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PURPOSE: This analysis was undertaken to assess whole 
abdomen radiation therapy and concurrent 5-fluorouracil 
for toxicity and patterns of failure in high-risk colon cancer 
patients after curative surgical resection. METHODS: Eigh- 
teen patients were treated adjuvantly after curative resec- 
tion. Four patients (22 percent) had Stage B and 14 (78 
percent) had Stage C disease. Histology was poorly differ- 
entiated in 4 (22 percent) and moderately differentiated in 
14 (78 percent) patients. Four patients received whole 
abdominal radiation only, 30 Gy at 1 Gy/day. Fourteen 
patients had an additional locoregional boost of 9.6 to 16 Gy 
at 1.6 Gy/day. The liver received 19.8 Gy at 0.67 Gy/day. 
5-Fluorouracil was given as a continuous infusion during 
therapy. RESULTS: With a median follow-up of three years, 
6 of 18 (33 percent) patients have relapsed. Failure oc- 
curred locally in 3 of 18 (17 percent) and distantly in 4 of 18 
patients (22 percent). Four of six (67 percent) failures 
occurred in the liver. The five-year actuarial survival and 
disease-free survival were 78 percent and 66 percent, re- 
spectively. Median elapsed time on radiotherapy was 73 
days, with 5 of 18 patients (28 percent) requiring two or 
more weeks of unplanned treatment breaks. Acute Grade 3 
to 4 toxicity (diarrhea, leukopenia) occurred in 3 of 18 
patients (17 percent), with late complications (bowel ob- 
struction) occurring in 2 of 18 patients (11 percent). CON- 
CLUSIONS: Whole abdominal radiotherapy with concomi- 
tant 5-fluorouracil appears to improve local control but not 
to prevent liver metastases. Significant toxicity resulted in 
frequent interruption of therapy and protracted its course. 
Whether this adjuvant regimen impacts on survival or offers 
an advantage over locoregional irradiation remains to be 
studied. [Key words: Whole abdomen radiotherapy; Colon 
cancer; Adjuvant therapy; Combined modality] 
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mod i f i ed  Ast ler-Coller  Stage B3 a n d  53 pe r c e n t  of  

Stage C3 pa t ien ts  fail wi th in  the  t u m o r  bed ,  in adja-  

cent  o rgans  (by  direct  ex tens ion) ,  or  in reg iona l  

l y m p h  n o d e  groups .  1' 2 Dis tant  metas tases  d e v e l o p  in 

27 to 45 pe r c e n t  o f  these  pat ients ,  p r e d o m i n a n t l y  in 
the  a b d o m e n .  1' 2 

Because  d i sease  recur rence  is a lmos t  invar iably  fa- 

tal, var ious  ad juvant  t rea tment  p r o g r a m s  have  b e e n  

s tudied.  A survival  benef i t  wi th  5-f luorouraci l  (5-FU) 

plus  l evamiso le  has  b e e n  recen t ly  d e m o n s t r a t e d  for 

node -pos i t i ve  pat ients  in the  M a yo /N or th  Central  

Cancer  Trea tmen t  G r o u p  trial 3 and  con f i rmed  b y  a 

larger  in t e rg roup  trial. 4 Adjuvant  rad ia t ion  t he r a py  for 

co lon  cancer  a b o v e  the  pe r i tonea l  ref lec t ion has  no t  

b e e n  s tud ied  in a p ro spec t i ve  r a n d o m i z e d  fashion.  

Several  re t rospec t ive  studies,  however ,  sugges t  a de-  

c rease  in local  fai lure for pat ients  wi th  m o d i f i e d  As- 

t ler-Coller  Stages B3, C2, a n d  C3 and  an  i m p r o v e m e n t  

in the  f ive-year  d i sease- f ree  survival  rate for pat ients  

wi th  Stages B3 and  C3. 5-9 W h o l e  a b d o m e n  rad ia t ion  

(WAR) t he r a py  has  b e e n  u s e d  as ad juvant  t r ea tment  

b y  severa l  g roups  1~ wi th  inconclus ive  results.  The  

c o m b i n a t i o n  of  WAR a n d  concomi t an t  con t inuous  

infus ion of  5-FU was  p i o n e e r e d  at the  Univers i ty  of  

Kansas  13 a n d  has  b e e n  in use  at our  inst i tut ion s ince  

1986. This re t rospec t ive  s tudy  was  u n d e r t a k e n  to 

eva lua te  the  toxici ty  of  this r e g ime n  a n d  its po ten t ia l  

to r educe  in t r a -abdomina l  r ecur rence  rate. 

