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PI MESON RADIOTHERAPY OF 
INOPERABLE s. SURGICALLY NON-RESECTABLE OR RECURRENT 
ADENOCARCINOMA OF THE RECTUM OR RECTOSlGMOID (Mg) 

SCHEMA 

Stratify : 
Inoperable - non-resectable vs. 

recurrent  

. 

conventional radiotherapya 
+ surgery, i f  feas ib le  

b pion radiotherapy 
+ surgery, i f  feas ib le  

a 850-900 rad/week (170-180 rad, 5 days/week; minimum o f  2 
f ie lds/day)  t o  the  major f i e l d  t o  a t o t a l  o f  4500 rad/5 wk o r  5100 
rad/6 wk. Boost po r ta l  t o  be u t i l i z e d  with upper dose l i m i t  

dependent on f ind ings  of special small bowel f i lms  (maximum o f  7000 
rad/8 nk i f  small bowel is  out o f  boost f i e l d ) .  

b Minimum o f  2400 peak pion rad a t  a minimum o f  100 peak pion rad/day 
calculated a t  t h e  80% isodose l ine .  
approximately 2 cm peripheral t o  the  95% isodose line.) Maximum o f  

3000 peak pion rad a t  125 rad/day a t  100% isodose l ine .  Evaluation 
f o r  operation. If operation i s  not feasible, boost may be added t o  
a t o t a l  o f  3600 peak p ion rad minimum and 4500 peak pion rad 
maxi mum. 

(The minimum dose i s  

... 

IO88 I 41  
00133230.003 



1.0 I NTROWCT ION 
1.1 D e f i n i t i o n  o f  t he  Problem 

Recurrent, residual o r  inoperable carcinoma o f  the  rectum 

poses a major problem t o  the  oncologist. Moertel e t  a1 (1) 
have found the  mean durat ion o f  l i f e  f o r  pat ients  wi th  l a rge  
bowel cancer, w i th  proven unresectabi l i ty  o r  metastases, t o  be 
9.5 months (median 7.0 months) from time o f  diagnosis, with a 
range of four weeks t o  over s i x  years. E f fo r t s  t o  improve 
t h i s  are unquestionably necessary. 
1.1.1 Cause o f  Death. 

Opin ions v a r y  depending on t h e  source of 
information. Dionne (2) claims on the  basis o f  
c l i n i c a l  information that nearly a l l  pat ients  w i th  
carcinoma o f  t he  colon and rectum d i e  due t o  venous 
spread. Moertel (3) comments t h a t  death resu l t s  
from the  e f f e c t  o f  d is tan t  metastases i n  about 502 
o f  p a t i e n t s  and f rom l o c a l  recur rence (i.e., 
i n t e s t i n a l  o r  u re te ra l  obstruction, recurrence plus 
loca l  sepsis, etc.) i n  the remaining 50% Data from 
autopsy ser ies show t h a t  a major i ty  o f  pat ients  w i th  
c o l  o r e c t a l  cancer d i e  w i t h  1 oca1 problems: 
approximately 752 o f  the 125 patients reported by 
Taylor (4 )  and 25 of 34 patients discussed by Floyd, 
Corley and Cohn (5). I n  the series o f  180 pat ients  

with co lo rec ta l  cancer reported by Cass, P f a f f  and 
M i l l i o n  ( 6 ) ,  175 were e l i g i b l e  f o r  f i v e - y e a r  

evaluation. Cancer was the known cause o f  death i n  
81 and was due t o  loca l  recurrence i n  50 (51.7% of 
those dead from cancer and 29% o f  the  t o t a l  group) 
without a breakdown by si te .  

1.1.2.1 Pr imary  Rad ia t i on  (s tandard  

f rac t ionat ion)  : An expanding volume of 
l i t e r a t u r e  reveals the marked p a l l i a t i v e  
and occasi onal curat 1 ve v a l  ue of rad ia t i on  
f o r  r e s i d u a l ,  inoperab le  and r e c u r r e n t  

1.1.2 Radiation Results. 

1 0 8 8 1 4 8  1 00133230.004 



colorecta l  lesions ( ind ica t ing  radiosensi- 
t i v i t y ) .  The overal l  response o f  the 

recurrent group i s  least  favorable, which 
i s  not surpr is ing since the tumor has 
of ten grown back i n  poorly vascularized 
scar tissue. 

Results wi th recurrent disease have been 
f a i r l y  s i m i l a r  f rom ser ies ,  i.e. good 
p a l l i a t i o n  but infrequent cure. Whitely 
e t  a1 (7) reported 80% good o r  excel lent  
p a l l i a t i o n  i n  102 p a t i e n t s  w i th  l o c a l  
d isease t r e a t e d  w i th  moderate doses 
(2000-2500 rad/8-12 fract ions).  Will iams 
(8) t reated 155 pat ients with doses o f  
6000 rad/6 weeks when f e a s i b l e  and 
r e p o r t e d  a 5.8% f i ve-year s u r v i v a l  . 
Sign i f i can t  pain r e l i e f  was achieved i n  
8 5 X ,  w i t h  57% having complete r e l i e f .  
Wang and Schultz (9) achieved p a l l f a t i o n  
i n  84% o f  t h e i r  t o t a l  111 patients, but  
f ive-year survival  was only 2/86 (2.32) o f  
a l l  t h e  r e c u r r e n t  group, w i th  most 
long- term s u r v i v o r s  hav ing r e c e i v e d  
3500-5000 rad/4-5 weeks (25 p a t i e n t s :  
inoperab le  o r  r e s i d u a l  disease). 
Urdaneta-Lafee and K1 igerman (10) achieved 
s i g n i f i c a n t  p a l l i a t i o n  but no f ive-year 
s u r v i v a l s  i n  4 2  p a t i e n t s  t r e a t e d  w i th  
doses ranging from 1000-6000 rad. 

Although r e s u l t s  w i th  rad ia t ion  seem t o  be 
b e t t e r  i n  those pat ients wi th  inoperable 
( s u r g i c a l  o r  medica l )  and/or r e s i d u a l  
carcinoma as opposed t o  those w i t h  
recurrence, there i s  need f o r  improvement. 
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Wang and Schul tz  (9 )  obtained cures i n  
2/16 o f  the inoperable group, and 219 o f  

t he  group w i t h  p a r t i a l  r e s e c t i o n .  
Williams (8) t r e a t e d  220 patients with 
1-MeV energy t o  a usual dose o f  6000 
rad/6-8 weeks w i t h  a s i g n i f i c a n t  
p a l l i a t i o n  and f ive-year  survival i n  12 
(5.5%). Sklaroff  (11) t r e a t e d  ten e lder ly  
pa t i en t s  who were medically inoperable. 
A t  the time of h i s  repor t ,  five were a l ive  
and without d i sease  from six months t o  
nine years  and an addi t ional  pat ient  died 
a t  t e n  months wi thout  evidence o f  disease. 
Although the report  of Urdaneta-Lafee (10 )  
on the  r e sponse  o f  i nope rab le ,  
non-resec tab l  e and recurrent r e c t a l  
carcinoma g i  ves evidence of response t o  
r a d i a t i o n  t h e r a p y ,  excep t  i n  s e l e c t e d  
c a s e s  t h e  o v e r a l l  survival  was not  
encouraging  due mainly t o  tumor found 
outs ide the  treatment f i e l d .  T h i s  should 
be reexamined i n  l i g h t  of tumor evaluation 
now a v a i l a b l e  th rough  computer ized 
tomographic scanning. The best results 
were reported by Rider (12) i n  a series o f  
229 p a t i e n t s  t r e a t e d  a t  t h e  Princess 
Margaret Hospital : 10% f i  ve-year survival 
f o r  the to t a l  group. A "curative a t t empt"  
w i t h  doses s t a r t i n g  as  low a s  3500 rad was 
undertaken i n  6 5  p a t i e n t s  w i t h  75% 
re fer red  due t o  inoperabi t i ty ,  and the 
remainder  d u e  t o  p a t i e n t  o r  phys i c i an  
r e f u s a l  o f  o p e r a t i v e  i n t e r v e n t i o n  
( p o t e n t  i a1 ly operab l  e ) .  Three-year 
s u r v i v a l  was approximate ly  42% and 
f i v e - y e a r  was 29% (11/38).  Doses o f  
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1.2. 

4500-5000 rad/20 f racti ons/4 weeks y i  el ded 
the best  results. Many of t h e i r  pa t ien ts  
had s low r e g r e s s i o n  o f  the  lesion 
fo l lowing  r a d i a t i o n  w i t h  c l i n i c a l  and 
h is to logic  persistence f o r  a period of one 
year  o r  occasionally longer,  but freedom 
from disease  within the t r e a t e d  f i e l d  for 
the three-year period. 

