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RANDOMIZED STUDY OF NEUTRON THERAPY 

I N  TH E TR EATM ENT OF NON-R ESECTABL E AD ENOCARC INOMA OF TH E PANCR EAS 

SCH EMA 

1. Extent Tli3 
T4 o r  N 

2. Loca t ion  
Head 
B ody / t a i 1 
D i  ff use 

. 
IR1 

A 

N 

Photon: 6400 rad  photon/e lect ron 
i n  6-1/2 - 7-1/2 weeks a t  180-200 
r a d  per f r a c t i o n .  

7 1  * a k s .  

Neutrons: 
r a d  i n  15 f r a c t i o n s  two 
f ract ions/week over 7 weeks. 

2200 r a d  (Fermi)  - + 100 

A f a c i l i t y  may randomize p a t i e n t s  i n t o  two or t h r e e  arms but  a l l  must 
choose t h e  c o n t r o l  photon arm. 
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1 .O INTRODUCTION 
Cancer of the pancreas, a re la t ive ly  infrequent tumor i n  the early 
years of the century, has recently increased i n  frequency and now 
ranks f o u r t h  among the leading causes of cancer deaths accounting 
for 5.4% of a l l  cancer mortality in the United States. About 85% 
of malignant pancreatic tumors are typical ly  adenocarcinoma. Since 
t h e  d i sease  i s  r e l a t i v e l y  asymptomatic in  i t s  e a r l y  s t a g e s ,  
detection of early resectable pancreatic carcinoma is  re la t ive ly  
uncomnon and resectabil  i t y  ra tes  seldom exceed 20%. Advanced and 
technically non-resectable tumors are generally ident i f ied because 
of l a t e  manifestations of the disease which include severe and 
pers is tent  abdominal p a i n  or obstructive jaundice  of such severity 
as t o  necessitate surgical intervention. The prospect of five-year 
survival i n  patients t reated by conventional means for  carcinoma of 
the pancreas has remained a t  less  t h a n  2% fo r  many years (1) .  
Conventional surgical techniques are  re la t ive ly  ineffect ive,  the 
imnediate surgical mortality is  h i g h ,  and the five-year survival i n  
the operable group i s  seldom more t h a n  5%. 

Moertel, e t  a l .  conducted a prospective, controlled,  double blind 
study comparing conventional low-dose radiation therapy alone w i t h  
conventional low-dose r a d i a t i o n  therapy plus a three-day course of 
5-Fluorouracil a t  t he  s tar t  of the radiation therapy program. When 
used with radiotherapy, 5-Fluorouracil was given as a three-day 
consecutive loading regime a t  the start  of the treatment course. 
This was found t o  be tolerable.  A modest b u t  s t a t i s t i c a l l y  
s ignif icant  increase was shown in mean survival (10.4 months f o r  
the 5-Fluorouracil group and 6.3 months fo r  the placebo group)(2). 

Metastases tend  t o  occur l a t e  i n  the course of the disease and most 
deaths can be a t t r ibu ted  t o  local extension of the tumor i n  the  
region of the pancreas. Conventional r a d i a t i o n  therapy has been 
used mainly fo r  pa l l ia t ion ,  and u p  t o  the present time attempts a t  
radical r a d i a t i o n  therapy have been ineffect ive because of the 
re la t ive  radioresistance o f  the tumor and d i f f i cu l ty  i n  delivering 
h i g h  doses without injury t o  sensi t ive adjacent s t ructures .  

0 0  I595b 
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Dobel bower, S t r u b l e r ,  and Suntharal  ingam p o s t u l a t e d  t h a t  h ighe r  
r a d i a t i o n  doses  were necessary  t o  con t ro l  p a n c r e a t i c  cancer .  They 
r e c e n t l y  desc r ibed  a technique employing high-energy photons and 
e l e c t r o n s  capable  of d e l i v e r i n g  high doses  t o  the pancreas ,  y e t  
l a r g e l y  s p a r i n g  the sp ina l  cord, k idneys ,  l i v e r  and gut ( 3 ) .  In  
the course  of 3 y e a r s '  experience w i t h  P r e c i s i o n  High Dose (PHD) 
Radiotherapy,  19 patients have been t r e a t e d .  Four of these 
pat ients  a r e  now a l i v e  w i t h  su rv iva l  t imes  (from d iagnos i s  t o  
d e a t h )  of 19 months t o  5 y e a r s .  The median s u r v i v a l  time i s  
p r e s e n t l y  12 months w i t h  53% of pa t ien ts  s u r v i v i n g  one year .  The 
PHD r ad io the rapy  was well  t o l e r a t e d  i n  every case .  

