l  the primary cause  of 
death .  T h i s  s tudy  i s  now c losed .  

There i s  c u r r e n t l y  an ongoing s t u d y  (RTOG 79-18) which  tests 
t h e  e f f e c t  o f  a d d i n g  m i s o n i d a z o l e  t o  s t a n d a r d  pho ton  
i r r a d i a t i o n  p l u s  BCNU chemotherapy. This i s  a Phase 111 
randomized s tudy  w h i c h  has  r e c e n t l y  been a c t i v a t e d  and a s  
y e t ,  no results a r e  a v a i l a b l e .  While th i s  i s  an  important  
s t u d y  which  may well y i e l d  improved p a t i e n t  s u r v i v a l ,  i t  must 
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1.2 

be noted t h a t  i t  invo lves  a combinat ion of m o d a l i t i e s  w h i c h ,  
t a k e n  s e p a r a t e l y ,  t h u s  far  have not l e d  t o  inc reased  local 
tumor control . 
Hiqh  LET Radiotherapy.  
High LET r a d i a t i o n  t h e o r e t i c a l l y  has two main  advantages over 
convent iona l  photon i r r a d i a t i o n  i n  e r a d i c a t i n g  c e r t a i n  t y p e s  
of tumors: ( 1 )  A lower  oxygen enhancement r a t i o  (OER), and 
( 2 )  A predominantly "multi-site" form of ce l l  damage which 
is  less s u s c e p t i b l e  t o  r e p a i r  by the tumor cells. Malignant 
gl i mas genera l  l y  have mu1 t i  pl e r eg ions  of necrosi s and 
presumably t h e s e  n e c r o t i c  f o c i  are surrounded by hypoxic 
c e l l s  w h i c h  would b e  r e s i s t a n t  t o  c o n v e n t i o n a l  pho ton  
i r r a d i a t i o n .  T h u s ,  the lower OER of  h i g h  LET r a d i a t i o n  could 
be o f  b e n e f i t  i n  tumor c o n t r o l .  Even well-oxygenated glioma 
ce l l s  a r e  expected t o  be f a i r l y  r a d i o r e s i s t a n t  and there may 
no t  be  much o f  a difference i n  r a d i o s e n s i t i v i t y  when compared 
w i t h  normal b r a i n  cells. L i t t l e  is  known about  the r e l a t i v e  
a b i l i t i e s  o f  g l i o m a  and  normal b r a i n  t i s s u e  t o  r e p a i r  
r a d i a t i o n  damage but  i t  i s  known t h a t  n u t r i t i o n a l l y - d e p r i v e d  
tumor cells  can r e p a i r  p o t e n t i a l l y  l e t h a l  damage from low LET 
r a d i a t i o n  and t h a t  th is  t y p e  o f  repair does not occur for  
tissue cells i n  their normal growth p a t t e r n O 7  Repai r  of 
p o t e n t i a l l y  le thal  damage a p p a r e n t l y  does not t ake  p l a c e  f o r  
high LET r a d i a t i o n  damage3" and t h i s  may be of  p o t e n t i a l  
b e n e f i t  i n  t r e a t i n g  malignant  gliomas. I n  a d d i t i o n ,  the cell 
c y c l e  v a r i a t i o n  i n  r a d i o s e n s i t i v i t y  i s  less fo r  h i g h  LET 
r a d i a t i o n 4  b u t  i t  i s  not c l e a r  the e x t e n t  t o  w h i c h  th is  
phenomenon c o n t r i b u t e s  t o  a t h e r a p e u t i c  ga in .  

A t  the present time, the only e x t e n s i v e  s t u d i e s  invo lv ing  the 
use o f  high LET r a d i a t i o n  for malignant  gliomas are for  fas t  
neutron rad io the rapy  beams. C a t t e r a l l  , et a1 .2 have r epor t ed  
p re l imina ry  results from Hamnersmith i n d i c a t i n g  t h a t  fast  
neutron rad io the rapy  has t h e  p o t e n t i a l  for e r a d i c a t i n g  this 
t y p e  of tumor. I n i t i a l l y ,  18 patients were t r e a t e d  t o  a 
whole b r a i n  t o t a l  neut ron  dose  o f  1560 rad  i n  12 f ract ions nr 0 0  f b 0 4  I 
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over  4 weeks. A second group of p a t i e n t s  received 1320 r adny  
whole b r a i n  i r r a d i a t i o n  i n  1 2  f r a c t i o n s  o v e r  4 weeks. All of 
these p a t i e n t s  have s i n c e  d i ed  and i n  16 p a t i e n t s  there has 
been a pos t - t rea tment  assessment  o f  d i s e a s e  s t a t u s  ei ther a t  
a "second-look" craniotomy o r  a t  autopsy.  In 69% o f  the 
c a s e s  (11/16) either no t u n o r  was found o r  o n l y  microscopic  
f o c i  o f  abnormal ce l l s  were noted. Moderate t o  g r o s s  tumor 
recurrence was noted i n  the o t h e r  31% o f  c a s e s  (5/16).  In a 
" c o n t r o l "  group o f  p a t i e n t s  t r e a t e d  w i t h  5000-5500 r a d y  
photon i r r a d i a t i o n  moderate t o  g r o s s  d i s e a s e  was noted i n  86% 
(6 /7 )  o f  the p a t i e n t s  who went t o  autopsy. This i n d i c a t e s  a 
difference i n  t h e  l o c a l  c o n t r o l  r a t e s  f o r  the two forms of 
r a d i a t i o n .  These f i n d i n g s  were confirmed by the Phase I 
p i l o t  s tudy  undertaken a t  the  Unive r s i ty  o f  Washington i n  
S e a t t l e .  l1 T h i r t y - s i x  p a t i e n t s  received who le  b r a i n  
i r r a d i a t i o n  e i t h e r  u s i n g  f a s t  n e u t r o n s  a l o n e  o r  i n  
combination w i t h  megavoltage photons a s  p a r t  o f  a "mixed 
beam" regime. T h e  l a t t e r  t r e a t m e n t  m o d a l i t y  i n v o l v e d  
t r e a t i n g  w i t h  neu t rons  twice a week and w i t h  photons t h r e e  
times a week and was based upon l a b o r a t o r y  studies by Rasey 
e t  a1 . l3 ' l4  w h i c h  showed an enhanced t h e r a p e u t i c  ga in  when 
compared w i t h  f a s t  neut ron  r ad io the rapy  alone.  Several  
c l i n i c a l  p i l o t  studies confirmed t h i s  f o r  advanced squamous 
cell  c a r c i n m a s  o f  the  head and neck reg ion  
i n d i c a t e d  less t r ea tmen t  morb id i ty  f o r  the mixed beam mode. 
In the  case o f  the  mal ignant  g l iomas ,  26 p a t i e n t s  were 
treated w i t h  neut rons  a lone ,  and i n  g e n e r a l ,  received between 
1550 rad  and 1850 rad  whole b r a i n  i r r a d i a t i o n  ove r  5-6 nr ny 
weeks. Ten p a t i e n t s  were t r e a t e d  w i t h  the mixed beam regime 
and received whole b r a i n  i r r a d i a t i o n  c o n s i s t i n g  o f  between 
600-660 radny and 2800-3200 rad ove r  5 weeks fol lowed by a 
boos t  t o  the primary t u n o r  volune o f  between 120-180 r adnr  
and 500-1000 rady.  There were no discernible d i f f e r e n c e s  
between the results of these two t r ea tmen t  arms. The mean 
su rv iva l  a f t e r  complet ing the rapy  was 10.8 months f o r  the 
p a t i e n t s  w i t h  Grade I11  l e s i o n s  and 7.5 months f o r  p a t i e n t s  