1.1.2.2 P r e o p e r a t i v e  R a d i a t i o n  ( u n r e s e c t a b l e  
carcinoma rectum): A l l  authors  except one 
r e p o r t e d  i ncreased  s u r v i v a l  when 
p r e o p e r a t i v e  t r r a d i a t i o n  was g iven  i n  
low-lying operable cancer o f  the rec tum 
(13). These results, a long  w i t h  a 
decrease i n  t h e  percentage o f  pos i t i ve  
nodes i n  t he  surgical spec imens ,  were 
obtained w i t h  considerable  var ia t ion  i n  
portal  size and shape a s  well a s  dose. 
Less data is ava i lab le  i n  non-resectable 
o r  i n o p e r a b l e  c a n c e r  o f  t he  rectum. 
However, Stevens and Allen (14) show a 
prolonged d i s e a s e - f r e e  s u r v i v a l  when 
inoperable pa t ien ts  a r e  t reated.  However, 
i n  a selected group o f  15 pa t i en t s  with 
inoperable and non-resectable cancer of 
the  rectum, Kligerman (15)  found 
preoperative i r r a d i a t i o n  t o  y i e l d  results 
s imi la r  t o  operable carcinoma t r ea t ed  by 
surgery only. 

Rat ionale  f o r  Pion Radiotherapy. 
The rationale for pion  radiotherapy is  primarily r e l a t ed  t o  
two fac tors :  (1) a d i f f e ren t  biological response i n  t he  
s t o p p i n g  r eg ion  o f  the pion beam from t h a t  seen i n  
conventional rad ia t ion ,  and (2) the capab i l i t y  f o r  l oca l i z ing  
this d i f f e r e n t i a l  response within t h e  t a r g e t  volume, l a rge ly  
sparing normal surrounding tissues. 
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With high-linear-energy-transfer (high-LET) r ad ia t ion  ( f o r  
example, neutrons, pions, and heavy ions) ,  t h e r e  is increased 
i r r epa rab le  damage of c r i t i c a l  molecules (1 .e., double-strand 
breaks i n  DNA), a s  canpared t o  the type o f  damage caused by 
low-LET r a d i a t i o n  (e.g., x - rays ,  gamma r a y s  o f  c o b a l t ,  
e lec t rons ,  and protons). In addi t ion,  cells exposed t o  
low-LET rad ia t ion  exhib i t  up t o  th ree  times more r e s i s t ance  t o  
in ju ry  i f  they are not well oxygenated. Thus,  hypoxic cells, 
large numbers of which a re  usually present i n  tumors, a r e  less 
sensitive t o  damage than a re  well oxygenated cells o f  the 
tumor and the  surrounding normal tissue. The dense ioniza t ion  
of  high-LET rad ia t ion  may overcome the pro tec t ive  effect of 
hypoxia ,  k i l l i n g  t h o s e  c e l l s  a lmost  a s  e f f e c t i v e l y  a s  
we1 1 -oxygenated cell s. Further,  c e l l  s a re  more r e s i s t a n t  t o  
low-LET rad ia t ion  during ce r t a in  phases o f  the cell cyc le  t h a n  
others. H i  gh-LET radi a t  i on reduces d i f fe rences  i n  cell u l  a r  
s e n s i t i v i t y  due t o  cell cycle  var ia t ions.  

Heavy charged p a r t i c l e s ,  such a s  pions and heavy i o n s ,  
d i s t r i b u t e  t h e i r  dose with a Bragg peak, a region of intense 
rad ia t ion  which can be located i n  the tumor volune. 

Pions have the advantages  o f  b o t h  high-LET and l o w - L E T  
rad ia t ion ,  because they deposi t  low-LET rad ia t ion  a s  they pass 
th rough  tissue ( p l a t e a u  r e g i o n ) ,  b u t  produce a high-LET 
component i n  the stopping (tumor) region. Due t o  t h e i r  
negative charge, the stopping pions a re  absorbed by the  
pos i t i ve ly  charged nuclei of oxygen , carbon, and nitrogen 
atoms. T h i s  excess energy makes the nuclei unstable and they 
d i s in t eg ra t e ,  producing neutrons, protons, deuterons, t r i t o n s ,  
alpha pa r t i c l e s ,  and heavy ions. These events increase the  
t o t a l  dose  i n  t h e  p ion  s topp ing  reg ion  and a l t e r  the 
biological  e f fec t iveness  o f  the dose in  t h a t  region because of 
the dense ion iza t ion  produced mainly by the  alpha p a r t i c l e s ,  
heavy ions,  and neutrons. Results t o  da t e  o f  Phase 1-11 
s tud ie s  of pion radiotherapy, being conducted a t  the Los 
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Alamos Meson Physics F a c i l i t y  (LAMPF), by the Un ivers i ty  o f  
New Mexico Cancer Research and Treatment Center, suggest 
therapeut ic  advantages i n  the treatment o f  many advanced s o l i d  
tumors w i th  pion radiotherapy. Patients w i th  primary and 
metastat ic  tumors o f  the  skin, head and neck, lung, abdomen 
and p e l v i s  have been i r rad ia ted  w i th  pions t o  assess tolerance 
o f  normal t issues and tumor response. E a r l y  studies w i t h  
metastat ic  tunor nodules i n  the sk in  established a r e l a t i v e  
b io log i ca l  effectiveness ( R B E )  o f  1.42 f o r  pions, as compared 
t o  100 kVp x-rays, f o r  acute sk in  i n j u r y  (16). Subsequently, 
analysis o f  t ime t o  regrowth o f  16 nodules (primary breast) i n  
one pa t i en t  pa r t i c i pa t i ng  i n  t h a t  study who could be followed 
f o r  346 days suggested the p o s s i b i l i t y  o f  therapeutic gain o f  
372 pions versus x-rays (17). 

A repo r t  on 40 pat ients  t reated f o r  la rge  deep-seated lesions, 
a l l  o f  whom were followed f o r  6 t o  15 months, showed tha t  pion 
radiotherapy was well  to le ra ted  a t  doses ranging from 1000 t o  
4600 peak pion rad, del ivered generally i n  f i v e  f rac t ions  per 
week w i t h  d a i l y  f rac t i on  sizes o f  110 t o  140 peak pion rad 
maximum. Complete regressions occurred i n  approximately ha1 f 
those pat ients  t reated with pions alone a t  maximum doses o f  
more than 2700 peak pion rad. No complete regressions 
occurred i n  pat ients  t reated w i th  pions alone a t  doses under 
2700 peak pion rad. Conventional rad ia t ion  and/or surgery was 
wel l  to le ra ted  by those pat ients  requi r ing those treatments 
a f t e r  p ion  radiotherapy. Observations o f  l a t e  responses of 
p e l v i c  organs t o  pion qr rad ia t ion  demonstrate an incidence o f  

approximately 50% of moderate chronic rad ia t ion  p r o c t i t i s  i n  
those pat ients  receiving 4500 peak pion cGy (rad) t o  the 
e n t i r e  rectum. No pa t ien t  has required colostomy, although 
one pa t ien t  w i th  Stage IIIB carcinoma o f  the cerv ix  t reated 
with 4500 peak pion cGy (rad) t o  the pe lv is  followed by 2500 
cGy (rad) v i a  temp1 ate implant devel oped s m a l l  bowel necrosis, 
as d i d  a pa t ien t  w i th  a large pe lv ic  recurrence o f  cloacogenic 
anal carcinoma t reated w i th  4900 peak pion cGy (rad). 
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I t  is estimated t h a t  some 60,000 persons d i e  i n  the United 
Stated each yea r  because of lack of tunor control a t  the 
primary site. Pions a r e  being t e s t ed  on those types of l a rge  
tumors which are not well managed by any other treatment o r  
combina t ion  o f  t r e a t m e n t s  i n  an a t t e m p t  t o  improve t h e  
survival i n  t h i s  group o f  patients.  In addi t ion,  any l a rge  
reduction i n  the  body's t o t a l  burden o f  tumor cells nay 
improve the chances  for  cure by convent iona l  t e c h n i q u e s  
( s u r g e r y ,  r a d i o t h e r a p y ,  and chemotherapy, a l o n e  o r  i n  
combination). Thus,  i t  i s  possible t h a t  addi t ional  pa t i en t s  
can be helped by pion radiotherapy if their la rge  tumor masses 
can be el iminated o r  s ign i f i can t ly  reduced. 

2.0 OBJECTIVES 
This study i s  designed t o  determine the e f f e c t  o f  pion  radiotherapy 
as compared t o  conventional radiotherapy upon: 
2.1 Local control of advanced adenocarcinomas of the rectum o r  

rectos i gmoi d . 
2.2 Xncidence of complications and injury of normal tissues 

(bowel , bladder,  sk in ,  subcutaneous s t ruc tu res )  . 
2.3 The occurrence of tumor shrinkage, s u f f i c i e n t  t o  render an 

inoperable (o r  unresectabl e) cancer operable and po ten t i a l ly  
curable. 

2.4 For re-explored cases ,  the r a t e  of regional node 
s t e r i l i z a t i o n .  

2.5 The adjusted survival  r a t e  a t  1, 2, and 3 years  postmeson 
therapy a s  compared w i t h  conventional i r r ad ia t ion .  

3.0 PATIENT SELECTION (ELIGIBILITY) 
3.1 General Condition of E l ig ib i l i t y .  

Only pa t i en t s  w i t h  adenocarcinoma o f  the rectum or  
rectosigmoid a r e  e l i g i b l e  f o r  this study. 
be judged c l i n i c a l l y  inoperable i n  the opinion of the 
responsible  surgeon o r  found, a t  operation, t o  be 
nonresectabl e o r  recurrent following surgery. 