L ocal  r ecur rence  of  ca rc inoma  o f  the  co lon  after 

curat ive  resec t ion  is a f requen t  occur rence .  Sub- 

set of  pa t ien ts  at par t icu la r ly  h igh  risk inc lude  those  

wi th  tumors  e x t e n d i n g  t h rough  the b o w e l  wal l  wi th  

a d h e r e n c e  or  invas ion  of  ad jo in ing  s tructures  or  

l y m p h  n o d e  invo lvement .  As m a n y  as 31 pe r cen t  of  
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M E T H O D S  

P a t i e n t  C h a r a c t e r i s t i c s  

Dur ing  the  p e r i o d  f rom 1986 to 1991, 22 pat ients  

we re  t r ea ted  wi th  WAR and  con t inuous  infus ion of  

5-FU fo l lowing  curat ive  resec t ion  of  an  a d v a n c e d  co-  

lon  cance r  a b o v e  the pe r i tonea l  reflection.  E igh teen  

o f  these  pat ients  we re  t rea ted  adjuvant ly;  four  we re  

t rea ted  for pe r i tonea l  metas tas is  and  will  no t  b e  dis- 

cussed  further. P re t rea tment  ex ten t  of  d i sease  evalu-  
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ation consisted of physical examination, complete 

blood count, chest x-ray, and CT scan of abdomen 

and pelvis. Staging was according to the modified 

Astler-Coller system. All patients were ambulatory 
and capable of self care. 

Patient's ages ranged from 33 to 76 (median, 63) 
years. Other pertinent characteristics are summarized 
in Table 1. 
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Chemotherapy was started between two and eight 

weeks following surgery. 5-Fluorouracil began as a 

continuous infusion of 200 mg/Mi/day, seven days 

per week during radiotherapy. 

Statistics 

Actuarial survival and disease-free survival were 
calculated using the life-table method. 

Treatment Protocol 

Patients started radiation therapy a median of 43 
days following surgical resection. Radiation was de- 
livered with megavoltage photons of 10 MV or 15 MV. 
Seven patients received only WAR; 12 patients com- 
pleted an additional boost to the primary tumor bed 
and regional lymph nodes. WAR was administered 
through parallel opposed anteroposterior and pos- 
teroanterior fields at 1 Gy/day fractions to a planned 
total dose of 30 Gy. During WAR the dose to the liver 
was reduced by partial transmission blocks to 0.67 
Gy/day. Median whole liver dose was 19,8 Gy. Kid- 
neys were shielded by five half-value layer blocks for 
the posteroanterior field, thus limiting whole kidney 
dose to a median of 14.4 Gy. Locoregional boost 
consisted of 9.6 to 16 Gy (1.6 Gy/fraction) delivered 
with two to four field arrangements. A planned treat- 
ment interruption of one to two weeks was incorpo- 
rated into the radiation treatment regimen. 

Table 1. 
Patients Characteristics 

No. of Patients % of Total 

Sex 
Male 10 55 
Female 8 45 

Stage* 
B2 3 17 
B3 1 5 
C1 2 11 
C2 11 61 
C3 2 5 

Grader 
2 13 72 
3 5 28 

Site 
Sigmoid 5 28 
Ascending 3 17 
Cecum 4 22 
Transverse 5 28 
Descending 1 5 

* Modified Astler-Coller system. 
1- 2 = moderately differentiated; 3 = poorly differenti- 

ated. 