5 S 6 S 1 0 S 1 2  and a l s o  

Y 

0 0  t b 0 4 2  

A 



w i t h  Grade I V  lesions. These su rv i va l  f i g u r e s  were l ess  than 

t h o s e  f o r  an h i s t o r i c a l  group of p a t i e n t s  r e c e i v i n g  

c o n v e n t i o n a l  pho ton  i r r a d i a t i o n  a t  t h e  U n i v e r s i t y  o f  
Washington -- Grade 111 les ions mean s u r v i v a l  = 26.0 months, 
Grade I V  les ions mean su rv i va l  = 9.9 months. Autopsies were 
per formed on 1 5  p a t i e n t s  and t h e  tumor was a p p a r e n t l y  
eradicated i n  14 instances. The p a t i e n t s '  bra ins exh ib i t ed  a 
coagulat ion necrosis rep lac ing  t h e  gross tumor vol ume w i t h  
some sparsely-scattered abnormal c e l l  s (probably r e a c t i v e  
ast rocytes)  intermixed w i t h  t h e  coagulat ion regions. A 
d i f f u s e  g l i o s i s  and a whi te  m a t t e r  demyelination were found 
i n  regions f a r  from t h e  tumor volume and t h i s  presumably was 
r e l a t e d  t o  the  u l t i m a t e  cause o f  death. Thus, i t  appeared 
t h a t  f a s t  neutron i r r a d i a t i o n  could e f f e c t i v e l y  destroy t h e  
tumor mass but  t h a t  t h e  concomitant s ide e f f e c t s  t o  t h e  
normal b r a i n  t i s s u e  were too  severe. 

Based upon the  above information, an RTOG protocol  (76-11) 

was designed which r e s t r i c t e d  t h e  neutron i r r a d i a t i o n  t o  t h e  
pr imary tumor volume. CT scanning has made such a program 

feas ib le .  I n  t h i s  study, a l l  p a t i e n t s  f i r s t  received 5000 
rad whole b r a i n  i r r a d i a t i o n  i n  200 rad, f r a c t i o n s  over 5 
weeks and then were randomized t o  e i t h e r  a 1500 rad, boost o r  
a 1500 rad equivalent boost (based upon t h e  rad iob io log i ca l  
e f fect iveness [RBE] of t h e  neutron beams a t  t h e  var ious 
p a r t i c i p a t i n g  i n s t i t u t i o n s ) .  A t  t h e  U n i v e r s i t y  of 

nY 
Washington, t h e  neutron boost p a t i e n t s  received 450-500 rad  
i n  8 f r a c t i o n s  over two weeks. As o f  January 1980, 109 
evaluable p a t i e n t s  had been placed upon t h e  study w i t h  58 
pa t i en ts  rece iv ing  the photon boost and 5 1  pa t i en ts  rece iv ing  

the  neutron boost. A p r e l i m i n a r y  analys is  (January 1980) of 
t he  r a w  data i nd i ca tes  a 7.8-month median su rv i va l  f o r  t h e  

photon boost group and a 9.0-month median su rv i va l  f o r  t he  
neutron boost group. Ten p a t i e n t s  have thus f a r  survived 
more than one year a f t e r  completing therapy and o f  these, 3 
come from the photon boost group and 7 come from t h e  neutron 

Y 
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boost group. This may indicate a significant difference 
between the t a i l s  of the respective survival curves. As of 
January 1980, 32 patients in the pho ton  boost group and 26 
patients i n  the neutron boost group have died. The cause of 
death was reported as "primary b r a i n  tumor" i n  43/44 cases 
w i t h  o n l y  one pat ient  (neutron boost g r o u p )  d y i n g  of 
non-tumor-related causes. In  the remainder o f  the cases, the 
cause of death was unreported. Thus fa r ,  only the autopsied 
cases from the Seattle neutron fac i l i ty  have been reviewed i n  
detail ,  b u t  th i s  seems t o  ind ica te  t h a t  simply reporting the 
cause of death as "primary b r a i n  tumor"  obscures the  
treatment results as far  as local tumor control i s  concerned. 
The neuropathology section of the autopsy reports of 6 
patients receiving the neutron boost were reviewed and i n  5 
cases showed no evidence of persistent tumor. There was 
s igni f icant  necrosis of the  pr imary tumor  volume w i t h  
sparsely scat tered bizarre  c e l l s  t h r o u g h o u t  t he  region. 
Whether these a re  react ive astrocytes  or perhaps a 
radioresistant tumor component is  not  known a t  th i s  p o i n t  b u t  
i t  i s  certain t h a t  there was no expansively growing tumor 
component t h a t  caused the patients' deaths. This was true 
even for one patient with a Grade I V  lesion who survived 32 
months after completing treatment. I n  one case, the autopsy 
indicated viable tumor present i n  the treatment volume. This 
case was somewhat of an anomaly i n  t h a t  fibrosarcomatous-like 
elements were also present. However, the f i n d i n g s  for two 
patients who received the photon boost are i n  marked contrast  
t o  this.  In  b o t h  cases,  a region of  i n f i l t r a t i n g ,  
p ro l i fe ra t ing  tumor  mass w i t h  a n  act ively p r o l i f e r a t i n g  
vascular component was found surrounding a central necrotic 
region. These two patients died o f  progressing tumor. The 
other patients i n  the Seattle experience have either not  been 
autopsied o r  the neuropathological component of the study i s  
s t i l l  pending. Clinically, the courses o f  the patients i n  
the two sub-groups were identical -- a period of either 
s tabi l i ty  or improvement of neurological func t ion  followed by 0 0  I b 0 4 4  



a progressive deterioration leading eventually t o  a bedridden 
s ta te  and eventual d e a t h  (usually v i a  an infectious pulmonary 
process) 

Hence, there i s  evidence t h a t  the neutron radiation a s  
currently del ivered i s  capable of eradicating h i g h  grade 
gliomas b u t  t h a t  the patients are dying of  ill-defined, 
treatment-related causes. Nevertheless, the survival curves 
indicate some potential benefit fo r  the neutron treatment and 
so i t  i s  certainly worth exploring the use o f  this  modality 
further. As things stand now, i t  i s  the only known mode of 
therapy capable of eradicating the tumors, b u t  there i s  no 
evidence t h a t  there i s  a "therapeutic window" between tumor 
and normal tissue radiosensitivity. I t  i s  the purpose of 
th is  protocol t o  define a new method of delivering the 
neutron r a d i a t i o n  and t o  explore a range of neutron-photon 
doses w i t h i n  the context o f  this  method. 