Their d i sease  mus t  
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3.2 Conditions f o r  Pa t i en t  E l ig ib i l i t y .  
In addi t ion t o  t h e  above general conditlon, t h e  following 
conditions must be met before a pa t i en t  can be admitted t o  t h e  
study: 
3.2.1 
3.2.2 

3.2.3 

3.2.4 

3.2.5 

3.2.6 

3.2.7 

3.2.8 

Biopsy proof o f  adcnocarci noma. 
A preliminary colostomy o r  ileostonly should be 
avoided; however, i f  performed will not affect 
pa t i en t  e l i g i b i l i t y  f o r  the study. 
Reasonable expectation of completing the study 
treatment and t h e  required follow-up examination 
( including t r ave l  t o  and treatment a t  Los Alamos, a s  
well as an annual follow-up examination a t  t h e  study 
center  i n  A1 buquerque) . 
Agreement of the pa t i en t  and his physician t o  t h e  
condi t ions of the study. 
Agreement of t h e  pa t i en t ' s  physician t o  re l inquish  
management of t h e  pa t i en t ' s  treatment t o  the study 
team. 
Understanding by the pa t ien t  of the provisions o f  
the study, and completion of t h e  required 
inves t iga t iona l  treatment consent form. 
The pa t i en t  i s  prepared t o  accept resect ion if  
following radiotherapy a surgeon deems this 
procedure possible.  
Pa t i en t s  must not be < 18 o r  > 75 years  of age, 
although t h e  upper age limit can be extended for 
pa t i en t s  i n  unusually good physiological condition. 

3.3 Conditions f o r  Patient I n e l i g i b i l i t y .  
The following condi t ions a r e  cause f o r  exclusion of the 
pa t ien t  from the study: 
3.3.1 Biopsy proof of t r ans i t i ona l  ce l l  carcinoma o f  t h e  

anus, epidermoid carcinoma of  the anus, o r  malignant 
carcinoid tumor. 
Previous radiotherapy o f  t h e  primary tumor and 
regional adenopathy. 

3.3.2 
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3.3.3 Previous chemotherapy which, i n  the op 
study team, might compromise treatment 
evaluation. ( A l l  chemotherapy must be 
days before treatment can begin.) 

nion of the 
o r  
stopped 7 

3.3.4 

3.3.5 

3.3.6 

3.3.7 

3.3.8 
3.3.9 

Previous radiotherapy to  areas over1 apping the 
projected treatment portals. 
Active, uncontrollable infection i n  the area of 
contemplated irradiation. 
Medical, psychological, or other contraindication t o  
the contemplated diagnost ic  or therapeutic measures 
and their  eval uat  i on. 

Evidence o f  a second malignancy, other t h a n  s k i n  
cancer. 
other t h a n  s k i n  cancer, the disease-free interval 
must exceed e ight  years. For patients w i t h  s k i n  
cancer, the disease must have been under control for 
a t  least  three years. Skin  cancer, for the purposes 
of t h i s  study, does not include melanoma or  cancer 
o f  the l i p . )  
Karnofsky performance status < 60. 
Evidence of distant metastases (Ml). 

(For patients w i t h  second mal i gnanci es 

4.0 PRETREATKNT EVALUATION 
Consistent w i t h  good medical practice, the following will be 
performed on i n i t i a l  evaluation prior t o  admitting the patient t o  
the study. 
patient e l ig ib i l i ty  for the study and i n  management of the 
treatment regimen. 
4.1  Medical History. 

Results of t h e  evaluation will be used t o  determine 

4.1.1 Age . 
4.1.2 Sex. 
4.1.3 Race. 
4.1.4 Date of onset of symptoms (month and year i n  which 

the patient first noticed the onset of definite 
symptoms or  signs which are later explained by the 
disease) . 
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4.1.5 

4.1.6 

Date (month and year) o f  d e f i n i t e  diagnosis o f  
disease. 
Descript ion o f  symptoms (weight loss, voluntary o r  
involuntary; constipation; diarrhea, inc lud ing 
number of s too ls  and type; blood stool; obst ruct ive 
symptoms; pain; weakness; other). 

4.1.7 Other i 11 nesses. 
4.1.8 Medications cur ren t ly  used. 
4.1.9 Previous therapy (if any). 

4.2 Physical Examination. 
4.2.1 Height . 
4.2.2 Uei ght . 
4.2.3 Temperature. 
4.2.4 

4.2.5 
4.2.6 Evidence o f  obstruction, whether p a r t i a l  o r  

4.2.7 

Notation o f  palpable masses, organomegaly, ascites 
o r  per i  t o n i  t i s. 
Performance Status (Karnofsky Function Assessment). 

complete. 
Drawing o f  primary tumor (w i th  centimeter 
dimensions); also, photographs, i f  possible. 

Complete blood count (w i th  wh i te  count and 
d i  f f e r e n t i  a1 ) . 

4.3 Routine Laboratory Tests. 
4.3.1 

4.3.2 P1 ate1 e t  count. 
4.3.3 Urinalysis. 
4.3.4 Serum a1 ka l ine  phosphatase, BUN, SGOT, t o t a l  prote in  

4.3.5 Others, as indicated by the ind iv idual  patient. 

4.4.1 
4.4.2 

4.4.3 Barium enema. 
4.4.4 Lymphangi ogram. 
4.4.5 
4;4.6 L ive r  scan. 

albumin, and creatinine. 

4.4 Routine Imaging Procedures. 
Chest x-ray (poster ior -anter ior  and l a t e r a l )  

Intravenous pyelogram (except f o r  patients a1 l e r g i c  
t o  contrast material). 

Cystogram (when invasion of bladder i s  suspected) 
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4.4.7 CT scan, if available; i f  not t h i s  w i l l  be performed 
a t  the study center. 

4.5.1 Irmnune r e a c t i v i t y  (skin) tests.  
4.5.2 

4.5.3 Other studies as indicated t o  r u l e  out d i s tan t  

4.5 Optional Studies. 

Cardiopulmonary assessment i f  indicated t o  to le ra te  
7000 ft. a l t i t u d e  o f  Los Almos. 

metastases. 
4.6 Staging Procedures. 

4.6.1 Proctoscopy f o r  tumor local izat ion.  
4.6.2 Biopsy o f  primary. (Note: The les ion  must be 

adenocarcinoma.) 
descri  p t i o n  and diagnosis , the pathologi s t  1 s 
requested t o  use one o r  more o f  the fo l low ing  three 
designations: (1) low grade (wel l  d i f f e ren t i a ted ) ,  
(2) intermediate (moderately d i f f e ren t i a ted ) ,  o r  ( 3 )  
high grade (poorly d i f fe ren t ia ted) .  
Proctosigmoidoscopy t o  establ i sh most i n f e r i  o r  
margins of the tumor (distance between junc t ion  and 
d i s t a l  margin o f  neoplasm should be recorded, i.e., 
less than 5 centimeters o r  more than 5 centimeters). 

I n  add i t ion  t o  the  microscopic 

4.6.3 

It i s  suggested tha t  the pa t ien t  be examined i n  

so t h a t  the bowel i s  straightened out, permit t ing 
the  most accurate measurement. The l a t e r a l  Sims 
pos i t i on  should not be used f o r  t h i s  purpose. 

involvement and extent o f  disease beyond rectum: 
4.6.4.1 An estimate should be made as t o  whether 

the tumor involves less  than one-half or  
more than one-half of t he  circumference o f  
the rectum. 
Determination o f  extent beyond rectum and 
f i x a t i o n  t o  other structures w i l l  be based 
on c l i n i c a l  examination and intravenous 

*e i the r  the  knee-chest, o r  i n  the head-down posit ion, 

4.6.4 C1 i n i c a l  examination t o  determine circumferent ia l  

4.6.4.2 
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pyelogram results. A vaginal examination 
w i l l  be conducted f o r  females. 

Cystoscopy (when invasion o f  bladder i s  suspected). 
Although i t  should be avoided i f  a t  a l l  possible, a 

pre l iminary colostomy o r  ileostomy f o r  r e l i e f  o f  
obst ruct ion may be done. 
Other studies as indicated ( p a r t i c u l a r l y  t o  
determine presence o r  absence o f  d i s tan t  
metastases) . 

4.6.5 
4.6.6 

4.6.7 

. 4.7 Specif ic points t o  be determined during pretreatment 
evaluation include estimates o f  the fol lowing: 
4.7.1 

4.7.2 

4.7.3 

4.7.4 

4.7.5 

C i  rcunferentt a1 i nvol v e n t .  
4.7.1.1 Less than one-ha1 f. 
4.7.1.2 More than one-half. 
Distance o f  most i n f e r i o r  margin o f  tumor from 
anorectal junction. 
4.7.2.1 Less than 5.0 centimeters. 
4.7.2.2 More than 5.0 centimeters. 
Extent o f  disease by c l i n i c a l  examination. 
4.7.3.1 Not fixed. 
4.7.3.2 

Presacral s o f t  t i ssue thickness on l a t e r a l  x-ray 

4.7.4.1 Less than 2 cm. 
4.7.4.2 More than 2 cm. 

H is to log ic  Grade: 
4.7.5.1 Low 
4.7.5.2 Intermediate 
4.7.5.3 High 

Fixed ( t o  such structures as bladder, 

prostate, uterus, vagina, o r  sacrum). 

study. 