The  p o s s i b i l i t y  of p a l l i a t i v e  or c u r a t i v e  i r r a d i a t i o n  of p a n c r e a t i c  
carcinoma i s  s e v e r e l y  cons t r a ined  by ad jacen t  organs w h i c h  a r e  
i n t o l e r a n t  of s i g n i f i c a n t  r a d i a t i o n  i n j u r y .  Proximity of the 
growth t o  the kidneys and bowel has n e c e s s i t a t e d  t h a t  dosage in  the 
t a r g e t  volume not exceed 5500 r a d ,  a p p r o p r i a t e l y  f r a c t i o n a t e d ,  
which i s  n o t  c u r a t i v e  f o r  t he  r e l a t i v e l y  r a d i o r e s i s t a n t  
a d e n o c a r c i n o m a s  of  t h e  g a s t r o i n t e s t i n a l  t r a c t .  C a r e f u l  
l o c a l i z a t i o n  of  the tumor by the placement o f  markers a t  the 
s u r g i c a l  e x p l o r a t i o n  and the use of  u l t r a sound  and CT scanning 
techniques  make i t  p o s s i b l e  t o  plan dose d i s t r i b u t i o n  met icu lous ly  
and avoid i n c l u s i o n  of s i g n i f i c a n t  volumes of kidney w i t h i n  the  
r a d i a t i o n  f i e l d ,  so t h a t  somewhat higher doses  could be d e l i v e r e d  
t h a n  would  be  p o s s i b l e  w i t h o u t  these a i d s .  Nevertheless,  
i r r a d i a t i o n  of  bowel i s  unavoidable  and t h i s  imposes a major 
c o n s t r a i n t  on adequate  i r r a d i a t i o n  of the p a n c r e a t i c  bed. 

Radiobio logica l  i n v e s t i g a t i o n s  i n d i c a t e  t h a t  well  d i f f e r e n t i a t e d  
tumors o f  the g a s t r o i n t e s t i n a l  t r a c t  may be expected t o  respond 
b e t t e r  t o  High-LET r a d i a t i o n  than  t o  convent ional  photon beams. 
I n i t  i a1 t r i  a1 s a t  Hamnersmi t h  Hospi ta l  , London, have conf i rmed t h i  s 
e x p e c t a t i o n  i n  r e l a t i o n  t o  o t h e r  well d i f f e r e n t i a t e d  
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adenocarcinomas of the a1 imentary t r a c t  i ncl udi ng  carci noma of the 
stomach (which presents a similar problem because of the location 
and proximity t o  the same normal s t ruc tu res ) ,  so t h a t  a t r i a l  of 
neutron beam therapy for  carcinoma of the pancreas seems t o  be well 
just i f i ed . 
Fif ty  patients w i t h  pancreatic carcinoma have been t reated a t  
Fennilab w i t h  1950 neutron rad i n  13 fract ions.  The treatment was 
well tolerated w i t h  no s ignif icant  side e f fec ts ,  however, local 
control was not  achieved i n  a majority of cases. Median survival 
was 7 months w i t h  20% survival a t  12 months. Autopsy resul ts  a l l  
showed pers is tent  tumor. Because of th is ,  the dose has been 
increased t o  2250 neutron rad i n  15 f ract ions.  S i x  patients have 
been t reated w i t h  this dose w i t h  no acute s ide e f fec ts .  
1.1 General Outline. 

This protocol is  confined t o  non-resectable carcinomas of the 
pancreas b u t  those t h a t  are limited i n  extent although locally 
advanced. Because of the re la t ive  resistance of this tumor t o  
conventional radiation and the documented response of other GI 
carcinomas t o  neutron therapy, the use of neutron beams is  
proposed i n  t h i s  study. Because of the deep seated location 
of the pancreas and i t s  proximity t o  the kidneys and spinal 
cord ,  c a r e f u l l y  d i r e c t e d ,  mu l t ip l e  a n d  wedged beams of 
high-energy neutrons, or mixed beams of neutrons and a low-LET 
modality (photons or e lectrons)  will be used. These will  be 
compared t o  a low-L€r (photon/electron only) conventional 
treatment arm. Because the resu l t s  reported w i t h  precision 
h i g h  dose radiotherapy are  superior t o  other radiation regimes 
w i t h  or without chemotherapy, this has been adopted as the 
control arm. Eligible patients w i l l  be those w i t h  advanced, 
non-resectable primaries which can be encompassed by a 1700 
cm target  volume. 3 
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2.0 OBJECTIVES 

2.1 To eva lua te  t h e  e f fec t i veness  o f  h igh-energy neutron beams 
alone o r  i n  combinat ion w i t h  low-LET therapy i n  l o c a l  c o n t r o l  

and i n  a l l e v i a t i n g  t h e  symptoms of carcinoma o f  the  pancreas. 

