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Introduction 
Tumors of the  lower.  ger?itct?rinzry 

t rac t  consti tute a significant medical 
problem throughout the world. In 1984, 
the A m e r i c a n  C a n c e r  Society ( 2 5 )  
estimates that  there will be approximately 
38,700 new cases of bladder cancer and 
76,000 new cases of prostate cancer in the 
Uni ted  S t a t e s  a lone .  T h e r e  will  be 
a proximately 10,700 dea ths  d u e  to  

prostate cancer in  spite of aggressive 
medical management .  In  the  case of 
bladder cancers that  have deeply invaded 
the musculature, e.g., stages B2 and C (a), 
the majority of patients in the United 
S ta tes  a r e  t r e a t e d  with preoperative 
megavoltage photon irradiation followed 
by a radical cystectom . With this tech- 

range of 40% to 50% (3, 19,22,28,29,30).  
Unfortunately, distant metastases are a 
major failure mode, and  s o  there i s  a 
growing tendency to use radiation alone 
and to reserve cystectomy for the subgroup 
of patients who first fail locally (5, 9, 26). 
In the case of prostate cancer, patients 
with locally advanced disease (stages C 
and D1) are usually treated with definitive 
megavoltage photon irradiation. However, 
studies to date do not conclusively demon- 
s t ra te  t h a t  this  form of locallregional 

b f  adder cancer and 25,000 deaths due to 

nique, 3-year surviva r rates are in the 
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treatment alters the survival of this sub- 
mniin o f  pntients The clinical course of 
:he disease can be quite variable, and  
patients must be followed for at least  5 
years to accurately evaluate the effect of a 
given form of treatment. 

The  Radiat ion T h e r a p y  Oncology 
Group (RTOG) has recently completed two 
studies t h a t  t es t  t h e  efficacy of fast 
neutron radiotherapy as used in a mixed 
beam (neutronlphoton)  f rac t iona t ion  
schedule for advanced tumors  of t h e  
bladder and prostate. The mixed beam 
form of treatment refers to deliverin 2/5 

doses with hotons i n  da i ly  doses of 

ness. Treatments were given a t  daily dose 
ra tes  of 1.8-2.0 G y - e q u i v a l e n t .  T h i s  
method of treatment was chosen because 
many of the participating neutron facili- 
ties had relatively low energy beam, and 
there was concern about treating large 
volumes of t issue i n  t h e  pelvis with 
neutrons alone. With the new generation 
of higher energy facil i t ies t h a t  have 
recently become available in the United 
States, this will not be as great a roblem, 
and the next generation of s tu j ies  will 
likely involve using neutrons alone as the 
"experimental" form of t r e a t m e n t  for  
pelvic malignancies. Hence, now is a n  

of the doses with neutrons and 315 o 7 the 

approximate P y equal biologic effective- 
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d e s e  earlier studies. The bladder study 
(RTOG 77-05) h a s  been previously 
analyzed (131, but  the work presented in 

that includes as well some additional 
Datients treated on an "aborted" protocoL- 

planied preoGraiive dose) and t h e n  were 
treated definitively with mixed beam 
irradation. Three atients completed a 

manner and will be added to the subgroup 
of patients treated definitively on protocol 
RTOG 77-05. 

the  present paper is an updated summary definitive courSe o P radiotherapy in this 

The following table summarizes the 
staging information according to the type 
of treatment the patient received. 

Table  1 
Staging information according to treat- 
ment received 

Definitive Mixed Preoperative Mixed 
Beam Beam + Surgery 

(RToG 81-10). The prostab study(RT0G 
77-04) has  also been analyzed in detail 
(14). This was a randomized study which 
compared the mixed beam form of treat- 
ment  with conventinal photon irradiation 
and demonstrated a significant improve- 
ment  both in local control and survival for 
the mixed beam form of treatment. Be- 
cause of space limitations the discussion of 
man of the technical points relatin 

analysis will be somewhat abbreviated, 
and the reader is referred to the original 
manuscripts (13, 14) for fur ther  infor- 
mation. 