5.0 ADMISSION TO STUOY AND RANDOMIZATION 
Patients w i l l  be admitted t o  the study only a f t e r  the  pretreatment 
evaluation i s  completed and the e l i g i b i l i t y  c r i t e r i a  are met. 
Copies o f  a l l  necessary forms w i l l  be forwarded t o  RTOG 
Headquarters. 
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5.1 A l l  therapy w i l l  be scheduled through the Cancer Research and 
Treatment Center i n  Albuquerque. 
pa t ien ts  receive radiotherapy planning CT scans and 
l o c a l i z a t i o n  i n  10s A l m s  even i f  randomized t o  conventional 
treatment a t  the refer r ing i n s t i t u t i o n .  Ophthalmologic 
examination t o  assess lens opacity w i l l  be performed upon 
admission t o  the study. 
canpl eted: 

It i s  planned t o  have a l l  

The fo l lowing steps must be 

5.1.1 

5.1.2 

5.1.3 
5.1.4 

5.1.5 
5.1.6 

I d e n t i f i c a t i o n  and r e g i s t r a t i o n  (see 5.1.2) o f  a l l  
pat ients enter ing the par t i c ipa t ing  i n s t i t u t i o n  w i t h  
a diagnosis o f  adenocarcinoma of the rectum o r  
rectosi  gnoi d. 
Completion o f  RTOG i n i t i a l  r e g i s t r y  form. 
who are determined i n e l i g i b l e  by t h e i r  physicians 
w i l l  be el iminated a t  t h i s  point. The RTOG i n i t i a l  
r e g i s t r y  form must l i s t  the reason(s) f o r  
i n e l i g i b i l i t y  and be forwarded t o  RTOG Headquarters 
f o r  use i n  population control) .  
Pretreatment eval u a t i  on. 
Completion o f  the study entrance form (pat ient  name 
and address, r e f e r r i n g  i n s t i t u t i o n ,  r e f e r r i n g  
physician, etc.). 
Completion o f  pat ient  consent form. 
N o t i f i c a t i o n  t o  Dr. Bush (505/277-3539) o r  h i s  
designee, of p o t e n t i a l l y  e l i g i b l e  pat ients who have 
agreed t o  par t i c ipa te  i n  t h i s  study. 

(Pat ients 

5.2 When a pat ient  has been f u l l y  evaluated and determined 
e l i g i b l e  and the forms completed as speci f ied i n  5.1, Dr .  Bush 

o r  his designee a t  the pion f a c i l i t y  w i l l  complete and submit 
the on-study form and w i l l  phone RTOG Headquarters a t  

(215)574-3191, Monday - Friday, from 9 a.m. t o  5 porn., EST, 
and r e l a t e  the fo l lowing information: 
5.2.1 Protocol Name. 
5.2.2 Patient Name. 
5.2.3 Referr ing i n s t i t u t i o n  and physician. 
5.2.4 Status o f  primary (inoperable, unresectable, 

recurrent) 
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A p r o j e c t  case number and treatment will be assigned by RTOG 
Headquarters of either: 

a )  conventional radiotherapy a t  t he  re fer r ing  
I n s t i t u t i o n ,  o r ,  

b) pion radiotherapy a t  Los Alamos. These w i l l  be 
confirmed by mai l  t o  Dr. Sush and t h e  r e fe r r ing  
physician. 

6.0 TREATMENT DETAILS 
6.1 Target volume. 

The t a r g e t  volume will be a minimum of 2 cm beyond the 
boundary of t h e  gross tunor  volume, or as la rge  as  needed t o  
include t h a t  volume of t i s s u e  beyond which t h e  rad io therapis t  
be l i eves  microscopic tumor does not extend. 
t a r g e t  volune margin will  be a minimum of 5 cm along t h e  
bowel . 
6.2.1 Equipment. Equipment must be 4 MeV o r  grea te r  o r  

However, the 

6.2 Conventional radiotherapy. 

cobal t  60. 
80 an SSD o r  80 cm t o  ax i s  f o r  SAD techniques. 

mid-plane of the t a rge t  volume which usually will be 
the mid-plane o f  the pelvis. The dose across the 
t a r g e t  volume must not be less than 10% o f  the 
mid-plane dose. Dose r a t e  will be 850-900 rad/week, 
170-180 radlday, 5 days/week and a minimum of 2 
f ie lds/day.  The options will be e i t h e r  4500 rad/25 
f r ac t ions /5  weeks, or  5100 rad130 fractions16 weeks 
t o  the major volume. Other var ia t ions within t h e  
above l imi t s  of a minimum of 4500-5100 rad m a x i m  
a t  850-900 radlweek will be accepted. 
be evaluated f o r  operation a f t e r  t h e  last 
radiotherapy treatment. If  not operable o r  i f  not 
resectable ,  pa t ien ts  will t h e n  receive boost f i e lds .  
Appropriate procedures such a s  bladder d is tens ion  
should be used t o  exclude a s  much small bowel as  

The m i n i m u m  treatment dis tance must be 

6.2.2 Dose Time Factors. A l l  doses will be calculated a t  

Pa t ien ts  will 
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possible  from the  treatment volume. I f  small bowel 
i s  mobile, t h e  dose w i t h  t h e  boost f i e l d  should be 
brought t o  6000 radl7 weeks, but if  inmobile, t o  a 
maximun o f  5000-5500 radj6 - 6 1/2 weeks. I n  those  
pa t i en t s  with inoperable, recurrent o r  gross  
res idual  disease,  i f  t h e  small bowl  i s  t o t a l l y  out 
of t h e  boost por ta l ,  i t  is recomnended t h a t  t h e  
t o t a l  dose w i t h i n  the boost f i e l d  be ca r r i ed  t o  6500 
rad. 

6.2.3 Treatment Fields.  The minimum treatment f i e l d  will 
include the primary tumor and adjacent tissue, a s  
well a s  t h e  lymph node drainage area in the pe lv is  
and t h a t  extending along the  superior  hemorrhoidal 
vessels. The i n f e r i o r  boundary will be t h e  bottom 
of the obtura tor  foramen o r  lower a s  indicated by 
d i s t a l  spread o f  tumor. Lateral  boundaries i n  t h e  
true pe lv is  w i l l  be 1.5 cm l a t e r a l  t o  t h e  bony 
margin ( i l iopec t inea l  l i ne )  a t  i t s  widest point ,  
(un less  lymphangiography del i neates nodes , t h e n  1 cm 
lateral t o  nodes) and i n  the lumbar region, the tips 
o f  t h e  t ransverse  processes. 
be t h e  top  of the sac ro i l i ac  j o i n t  l a t e r a l l y  ( i n  t h e  
pe lv ic  region) o r  the top of the L2 ver tebra  ( i n  t h e  
lumbar region). For the lunbar area,  t h e  width of 
the f i e l d  will be determined by the lymphangiogram. 
If  not visual ized,  i t  will  be a t  the t i p s  o f  the 
t r ansve r se  processes. 

standard f rac t iona t ion  schemes. The a rea  and size 
of the boost field are  dependent on operat ive and 
o the r  d iagnos t ic  information. These f i e l d s  should 
be as m a l 1  as possible and l imited t o  any a rea  of  
residual  tumor. Boost f i e l d s  may be posit ioned per 
d i sc re t ion  of the individual radiotherapis t .  

Superior margins will 

6.2.4 Boost Volume. Continuous ( a f t e r  l a rge  f i e l d )  using 
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6.2.5 Time Dose Modifications. Maximum acceptable delay 
during treatment is two weeks; i n  a patient w i t h  a 
delay o f  less than ko weeks, t he  maximun acceptable 
dose is 5100 rad to t h e  large pelvic f i e l d  w i t h  t he  
same rad dore/small bowel f indings f o r - t h e  boost 
f i e l d  as spe l l ed  out i n  6.2.2. Treatment should be 
in te r rupted  if  counts f a l l  below: WBC = 2,000 
and/or platelets = 50,000. 

will be t a k e n  and sent t o  the  RTOG Office i n  the 
first week of therapy together  with a copy of the 
t reatment  plan. Isodose d i s t r ibu t ions ,  w i l l  be 
subni t t e d  to RTOG Headquarters w i  t h  t h e  Radiotherapy 
Form a t  the  completion of radiotherapy. 

6.2.7 Dosimetry Monitoring. The Radiological Physics 
Center i n  Houston will conduct f i e l d  surveys t o  
ver i fy  t h e  accuracy of dosimetry a t  each 
pa r t i c ipa t ing  i n s t i t u t i o n .  