This protocol study i s  confined t o  patients w i t h  mal ignant  
gliomas who  may or may n o t  have undergone a surgical 
debul k i n g  procedure. Pa t ien ts  who  have received 
chemotherapy, are undergoing concomitant chemotherapy, or for  
whom chemotherapy is being planned are not eligible for t h e  
study. While the use of chemotherapy fo r  malignant gliomas 
i s  a topic o f  current investigational interest, i t s  possible 
synergistic effect with neutron r a d i a t i o n  w i t h  regard t o  
either tumor or normal bra in  tissue damage would introduce a n  
undesirable element of uncertainty i n t o  the study. However, 
pa t ien ts  who ,  a f t e r  completing the  planned course of  
r a d i a t i o n  therapy, subsequently receive Chemotherapy for 
progressing disease will continue t o  be followed. 

1.3 General Outline o f  Study. 

In  the previous protocol (RTOG 76-11), the neutron boost was 
delivered following the whole b ra in  p h o t o n  i r r a d i a t i o n  under 
the assumption t h a t  the radioresistant hypoxic component of 
the tumor would predominate a t  t h a t  time. However, this  also 

0 0  t b o 4 5  
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subjec ted  the sur rounding  normal b r a i n  tissue t o  a neut ron  
dose  concen t r a t ed  i n  time. Furthermore, removing a p o r t i o n  
of the hypoxic cell popu la t ion  throughout  the t r ea tmen t  
c o u r s e  might a l low f o r  a p a r t i a l  re-oxygenat ion of t h e  
remaining ce l l s  and make them more susceptible t o  the photon 
component o f  the planned dose.  In  th is  study, the neutron 
r a d i a t i o n  will be d e l i v e r e d  throughout  the planned 6 weeks o f  
t r e a t m e n t ,  b u t  a s  i n  RTOG 76-11, i t  will be delivered only  t o  
the primary tumor vol me. The p a t i e n t  w i l l  receive 4500 rad, 
i n  150 r a d y  d a i l y  f r a c t i o n s  t o  the whole b r a i n  delivered on a 
5-day-a-week basis and on two days of the week will receive 
neut ron  " b o o s t - f i e l d "  i r r a d i a t i o n .  To t a k e  advantage of the  
presumed l i m i t e d  a b i l i t y  o f  t he  t u m o r  c e l l s  t o  r e p a i r  
p o t e n t i a l l y  l e t h a l  damage in f l i c t ed  by the neut ron  r a d i a t i o n ,  
on the days o f  the neut ron  r a d i a t i o n ,  c 

and then the p 
w i t h i n  3 hours .  There  will  t h u s  be 12 f r a c t i o n s  o f  neut ron  
r a d i a t i o n  throughout  the planned 6 weeks o f  t r ea tmen t  and the 
dose  per f r a c t i o n  will vary  accord ing  t o  the t o t a l  neutron 
dose  component. Neutron doses  will be s p e c i f i e d  f o r  the 
S e a t t l e  f a c i l i t y  and  w i l l  be s c a l e d  f o r  t h e  o t h e r  
p a r t i c i p a t i n g  i n s t i t u t i o n s  accord ing  t o  the r e l a t i v e  RBE's of 
their neut ron  beams. F o r t y - f i v e  p a t i e n t s  will  be needed f o r  

n Y '  
the study. P a t i e n t s  will be randomized t o  r e c e i v e  360 rad  
420 rad  o r  480 rad  t o  the boos t  region.  Based upon 
probable  RBE's f o r  neural  tissue i n  the  range  of  4-5, the 
p r o j e c t e d  rad-equiva len t  doses  a r e  i n  the  range normally used 
for  photon therapy .  The whole b r a i n  photon component has 
been reduced from 5000 rad t o  4500 rad, because i t  i s  f e l t  
t h a t  w i t h  CT scanning ,  geographic  misses will be less o f  a 
problem than  i n  the pas t .  "15 The proposed sea rch ing  g r i d  
f o r  the t o t a l  neutron dose  is  f a i r l y  t i g h t  since the RBE f o r  
normal neural  tissue damage i s  somewhat u n c e r t a i n  and animal 
studies i n d i c a t e  a f a i r l y  s h a r p  t h r e s h o l d  f o r  s p i n a l  cord  
damage f o r  f a s t  neutrons.* I t  i s  f e l t  t h a t  15 p a t i e n t s  i n  
each subgroup will a l low f o r  r easonab le  sampling and yet will 

n Y  n Y  

Y 
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allow the study t o  be completed within 2 years. Hence, the 
generated d a t a  could be used for protocol design for the new 
cl inical ly-designed neutron treatment units. 

2.0 OBJECTIVES 
Assessment will be made of the primary endpoints. 
2.1 Survival rates. 
2 . 2  Interval t o  symptomatic recurrence. 
2 . 3  Radiation toxicology. To establish the tolerance of noma1 

benign tissue t o  mixed beam (neutron/photon) irradiation and 
t o  hopefully establish a neutron RBE for b r a i n  tissue. 

3.0 PATIENT SELECTION 
3.1 Patient Eligibility. 

4 -3.5.1, .qstopathologically confirmed malignant gliomas: 
malignant glioma i s  & q o u p  of tumors vari3ble 
called anaplastic astrocytoma, glioblastoma 
multiforme, astrocytoma Grade 111 or IV, 
spongioblastoma mu1 t i  forme, malignant astrocytoma, 
etc. 
which may include cytologic pleomorphism, anaplasia 
and mitotic figures, necrosis, invasiveness, stromal 
reaction, hemorrhage and vascul a r  hyperpl a s i a .  The 
pathologic specimens will ultimately be reviewed by 
RTOG neuropathologists and be classified as t o  
either anaplastic astrocytoma or glioblastoma i n  
view o f  the prognostic significance demonstrated 

They h a v e  comnon pathologic characteristics 

between these two categories. 
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3.2 

3 .1 .2  Diagnosis can be made by surg ica l  removal which may 

be gross ly  complete o r  incomplete depending on t h e  
surgeon's judgment . Surgica l  decompression ui 11 be 

performed consis tent  w i t h  acceptable l i m i t s  a t  tumor 
bed l o c a t i o n  and i n s t i t u t i o n .  
Tumor must be sup ra ten to r ia l  i n  locat ion.  
- > 16 years o f  age. 
Pat ient  o r  f a m i l y  must g i v e  informed consent. 

