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Background: The role of stereotactic irradiation using a linear accelerator for brain metastasis from renal 
cell carcinoma was investigated. 
Methods: Fifteen brain metastases in 11 patients with a history of renal cell carcinoma were treated using 
convergent narrow x-ray beams from a linear accelerator and rigid fixation of the head with a stereotactic 
frame. Twelve metastatic tumors in 8 patients were irradiated with 25 Gy at the center in a single fraction, 
and single tumors in 3 patients received the following doses: 25 Gy in 5 fractions, 28 Gy in 3 fractions, 
or 35 Gy in 4 fractions 
Results: The actuarial local control rate at 12 months was 90.6%. Twelve (92%) of 13 lesions that 
produced neurologic symptoms before stereotactic irradiation showed an improvement of symptoms. 
No complication related to the irradiation was observed. The median survival time was 6 months. 
Conclusion: Stereotactic irradiation is more effective in achieving local control than is conventional 
radiotherapy, and achieves improvement in symptoms and survival rates similar to those of surgical 
resection of the brain metastasis from renal cell carcinoma. Urologists and oncologists should be aware 
of the usefulness of stereotactic radiation in the management of patients with renal cell carcinoma. 
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I N T R O D U C T I O N  

Renal cell carcinoma has been regarded as one of the 
most  radioresistant tumors. 1,2 Conventional radiotherapy 
for brain metastasis of this disease achieved only a 30% 
response rate resulting in a 30% improvement  rate of  
neurologic symptoms.  3,4 The  median  survival t ime of 
patients with brain metastasis from renal cell carcinoma 
was repor ted to be 8 weeks after conventional whole 
brain irradiation. 3 Stereotactic irradiation using conver- 
gent narrow beams from linear accelerators has made it 
possible to deliver a very high dose to the brain metastasis.5 
Recent  studies have shown that  brain metastasis of 
tumors,  which were previously thought  to be radio- 
resistant, may be bet ter  t reated by stereotactic irradia- 
t ion than by conventional radiotherapy,  s-7 However,  
these studies did not  differentiate between skin mela-  
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noma,  sarcoma, and renal cell carcinoma in their  analy- 
sis, and no paper  has, to our knowledge,  focused specifi- 
cally on the role of stereotactic irradiation for brain 
metastasis from renal cell carcinoma. In this study, we 
retrospectively evaluated the outcome of stereotactic 
irradiation t rea tment  for brain metastasis from renal cell 
carcinoma by using a linear accelerator ( L I N A C -S T I ) .  

PATIENTS A N D  METHODS 

F r o m  1991 to 1996, 15 brain metastases in 11 pat ients  
with a history of renal cell carc inoma were t reated using 
L I N A C - S T I .  The  male to female ratio was 10 to 1. Age 
was dis t r ibuted from 44 to 79 years, with a median  of 
62.2 years. Nine pat ients  had active extracranial  lesions 
either at the kidney, lung, or bone.  Chemothe rapy  or 
biologic chemical  modula tors ,  consisting of  various 
agents such as cisplatin or interferon, had been used for 
8 patients before t rea tment  with stereotactic irradiat ion.  
The  remaining 3 pat ients  had not  received any previous 
t reatment .  The  radiat ion dose, adminis tered via conver- 
gent megavoltage x-ray beams,  was provided by a l inear 
accelerator with a tungsten collimator.  A head frame was 
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attached to the pat ient  couch, and the invasive fixation 
system consisted of a stereotactic frame, R A D F R A M E  
(Mizuho Ika, Tokyo,  Japan),  which is highly accurate 
and is easy to handle. Details of  the technique have been 
published elsewhere. 8,9 Three-dimensional  visual-opti- 
mization software was used to precisely position the 
target. We used three-dimensional  noncoplanar  static 
mult iportal  irradiation when possible. For  some tu- 
mors,  single-plane, static-multiportal  irradiation was 
used. Single-fraction, high-dose irradiation radiosurgery 
was used in general. For  inoperable,  single metastat ic 
lesions with a diameter  larger than 3.0 cm or adjacent to 
radiosensitive areas such as the brainstem, optic tract, 
internal capsule, or mo to r  and speech areas, fraction- 
ated stereotactic radiotherapy (FSR) was used. Patients 
wore the stereotactic halo f rame during the few weeks of 
FSR treatment.  The  radiation administered to all pa- 
tients was the prescribed m a x i m u m  dose. 