6.2.6 Treatment Planning. Localizing films of each f i e l d  

6.3 Pion  Radiotherapy. 
The tumor dose t o  the  i n i t i a l  l a rge  f i e l d  w i l l  be 2400 minimum 
peak pion rad ca lcu la ted  a t  t h e  80% isodose line a t  a da i ly  
minimum tumor dose of 100 peak pion rad. The maximum t o t a l  
dose a t  t h e  100% isodose line will be 3000 rad a t  a d a i l y  dose 
of 125 rad/day. The t a r g e t  volume will be the same as  
described above under 6.2.3. Patients wil l  be evaluated f o r  
operation a f t e r  t h i s  dose and operated upon 3-4 weeks a f t e r  
the l a s t  radiotherapy treatment. The peak pion dose will be 
l imited to the primary tumor and the  local lymphatic spread i n  
those instances where such lymphatic spread i s  contiguous w i t h  
o r  near the  gross tumor and which will be w i t h i n  the 80% 
isodose line. In t h e  l a t t e r  case,  t h e  remaining drainage area 
will be t r ea t ed  prophylact ical ly  w i t h  conventional rad ia t ion  
t o  the dose level  described above f o r  conventional rad ia t ion  
and fo r  pa t i en t s  found operable a f t e r  pion therapy will be 
delivered a f t e r  surgery,  based upon presence or  absence o f  
involved lymph nodes i n  the  surgical  specimen. I f  not 
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operable or if not resec tab le ,  pa t i en t s  will then  receive a 
peak pion cone-down t o  t h e  primary t m r  and any known gross  
d isease  t o  an addi t ional  minimum 1200 peak pion rad. The 
boost v o l m  will be a s  described under 6.2.4 above. For. t h e  
pion radiotherapy, s p l i t  course treatment may be needed t o  
conform t o  acce le ra to r  operat jng schedules. 

If, f o r  whatever reason, the full  prescribed dose of pfon 
radiotherapy cannot be del ivered,  addi t ive  conventional 
r ad ia t ion  may be del ivered t o  the primary field,  t o  a dose 
level determined on an individual pa t ien t  basis. Pa t ien ts  who 
Fecei ve such add i t ive  conventional therapy t o  the primary 
f ie ld  w i l l  be retained on study, b u t  will be s t r a t i f i e d  
separa te ly  f o r  s t a t i s t i c a l  analysis.  

7.0 ENDPOINTS OF STUDY AND RESPONSE CRITERIA 
Primary endpoints will be derived from: 
7.1 Pat ien t  survival time. 
7.2 Qual i ty  o f  survival.  

7.2.1 Karnofsky funct ion assessment 
7.2.2 Subjective assessment. 

The r a t e  of regression of the primary tumor and regional nodes 
a t  each assessment w i l l  be determined by measurements of the 
primary tumor and any palpable nodes, i n  maximum dimensions 
and dimensions a t  r i g h t  angles  and when possible t h i r d  
dimensions; o t h e m i  se by subjec t ive  assessment percentage 
regression. T h i s  assessment will be performed imnediately 
a f t e r  treatment and a t  each follow-up visit. 
7.3.1 Complete response (CR)  - Complete disappearance of 

a l l  measurable and palpable tumor. 
7.3.2 Par t i a l  response (PR) - Tunor shrinkage grea te r  than 

50% of the product of the perpendicular diameters of 
the two l a r g e s t  dimensions. 

7.3 Local Tumor Response. 
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7.3.3 Minor response (MR) - Tumor shrinkage greater than 
25% but  less than 50% o f  the product o f  the 
perpendicular diameters o f  the two la rges t  
dimensions. 
No change (NC) - 25% growth t o  25% shrinkage of the 
product o f  the perpendicular diameters of the two 
1 arges t  dimensions. 
Progressive disease (PO) - Growth o f  tumor grea te r  
than 252 of the  product o f  the perpendicular 
diameters o f  the two 1 a rges t  dimensions. 

7.3.4 

7.3.5 

7.4 Response o f  regional node metastasis.  
7.5 Incidence o f  d i s t an t  metastasis.  
7.6 Incidence of local recurrence. 
7.7 Change t o  r e sec t ab i l i t y  from nonresectabil  i ty .  
7.8 Change t o  operable from inoperable. 
7.9 Acute and l a t e  response of normal tissue (see Appendix 111). 

8.0 POST-TREATMENT EVALUATION 
Parameters t o  be recorded a t  each follow-up evaluation while on 
study include: 
8. 1 Medical h i  s to ry  data ( see  sec t ion  4.1) , including Karnofsky 

Sta tus  . 
8.2 Physical examination including vaginal examination f o r  female 

pat ients .  
8.3 Laboratory tests, as indicated. 
8.4 Imaging procedures, as  indicated.  

8.4.1 Chest x-ray. 
8.4.2 

8.4.3 Bari urn enema. 
8.4.4 
8.4.5 Liver scan. 
8.4.6 CT Scan when indicated. 

8.5 Proctoscopy as indicated ( f o r  pa t i en t s  not subsequently 
resected) . 

8.6 Cystoscopy as indicated (when invasion of the bladder is  
i nvol ved) 

Intravenous pyelogram (except f o r  pa t ien ts  who a r e  
dye sensitive). . 

Cystogram (when invasion o f  bladder is involved). 
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8.7 Sumnary o f  Eva1 u a t i  on Parameters. 

Pre 
Treatment 

H is to ry  & Physical* 
Performance Status 
CBC, di f ferent ia l ,  p l a t e l e t s  
Ur ina lys is  
B1 ood Chemi s t  r i e s  
Lt ver Enzymes 
Cardiopulmonary assessmnt 
CT Scan 
Chest x-ray 
I VP* 
BE 
LAG 
Liver  Scan 
Cystogram 
Proctoscopy 
Metastat ic Survey ( l i v e r ,  bone, 

Ophthalmologic Exam 
brain, etc.) 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

X 

a 

a 

a 

b 

(*) vaginal exam f o r  female pa t ien ts  

(*) unless contraindicated 

(a) if c l i n i c a l l y  ind icated 

A t  A t  
Completion Fol 1 ow-up 

X X 
X X 

a 
a 
a 
a 

a 
a 
a 
a 

a 
a 
a 
a 

a*** 

b 

(afn) KUB o r  p l a i n  abdomen/pelvis 
radiographs as indicated 

(b)  P r i o r  t o  treatment and year ly  
therea f te r  

( x )  Required, consistent with good 
medical pract ice 

9.0 FOLLOW-UP SCHEDULE 

Patients receiv ing p ion radiotherapy w i l l  receive an annual 
physical examination by a rad ia t ion  oncologist a t  t he  Study Center 
i n  Albuquerque or a t  a regional c l i n i c  c loser  t o  the pa t ien t ' s  
home. Deaths o f  pa t ien ts  t reated w i th  e i t he r  pion radiotherapy o r  

conventional therapy w i  1 1 be reported. 

The purpose o f  follow-up assessments i s  t o  determine: 
9.1 Gross tumor response t o  treatment. 
9.2 Time o f  d i s tan t  spread and involved organs and nodes. 
9.3 Long-term normal t i ssue e f fec ts  o f  radiotherapy. 
9.4 Time and s i t e  o f  l oca l  recurrence (if any) as accurately as 

poss - i b l  e. 
9.5 Patient funct ional  status during surv iva l  
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9.6 Time of surv iva l  i n  years. 

9.7 The f i r s t  day o f  d e f i n i t i v e  treatment i s  considered Day 1. 
Follow-up assessments should be scheduled w i t h i n  t w o  weeks o f  
t h e  speci f ied times and w i l l  be reported: 
9.7.1 

9.7.2 

One month a f t e r  treatment, then every three months 
f o r  12 months counting frm Day I. 
Every s i x  months f o r  the  next four  years (when 
pat ient  s u r v i v a l  t ime reaches f i v e  years a f t e r  Day 

1). 
9.8 If a study pat ient  cannot re tu rn  t o  the Study Center i n  

Albuquerque, arrangements w i l l  be made t o  have him examined a t  
another hospi ta l  o r  by h i s  p r iva te  physician and a repor t  o f  
t h i s  examination submitted. The fo l lowing infonnatfon w i l l  be 
recorded on the follow-up form a t  each v i s i t  (unless indicated 
otherwi se) : 
9.8.1 B r i e f  i n t e r i m  h i s to ry  (weight loss, abdominal pain, 

weakness, d l  arrhea , const i p a t i  on, obstruction, 
other) . 
Performance status (Karnof sky funct ion assessment) . 

9.8.2 Physical examination: (same as 4.2). 
9.8.3 

9.8.4 Laboratory tes ts ,  as indicated. 
9.8.5 Imaging procedures, as indicated, (same as 8.4). 
9.8.6 

9.8.7 

Ophthalmologic exam t o  assess lens opacity 
(annual 1 y) 

Progress toward endpoi nts (cornpl i c a t  ions, tumor 
response, etc.) w i l l  be recorded and reported a t  
each follow-up v i s i t .  
biopsy should be taken and the date o f  recurrence 
should be f i xed  as c losely  as possible. Patients 
receiv ing pion radiotherapy w i l l  receive an annual 
physical examination by a rad ia t ion  oncologist a t  
the Study Center i n  Albuquerque o r  a t  a regional 
c l i n i c  c loser  t o  the pa t ien t ' s  home. 