(Appendix I )  

3 . 1 . 3  
3 . 1 . 4  
3.1.5 

P a t i e n t  I ne1 i g i  b i l  i t y .  

3 . 2 . 1  

3 . 2 . 2  

3 . 2 . 3  

Previous treatment w i t h  r a d i a t i o n  therapy o r  

chemotherapy i n  t h e  cranium o r  head and neck region. 
Previous cancer except fo r  non-melanoma s k i n  cancers 
outs ide o f  t he  c r a n i a l  region. 
Major neurologic d e f i c i t ,  neurologic f u n c t i o n  Class 
I V Y  major medical i l l n e s s  o r  p s y c h i a t r i c  impairment 
which, i n  the  p r i n c i p a l  i n v e s t i g a t o r ' s  opinion, w i l l  
prevent completion o f  protocol  studies. Reasons f o r  
exclusion are t o  be s tated i n  populat ion form. 
No h is topatholog ica l  conf i rmat ion o f  disease. 
Pa t ien ts  who, f o r  any reason, cannot be r e g u l a r l y  
fo l lowed by invest igators .  

o r  d i s t a n t  s i t e s  i s  detected o r  s i t e  o f  primary 
tumor i s i n f  r a t  i ntoreal  . 
Pat ien t  < 16  years o f  age. 

other than progression o f  disease. 

3.2 .4  
3 . 2 . 5  

3 .2 .6  Pat ien ts  i n  whom metastat ic  disease i n  spinal  cord 

3.2.7 
3 . 2 . 8  Pat ien ts  who w i l l  undergo planned chemotherapy f o r  

4 . 0  PRETREATMENT EVALUATION 
0 = I n  most cases t h i s  w i l l  have been p r i o r  t o  craniotomy. The p a t i e n t  

a- 
0 4 . 1  Deta i l ed  neurologic examination i n c l u d i n g  assessment of 
43 

0 

workup should inc lude the  fo l lowing:  

E 
performance status t o  permit  f unc t i ona l  c l a s s i f i c a t i o n  using 
the  Karnofsky Performance Scale (see Appendix 11) . 

4 . 2  Funduscopic and ophthalmological examination as indicated. 
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4.3 Skull  films. 
4.4 Necessary imaging and/or  c o n t r a s t  s t u d i e s  t o  o p t i m a l l y  d e f i n e  

. the loca t ion  and extent o f  the t u n o r  inc lud ing  b r a i n  scan, CAT 
scan w i t h  c o n t r a s t ,  echogram, c e r e b r a l  a r t e r i o g r a p h y  and/or  
a i r  s t u d i e s ,  i .e., vent r icu logram,  pneumoencephalogram. An 
i n i t i a l  CT s c a n  w i t h  c o n t r a s t  i s  requi red .  

4.5 Chest X-ray. 
4.6 Complete blood count  (CBC) 

5.0 RANDOMIZATION - - 
5.1 To randomize a p a t i e n t ,  the phys ic ian  will ca l l  RTOG 

Operat ions Headquarters  a t  (215) 574-3191 between 9 a.m. and 
5 p.m., EST, Monday through F r iday ,  and r e l a t e  the  fo l lowing  
i nformat ion : 

- Protocol  name. 
- I n s t i t u t i o n  r e f e r r i n g  patient.  
- Neutron f a c i l i t y .  
- Phys ic ian .  
- P a t i e n t ' s  name. 
- H i s t o l o g i c  grade  of  twnor ( a n a p l a s t i c  as t rocytoma o r  

gl ioblastoma) 

The phys ic i an ,  i n  t u r n ,  will receive a t r e a t m e n t  assignment 
and p r o j e c t  case number which  will  l a t e r  be confirmed by mai l .  

6.0 RADIATION THERAPY 

6.1 General Outline. 
The p a t i e n t s  on t h i s  s tudy  s h a l l  receive concomitant neut ron  
and photon i r r a d i a t i o n  over an approximate 6-week per iod .  
photon i r r a d i a t i o n  s h a l l  be d e l i v e r e d  t o  the whole b r a i n  on a 
5-day-a-week b a s i s .  The neutron i r r a d i a t i o n  s h a l l  be 
d e l i v e r e d  u s i n g  coned-down boos t  f i e l d s  res t r ic ted t o  the 
primary tumor volune and s h a l l  be d e l i v e r e d  on a 2-day-a-week 
b a s i s .  

The 
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6.2 P h o t o n  I r r a d i a t i o n .  
6.2.1 4500 radr  photon i r r a d i a t i o n  s h a l l  be d e l i v e r e d  t o  

t h e  whole b r a i n  i n  150 rad r  f r a c t i o n s / 6  weeks. The 
dose  shal l  be c a l c u l a t e d  t o  midplane,  and r i g h t  and 
l e f t  l a t e r a l  f i e l d s  shall be used. Both f i e l d s  a r e  
t o  be t r e a t e d  d a i l y .  The effective photon energy 
must be  g r e a t e r  t h a n  1 MeV bu t  less than  1 0  MeV, 
6oCo units wi th  less than  80 cm SSO/SAD a r e  not 
a1 1 owed. E lec t rons  a r e  not  a1 1 owed. 

6.2.2 L o c a l i z a t i o n  films w i l l  be ob ta ined  for the whole 
b r a i n  f i e l d s .  
The whole b r a i n  i s  d e f i n e d  a s  the entire 
i n t r a c r a n i  a1 contents. 

Depending upon the randomizat ion,  ei ther 360 rad,,' 
420 r adnr  or 480 r a d n r  shal l  be d e l i v e r e d  i n  12 
f r a c t i o n s / 6  weeks t o  the pr imary tumor volume. 
These doses  a r e  f o r  the S e a t t l e ,  Washington neutron 
f a c i l i t y  and a r e  t o  be  s c a l e d  for o t h e r  
p a r t i c i p a t i n g  i n s t i t u t i o n s  a s  follows: 

6.2.3 

6.3 Neutron I r r a d i a t i o n .  
6.3.1 

S e a t t l e  GLANTA FERMILAB TAMVEC 

446 radnr  416 rad,, 360 r a d  
420 r adny  473 rad  520 radny 485 radnr  

n Y  
595 radnr  480 rad  

nr 
n y  

405 r ad  nr 

554 r ad  
n Y  

540 rad  
n Y  

The doses  for the cl inical  c y c l o t r o n  soon t o  be 
o p e r a t i o n a l  a t  M.D. Anderson Hospi ta l  can be sca l ed  
accord ing  t o  the RBE re la t ive t o  the TAMVEC 

f a c i l i t y .  -1 

6.3.2 CT scan  s h a l l  be used t o  de te rmine  boost  volume and 
loca l iza t ion  films o f  treatment f i e l d s .  