2.2 To evaluate t h e  degree o f  p a l l i a t i v e  r e l i e f  a t ta ined ,  coding 

t h e  s e v e r i t y  and remiss ion  o f  s p e c i f i c  symptoms. 
2.3 To determine t h e  d u r a t i o n  o f  symptomatic remission. 
2.4 To determine t h e  t ime  o f  onset, e v o l u t i o n  and s e v e r i t y  of 

r a d i a t i o n  i n j u r y ,  i f  any, i n  surrounding normal t i s s u e s  

(no tab ly  bowel ). 

appearance o f  metastases, i f  any. 

2.5 Est imat ion o f  t h e  t ime  o f  l o c a l  recurrence o r  o f  t h e  

2.6 Determinat ion  o f  s u r v i v a l  r a t e s  a t  1, 2 ,  3 and 5 years. 

3.0 PATIENT SELECTION 
3.1 E l i  g i  b i  1 i t y  C r i t e r i a .  

Only p a t i e n t s  who have been i n v e s t i g a t e d  and found t o  have 
unequivocal evidence o f  adenocarcinoma o f  t h e  pancreas a r e  
acceptable.  A l l  p a t i e n t s  s h a l l  have had a laparotomy and 
biopsy w i t h  h i s t o l o g i c a l  p roc f  o f  t h e  disease. Wherever 
possi  b l  e, r a d i  o-opaque markers ( s u r g i c a l  c l  i ps)  should be 

placed t o  o u t l i n e  t h e  upper, lower  and l a t e r a l  ex ten t  o f  

macroscopica l ly  observed disease. 

o f  the  tumor i n  the  t ransverse  s e c t i o n  us ing  e i t h e r  an 

u l t rasound  d i s p l a y  o r  a CT scan, n o t i n g  t h e  r e l a t i o n  o f  t he  

tumor t o  the  k idneys and t o  t h e  sp ina l  cord  i s  recomnended. 
Al though l o c a l l y  advanced, tumors must be l i m i t e d  t o  t a r g e t  

3 volume no g rea te r  than 1700 cm (e.g., 13 x 13 x 10 cm). 
P a l l i a t i v e  surgery ( b i l i a r y  bypass, f o r  example) should have 
been done where ind ica ted .  A l l  p a t i e n t s  r e f e r r e d  must be 
ambulatory and capable o f  o u t p a t i e n t  v i s i t s  t o  the neutron 

therapy f a c i l i t y  and t reatment  i n  a s tand ing  p o s i t i o n .  
3.1.1 No evidence o f  d i s t a n t  metastases. 

3.1.2 

Demonstrat ion o f  t h e  ex ten t  

+ Ducta l  carcinoma, Stage T i -3 ,  T4 o r  N , biopsy proven 
(see Appendix I ) . 

3.1.3 No prev ious chemotherapy o r  abdominal rad iotherapy.  

o m 9 5 9  
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3 . 1 . 4  Adequate marrow function, WBC > 4,OOO/mn 3 , p la t e l e t s  
> 100,000~~3. 

3.1.5 Patients must be a t  l eas t  10 days p a s t  major 
abdominal surgery. 

3 . 1 . 6  All i n s t i t u t iona l ,  National Cancer Ins t i t u t e  and Food 
and Drug Administration regulations requiring 
submission t o  the Inst i tut ional  Human Experimentation 
Comnittee and the use o f  procedures fo r  obtaining and 
recording informed consent will be followed. A 

patient may be removed from the study a t  any time i f  
the study i s  not i n  the best in te res t  of the pat ient ;  
however, follow-up assessment forms must be 
submitted. 
the study a t  any time, as will be indicated i n  the 
consent form (see Appendix 1 1 ) .  

A patient may withdraw voluntarily from 

3 . 1 . 7  Patients must s i g n  an informed consent form. 
Inel i gi b i  1 i t y  Cr i te r ia .  
3.2.1 

3 . 2  
The presence of overt metastases demonstrable on 
chest x-ray, l i ve r  scan, or other c l in ica l  means. 
Patients w i t h  chronic kidney disease. 