I f  a recurrence develops, a 
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10.0 PATHOLOGY 
10.1 Pathology data w i l l  be derived from: 

10.1.1 

10.1.2 

10.1-3 

11.0 FORMS 

Biopsy Specimens. Biopsy specimens w i l l  be examined 
by pathologists a t  t h e  pa r t i c i pa t i ng  i n s t i t u t i o n s  t o  
substantiate the  diagnoses. Representative s l ides  
f o r  patients entered onto the study w i l l  be 
forwarded t o  RTOG Headquarters f o r  review by the  
study pathologist. Copies o f  biopsy reports w i l l  be 
submitted t o  RTOG Headquarters and the  r e f e r r i n g  
and/or follow-up physician. 
Surqical Specimens. 
from anatomic s i tes  w i l l  be examined by pathologists 
a t  the  pa r t i c i pa t i ng  i n s t i t u t i o n s  where the surgery 
was performed. A descr ip t ion o f  the surgical 
specimen and microscopic s l ides w i l l  be forwarded t o  
RTOG Headquarters f o r  review by the study 
pat hol og i st. 
Autopsies. Autopsies should be performed on a l l  
study patients by pathologists a t  the p a r t i c i p a t i n g  
i ns t i t u t i ons .  The postmortem study should include a 
descr ip t ion of i r rad ia ted  t issues and pat tern of 
tumor spread. Autopsy reports and representative 
microscopic s l ides w i l l  be forwarded t o  RTOG 
Headquarters f o r  review by the study pathologist,  
w i th  deta i led anatomic descr ip t ion o f  the  s i t e s  
where specimens were obtained f o r  co r re la t i on  of 
pion dose and pathological changes. 

Any t i ssue surg ica l l y  removed 

A copy o f  each study form must be submitted t o  RTOG Headquarters. 
Data w i l l  be recorded on standard forms t o  be supplied t o  each 
p a r t i c i p a t i n g  i ns t i t u t i on .  The fo l lowing records w i l l  be generated 
by t h e  study team and pa r t i c i pa t i ng  i n s t i t u t i o n s  f o r  storage, 
r e t r i e v a l ,  and analysis. 
11.1 RTOG i n i t i a l  r e g i s t r y  form (submitted f o r  both e l i g i b l e  and 

i r ie l  i g i  b l  e patients entering each pa r t i c i pa t i ng  i n s t i t u t i o n )  . 

21 00 133230.024 



11.2 On-study form. 
11.3 Pre-radiotherapy operative procedures and f ind ings f o r  

pa t i en ts  explored and found non-resectable (extent o f  dlsease, 
presence o f  nodal metastases, type and extent o f  surgery 
performed, etc.) 

11.4 Treatment prescr i  p t  i on. 
11.5 Loca l i za t fon  f i lms .  

Loca l i za t i on  f i l m s  o f  each f i e l d  w i l l  be taken and sent t o  the 
RTOG o f f i c e  i n  the f i r s t  week o f  therapy together w i th  a copy 
o f  the  treatment plan. 

11.6 Treatment s u n a r y  form: 
11.6.1 

11.6.2 

11.6.3 

11.6.4 

Radiat ion therapy administered (type o f  energy, 
d a i l y  schedule o f  treatment , maximum dose, 
complications during rad ia t ion  therapy, 2 
descr ip t ion of the les ion  a t  the  end o f  treatment, 
pa t i en t ' s  weight a t  the end o f  treatment, 
performance a t  end o f  treatment, copies o f  po r t  
f i l m s  and isodose curves, etc.). Isodose 
d i s t r i b u t i o n s  shoul d be attached. 
Operative procedures and findings, i f  applicable 
(extent o f  disease, presence o f  metastases, type and 
extent o f  surgery performed, etc. ) 
Postoperative data (complications fo l lowing surgery, 
pa t ien t  weight a t  t ime of discharge, performance a t  
t ime o f  discharge,, etc.). 

(Drugs administered, i f  any (a descr ip t ion o f  type 
and dose o f  any drugs administered, duration and 
purpose, inc lud ing any chemotherapy administered i n  
the  event o f  lack o f  tumor control).  

11.7 F o l l  ow-up assessment form (see Section 9.0) . 
11.8 Pathology forms (see Section 10.0). 
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11.9 %Innary of f o n s  submission. 

Form - 
I n i t i a l  r e g i s t r y  

On-study form 
Pre-radiotherapy Surgery Form 
Study entrance f o m  
Radiotherapy p resc r ip t ion  
Copies of l oca l i za t ion  films 
Pathology slides and report 

Treatment sumnary form 
Copy of radiotherapy record 
Copy o f  boost f ields 
Isodose d i s t r i b u t i o n  

Due - 
W i t h i n  two weeks o f  evaluat ion 

W i t h i n  two w e e k s  o f  randomization 

W i t h i n  two weeks of completion 
o f  radiotherapy 

Fol 1 ow-up assessment W i t h i n  two days of times i n  9.7 

Surgery form 
Pathology sl ides and repor t  

W i t h i n  one month of surgery 

Death form Within one month of death 

12.0 ADDITIONAL THERAPY ALLOWED 
Therapy i s  t o  be administered as  de ta i led  i n  sec t ion  6.0. 
Subsequent therapy shall proceed a t  the d iscre t ion  of the p a t i e n t ' s  
responsible  physician. 
therapy performed should be documented i n  the p a t i e n t ' s  follow-up 
records. 

Indicat ions f o r  subsequent therapy and the 

Pat ien ts  i n  this study may have their radiat ion therapy modified or 
interrupted a s  d i c t a t e d  by c l i n i c a l  indicat ions,  such a s  acute 
bowel obs t ruc t ion ,  o r  unusually severe radiat ion react ion not 
amenable t o  simple d a i l y  dose reduction or  symptomatic treatment. 
A colostomy o r  ileostonly, a1 though needed infrequent ly ,  should be 
carried out f o r  relief of obstruction. 

possible)  or no addi t iona  
individual inves t iga tor .  
the incidence o f  metastas 

Pa t ien ts  found nonresectable - a t  operation only will be considered 
for possible  addi t iona l  therapy (re-exploration and resec t ion ,  i f  

therapy a t  the d iscre t ion  of the 
Pathology specimens will be obtained, and 
s i n  regional nodes w i l l  be recorded. 
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If. the primary tumor i s  not con t ro l led  a t  the primary s i te ,  
subsequent therapy should proceed a t  the d iscret ion o f  the 

pat ient 's  responsible physician. C l i n i ca l  evidence of lack o f  
tumor control  should be docunented i n  the pat ient 's  follow-up 
records 

I n  the event t ha t  surgery o r  a biopsy i s  performed, the excised 
t i ssue or  biopsy specimen should be care fu l l y  examined by a 
pathologist  a t  the p a r t i c i p a t i n g  i n s t i t u t i o n ,  wi th  representative 
s l ides forwarded f o r  review by the Study Center pathologist.  

13.0 SfATISTICAL CONSIDERATIONS 
Based on avai lable l i t e r a t u r e  and the  l i ke l ihood tha t  only pat ients  
w i th  more advanced tumors w i l l  be referred, members of the  
Comnittee on Human T r i a l s  o f  Pion Radiation Therapy, UNM/LASL, 
estimate the current cumulative f ive-year survival r a t e  f o r  the 
contro l  cases a t  s i x  percent. They bel ieve tha t  a surv iva l  r a t e  o f  
20 percent should be sought as minimally acceptable with pion 
radiotherapy . 
A t o t a l  of 150 pat ients ,  75 i n  each arm, w i l l  al low t h i s  
improvement, i f  it exists,  t o  be detected with high probab i l i t y  
(90% o r  greater) using a one-sided t e s t  o f  s igni f icance w i t h  
p-value o f  0.05. This assumes: 

1) tha t  pat ient  surv iva l  approximately follows a negative 
exponential d is t r ibu t ion .  

2)  tha t  these pat ients  w i l l  be accrued i n  a period o f  two t o  
three years, and a s t a t i s t i c a l  analysis performed a t  the  
end of year f ive.  

14.0 PATIENT CONSENT AND PEER JUDGMENT 
A l l  i n s t i t u t i o n a l ,  National Cancer I n s t i t u t e  and Food and Drug 

Administrat ion regulat ions requ i r ing  submission t o  the 
I n s t i t u t i o n a l  Human Experimentation Comnittee and procedures f o r  
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obtaining and recording i n f o m d  consent w i l l  be followed. A 

pat ient  raqy be reroved from the study a t  any time i f  the study i s  
not i n  the best interest  o f  the patient. A patient may withdraw 
voluntari ly froa the study a t  any time, as w i l l  be indicated i n  the 
consent form (see Appendix I V ) .  
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APPENDIX I 

T M  CLASSIFICATION 

(American J o i n t  Comnittee Staging - 1978) 

The de f in i t fons  o f  TNH ca tegor ies  f o r  carcinoma o f  the colon and 
rectum follow. Each case rmst be assigned the highest  category o f  
T, N, and H that  describes t h e  full extent  o f  disease  i n  t h a t  case. 