6" the d etails of treatment delivery and ata 

- 

Bladder cancer 
RTOG 77-05 was open from 2 1 . ~ ~  3077 

through March 1981. It was non-random- 
ized in nature, and patients were assigned 
by t h e  t rea tment  facilities to receive 
either preo rative mixed bepn radiation 

(bladder and regional nodes) followed by a 
cystectomy in  4-6 weeks, or to receive 
definitive mixed beam irradiation which 
consisted of 50 Gy-e uivalent to the pelvis 

equivalent boost to the bladder. Areas of 
proven positive adenopathy could also 
receive a n  additional 10 Gy-equivalent 
through small boost fields. A small group 
of 4 patients received only neutron irradi- 
a t i o n ,  b u t  these  wil l  no t  be f u r t h e r  
discussed here. Treatments were delivered 
5 days er week, and the bladder was to be 
empties prior to each daily treatment. The 
dose to the posterior rectal wall  was 
limited to 5 55 Gy-equivalent and the dose 
t o  s m a l l  b o w e l  w a s  l i m i t e d  t o  
5 50 G -equivalent. Following this study 

randomized study ( TOG 81-10) which 
com a r e d  preopera t ive  mixed beam 

irradiation. This  study was open from 
March 1981 through Se tember 1984 and 

lack of compliance with the assigned 
t r e a t m e n t .  T h e  p a t i e n t s  who w e r e  
randomized to t h e  preoperative mixed 
beam t rea tment  tended t o  refuse t h e  

to a dose o r 50 Gy-equivalent to the pelvis 

foIlowed by an a 3 dit ional  15-20 Gy- 

l! 
t h e  R YT O G  a t t e m  t e d  t o  m o u n t  a 

i r r a  i ia t ion with preoperative photon 

was then closed both f ecause of actual 

n. 179 0 

Total 29 13 
' Includes 8 patients with tumor fixed to the 

pelvic sidewall, sacrum or symphsis pubis 

There were 1 patient in the preoper- 
ative subgroup and  2 patients in t h e  
definitive subgroup with squamous histo- 
logies; the other patients all had transi- 
tional cell carcinomas. 

The major endpoints of the study were 
local control rates, survival and  compli- 
cation rates. All analyses are c a m e d  out 
using the actuarial  method (12). with 
times bein measured from the date of 
entry onto t8e study. 

In the group of atients undergoing 
reoperative mixe I! beam i r rad ia t ion  

r)ollowed by cystectomy, the incidence of 
down-staging for the primary tumor was 
quite high. Only 12 of the 13 at ients  
actually underwent the plannec? cystec- 
tomy, and 7/12 (58%) were completely 
downstaged to Po (i.e., no tumor in the 
operative specimen). One other patient 
had only microscopic residual tumor in the 
operative s ecimen. One patient's surgery 

adjacent pelvic structures. This patient 
initially had a very advanced tumor  
(although technically a s t a g e  C) a n d  
probably should not have been initially 
entered on the preoperative t reatment  
arm. With conventional photon i r radi-  

was cancel P ed due to fixation of tumor to 
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a t ion  in  the range cf 40 55 2 ; .  tL,  . .  - - .  
expected rate of d o w ~ s + a g k , -  k P, ;; :L 
the range of 25-358 (3, 18,  22, ?9!. 22:;. 
one pati-ent has subsequently developed a 
regional recurrence, and  this  occurred 
apprwimately 10 months after surgery. 

Based upon follow-up cystoscopies and 
biopsies as well as CT scans of the elvis, 
21/29 (72%) of the group treated B efini- -- 
tively with mixed b e a d  irradiation were 
believed to have been cleared of tumor a t  
some point, but 10 patiez;ts u!tilcctcl;- 
exhibi ted a re lapse  ic t h e  blaAJ uI-er.  
However, only 4/10 of these exhibited 
solely a relapse in the bladder and would 
have been potential candidates for salvage 
cystectomies. The other  6!lO patiezts 
exhibited re 'onal and/or distant meta- 

carried out in 3 cases without s ipif icnnt  
p o s to  p e r a t i v e c o rn p 1 i c a t i  c II c, . ,A, I 
additional 2 pat ients  required cystec- 
tomies because of a shrunken, irritable 
bladder  due to  t h e  C C L C ~ ! ~ C I E ~ C Z ~ ,  :f 
treatment. Of the origina! 29 paiiexts, E 
(21%) exhibited no loca! disease acd 
ade uately functiocicg ?1!3ddcr zt cib%z: 