6.3.3 The coned-down boos t  f i e l d  should be  determined by 
d e f i n i n g  the volume of  the tumor prior t o  i n i t i a t i o n  
of r a d i a t i o n  and a l lowing  for a margin of a t  l e a s t  

0 0  I b o 5 0  1.5 cm bu t  s p a r i n g  a s  much b r a i n  a s  poss ib l e .  The 
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b r a i n  stem should be excluded if  possible. T h i s  
vol me should then be irradiated w i t h  AP opposed, 
bilateral opposed, wedged pairs or whatever other 
technique will encompass th i s  volume and be as  
sparing of uninvolved b r a i n  as possible. 
If  a cyclotron is  used t o  generate the neutron beam, 
the energy distribution of the neutrons must be a t  
least of the q u a l i t y  obtained from the reaction of 
21.5 MeV deuterons on a beryllium target. The 
o u t p u t  from a deuteriumtritium neutron generator 
tube i s  also acceptable. 

defined i n  the treatment p l a n n i n g  workbook. 
participating i n s t i t u t i o n  must main ta in  proper 
qual i t y  control for 1 oca1 i ta t i  on and treatment 
techniques within i ts  network. The radiologic 
physics center and neutron therapy physics group 
w i  11 be responsible f o r  mai ntai  n i  ng qual i t y  control 
of  the physics. 

delivered t o  the target volume and whenever possible 
a dose v a r i a t i o n  of - + 10% w i t h i n  the target volume 
should be achieved. 
- + 10% t o  correct for  missed treatments, errors in 
dosage cal cul a t  i ons , et  c. , b u t  correct i ons beyond 
this degree must be made by g i v i n g  a d d i t i o n a l  
fractions. 
must be given w i t h  neutrons. 

6.3.4 

6.3.5 All patients will require full  isodose curves as 
Each 

6.3.6 The boost dose as outlined i n  6.3.1 shall be 

Fraction size may be varied by 

A t  least  90% of the planned neutron dose 

7.0 DRUG THERAPY 

Does not apply t o  this  study. 

8.0 SURGERY 
Does not apply t o  this  study. 

13 



9.0 OTHER THERAPIES 
Does not  apply t o  this  study. 

10.0 PATHOLOGY REVIEW 
Central pathological review i s  necessary and w i  11 be required i n 
each instance. 
prior t o  entering the patient and init iating the treatment. 
Eligibility will be based on the institutional pathology report and 
the stratif ication performed after the central pathological review. 
The pathology sl ides will be submitted t o  RTOG Headquarters. 
Headquarters will remove all  identifying marks and replace them 
with an identifying code nmber before submitting them t o  the study 
p a t h o l o g i s t .  
ledge of treatment or survival. The pathologist will determine the 
histology from ini t ia l  slides. I t  i s  th i s  determination t h a t  will 
be used i n  the analysis done by the statist ical  center. 

I t  will not be necessary t o  complete this  review 

This will ensure t h a t  the pathologist has no know- 

Ihe_ 
patholosist will review the autopsy slides t o  determine whether or 
n o t  there was viable tumor o r  demyelination. 

1 

11.0 PATIENT ASSESSMENTS 
11.1 Study Parameters. 

Time of S t u d y  
Pr i o r  A t  1 Month 3 Months 

P a ramet er  

Neurol ogi cal exam 
Skull films 
Chest X-ray 
Op h t  halmol og ical exam 

m CBC 
r"l - 
CY- CAT scan 
a Air studies 
Q 

h3 Angiography 
Bra in  scan 

t o  Dur ing  Comple- Post-treat- Dur ing  
Therapy Therapy t i o n  ment F011 OW- UD 

X Weekly X X X 

X 

X 

X 

X Every two 
weeks 

X a  

X* 

X* 

X* 

X* X 

1 A  



aMandat o ry  
* A t  t he  d i s c r e t i o n  of t he  i nves t i ga to r ,  f o r  d e f i n i t i o n  p r i o r  t o  surgery and 
f o r  fo l low-up assessment, espec ia l l y  i f  the re  i s  a change i n  neuro log ica l  
status.  
possible,  s e r i a l  CAT scanning should be performed, though i n  l i e u  o f  t h i s ,  
conventional b ra in  scanning should be performed. 

Though these s tud ies are not mandatory, they are desirable.  Whenever 

11.2 Measurement o f  Spec i f i c  Endpoints. 

Tumor response cannot be measured d i r e c t l y ,  although 
the  s e r i a l  s tud ies suggested may provide some very 

usefu l  observations. CAT scanning i s  mandatory and 
once a basel ine i s  obtained, s e r i a l  i n t e r v a l  scans 
are recommended t o  he lp  assess tumor response. 
Opt ional ly ,  s e r i a l  conventional b r a i n  scanning 
should be obtained i f  CAT scanning i s  not ava i l ab le  

11.2.1 

a t  t h e  fo l low-up i n s t i t u t i o n s .  -, 

11.2.2 Surv iva l  w i l l  be measured from the  t ime t h a t  
treatment s t a r t s  u n t i l  death. 

Symptomatic p a l l i a t i o n  w i l l  be measured by changes 
i n  neurologic funct ion,  Karnofsky performance, s igns 
and symptoms. They w i l l  be c l i n i c a l l y  determined 
when a pa t i en t  goes on study and then assessed a t  
each follow-up. 

11.2.4 Postmortem examination o f  t h e  c ran ia l  contents 
should be obtained a t  death whenever possible. 

11.2.5 Late r a d i a t i o n  morb id i ty  f o r  b r a i n  w i l l  be scored a t  
each fol low-up assessment using t h e  RTOG scale. 