Previous or concurrent cancer except skin cancer 
unless disease-free 5 or more years. 
Acute intercurrent complications such as infections 
or post-surgical complications which would preclude 
radiation therapy. 

Tumors requiring a target  volume greater t h a n  1700 
cm (e.g., 13 x 13 x 10 cm). 

3 . 2 . 2  
3 . 2 . 3  Prior chemotherapy or abdominal radiation therapy. 
3.2 .4  

3.2.5 

3 . 2 . 6  I s l e t  cel l  carcinoma. 
3 . 2 . 7  

3 

4.0 PR I T R  EATMENT €VALUATION 
4.1 History and Physical. 
4.2 Surgery. 

4.2.1 Laparotomy w i t h  biopsy and marking of gross margins 
of tumor,  b i l ia ry  and gastrointest inal  bypass 
procedure as indicated. 
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4.2.2 Inspec t ion ,  b iopsy and marking of r e g i o n a l  nodes as 

ind ica ted .  
4.3 Patho log ica l  e v a l u a t i o n  o f  b i o p s i e s  of pr imary tumor and/or 

4.4 Mandatory Labora tory  Procedures. 
r e g i  onal nodes. 

4.4.1 
4.4.2 CEA, 
4.4.3 A l k a l i n e  phosphatase 

4.4.4 BUN. 

4.4.5 Blood sugar. 
4.4.6 U r i n a l y s i s .  

4.5.1 Chest x-ray, 

4.5.2 Upper G I .  
4.5.3 I V P .  

4.5.4 L i v e r  scan. 

4.5.5 

CBC ( i n c l u d i n g  p l a t e l e t s  and d i f f e r e n t i a l ) .  

4.5 Mandatory Imaqing Procedures. 

Computer a s s i s t e d  tomography (CT scan) or 
ultrasonogram. 

5.0 RANDOMIZATION 

5.1 A f a c i l i t y  may choose t o  randomize a p a t i e n t  i n t o  e i t h e r  two 

or  t h r e e  t reatments b u t  must i n c l u d e  t h e  photon c o n t r o l  arm. 
This  must be s tated,  i n  w r i t i n g ,  p r i o r  t o  p a r t i c i p a t i o n  i n  t h e  
study. 

5.2 When a p a t i e n t  has been f u l l y  evaluated and found e l i g i b l e ,  

t h e  p a t i e n t  may be p laced on study by c a l l i n g  RTOG 
Headquarters (215/574-3191 between 4:OO a.m. and 5:OO p.m., 
ET') and p r o v i d i n g  t h e  f o l l o w i n g  i n f o r m a t i o n :  
5.2.1 Protoco l  Name. 

5.2.2 I n s t i t u t i o n  R e f e r r i n g  P a t i e n t .  
5.2.3 Neutron F a c i l i t y .  

5.2.5 P a t i e n t ' s  Name. 

0 
v 5.2.4 Physic ian. 

9 5.2.6 Stage vs T4 o r  N'). - 5.2.7 Tumor l o c a t i o n  (head vs b o d y / t a i l  vs d i f f u s e ) .  

- 
u1 

CT 

5.3 A p r o j e c t  case number and t reatment  w i l l  be assigned which 
w i l l  be conf i rmed by m a i l .  
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6.0 TREATMENT 
6.1 Target Volume. 

The target  volume will include the surgically outlined tumor 
w i t h  a 2 cm margin. 
6.1.1 Planning. Individual p lans  will be executed for each 

3 T h i s  must not  exceed 1700 cm . 
pat ient ,  b u t  i n  general the target volume i s  best 
t reated by means of three converging f i e lds .  These 
i ncl ude an anter ior  portal coveri ng  the anatomical 
projection of the pancreas and the en t i r e  tumor as 
outlined by the surgical markers w i t h  a 2 cm margin 
extending beyond a l l  known disease. This will be 
supplemented by two la te ra l  portals matching the 
anter ior  f i e l d  i n  the craniocaudal extent and of a 
suff ic ient  wid th  t o  encompass the antero-posterior 
extension of the pancreas and the tumor. The 
posterior margins of the la te ra l  f i e l d s  will be 
tangential t o  the anter ior  vertebrae. To th i s  end 
or thogonal  x-rays and IVP (AP and l a t e r a l )  will be 
used. I f  a horizontal neutron beam is t o  be applied, 
these films w i l l  be taken w i t h  the patient i n  the 
standing position. 
the la te ra l  portals t o  match the body contours and 
the f a l l i n g  gradient i n  the an ter ior  f i e ld .  