Fig. 1 plots suxviva! Sy k-zak.;~~: f;; 
the subgroups treat& d~f;,lziti:.rr!.~ , --i 
preopera t ive ly .  M e d i a c  scr:.Iv=! ir: 
approximately 14 months for the defini- 
tively-treated group and 26 months for the 
preoperatively-treated group. 4 of the re- 
operatively-treated patients are still a\ve 
and  free of disease, and 3 more were 
disease-free at the time of death. Distant 
failures dominated the recurrence pattern. 
The subgroup of patients treated definit- 
ively obviously had much more advanced 
disease than the preoperatively-treated 
group, and this accounts in large part f x  
the difference in median survival. 

Fig.  2 shows t h e  survival  fsr tL: 
definitively-treated group as a function of 
disease stage. The median survival f ix  
those patients with stage B and C lesions 
is 38 months compared with 13 months f c r  
those pat ients  with D1 disease. More  
importantly, the "long-term" survival for 
the subgroup with stage B and C lesions is 
about 48% which is actually greater than 
tha t  for those patients treated with prc  
operative mixed bea-TL i r r ad izGx  fells-:;:: 
by cystectomy. 

With the exception of skin reacticcs, 
acute treatmect rezcti~t:: Y Y C  z h ~ t  e: 
same as expected fbr megz*:c!tz- nL,,&-- 

stases as we1 a . Salvage cystectomies were 

dea 91 or last follow-up. 
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solid curve represents those pa t i en t s  
treated wi th  preoperative mixed beam 
irradiation folllowed by a cystectomy, and 
the dashed curve represents those atients 
treated w i th  def in i t iue  m i x e f  beam 
irradiation. 
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received definitive mued beam irradiation 
as a function of the initial stage of disease. 
The solid curve represents those patients 
with stages E l ,  Bt  and C disease, and the 
dashed curve represents those pat ients  
with stage DI disease. 
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of the facilities. Late reactions tended to 
be more severe than the acute effects. 
Utilizing the joint EORTCRTOG scoring 
scheme, 2 patients in the preoperative 

had worst reactions graded as 
'~c%erate," 1 patient had  a reaction 

had a "fatal" complicaJion. The "life- 
threatening" complication was a general- 
ized eritonitis with perforation of the  

small bowel, colon, a n d  urinary bladder. 
T h e  "fatal" complication was severe 
atherosclerotic change in the major pelvic 
blood vessels that  appeared to have been 
accelerated by the radiation. Following 
the surgery there was a bowel obstruction, 
and the cause of death was reported as 
being due to radiation and additional 
surgery ( a n  attempted by ass  for the  

definitive mixed beam irradiation, the 
worst reaction was graded as "moderate" 
in 4 cases and "severe" in 5 cases. Those 
cases tha t  required a cystectomy for a 
malfunctioning bladder are included in 
the "severe" category. 

Prostate c a n c e r  
From June  1977 through April 1983, 

the RTOG conducted a randomized study 
for patients with locally-advanced pro- 
statx cancer. Eligible patients had biopsy- 
proven adenocarcinoma of the prostate 
gland and were either sta e C or D1. The 

tional megavoltage photon irradiation and 
received 50 Gy to the pelvis ( rostate and 