(Appendix IV) 

11.2.3 
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12.0 DATA SUBMISSION 
The fo l lowing  items a r e  t o  be  submit ted t o  the RTOG Headquarters :  

Oata  - 
On s t u d y / i n i t i a l  e v a l u a t i o n  form 
Treatment pl an i ncl udi ng central 
a x i s  ca l  cul a t i o n s  
L o c a l i z a t i o n  films (whole b r a i n  
and boost)  

Radiotherapy fo rm 

Copy o f  d a i l y  t r ea tmen t  r eco rd  
and ca l  cul a t i o n s  . 
Isodose d i s t r i b u t i o n ,  i f  done 
( r e q u i r e d  f o r  boos t )  
Pathol ogy report 
Diagnos t ic  pathology sl ide( s) 

Autopsy Report 
f o r  boos t )  
Pathology sl ide from autopsy 

Submitted 
W i t h i n  1 week o f  s t u d y  en t r ance .  

Upon compl et ion o f  t r ea tmen t .  

Upon completion o f  t r e a t m e n t ,  a t  3 
month intervals  t h e r e a f t e r  and a t  
dea th .  

I f  done. 

13.0 STATISTICAL CONSIDERATIONS 
13.1 Sample S ize .  

Th i s  s tudy  i s  des igned  t o  s e a r c h  f o r  a dose  w h i c h  results i n  
the d e s t r u c t i o n  of  v i a b l e  t u n o r  w i t h o u t  exceeding t o l e r a b l e  
limits f o r  normal tissue damage. Thus  we would l ike t o  
e s t i m a t e  the proportion o f  patients w i t h  complete response  
( i . e .  tumor d e s t r u c t i o n )  and the p ropor t ion  w i t h  
demyel ina t ion .  
adequate  p r e c i s i o n  t o  our e s t i m a t e s  o f  these p ropor t ions  a s  
seen by the fo l lowing  t a b l e  of approximate 90% conf idence  
i n t e r v a l s  for s e l e c t e d  va lues  o f  p .  

A sample of size 15 i n  each group g i v e s  
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P = propor t ion o f  populat ion 90% confidence i n t e r v a l  

w i t h  a qiven c h a r a c t e r i s t i c  based on sample s i z e  o f  15 
. 10 (-00, .20) 

30 (.13, .47) 
50 ( . 33 ,  .67) 
70 (.53, .87) 

90 (.80, 1.00) 

I n  addi t ion,  15  pa t i en ts  provide a 7990 chance o f  seeing any 
other complications which occur 10% o f  t he  time. 

1 3 . 2 R andom i za t i on. 
This study was o r i g i n a l l y  designed t o  t r e a t  t he  f i r s t  group of 
1 5  pa t i en ts  w i t h  the  350 radny dose, t h e  next group w i t h  420 
rad The i n t e n t  was t o  

be able t o  abort  t he  study i n  i t s  e a r l y  stages should t h e  
and the  f i n a l  group w i t h  480 radny. nY 

treatment e f f e c t s  o f  the l o w e r  doses become too morbid. 
However, i t  became apparent t h a t  accrual o f  pa t i en ts  would 

have been completed f o r  t he  l a s t  group before such an assess- 
ment (based on autopsy f i n d i n g s )  could have been concluded fo r  
the f i r s t  group. 
pa t i en ts  t o  t h e  th ree  dose schedules. Based on our experience 

i n  76-11 ( i n  which a neutron boost of 480 radny was given upon 
completion o f  whole b r a i n  photon i r r a d i a t i o n )  we do not f e e l  
t h a t  t h e  proposed doses i ncu r  an excessive r i s k .  Randomiza- 

It was decided, instead, t o  randomize 

t i o n  protects  against t rends (over t i m  

i s t i c s  and al lows f o r  comparison among 
sc hedul es . 
During t h e  f i r s t  h a l f  o f  1980, Protoco 

13.3 F e a s i b i l i t y j A c c r u a l .  

) i n  p a t i e n t  character-  
the three dose 

RTOG 76-11 was 

accruing approximately 4 pa t i en ts  per month. 
i n s t i t u t i o n s  p a r t i c i p a t e  i n  t h i s  study, accrual ob ject ives can 
be met w i t h i n  a year. 
f a c i l i t i e s  opt not t o  pa r t i c i pa te .  

I f  a l l  

If w i l l  take s l i g h t l y  longer i f  some 



14.0 ADDITIONAL TREATMENT 
14.1 General medical care. Note associated medical diseases which  

will require care, specifically as related t o  toxicity of 
therapy . 
despite surgical decompression, the use o f  corticosteroids 
such as  Decadron 4 mg q. 6 h., or i t s  equivalent, may be used. 
Corticosteroids should be tapered and discontinued as soon as 
i t  i s  judged possible. 

14.2 If there i s  evidence of increased intracranial pressure 

14.3 Infections: 
14.4 P a i n :  Analgesics as required. 
14.5 Any r a d i a t i o n  therapy added a t  the time of  f irst  recurrence o r  

relapse must be recorded. 
14.6 All chemotherapy added a t  the time o f  f i r s t  recurrence o r  

relapse must be recorded. 
14.7 Steroids may be given i f  clinically indica ted .  

Antibiotics used f o r  infection should be noted. 
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APPENDIX I 

SAMPLE CONSENT FORM* 

Purpose and Benefits 
A new form of irradiation (neutron beam) has been developed w h i c h  
theoretically should be more effective than  conventional X-ray 
irradiation ( p h o t o n s )  f o r  certain types o f  tumors. The purpose of this  
study i s  t o  determine the effectiveness of irradiating malignant tmors 
of the brain with photons and neutrons. We are joining w i t h  other 
physicians in the country t o  study th i s  problem. 
n o t  t o  participate in th i s  s tudy will be treated w i t h  conventional 
pho ton  i r r a d i a t i o n .  

Procedures 
I f  you decide t o  partic pate i n  th is  study, you will receive photon  
whole b r a i n  irradiation 5 days per week fo r  6 weeks w i t h  12 neutron 
treatments given t o  a reduced field 2 days per week concomitantly with 
the pho ton  radiation therapy. 

Patients who decide 

Routine fol low-up,  a t  intervals determined by your physician, wi l l  be 
scheduled a t  completion of therapy. Protocol assessment will be made 
every m o n t h  for three months, and every three months thereafter. 
Follow-up sessions will consist of routine physical exam, and an 
assessment of any symptoms. 
tomography scan) will be performed i f  indicated. 
records will be used in this  study; copies of  the radiotherapy record, 
pathology report, and pathology slides will be submitted t o  the study 
headquarters. 

Other procedures (brain scan, computed 
The patient's medical 

*Sample consent form submitted by the Study Chairman. 
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Risks 
The side effects of radiation may include nausea, vomiting, headache, 
blurred vis ion,  convulsions, weakness, o r  a worsening of the symptoms 
you already have. 
Neutron beam irradiation i s  experimental, so not  a l l  possible side 
effects may be known. However, neutrons interact more strongly w i t h  
non-tmor tissues than  do photons and side effects may include scarring 
of  fatty tissues and neurologic damage. 
beam i r r a d i a t i o n  may be more severe t h a n  those from conventional 
i r r a d i a t i o n .  