6.1.2 Dose and Time. Treatment plans will be designed t o  
del i ver (photon-equi  Val ent ) doses of 6400 rad a t  
180-200 rad per f ract ion t o  the target  volume b u t  n o t  
exceeding 5000 rad t o  bowel outside the target  
volume, 2000 rad t o  the kidneys, 4000 rad  t o  the 
spinal cord, or 3500 rad t o  more t h a n  half the l iver .  
Neutron doses actually delivered will be 
approximately one-third of the p h o t o n  dose (except 
1 i ver where i t  w i  11 be approximately one-fourth) . 
Treatment time will be 6-1/2 - 7-1/2  weeks. Neutrons 

Wedge f i l t e r s  may be required on 

0 0  I S 4 b 2  
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w i l l  be given twice a week (15 f r a c t i o n s  over  7 
weeks). W i t h  the mixed beam o p t i o n  the low and 
high-L ET components must be given concur ren t ly  (2  
neutron f r a c t i o n s  and 3 low-LET f r a c t i o n s  each week). 
The fo l lowing  dosage scheme (25%) w i l l  be d e l i v e r e d :  

Neutrons Photons "Mi xed" 
Faci 1 i t y  Only Only Photons Neutrons 

Fermi 1 ab 2200 6400 3800 910 

Tamvec 2050 6400 3800 82 5 
G1 an ta  2000 6400 3800 800 
S e a t t l e K h i c a g o  1775 6400 3800 715 

6.1.3 Treatment Plans.  Any t r ea tmen t  p lan  t h a t  adequate ly  
encompasses the t a r g e t  volume and s u f f i c i e n t l y  s p a r e s  
the sur rounding  normal t issue accord ing  t o  the doses  
specified i n  6.1.2 i s  accep tab le .  

The t a r g e t  volume s h a l l  surround g ross  margins o f  

tumor w i t h  a c l e a r a n c e  o f  a t  l e a s t  2 cm. I t  i s  
recomnended t h a t  the l e f t  margin be 3 cm i n  o r d e r  t o  
encompass a g r e a t e r  volume o f  the  pancreas ,  a s  
p a n c r e a t i c  tumors a r e  known t o  spread  a long  the 
pancreas  i n  an o c c u l t  f a sh ion .  
may be included.  F i e l d s  may be reduced t o  1-2 crn 
margins a f t e r  4500 rad  t o t a l  e q u i v a l e n t  dose. 
ang l ing  and shaping  a r e  encouraged t o  conform the 
high dose volume t o  the shape of the tumor and t o  
avoid s p i n a l  cord ,  k idneys ,  l iver ,  and gut .  
entire t a r g e t  volume, however, must be no g r e a t e r  
than  1700 cm Locat ion of kidneys w i l l  be 

The entire pancreas  

F i e l d  

The 

3 

0 0 1 5 9 b 3  

determined by l a t e r a l  films dur ing  nephrogram phase 
of IVP. 
e q u i v a l e n t  (1200 rad neut rons  o r  500 rad neut rons  + 

2400 rad of the 1ow-LU component) and the dose t o  
the c o n t r a l a t e r a l  kidney will  be l imited t o  2000 rad  
e q u i v a l e n t  (one ha l f  the cord l imits shown) a t  i t s  
midpoint.  

Spinal cord dose wil l  be l imited t o  4000 rad 

A 2 cm p o s t e r i o r  margin may not  be 
pos s i bl e. 
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6.1.4 I n t e r r u p t i o n  of Treatpent. A continuous course of 
r ad io the rapy  should be main ta ined ,  i f  poss ib l e .  
However, i f  c l i n i c a l l y  i n d i c a t e d  due t o  a p a t i e n t ' s  
symptoms, a s i n g l e  break of 14 days (10 treatment 
days )  may be given. Such an in te r rupt ion  should be 
added t o  the t ime i n d i c a t e d  i n  6.1.2 and w i l l  not be 
cons idered  a major protocol d e v i a t i o n .  I f  more t h a n  
one i n t e r r u p t i o n  of t r ea tmen t  occurs or i f  a s i n g l e  
i n t e r r u p t i o n  i s  g r e a t e r  t h a n  14 days,  treatment 
should continue a t  the d i s c r e t i o n  of the 
r a d i o t h e r a p i s t .  Such a p a t i e n t  w i l l  remain on s tudy  
w i t h  a l l  RTOG forms requ i r ed  but  this d a t a  will be 
analyzed s e p a r a t e l y .  