prostate and any areas of proven, bulky, 
ex t rapros ta t ic  disease.  Mixed beam 
treated patients received the same doses 
in Gy-equivalent. The radiation dose to 
t h e  e n t i r e  bladder was restricted to 
60 Gy-equivalent, and the doses to the 
posterior rectal wall and small bowel were 
restricted to 55 Gy-equivalent. Patients 
were to be t rea ted  with the  bladder 
distended. The randomization was pur- 
posefully unbalanced (60-406) in favor of 
the  experimental  a rm.  A total  of 91 
analyzable patients were accrued to this 
study - 55 patients on the mixed beam arm 
and 36 patients on the control arm. At the 
time of analysis the mean follow-up time 
was 54 months (range 14-80) with 85 
patients a t  risk for times 2 3 years and 48 
patients a t  risk for times L 5 years. There 
were 6 patients with documented positive 

graded as "life-threatening," and I patient _- 

smaI P bowel and radiation enter i t is  of 

obstruction). In the group t i  a t  received 

control group was treate ri with conven- 

nodes) followed by a 20Gy E oost to the 

pelvic nodes on the  mixed beam a n n  and 5 
patients with documented positive pelvic 
nodes on t h e  photon  c o n t r o l  a r m .  
Operative s taging series (1, 7, 17) of 
patients with clinical stage C disease show 
a n  actual incidence of nodaI involvement 
ranging from 40-60%, and so the actual 
incidence of ositive elvic nodes was 
likely much 

visited RTOG headquarters and reviewed 
all of the records for the patients entered 
onto the stud . Based u n this review, 8 

patients on the photon arm were felt to 
exhibit major deviations from treatment 
protocol - largely because of prolonged 
treatment times (2  75 days) or tm low a 
neutron dose ( 5  25% ra ther  t h a n  the  
prescribed 40%). To avoid problems with 
inadvertent biases due  to pa t ien t  ex- 
clusion, the analysis presented here will 
be for the entire group of 91 analyzable 
cases. A parallel analysis is presented for 
both the entire group of 91 analyzable 
cases and the 78 cases treated within strict 
protocol gu ide l ines  i n  t h e  o r i g i n a l  
report (14). 

Based upon the  chi-square test of 
independence, the two patient groups were 
balanced according to age distribution, 
tumor grade, stage (C vs. Di), method of 
diagnosis (TUW vs. needle biopsy), per- 
cent of patients having lymphangiograms, 
laparotomies, or other methods of nodal 
evaluation, initially elevated serum acid 
phos hatase levels, degree of seminal  

ance status, race, prior hormonal therapy 
status, cardiac performance status, other 
intercurrent disease status, and Gleason 
grade (8). The presence of concomitant, 
benign, prostatic hypertrophy was eater 
on the mixed beam arm (p=O.OG).%.~mor 
size based upon t h e  product  of t h e  
clinically-assessed major diameters was 
somewhat la rger  on t h e  photon a r m  
(p < 0.05). 

The major endpoints of the study were 
1ocaUregional control and survival, with 
complication ra tes  and  normal t issue 
tolerance being secondary endpoints. 

Fig.3 shows the fraction of patients 
exhibiting locallre ional control as a 

post-treatment abnormality was assumed 
to be of unknown significance in the period 
immediately following irradiation and  

i her  t E a n  documented. 

patients on til e mixed %" eam arm and  5 

Prior to the ana % f  ysis, one of us (G.E.L.) 

vesic P e involvement, Karnofsky perform- 

function of t ime. f n t h i s  ana lys i s ,  a 
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was not counted as a fai!ure -::!;' y - n  

gression was noted. 
This method of ar-dysiz  *e? t h ~ -  

because of the notzr i~x! ; .  t!3-' -e+- - $  

regression of prostate C S E C P ~  e2.l i-r ? h e  
reason these curves start a t  the I Q f l q  
level. The failure rate at 5 ye i r r  E. ?F.rr.+ 

7% for the mixed. be%- g r w p  ~ c ~ z r ~ c !  
with about 38% fer t l r n  t----- nb-+n- * - - - * -  ' 
Using the Mantel-Haenszel a z 2  thz 
Wilcoxon (14) tests, the mixed be%! 0 -  -mn - T r  
does significantly better ( F <  9.?5). ?z:! 
ure rates reported In +&e lite, __-. - 
21, 23) for photo3 kezted p2tjer)t-r ~ t h  
advanced stage C disease are in t h e  rasgc 

Fig.4 shows the percent g f  =I_?!~c ! I .  
surviving as a function of time. At  5 years 
the actuarial  survival ra te  is sp7rnxi  
mately 60% for the mixed beam subgroup 
compared with approximately 40% for the 

hoton-treated patients. The difference 
etween the two curves is statistic?!lyr 

s ignif icant  ( p <  0.05) using both thk 
Mantel-Haenzel (16) and the Wilcoxon 
(IO) tests. S u i v i v a l  :st-: '-- . _ .  - ' A ' - -  r - .  