Twelve metastat ic tumors  in 8 patients were irradi- 
ated with 25 Gy  at the center in a single fraction and 
single tumors  in 3 patients received 25 Gy  in 5 fractions 
in 8 days, 28 Gy  in 3 fractions in 4 days, and 35 Gy  in 
4 fractions in 4 days. T h e  periphery of the region that  
demons t r a t ed  c o n t r a s t - e n h a n c e m e n t  on c o m p u t e d  
tomography  (CT)  received 60% to 80% of  the pre- 
scribed dose. T h e  dose distribution was calculated by 
using a three-dimensional  planning system, F O C U S  
(Kanematsu  Medical  Systems, Tokyo,  Japan).  

T h e  follow-up included neurologic examinations 
for motor ,  sensory, and cognitive functions and con- 
t ras t -enhanced C T  or magnet ic  resonance imaging 
(MRI) 1 month  after stereotactic irradiation, then in 1- 
to 3 -month  intervals until the patient  became terminally 
ill. Local  control was defined as the lack of  any signifi- 
cant sustained increase in area of  the t umor  within or 
at the periphery of  the target volume on follow-up C T  
and/or M R I  scans. T h e  crude tumor  control rate was 
defined as the t~umber of  locally controlled tumors  
divided by the total n u m b e r  of  tumors,  irrespective of  
the follow-up period. Response among tumors  grouped 
by size was compared  and analyzed by using the Student 's  
t test. Survival t ime was measured  f rom the start of  
stereotactic irradiation. The  follow-up period ranged 
f rom 2 to 22 months  with a median of 5.6 months .  The  
local control and survival curves were calculated using 
the Kaplan-Meier  method.  I m p r o v e m e n t  in symptoms  
and signs was measured  by the pat ients '  complaints  and 
by physical examinations every 2 weeks in the first 3 
months ,  and every mon th  there after. 

RESULTS 

The  crude tumor  control rate was 93.3% (14/15). The  
actuarial local control rate at 12 months  was 90.6% (Fig. 
1). T u m o r  progression was observed in 1 metastat ic 
t umor  that had received 25 Gy  in 5 fractions, which was 
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Fig. 1. Actuarial local control rate of 15 brain metastases in 11 
patients with renal cell carcinoma treated with stereotactic irra- 
diation from a linear accelerator. 

the lowest biologic dose used in our study. N o  difference 
was observed in response among  tumors  grouped by size 
(Table 1). 

Stereotactic irradiation resulted in improvemen t  of 
symptoms  in 12 of  13 lesions (92%) that  p roduced  
neurologic symptoms  before t reatment .  One  patient  
experienced improvement  for 2 months  after stereotac- 
tic irradiation, but  the symptoms  reappeared in associa- 
t ion with the regrowth of  tumor.  N o  complications 
related to the irradiation were observed. 

T h e  actuarial survival curve is shown in Fig. 2., 
Median survival t ime was 6 months.  T h e  causes of  death 
were all related to advanced renal cell carcinoma: pneu-  
monia,  renal failure, and disseminated intravascular 
coagulation. 

DISCUSSION 

T h e  low progression rate of  tumors  in our  s tudy suggests 
that  L I N A C - S T I  is effective in sterilizing the tumor  
growth of  metastat ic renal cell carcinoma. The  crude 
tumor  control rate of  93.3% and the symp tom improve-  
men t  rate of  92% were apparently higher than the 30% 
symptomat ic  improvement  rate reported by M a o r  et al. 
and Halper in  et al. 3,4 Our  results are consistent with 

Table 1. Tumor response to stereotactic irradiation for 15 brain 
metastases in 11 patients with renal cell carcinoma. 