Loss of  hair from the scalp will always occur. 

The side effects from neutron 

Other Information 
The identity o f  participants will remain confidential with the following 
exception: The R a d i a t i o n  Therapy Oncology Group National Headquarters 
will receive the names of  subjects and has the r i g h t  t o  review study 
d a t a  which may c o n t a i n  identifying information. Controls over access t o  
t h i s  informat ion  have been approved by the National Cancer Institute. 
You are free t o  withdraw from the study a t  any time w i t h o u t  jeopardizing 
your relationship w i t h  your doctor or your current or future medical 
care. 
the p a t i e n t ;  neutron beam treatments will not be charged t o  you. 

Costs of normal workup, treatment, and follow-up are billed t o  

In the event of  complications, the patient will be assessed i n  Radiat ion 
Oncology. The patient's care will be managed by his/her r a d i a t i o n  
oncologist, or i f  appropriate, the patient will be referred t o  another 
physician specialist. The patient will be responsible for these costs 
with the following exception: 
funds f o r  reimbursing the patient for medical expenses arising from 
direct compl ications of neutron irradiation. We will cover such 
expenses t o  the extent provided by the g r a n t .  
limited and we cannot guarantee t h a t  any given patient will receive a 
reimbursement. 

The neutron s tudy  g r a n t  contains some 

However, these moneys are 
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Information ob ta ined  i n  th is  s tudy  will be used t o  e v a l u a t e  neut ron  beam 
i r r a d i a t i o n  compared t o  t r a d i t i o n a l  photon i r r a d i a t i o n ,  and t o  determine 
the v a l u e ,  morbid i ty ,  and compl ica t ion  r a t e s  o f  these two  t r ea tmen t s .  
S tudy  d a t a  will be r e t a i n e d  by the i n v e s t i g a t o r s  indefinitely.  

S i g n a t u r e  o f  I n v e s t i g a t o r  Date 

Subjec t ' s  Statement  
I v o l u n t a r i l y  consent  t o  p a r t i c i p a t e  i n  th i s  s tudy.  I have  been given  a 
copy of  th is  consent  form and have had the oppor tun i ty  t o  ask ques t ions .  

Si  gna t  ure o f  Subject Date 

S i  gna t  ure o f  p a r e n t / l  egal  guard ian /  
p a t i e n t  advocate  

~~ ~ 

R e l a t i o n s h i p  ( r e l a t i v e ,  c l o s e  f r iend,  
o r  someone who knows the s u b j e c t  well) 



APPENDIX I 1  

KARNOFSKY PERFORMANCE SCALE 
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10 
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Normal; no complaints; no evidence of  disease. 
Able t o  carry on normal ac t iv i ty ;  minor signs or  symptoms of 
disease. 
Normal ac t iv i ty  w i t h  e f f o r t ;  some sign or symptoms o f  disease. 
Cares for  s e l f ;  unable t o  carry on normal ac t iv i ty  or  do 
ac t ive  work. 
Requires occasional assistance,  b u t  i s  able t o  care for most 
personal needs. 
Requires considerable assistance and frequent medical care. 
Di sabl ed; requires speci a1 care and assi  stance. 
Severely disabled; hospitalization i s  indicated, a1 though 
death not imninent. 
Very sick; hospitalization necessary; ac t ive  support treatment 
i s  necessary. 
Moribund; f a t a l  process progressing rapidly. 
Dead. 



APPENDIX 111 

FUNCTIONAL CLASS IF1 CAT1 ON 

Class I Able t o  work o r  t o  perform normal a c t i v i t i e s .  

Class I1  Able t o  c a r r y  out normal a c t i v i t i e s  w i t h  minimal 
d i f f i c u l t y .  
nursing care o r  hosp i ta l  i zation. 

Neurologic impairment does not requ i re  

Class 111 Seriously l i m i t e d  i n  performing normal a c t i v i t i e s .  

Requir ing nursing care of hosp i ta l  i t a t i o n .  
conf iend t o  bed o r  wheelchair, o r  has s i g n i f i c a n t  

i n t e l l  ectual  impairment . 
Pat ien t  

Class I V  Unab7e t o  perform even minimal normal a c t i v i t i e s ,  
requi res constant nursing care and feeding. 
unable t o  communicate o r  i n  cma. 

Pa t ien t  

#214-5 

0 0  I b o b 3  



RTOG/EORTC Late Radiation Morbidity Scoring Scheme 

Patchy a t r o m y  Marked a t r o m y  
Mer a t  e t el a ng i ec t a s  I a 
Tota l  h a i r  l o s s  

Roderate f l b r o s i s  bu t  
a s p p t m a t i  c 
51 i g h t  f i e l a  con t rac tu re  
( <  10: l i n e a r  reduct ion)  

nodcrate atropky and 
t e l  angiectasia c a p 1  ete dryness 
L i t t l e  mucus Severe te lang iec tas ia  

Moderate dryness Cap1 ete dryness 
Poor response on 
s t i n u l  a t i o n  s t imul  a t i  on 

Severe L 'Henn l t t e ' s  
syndrune f i nd ings  a t  o r  below 

Moderate headache Severe headache 
Great l e tha rqy  Severe CN; dysfunct ion 

( p a r t i a l  l o s s  of power 

Gross t e l  angiecrasi a 

Severe i ndu ra t i on  and loss 
o f  subcutaneous t i  ssue 
F i e l d  contracture 
> 10% l i n e a r  measurement 

M r k e d  atrophy w i t h  

No response on 

Object i v e  neurol og ica l  

cord l e v e l  t rea ted  

or dysk ines ia)  

Symtuna t i c  ca ta rac t  Severe k e r a t i t i s  
Moderate corneal u l  ce ra t i on  Severe re t i nopa thy  o r  
Minor r t t inODathy or d e t a c h n n t  

organ/Tiisue 0 
Ulce ra t i on  

Necrosis 

Ulcerat  i o n  

Necrosi s 

M n o  or oara 
quadr ip leg ia 

Seizures or 
P a r a l y r i  s 
COlna 

PanOpht halmi t i  s 
81 indncss 

r- 

Swere e d m b  
Severe c h o n d r i t i s  

Severe symptanatic 
f i b r o s i s  o r  Dneunonit7 s 
Dense rad iographic  cnanges 

1 noderate ary tenoid edema 
Chonar i t i  s 

M c r a t c  synptomatic 
f i b r o s i s  o r  pneunoni t is  
(severe cough) Lou grade 
fever. Patchy rad io-  
graphic apwarances 