Any f i e l d  arrangement may be used which d e l i v e r s  the  
s p e c i f i e d  dose t o  the primary t a r g e t  volume and 
l i m i t s  the dose t o  normal structures as r equ i r ed .  

6.2.2 I f  an a n t e r i o r  electron beam f i e l d  i s  used,  the 
energy of the  e l e c t r o n  beam may be reduced 
a p p r o p r i a t e l y  so t h a t  t he  50% i sodose  l i n e  does n o t  
ex tend  beyond the  a n t e r i o r  l i m i t s  of the  body of the 
v e r t e b r a e  or the  a n t e r i o r  surface of the kidney. 
A n  electron o r  pho ton  dose of 3800 rad i n  19-21 
fractions will be d e l i v e r e d  t o  the t a r g e t  volume i n  
6-1/2 - 7-1/2 weeks (concurrent with neutrons). 
The neutron dose d e l i v e r e d  t o  the t a r g e t  volume w i l l  
be as i n  6.1.2. 

6.3.1 Equipment w i  1 1  produce a d 1/2 of 10 cm or  greater. 
6.3.2 Anterior and two l a t e r a l  wedged f i e l d s  w i l l  u s u a l l y  

be used. 
6.3.3 No more t h a n  30% o f  the tumor dose should reach the 

k i dneys . 
6.3.4 Minimal tumor doses  w i l l  be as i n  6.1.2 d e l i v e r e d  i n  

6-1/2 - 7-1/2 weeks. 

6.2 Mixed Photons and/or  Electron and Neutron Beam O p t i o n .  
6.2.1 

6.2.3 

6.2.4 

6.3 Neutrons as the Sole  Rad ia t ion  Modality.  
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6.3.5 Peak doses should not  exceed the neutron doses in 

6.3.6 Bowel outside the target volume i s  not t o  receive 

6.3.7 Spinal cord doses should not exceed 1200 rad 

6.3.8 More t h a n  half of the l i v e r  should not receive more 

6.1.2 by more t h a n  20%. 

more t h a n  1750 rad neutrons. 

neutrons . 
t h a n  900 rad.  

6.4 C h emo t h e ra py . 
No chemotherapy will be used in t h i s  pro tocol .  

7.0 PATHOLOGY 
Representative s l ides  and a copy of the pathology report must be 
submitted t o  RTOG Headquarters for  review by the study pathologist. 

8.0 PAT1 ENT ASSESSMENTS 
8.1 The purpose of patient follow-up assessments i s  t o  determine: 

8.1.1 Patient survival time. 
8.1.2 Qual i ty  of survival. 
8.1.3 Tumor response. Primary tumor volume will be 

estimated using CT scans t o  determine maximum 
dimensions and dimensions a t  r i g h t  angles. Third 
dimensions will be estimated when possible. 
8.1.3.1 

8.1.3.2 

8.1.3.3 

Complete response ( C R )  - Complete 
disappearance o f  a l l  measurable and 

palpable tumor. 
Part ia l  response ( P R )  - Tumor shrinkage 
greater t h a n  50% of the product of the  
perpendicular diameters of the two largest  
dimensions. 
Minor response ( M R )  - Tumor shrinkage 
greater t h a n  25% but less  t h a n  50% o f  the 
product o f  the perpendicular diameters of 
the  two largest  dimensions. 
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8.1.3.4 No change (NC) - 25% growth t o  25% 
shrinkage o f  the product o f  the 
perpendicular diameters of the two largest 
d i  mens i ons . 
Progressive disease ( P D )  - Growth of tumor 
greater t h a n  25% of the product of the 
perpendicular diameters of the two largest  
dimensions. 
by the above, pat ients  w i  11  be scored on 
the basis o f  their  symptoms. 