Tumor Response Total no. 

diameter Complete Partial None Progres- of tumors 
(cm) sive disease 

<1 1 1 2 1 5 
l t o < 2  1 3 2 0 6 
2 t o < 3  1 0 3 0 4 

Totals 3 4 7 1 15 
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Fig. 2. Actuarial survival of 1 1 patients wi th brain metastasis of 
renal cell carcinoma treated wi th stereotactic irradiation from a 
l inear accelerator. ! 

t hose  o f  the  series by  Fu l l e r  et  al. ,  in which  an 89% (8/ 
9) local  con t ro l  ra te  o f  b r a i n  me tas t a s i s  was o b t a i n e d  in 
a s u b g r o u p  o f  pa t i en t s  wi th  r ena l  cell c a r c i n o m a  t r e a t e d  
wi th  L I N A C - S T I . 1 0  T h e  on ly  pa t i en t  who  e x p e r i e n c e d  
re lapse  o f  t u m o r  in our  ser ies  was t r ea t ed  us ing  the  
lowest  dose  a d m i n i s t e r e d  to any  pa t i en t  in this s tudy.  
T h e  fact  tha t  the  local  con t ro l  ra te  o f s t e r eo t ac t i c  i r r ad ia -  
t ion  was h igher  than  tha t  r e p o r t e d  for conven t iona l  
r a d i o t h e r a p y  is p r o b a b l y  due  to  the  h igher  b io log ic  dose  
o f  s t e reo tac t i c  i r r ad i a t i on  used .  11 C o m p a r e d  to the  
r e p o r t e d  m e d i a n  survival  t ime  o f  8 weeks  for c onve n -  
t iona l  r ad io the r apy ,  3 a 6 - m o n t h  m e d i a n  survival  t ime  in 
the  p r e s e n t  series is favorable .  Th i s  d i f ference  in survival  
ra te  m a y  be  due  to se lec t ion  bias ,  s ince only  pa t i en t s  
wi th  single or  a few me ta s t a t i c  les ions  were  el igible for 
s t e reo tac t i c  i r rad ia t ion .  F u r t h e r  inves t iga t ion  is r equ i r ed  
to answer  w h e t h e r  the  longe r  m e d i a n  survival  is due  to 
the  i m p r o v e d  local  con t ro l  ra te  o f  s t e reo tac t i c  i r rad ia -  
t ion.  

S te reo tac t i c  i r r ad i a t i on  for  va r ious  me ta s t a t i c  b r a i n  
t u m o r s  was shown  to achieve a h igh  local  con t ro l  ra te  
and  func t iona l  survival  s imi lar  to tha t  o f  surgical  resec-  
t ion.  6,12 A u c h t e r  et al. have s h o w n  tha t  the  overal l  local  
cont ro l  ra te  o f s t e reo tac t i c  i r r ad ia t ion  for b ra in  metas tas is  
i nc lud ing  var ious  p r i m a r y  t u m o r s  was 86%. 5 In  ou r  
p rev ious  s tudy,  the  c rude  local  con t ro l  rate  for the  same  
g r o u p  was 84% .9 T h e  p r e sen t  s t u d y  shows tha t  the  local  
con t ro l  ra te  o f  rena l  cell c a r c i n o m a  is in the  range  o f  the  
average for  b ra in  metas tas i s .  A u c h t e r  et  al. r e p o r t e d  tha t  
27 me tas t a t i c  b ra in  t u m o r s  o f  rena l  cell c a r c inoma  or  skin 
m e l a n o m a  showed  a 96% local  con t ro l  rate  in thei r  large 
series. 5 A l e x a n d e r  et al. showed  tha t  for 126 lesions o f  
r ad io re s i s t an t  t u m o r s  (34 rena l  cell c a r c inoma ,  18 sar-  
c o m a ,  and  74 m e l a n o m a )  the  local  con t ro l  ra te  was 
s imi la r  to tha t  for 295 rad iosens i t ive  t umors .  6 T h e s e  
resul ts  are cons i s t en t  wi th  ou r  repor t s .  

Bra in  metas tas i s  f rom lung  cance r  or  b reas t  cancer  
d i s a p p e a r e d  after  s te reo tac t ic  i r r ad ia t ion  in mos t  cases,  
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b u t  m o r e  t h a n  h a l f  t u m o r s  d i d  n o t  d e c r e a s e  in s ize in 
th is  ser ies .  T h i s  is c o n s i s t e n t  w i th  the  f i n d i n g s  o f  
L o e f f l e r  e t  al . ,  12 in w h i c h  b r a i n  m e t a s t a s i s  f r o m  r e n a l  
cell  c a r c i n o m a  d e c r e a s e d  s l ight ly  wi th  r a d i o g r a p h y  over  
t ime  or  s tab i l ized  in size. H i s t o p a t h o l o g i c  d i f fe rences  
b e t w e e n  these  types  o f  t u m o r  shou ld  be inves t iga ted .  
T h e  m i n o r  inf luence  o f  s t e ro ida l  h o r m o n e  or  d iu re t i cs  
on  the c l in ical  i m p r o v e m e n t  cou ld  no t  be  e l i m i n a t e d ,  
a l t hough  these  were  n o t  l ikely to have  m a j o r  effects in 
m a i n t a i n i n g  neu ro log ic  i m p r o v e m e n t .  