M d e r a t e  angina of e f f o r t  
M i l d  p e r i c a r d i t i s  Pe r i ca rd ia l  effusion 
M o m 1  heart s i z e  Cons t r i c t i ve  o e r i c a r d i t i  s 
Persi sten: abnormal i t y  
T wave and ST changes 
Low ORs EKG a D n o n a 1 i t i t s  

Severe angina 

Moderate hear t  f a i l u r e  
Cardiac enlargement 

, -  
"SCUTAMEOUS 

MUCOUS r MEMBRANES 

GIJNDS 

1 SUE 

I Necrosi s 

Severe resp i ra to ry  
i n s u f f i c i e n c y  
Continuous oxygen 
As s i  sted vent i 1 a t  i on 

T a m p  nad e 
Severe heaY f a i l u r e  
Severe c o n s t r i c t i v e  
p e r i c a r d i t i s  

(SPINAL CORD 

B R A I N  

LARYNX I= L3NG 

Unable t o  take s o l i d  food 
n o n a l l y  
Swallowin! semi-sol id food 
D i l a t a t i o n  may be ind i ca ted  

Moderate d ia r rhea  and c o l l c  
Bowel movement > 5 t imes 
d a i l y .  Excessive r e c t a l  
w c u 5  or i n t e n n f t t e n t  
b1 cedi  ng 

Pbderate Sfl!JtmI!S 
. S o n e  abnormal l i v e r  
f u n c t i o n  t e s t s  
Serun a lbunin normal 

Pers is tent  moderate 
a lbun inu r ia  (2.) 
M i l d  hyDertenSiOn. No 
r e l a t e d  anmia.  Moderate 
i m p a i m n t  renal f u n c t i o n  
Urea > 36-60 mg2 
Creat in ine 2.5-4.9 mg% 

Moderate freouency 
General i zca  t e l  a n g i u t a s i  a 
I n t e r m i t t e n t  macroscopic 
hematuria 

Creat in ine Clearance (50-74s) 

Moderate p c i n  or tenderness 
Retardat ion of orowth 
I r r e g u l a r  tone sc le ros i s  

Moderate s t i f f ness  

I 

! iSoPHAGuS 

Necrosis 
Pe r fo ra t  ion,  F i  s t c l  a 

I i 
NeCros i s 

i Severe f i b r o s i s  
Able t o  swallow 
only l i q u i d s  
May have pair!  on swallowing 
D i l a t a t i o n  reoui red 

Obstruc i ion o r  b l e d i n g  
r e q u i r i n g  surgery Per forat ion,  F i s t u l a  

Oisabl i ng  h e p a t i t i c  ' Necrosis 
i n s u f f  i c i ency 
L i v e r  funct ion t e s t s  rncephal Opathy 
gross ly  abnonnal 
Lou a lbunin 
Eama or asc i tes  

Severe a lbuninur ia  Ma1 ignant hypertension i 
Severe hypertcnsi on Uremic coma I 
Pe rs i s ten t  anemia ( <  l o $ )  Urea > 100 m g .  
Severe renal  f a i l u r e  
Urea > 60 me 
Creat in ine > 4.0 mg% 
Creat in ine Clearance < 50': 

Severe frrauency 6 dysur ia  NecrOsis 
Contracted 81 adder Severe general i zcd 

t e lang iec tas i c  ( o f t e n  w i t h  (capacity < 100 cc) 
petechiae). Freouent Severe hemorrhagic 
h m t u r i a .  Reduction i n  cys t r t c  s 
bladder capaci ty  ( <  150 CC) 

Severe pain or tenaerness 1 Necrosis 
Com~l ete a r res t  bone growth 
Dense bone s c l e r o s i s  

Severe j o i n t  s t i f f ness  Necrosi s 

Hepatic coma or 

I 

i 
i 
i 

Spontrneous f rac tu re  1 
I 

SHALL L A R  G i  t- INTESTINE 

Pain w i t h  severe 
l i m i t a t i o n  of movement 

I n t e n n i t t e n t  or moderate 
j o i n t  pa in 
Moderate 1 i m i t a t i o n  o f  
movement 

I- i- RLADOEQ 

i Complete C i x a t i o n  

I 

t 
[.3NE 
I 

HOnC 

- 
Yone 

- 
Yone 

- 
lone 

- 
None 

None 

- 
None 

- 
Nonr 

- 
None 

- 
None 

- 
None 

I_ 

None 

- 
hone 

None 

- 
None 

- 
None 

- 
None 

1 Mild 
h i g n t  atropny 
P i p e n t a t i o n  change 
Some h a i r  loss 

S1 i g h t  i ndu ra t i on  
( f i b r o s i s )  and l o s s  of 
subcutaneous f a t  

S l i g h t  a t rophy and 
dryness 

S l i g h t  dryness o f  mouth 
Good response on 
s t i m u l a t i o n  

M i ld  L ' H e n i t t e ' s  
syndrome 

M i l d  headache 
S1 i g h t  l e tha rgy  

A s p u t a m t i c  ca ta rac t  
Minor corneal u1cerat:on 
or k e r a t i t i s  

Hoarseness 
51 i g h t  ary tenoid edema 

ASflptomatiC or m i l d  

51 i g h t  rad iographic  
apoearances 

S p p t O m S  ( d r y  COUgn) 

kp0tCma:iC or m i l d  

Transient T wave 
inve rs ion  and ST cnanges 
Sinus tachycardia > 110 
( a t  r e s t )  

M i  1 d f f  b ros i  s 
S l i a h t  d i f f i c u l t y  i n  
swallowing s o l i d s  
No pa in  on swal lou lng 

S p P t a  

Y i  1 d d i  arrhea 
M i l d  c raming .  bul 
movmcnt < 5 t imes d a i l y .  
51 i g h t  r e c t a l  discharge 
or b l  cedi ng 

M i l d  l ass i tude ,  nausea 
dyspeosia 
S1 i g h t l y  abnonnal 1 i v e r  
f unc t i on  

Transient a1 bunrnur i  a 
No hypertension 
Wild i m o a i n e n t  renal  
f unc t i on  
Urea 25-?5 m g r  
Creat in ine 1.5-2.0 mg% 
CreatTnine Clearance > 75% 

S1 i g h t  e o i t h e l  i a i  atroohy 
Minor te lang iec tas ia  
(microscopic hRnaturi  a) 

Asynotonatic 
No growtn r e t a r d a t i o n  
Dmuced bone dens i t y  

M i l d  j o i n t  s t i f f n e s s  
51 i g h t  1 i m i  t a t i o n  of 
movemen: 

g l  aucma 1 Severe glaucana 

- -  

*Grade 5 :  Death o r r e c t l y  r e l a t e d  t o  ra0iat:on l a t e  effect' 