8.1.4 Response of regional node metastasis. 
8.1.5 Time and s i t e  o f  dis tan t  metastasis. 
8.1.6 Time and s i t e  of local recurrence. 
8.1.7 Acute and l a t e  response o f  normal t i s sue .  
8.1.8 Pa t ien t  functional s ta tus  d u r i n g  survival 
Follow-up assessments should be scheduled w i t h i n  two weeks of 
the specified times an6  will be reported every two months 
a f t e r  radiotherapy (the f i r s t  day of def in i t ive  treatment i s  

8.1.3.5 

I f  response cannot be measured 

8.2 

three months considered Day 1) for the f i r s t  year  and every 
thereaf ter .  
8.2.1 Parameters t o  be recorded a t  each fo l  

evaluation i ncl ude: 
8.2.1.1 Medical history d a t a  includ 

8.2.1 .2 Physi ca l  examination. 
S ta tus  . 

ow-up 

n g  Karnofsky 

8.2.1.3 Laboratory tes ts ,  as ind ica t ed .  
8.2.1.4 Imaging procedures, as indicated. 

1 1  



8.3 Summary o f  Study Parameters. 

Weekly 
D u r i n g  

Parameter P re -  Study I r r a d i  a t  i on F 01 1 OW-U p* 

H i s t o r y  & Phys ica l  Exam X 
WBC X 
HBG o r  HCT X 
D i f f  e ren t  i a1 
P1 ate1 e t s  X 
A1 k a l  i ne Phosphatase 
SGOT o r  SGPT X 
BUN X 
U r i n a l y s i s  X 
Blood Sugar X 
Chest x- ray X 
Upper GI X 
L i v e r  Scan X 
CEA X 
CT Scan X 
I VP X 

X 

X 

(A = As I n d i c a t e d )  
(* = Every two months 

9.0 DATA COLLECTION 

A copy o f  each s 

X X 
X X 
X X 
X X 
X X 

X 

X 
X 

A 

A 
X 

X 
( o p t i o n a l )  A 

f o r  f i r s t  year;  every t h r e e  months t h e r e a f t e r )  

udy form must be submi t ted t o  RTOG Headquarter 
Data w i l l  be recorded on standard forms t o  be supp l ied  t o  each 

p a r t i c i p a t i n g  i n s t i t u t i o n .  The f o l l o w i n g  records w i l l  be generated 

by t h e  study team and 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  f o r  storage, 

r e t r i e v a l  and ana lys is .  

9.1 On-study form. 

9.2 Treatment p r e s c r i p t i o n .  
9.3 L o c a l i z a t i o n  F i lms.  L o c a l i z a t i o n  f i l m s  o f  each f i e l d  w i l l  be 

taken and sent t o  t h e  RTOG o f f i c e  d u r i n g  the  f i r s t  week of 
therapy toge the r  w i t h  a copy o f  t h e  t rea tment  p lan.  

9.4.1 
9.4 Treatment Summary Form. 

R a d i a t i o n  therapy admin is tered ( t ype  o f  energy, d a i l y  

schedule o f  t reatment ,  maximum dose, compl ica t ions  

d u r i n g  r a d i a t i o n  therapy, a d e s c r i p t i o n  o f  t h e  l e s i o n  

a t  t h e  end o f  t reatment ,  p a t i e n t ' s  weight a t  t h e  end 

o f  t reatment ,  performance a t  end o f  t reatment ,  
compl ica t ions  f o l l o w i n g  therapy and t h e i r  management, 
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9.4.2 

9.4.3 

9.4.4 

copies o f  p o 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  should be attached. 
Operat ive procedures and f i nd ings ,  i f  a p p l i c a b l e  

(ex ten t  o f  disease, presence o f  metastases, t ype  and 
ex ten t  o f  surgery performed, etc.)  . 
Postopera t ive  data (compl i c a t i o n s  f o l l o w i n g  surgery,  

p a t i e n t  weight a t  t ime  o f  d ischarge, performance a t  
t ime o f  discharge, etc.).  

Drugs admin is tered,  i f  any (a  d e s c r i p t i o n  o f  t ype  and 

dose o f  any drugs admi n i  stered, du ra t i on ,  and 

purpose, i n c l u d i n g  any chemotherapy admin is tered i n  
t h e  event o f  l ack  o f  tumor c o n t r o l ) .  