Primary Tumor (T) 

TX 
TO 
TIS 
T1 

T2 
T3 

T4 

T5 

Depth of penetration not specified 
NO c l i n i c a l l y  demonstrable tumor 
Carcinoma i n  situ (no penetration of lamina propria)  
C l in i ca l ly  benign les ion  o r  les ion  confined t o  the mucosa o r  
submucosa 
Involvement of muscular wall o r  serosa,  no extension beyond 
Involvement of a l l  l aye r s  o f  colon or rectum w i t h  extension t o  
immediately adjacent s t ruc tures  o r  organs of both, w i t h  no 
f i s t u l a  present 
F i s tu l a  present along w i t h  any o f  the above degrees of tumor 
penet r a t  i on 
Tumor has spread by direct extension beyond the imnediately 
adjacent organs o r  tissues. 

Nodal I nvol vement (N 1 
NX Nodes not assessed o r  involvement not recorded 
NO Nodes not believed t o  be involved 
N1 Regional nodes involved (d i s t a l  t o  i n f e r i o r  mesenteric a r t e ry )  

Dis tan t  Metastases ( M L  

MX Not assessed 
MO No (known) d i s t an t  metastases 
M 1  Dis tant  metastases present ( inc l  udi ng wtra-abdomi nal nodes; 

intra-abdominal nodes proximal t o  mesocolon and i n f e r i o r  
mesenteric a r t e r y  (see N1) ; peritoneal imp1 an t s ,  1 i ver , 1 ungs , 
and bones) 
Specify 

Pulmonary - PUL 
Osseous - OSS 
Hepatic - HEP 

Pleura - PLE 
Brain - BRA 

Lymph Nodes - LYM 
Bone Marrow - MAR 
Ski n - SKI 
EY e - EYE 
Other - OTH 

Add "+" t o  the abbreviated notation t o  ind ica te  t h a t  the 
pathology ( p )  i s  proven. 

28 00 133230.031 



Postsurqical Treatment Residual Tumor ( R )  

RO No residual  tunor 
R 1  Microscopic residual t u n o r  
R2 Macroscopic residual tumor; Specify 

Stage Groupi nq 

Carcinoma i n  s i t u  
t i ssue  (biopsy or 

as demonstrated by h i s to log i c  examination by 
other)  

Staqe I 
Stage 1 A  
T l ,  NO I40 
T l ,  NX MO 

Tumor confined t o  mucosa or sukaucosa w i th  no demonstrable 
metastasis t o  regional lymph nodes and no evidence o f  d i s tan t  
metastasis 

Stage 1B 
T2 NO MO 
T2 NX MO 

Tumor involves muscularis but has not extended beyond serosa wi th  
no demonstrable metastasis t o  regional lymph nodes and no evidence 
o f  d is tan t  metastasis 

S t a  e XI 
*Mo 
T3-5 NX MO 

A tumor t h a t  has extended beyond the bowel wal l  or  serosa w i th  no 
demonstrable metastasis t o  regional lymph nodes and no evidence of 
d is tan t  metastasis 

Stage I11 
Any T N1 MO 

Any degree o f  penetration o f  bowel or rec ta l  w a l l  by tumor w i th  
metastasis t o  regional lymph nodes but no evidence o f  d is tan t  
metastasis 

S t a  e I V  
h y  N M1 

Any degree o f  penetrat ion o f  bowel or rec ta l  w a l l  by tumor with o r  
without metastasis t o  regional lymph nodes and w i th  evidence o f  
d i s tan t  metastasis - _  
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H i  s t  opat hol  ogy 

The predominant cancer i s  adenocarcinoma; pathologic diagnosis i s  
required t o  u t i l i z e  t h i s  c lass i f icat ion.  T w r  grading i s  
recotlmended. Reference t o  WHO norncnclature i s  advised. 

Other determinants o f  probable importance t o  be evaluated i n  
prospective studies o f  postsurgical treatment assessment are tumor 
margin c i  rcunscr i  pt ion, histopathologic d i f f e ren t i a t i on  (e.g. , 
nuclear grade, growth pattern, and mucin productton) and 
hos t -ce l lu la r  reac t ion  (lymphocyte and plasma c e l l  i n f i l t r a t i o n  i n  
and about t he  tumor as wel l  as i n  contiguous tissues). 
essent ia l  t h a t  i n  each case the specf f ic  h i s to log i c  type and the 
presence or absence o f  intravasal  permeation (lymphatic, venous, o r  
both) be rou t i ne l y  recorded. 

Tumor Grade (G) 

G 1  Well d i f f e r e n t i a t e d  
62 Moderately well d i f f e ren t i a ted  
63-4 Poorly t o  very poor ly d i f f e ren t i a ted  

It i s  

Use whichever ind ica tor  i s  most appropriate (term o r  G + 
number) 
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APPENDIX I 1  

KARNOFSKY PERFORMANCE SCALE 

100 
90 

80 
70 

60 

50 
40 
30 

20 

10 
0 

Normal ; no compl a i  n t s  ; no evidence o f  disease. 
Able t o  ca r ry  on normal a c t i v i t y ;  minor signs o r  sym;ltoms of 
disease.  
Normal a c t i v i t y  w i t h  e f f o r t ;  some sign o r  symptoms of disease.  
Cares f o r  self, unable t o  carry on normal a c t i v i t y  o r  do 
a c t i v e  work. 
Requires occasional ass i s tance ,  bu t  i s  able  t o  ca re  f o r  most 
personal needs. 
Requires considerable  ass i s tance  and frequent medical care. 
Disabled; requires special care  and assistance.  
Severely disabled;  hospi ta l iza t ion  i s  indicated,  although 
death not i m i n e n t .  
Very sick; hosp i t a l i za t ion  necessary; ac t ive  support treatment 
is necessary. 
Moribund; f a t a l  process progressing rapidly. 
Dead. 
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APPENDIX 111 

ACUTE NORMAL TISSUE REACTION GRAOES 

1. Skin 
0 - N i l  
1 - Erythema 
2 - D r y  Desquamation 
3 - Ho is t  Desquamation 
4 - Acute NeCrOSfS 

2. Oral -Pharyngeal Mucosa 
0 - NI1 
1 - I n j e c t i o n  
2 - Patchy Pseudo-Diphtheri t i c  Membrane 
3 - Confl uent Pseudo-Di phther i  t i c  Membrane 
4 - Ulcerat ion 

3. 0 - N i l  
1 - D is to r t i on  of sense o f  taste without Xerostomia 
2 - Mi ld Xerottania 
3 - Moderate Xerostomia 
4 - Severe Xerostomia 
5 - Acute Sal i va ry  Gland Necrosi s 

1 - Mi ld  t o  Moderate Diarrhea, No Tenesmus 
2 - Diarrhea w i t h  Mucous o r  Mi ld t o  Moderate Tenesmus 
3 - Diarrhea w i th  Bleeding or  Severe Tenesmus 
4 - Acute Necrosis 

4. 0 - N i l  

4a. Proctoscopic Findings 

1 - I n j e c t i o n  
2 - Dusky Mucosa 
3 - Edema 
4 - Punctate Hemorrhage 
5 - Gross Bleeding 

0 - N i l  

5. GU Tract  Symptoms 
0 - N i l  
1 - Mi ld  Dysuria, Nocturia < 3 
2 - Moderate Dysuria, NoctuFia > 3 < 5 
3 - Severe Dysuria, Bladder Spasms,-octuria > 5 
4 - Gross Hematuria 

6. Ep i l a t i on  
0 - N i l  
1 - < 20% o f  F i e l d  
2 - < 50% o f  F i e l d  
3 - > 50% o f  F i e l d  
4 - Tomplete F i e l d  
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bne 

lone 

pericardi t i s  Inversion a d  ST chenges Persistent r b m n u l i t y  Modmate ) w a r t  t a i l m  
Sinus t r chycnd la  > 110 
(a t  res t )  L a  ORs EX6 a b n o l u l i t i e s  

Mtld f ibros is  1 Unable t o  take so l l d  faod krwe f lbros is  ~ C l  s 

T wave and ST chtnges cardiac enlargamt 

S1 i g k t  d i f f i c u l t y  i n  Able t o  s r a l l a  PWfO?JtiOll. f ! s t U \ I  
s w l l a r l n g  so l ids I noN1ly k a l l d n g  Scclii-solid foad only 1iWidS 
MD pain on sual louing D i l a ta t i on  u y  be i n d i c a t d  M y  have pain on r r l l w l q  

D l la ta t l on  rewired 

Sild diarrhea Moderate diarrhea and c o l i c  B s t r u c t i o n  or bleeding Mecrori s 
Mi ld  crwpiag. r k r l  BOuel Wvwnt > 5 t1WS n w i r i n g  surgery Perforation. f i s t u l  a 
u w m t  < 5 t i -8 d8iIy. dally. Excessive m t a l  
S l i gh t  rec ta l  d ischngc 
or bleeding bleeding 

mucus or intemittent 

Y O M  Transient a l b u i n u r i a  
No hypertension 
M i ld  impairment renal; 
function 

Creatinine 1.5-2.0 .gr 
Creatinine Clearance > ?SI 
Uma 25-35 I# 

~~ ~~~~ ~~ -~ ~~~ 

W a r t e  f r q u m c y  
General i red telangiectasia 
I n t e r r i t t e n t  macroscopic 
h u t u r i  a 