Because  the  c o n v e n t i o n a l  f r a c t i ona t e d  r a d i o t h e r a p y  
was only  s l ight ly  effect ive in the  e l imina t ion  o f  r ena l  cell 
c a r c i n o m a ,  the  role  o f  who le  b ra in  i r r ad i a t i on  in con-  
j unc t ion  wi th  s t e reo tac t i c  i r r ad i a t i on  has b e e n  p u t  into 
ques t ion .  I f  the  survival  o f  pa t i en t s  wi th  b ra in  me tas t a s i s  
f rom rena l  cell c a r c i n o m a  will  be  p r o l o n g e d  by  the  use 
o f s t e r e o t a c t i c  i r r ad ia t ion ,  the re  is a poss ib i l i ty  o f  i n d u c -  
ing r a d i a t i o n - i n d u c e d  d e m e n t i a  af ter  whole  b r a i n  i r ra-  
d ia t ion .  13 Because  the  c o n v e n t i o n a l  dose  s chedu le  has  
no t  b e e n  shown  to be  suff ic ient ly  effective in the  con t ro l  
o f  rena l  cell c a r c i n o m a ,  s t e reo tac t i c  i r r ad ia t ion  a lone ,  
w i thou t  whole  b r a i n  i r r ad ia t ion ,  m a y  be  a p p r o p r i a t e  in 
the  t r e a t m e n t  o f  this  d isease .  Because  s t e reo tac t i c  i r ra-  
d i a t ion  does  no t  de l iver  a large dose  to  the s u r r o u n d i n g ,  
n o r m a l  b ra in ,  there  is l i t t le poss ib i l i ty  o f  r a d i a t i o n -  
i n d u c e d  l e u c o e n c e p h a l o p a t h y .  S te reo tac t i c  i r r ad i a t i on  
can  be  r e p e a t e d  several  t imes  on  new in t rac ran ia l  m e t a -  
s ta t ic  les ions  tha t  m a y  a p p e a r  af ter  the  init ial  s t e reo tac t i c  
i r rad ia t ion .  Because  o f  f o c u s e d - d o s e  d i s t r i bu t ion ,  re- 
p e a t e d  app l i ca t i on  o f s t e r e o t a c t i c  i r r ad i a t i on  is r e p o r t e d  
to be  a safe s trategy.  9 

All  pa t i en t s  d i ed  o f  sys temic  disease ,  for  e x a m p l e ,  
p n e u m o n i a  and  d i s s e m i n a t e d  in t r avascu la r  coagu la -  
t ion.  S ince  b ra in  me tas t a s i s  was no t  the  cause  o f  dea th ,  
f r equen t  fo l low-up  r ad io log ic  e x a m i n a t i o n  to de t ec t  
b r a in  me tas t a s i s  is n o t  i nd ica t ed ,  except  in c l in ical  
s tudies .  I t  is a p p r o p r i a t e  to check  for  b ra in  me t a s t a se s  
and  t rea t  t h e m  wi th  s t e reo tac t i c  i r r ad i a t i on  w h e n  pa-  
t ients  c o m p l a i n  o f  s y m p t o m s .  

In  conc lus ion ,  we f o u n d  s te reo tac t i c  i r r ad i a t i on  
us ing  a l inear  acce le ra to r  to be m o r e  effective t han  
c o n v e n t i o n a l  r a d i o t h e r a p y  for  t r e a t m e n t  o f  me t a s t a t i c  
b ra in  t u m o r s  of  renal  cell  c a r c i n o m a .  S te reo tac t i c  i r ra-  
d i a t ion  can  be given w i thou t  open  surgery.  Uro log i s t s  
and  oncolog is t s  shou ld  be aware  o f  the  usefu lness  o f  
L I N A C - S T I  in the  m a n a g e m e n t  o f  pa t ien t s  wi th  renal  
cell c a r c inoma .  
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