+I. c + g " n  P 1,,:-,, Lo..- treated patients wi -.. 'Ab- - 
been reporzed in the !iter? 

r n t r , r o  !I K on 
\ - - '  7 - 1  

of 15-24%. 

- -  

00 I b 2 5 3  

L 

T h o  V F P ~ ~ P ~  wit'. r r c i n t r  nzatipnt qiir- 

-m- l -n ; -+  ;r thot  n a t i p n t c  with 
nrcr tend to be elderly and  

nrtpq d i n  c f  intPrrt1rrPnt disease. in a n  
attempt to avoid this problem, we have 
rnnstriictpd modified determinantal sur-  
vival curves which define active cancer 
prpspnt a t  death as failure and  t r ea t  
patients who die of intercurrent disease 
with no cancer present a t  the time of death 
as "censored" observations. These curves 
R r P  shown in Fip, 5. 

Using both the Mantel-Haenszel ( i b l  
and the Wilcoxon (10) tests, the mixed 
hoo m c lrhvni i  n CJOPS ci pni fi cant lv  better 
(?< Tt\c c-avt-pr npntns in m e  

v - r n  rnrlrrnDn I rnrnnvascuii i i  



Figure 5 
Actuar ia l  curves fo r  rostate  r c p * ~ ~  

time w i n g  active cancer present at death 
as the failure endpoint. Deaths due to 
intercurrent disease wi th  cancer con:* 
trolled are treated as_ "censored" obser- 
vations. The subgroup treated with mixed 
beam irradiation is shown as the dashed 
curve, and the photon-treated subgroup is 
shown as the solid curve. The difference 
between the two curves is statistically 
significant at thep cO.01 level. 

showing patient surviva P as a function of 

90- 

80- 

m- 

:I 10 

d 0 1 2 2 4 3 6 4 8 6 0 7 0 8 4  

Months hwn oosst d treatment 

event and 1 coded a "unknown" causes, 
while the non-cancer deaths in the mixed 
beam subgrou included 2 cardiovascular 

2 coded as "unknown" causes. 
Ste wise Cox analyses (4) were used to 

re la t ing  to locallregional control and  
s u r v i v a l .  In e a c h  case  t h e  t y p e  of 
treatment given was the most important, 
with age, stage of lesion, and elevation of 
s e r u m  acid p h o s p h a t a s e  b e i n g  l e s s  
important factors. 

Treatment-associated complications in 
most cases were mild. Acute reactions 
were primarily the expected side effects of 
nausea, diarrhea,  dysuria, and urinary 
urgency. Because of the  poorly pene- 
trating beam qualities of several of the 
neutron facilities, skin and subcutaneous 
reactions were more common in the mixed 
beam grou of patients.  However, the 

significantly different between the two 

events, 2 code i! as "not cancer related" and 

identi P y the important patient parameters 

incidence o P severe complications was not 

k e a m e n t  g r ~ u y s ,  hoiqe  9%- i, + i s &  mi. i ,  
b s m  urntin and '7% for t h e  nhc>ti) l j  m I i r \  

No chronic bladder C O K I I ~ I I C Z ~ L L ~ I ~ ~ ~  na t 

been reported. The only fatal comp:icauor, 
was a severe proctitis that  required sur 
gical intervention t h a t  occLrred i n  a 
photon-treated patient. Wound complies. 
tions and sepsis were the cause of death 