~~ ~ 

krm frequency 4 dyswia 
k v m  g m r l i r e d  
te lang lu tas ia  (often w i t h  
petwhim).  Fraownt 
h u t u r i a .  Reduction I n  
bladder canaclty I< 150 CC) 

A s y w t m t i c  
NO 9W.h re tardat ion 
Reduced bone dens1 t y  

S l ight  l i n i t a t i o n  o f  
MVC!Wnt  

Mi ld  j o i n t  s t i f fness 

nodcrate pain o r  t e h s s  Severe pain or tenderness Necrosis 
Retard i t ion of growth Colplete arrest bone growth Spontaneous fracture 
Irrtgular born sc leros is  

I n t c m i t t e n t  o r  moderate P a i n  wi th  SWM Cmplete f i x a t i o n  
j o i n t  w i n  l l m i t a t l o n  o f  movement 
M e r a t e  l i a i t a t i o n  of 
fmvemmt 

Dense bone sclerosis 

Moderate s t i  f f ne rs  Severe j o i n t  s t i f fness necrosis 

rtro*y Patchy atropky R8rrL.d atrophy u1 cerat ion 
P i v t a t i o n  change -ate te1 a n p i c t a r 1  a Cross t e l a q l u t a s i r  
hc h a i r  less Total ha i r  loss 

Ikcrosls I 

SCIML COR0 I 
__ 7 -  

Mi ld  haadache h d u a t e  kraduhe scrue )yldKCkc 
Sl igh t  l e t h a w  Great lethargy Severe t35 dysfunction 

( w r t i a l  loss of Donr 
or dyskinesia) 

k m t o u t i c  cataract S . m t a u t i c  cataract Severe k e r a t i t i s  
Hinor corneal u lcerat ion M e r a t e  c o m a 1  u lcerat ion Severe re t inomthy or 

M i n o r  retinopathy o r  d e t r ) n r C  
a1 wtou k v w  Pllvtav 

o r  k e r a t i t i s  

k ixures  or 
P a r a l p  i s  
tar 

BRAIN I 
Vanopkthalml t i  s 
I 1  lndness 

IuyL ~~ ~ 

M i l d  lassitude, nausea 

S l i g h t l y  abnomal l i v e r  
f unct i on 

dySpCDSf 

~~~~ 

Moderate s p v t a  
S m e  abnorrrl l i v e r  
function tes ts  
Seru r lbuain mml  

01sabling hepat i t ic  
i nsu f f  i c  f incy 
L iver  function tests  
grossly abnormal 
L a  r l k n i n  
Edcad or ascites 

Persistent moderate 
r l b m i n u r i r  (26) 
Mild hypertension. No 

iqllrmt renal f u m t l o n  
Urea > 36-60 mgS 
Creatinine 2.5-4.0 mgS 
Creatinine Clearance (S0-?45) 

re la ted JnniJ.  MWlt I !  

SWM a lbu inu r ia  
Severe hypwtension 
Persistent a n d a  (< 10s) 
Severe renal f a i l u re  
Urea > 60 rg% 
Creatinine > 4.0 mg% 
Creatinine Clearance < 50% 

Mal ignant hypertearim 
Uremic CQI 
Urea > 100 rpr 

~ ~~~~ 

51 i gh t  ep i the l l a l  atrophy 
M i n o r  t e l r n g i u t a s l a  
(microscopic hnnrturia) 

IIccrosi s 
Contracted 61 lddn 
(caprc l ty  < lob cc) 
k r m  kaorrhagic  
cyst i t  i s 

None 

NT 

00133230.036 
*Grade 5: O a t h  d i r e c t l y  re la ted t o  rad ia t i on  l a t e  effect '  
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APPENDIX I V  

PATIENT CONSENT FORM FOR 

- 

RADIATION TREATMENT OF RECTAL CANCER* 

PATIENT'S M E :  

AWRESS: 

HOS P I TAL/CL I N I C : 

HOSPITALjCLINIC I.D. NUMBER: 

1. 

2. 

I ,  

t o  tes t  the use of radiat ion t o  t rea t  cancer of the rectum. 

, agree t o  take part i n  a research study 
Name o f  Pat 1 ent 

Dr. 
Steven E. Bush, Dr. , and doctors 

Name o f  Physician 
they have chosen w i l l  do t h i s  stidy. Persons helping them w i l l  be 
supervised by a doctor a t  a l l  times while treatment i s  being given. 

The treatment t o  be given t o  me has been described t o  me by Dr. . I t  i s  as follows: 

a. 

bo 

c. 

de 

e. 

f. 

I might receive x-ray or  cobalt treatments t o  my abdomen and 
pelv is (from the top o f  n\y stomach t o  the top o f  my legs). 
These treatments might be given t o  me a t  the 

(Name o f  I n s t i t u t i o n )  

I might receive negative p i  meson (pion) treatments t o  my 
abdomen and pelv is (from the top of my stomach t o  the top of 
mly legs). These treatments might be given t o  me a t  the Los 
Alamos Meson Physics Faci l i ty ,  Los Alamos, New Mexico. 

If I agree t o  take part i n  the study, I must agree t o  go t o  
Albuquerque and Los Alamos, New Mexico, f o r  tests so that  my 
doctors can plan the best possible treatment f o r  me. 

If I am chosen f o r  pion treatment, I must agree t o  stay the 
needed time (about eight weeks) i n  Los Alamos f o r  treatment. 

I must agree t o  return t o  the University o f  New Mexico Cancer 
Research and Treatment Center .in Albuquerque f o r  needed 
follow-up exams, i f  I am chosen f o r  pion treatment. 

I understand tha t  I w i l l  be chosen by chance f o r  e i ther x-ray, 
cobalt or  pion treatment, and tha t  my doctors cannot t e l l  me 
ahead o f  t i m e  which treatment I w i l l  be chosen t o  receive. 

*Sample Consent Form submitted by the Study Chairman. 

34 I 0 8 8 1 8 1  
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3. Or. has t o l d  me t h a t  I might not feel well 
a f t e r  these rad ia t ion  treatments. Some of the t h i n g s  t h a t  
might happen t o  me are: 

a. 
b. 

C. 

do 
e. 
f .  
9. 

h. 

i. 

jo 

k. 

1. 

I might lose rrly appet i te .  
I might have diarrhea o r  constipation. T h i s  is  usual ly  
temporary. 
I might have pain  when I pass water o r  need t o  pass water more 
often. T h i s  is  usually temporary. 

s k l n  might get  red and peel i n  the treatment area. 
I might l o s e  ha i r  f n  the treatment area. 
I might have pain o r  swelling i n  the treatment area. 
The nuaber o f  my blood c e l l s  might be less. T h i s  could make 
i t  eas i e r  for me t o  get a disease caused by g e m s ,  bu t  my 
blood will be t e s t e d  of ten  so that  any problems can be t r ea t ed  
quickly. 
I might get  a narrowing i n  rrly stomach or  i n t e s t i n e  (bowel) o r  
even a hole (not expected), but  this can usual ly  be helped by 
an operation. 
I might have weakness i n  qy legs o r  lose  the a b i l i t y  t o  move 
them, although this is not expected t o  happen. 
I f  I am a man, I might not be ab le  t o  have sex o r  t o  f a t h e r  
chi 1 dren. 
If  I am a m a n  who st i l l  has monthly periods, my menstrual 
flow will probably s top and I will probably not be ab le  t o  
have chi 1 dren. 
If  I am a woman, I may have a discharge from my vagina. 

4. Dr. has t o l d  me about the good th ings  this 
research study m i g h t  do f o r  me and f o r  o ther  people. 
t o  f i n d  out which kind o f  rad ia t ion  is  b e t t e r  i n  t r e a t i n g  r ec t a l  
cancer. 

I t  will h e l p  

5. Dr. has t o l d  me about other  t reatments  f o r  me. 

a. 
b. Drugs alone. 

treatment 

X-ray o r  cobal t  treatment and drugs. 

6. Dr. will answer any questions I have during the 

7. I know t h a t  the treatment could harm me. No one has sa id  t h a t  i t  
wouldn't. I can s top  treatment a t  any time I want to .  

8. Dr. i s  i n  charge o f  my treatment.  He can 
change the treatment a t  any time, or s top  i t .  

9. I f  my body is injured by the research treatment, more than o r  
different from t h a t  explained above, I understand that  any 
emergency medical care  I need will be given t o  me a t  no cos t ,  but I 
will not be paid any money. Payment f o r  medical cos ts  will not 
continue a f t e r  the emergency treatment is finished. 
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10. I understand that  by signing t h i s  paper I am not giving up rqy legal 
rights.  State laws exist  nhich may help p e o p r u h o  think they have 
been treated carelessly. For information, wri te or c a l l  the RIsk 
Management D lv is ion ,  Room 24, Lamy Buildfng, Santa Fe, N e w  Mexico 
87503. 

Date: Time: Place: 

Signed: Witness : 
Name of Patlent 

Witness : 
Parent or Guardian When Indicated 

O r i  g i  nal : Patient Chart 

RTOG Headquarters 
cc: Patient 

0 164-2 
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