9.5 Follow-Up Assessment Form (see Sect ion 8.2). 

9.6 Sumnary o f  Forms Submission. 
Due - Form - 

On-study form 

Radiotherapy p r e s c r i  p t  i on 

Copies o f  l o c a l i z a t i o n  f i l m s  
Pathology s l i d e s  and r e p o r t  
Operat ive r e p o r t  

W i t h i n  one week o f  randomizat ion 

Treatment summary form 
Copy of  rad io therapy  reco rd  

Copy o f  boost f i e l d s  
I sodose d i  s t r i  b u t i o n  

Fo l  1 ow-up assessment 

Death form 

Wi th in  two weeks o f  complet ion o f  

rad io therapy  

Wi th in  two weeks o f  t imes i n  8.2 

Wi th in  one month o f  death 

13 



10.0 STAT1 STICAL CONSIDERATIONS 
With the best current management, the median survival fo r  patients 
w i t h  carcinoma of the pancreas i s  i n  the region o f  8-12 months. 
T h i s  t rans la tes ,  assuming survival follows a negative exponential 
d i s t r i b u t i o n ,  t o  a 5-year survival ra te  of 0-3%. The projections 
below are based on the belief t h a t  i f  the neutron therapy raises  
the 5-year survival t o  10% (or a median survival o f  18 months) the 
additional e f for t  will have been jus t i f ied .  To be reasonably sure 
( i .e . ,  > 90%) of detecting such an improvement, from 30-75 pat ients  
per arm will  be required. The s t a t i s t i c a l  comparison will be based 
on a 5% one-sided t e s t  o f  significance. 
w i l l  be required will depend on how f a s t  they are  accrued, and 
when the analysis is performed, as is  demonstrated i n  the f o l l o w i n g  

Just  how many pat ients  

t a b 1  e: 

Accrual 
Per 

Year 

20 

30 

40 

50 

Years 
Of 

Accrual 

3 
4 

2 
3 
4 

2 
3 
4 

1 
2 
3 

Total 
Per 
Arm 

30 
40 

30 
45 
60 

40 
60 
80 

25 
50 
75 

Power (%)  
A t  End 

O f  Accrual 

72 
87 

63 
86 
96 

74 
93 
99 

40 
82 
97 

Power 
2 Yrs. 
Later 

87 
95 

86 
96 
99 

93 
99 
100 

68 
94 
99 

The above calculations are  based on a comparison of e i the r  o f  the 
neutron therapy arms w i t h  the conventional therapy arm. I f  some 
ins t i tu t ions  choose t o  study mixed beam therapy and others choose 
to  s tudy  neutron-only therapy ( w i t h  both se t s  o f  ins t i tu t ions  
studying conventional therapy),  then i f  the comparison i s  of 
in te res t  i t  will  also allow an indirect  comparison of the two 
neutron arms b u t  w i t h  considerably less  power. 
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11.0 ADDITIONAL TREATMENT 
Therapy i s  t o  be administered as detailed i n  Section 6.0. 
Subsequent therapy shall proceed a t  the discretion of the patient's 
responsible physician. 
therapy performed should be documented i n  the patient's follow-up 
records. 

Indications for subsequent therapy and the 

Patients i n  this s tudy  may have  their r a d i a t i o n  therapy modified or 
interrupted as d i c t a t e d  by the c l in i ca l  indications or unusually 
severe radiation reaction not amenable t o  simple d a i l y  dose 
reduction or symptomatic treatment. 

If the primary tumor i s  not controlled a t  the primary s i t e ,  
subsequent therapy should proceed a t  the discretion of the 
patient I s  responsible physician. Clinical  evidence of lack of 
tumor control should be documented i n  the patient's fol low-up 
records. 

I n  the event t h a t  surgery or a biopsy i s  performed, the excised 
tissue or biopsy specimen should be carefully examined by a 
pathologist a t  the participating institution, w i t h  representative 
slides forwarded t o  RTOG Headquarters for  review by the study 
pathologist. 

0 0 1 5 9 1 0  
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A P P E N D I X  I 

S T A G I N G  OF CANCER OF THE PANCR €AS 

American Joint Committee for Cancer Staging and End Results Reporting (1977) 

P ri mary Tumor (T ) 

T, 
TI 
T2 
T3 
T4 

Minimum requirements cannot be met. 
Tumor limited to pancreas, greatest diameter 0 to 2 cm. 
Tumor limited to pancreas, greatest diameter 2 to 6 cm. 
Tumor greater than 6 cm in greatest diameter. 
Tumor invading extrapancreatic contiguous structures by direct 
extension. 

Nodal I nvol vement (N) 
Mi nimum requi rements cannot be met. 
No metastatic nodes. 
One regional group involved at 1 aparotomy. 
Two or more regional groups involved at laparotomy. 
C1 inical evidence o f  regional node invol vement (no 
1 aparotomy) . 
Invol vement o f  juxtaregional nodes 

Distant Metastases (M) 
M, Not assessed. 
MO No ( k n o w n )  distant metastases. 
MI Distant metastasi s present. 

Stage Grouping 
None recommended at this time. 
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