Discussion 
We have described the results of RTOG 

studies testing the efficacy of fast neut.ron 
irradiation a s  used in a mixed  beam 
treatment schedule for locallv-advanced 
carcinomas of the urinary bladder a n d  
prostate gland. The bladder study w a s  
non-randomized in nature (ini tiaily), and 
the analysis indicated a tumor clearance 
rate that  was higher than expected with 
conventional photon irradiation. However, 
a subsequent, randomized, preoperative 
study failed for lack of patient accrual. 
Combining the pat ient  groups treated 
definitively on both these studies, the 
initial clearance rate was 72% and the  
long term clearance rate was 31%. For the 
subgroup of patients with stage B and C 
disease, the long term clearance rate was 
about 33%. There have been two other 
reported series of patients with advanced 
bladder cancer treated with fast neutrons. 
Battermann and Breur (2) report on 22 
patients with stage Tqb tumors treated 
with a neutron-only schedule usin the 

complete tumor regression in 11 atients 

23%. This is comparable to the patients 
with D1 lesions treated in our definitive 
mixed beam series. They noted a 23% 
(322)  severe complication rate that  led to 
death in 3 instances and to a colostomy in 
the other 2 cases. Duncan et  al. (6) report 
on a randomized series of patients treated 
a t  Edinbur h with either conventional 
photon irrafiation or fast neutron irradi- 
ation using the  beam generated by a 
15 MeV d-Be reaction. No difference was 
noted in terms of local control, but  the 
neutron-treated group did show a higher 
incidence of late effects and, in particular, 
more elvic fibrosis. Although our treat- 

Battermann and Breur (2) and Duncan et  
al. (6), we did not see the problems they 
reported. This may be due to our using a 
mixed beam scheme rather than treating 
with neutrons alone. I t  remains to be seen 
whether or not the higher energy beams of 

beam from a dT generator. They P ound 

(50%) but noted a 2-year surviva P of only 

ment P ields were larger than those used by 



roup. 
have 
ation 
. sur- 
in a 

plica- 
th. 

:TOG 
Jtron 
)earn 
a c e d  

and  
was 

, and 

with 
ever, 
ative 
mal .  
a ted 

~ the  
1 the 
r the 
nd C 

)ther 
1 

n 22 
ated 

- the 
m n d  
ients 
only 
snts 
i v e  
3% 
l t o  
* in 
. O r t  
ted 
nal 

.a&- 
'Y a 
was 
the 

%her 
ilar, 
-eat- 
d by 
n et  
h e y  
=g a 
tlng 
seen 
Is of 

nnce 

WBS 

r b&S. 

the next gecerasl-- -c  ..-..+..- 4 ~ - - . - - . -  

machines wil! obviate this nr&!en r 
Our patients with !z!:z!!y -c',-.--::?. 

prostate caccer  arc  t C r  -.I-_ - - - - - b - A  "r-"-" 

treated with neutron irrabiation. This was 
a randomized study, and  the subgroup 
t reated with mixed beam irradiat ion 
showed a significantly higher local control 
rate and survival than the photon-treated 
subgroup. It is also significant to note that 
t h e r e  w a s  no i n c r e a s e d  m o r b i t i t y  
associated with the mixed beam form of 
treatment. Clearly, prostate cancer is a 
tumor where one would not  expect a 
significant h oxic cell fraction. However, 
it is a slow?'- growing, better-differen- 

other radiobiological properties of fast  
neutron irradiation might be of import- 
ance here. These other properties are a 
reduced abilit of cells to repair sublethal 
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placed on arneutron dose-searching study 
which will randomize them to receive 
either 16, 18, or 20 Gy with neutrons 
alone. Once the maximum tolerated dose 
to the pelvis is established, randomized 
studies will be developed for specific tumor 
histologies. The new rostate study will 

same mixed beam arm that proved better 
than conventional photon irradiation on 
the revious study. The specific form of the 

involve randomizing patients to treatment 
with either neutrons alone and  surgery 
held in reserve for salvage vs. a "standard" 
treatment a r m  t h a t  would consis t  of  
conventional, preoperative photon irradi- 

compare a neutron-a P one arm with the 

bla B der study is less certain, but i t  may 