RESULTS 

With a median follow-up of 36 months, six (33 
percent) patients have relapsed. No patient was lost to 
follow-up. Table 2 illustrates the treatment outcome 

for patients treated adjuvantly. Table 3 reveals the 
patterns of failure. Local failures were seen in the 
pelvis and retroperitoneum (one at each site). Distant 
metastases were seen predominantly in the liver and 
accounted for four of six (67 percent) failures. Actu- 
arial survival is illustrated in Figure 1. Disease-free 
survival is illustrated in Figure 2. Five-year actuarial 
survival was 78 percent. Median survival has not yet 
been reached. 

Radiation therapy was administered for 43 to 110 
(median elapsed time, 73) days. This included one to 
two weeks of planned treatment interruption. Un- 
planned treatment break lasted up to 48 (median, 5) 
days, with 5 of 18 (28 percent) requiring more than 
two weeks. Acute Grades 3 to 4 toxicity occurred in 3 
of 18 (17 percent) patients (diarrhea in two, leukope- 
nia in one). Late toxicity was manifested as three 
episodes of small bowel obstruction in two patients; 
one required surgery. 

D I S C U S S I O N  

The combination of chemoradiotherapy we used 
has been designed with the intent of reducing intra- 
abdominal recurrence in patients with transmural and 
node-positive colon cancer. After a gross total resec- 
tion this adjuvant regiment was expected to address 
possible microscopic residual disease. The radiation 
dose prescribed was lower than the dose traditionally 
considered effective in controlling microscopic dis- 
ease. 14 However, it was based on the observation that 
ineffective doses of either radiation or 5-FU, when 
used in combination, were curative for certain rodent 
tumors.15, a6 The mechanism underlying this syner- 

gism is assumed to be depletion by 5-FU of tumor 
cells in the relatively radioresistant S-phase, thereby 
rendering the surviving tumor cell population sensi- 
tive to subsequent irradiation. In addition, 5-FU also 
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Table 2, 
Treatment Outcome 

Dis Colon Rectum, October 1995 

Patient Sex Stage Site Dose* Status Follow-Up1" 

1 F C2 Cecum 46 DOD 9,7 
2 M C2 Ascending 46 AWD 13.7 
3 M C1 Sigmoid 30 DOD 15.9 
4 M C3 Transverse 39,6 DOD 18.9 
5 M C2 Transverse 46 NED 19.9 
6 F B2 Ascending 42 NED 21.9 
7 M C2 Descending 46 NED 27.1 
8 F C2 Sigmoid 46 NED 37.2 
9 F C2 Ascending 46 NED 40.9 

10 M C2 Transverse 46 NED 41.1 
11 F C2 Sigmoid 46 AWD 42.4 
12 M B2 Cecum 46 NED 46.8 
13 M B3 Sigmoid 30 AWD 51,8 
14 M C1 Transverse 46 NED 53.6 
15 M B2 Cecum 46 NED 59.7 
16 F 02 Sigmoid 46 NED 68.3 
17 F C2 Cecum 30 NED 74.5 
18 F C2 Transverse 30 N ED 76.7 

AWD = alive with disease; NED = no evidence of disease; DOD = dead of disease. 
* Dose to primary site specified in Gy. 
1 Length of follow-up from surgery specified in months. 

Table 3. 
Pattern of Failure 

Patient Site of Failure Time to Failure* 

1 Liver, lung 4.1 
2 Liver, retroperitoneum 7.2 
4 Liver 7.5 
3 Pelvic 10.1 

11 Liver, lung 22.6 
13 Retroperitoneum 39.8 

* Months from completion of radiotherapy. 

inhibits sublethal damage repair, and optimal radio- 
sensitization, therefore, requires the presence of the 
drug both before and after irradiation. 

The local failure rate of 28 percent (5/18) observed 
in this study compares favorably with the rate of 40 to 
60 percent expected after surgery only 1' 2 and is sim- 
ilar to what has been  reported with postoperative 
local abdominal irradiation. 5-9 Five-year local failure 
rates reported by Willett e t  al .  9 were 10, 8, 21, and 31 
percent for Stages B2, B3, C2, and C3, respectively. 
Wong e t  al .  5 reported local relapses in 9 of 28 (32 
percent) Stage C patients and 3 of 20 (15 percent) 
Stage B2 patients. These results were obtained with 
doses of 45 to 54 Gy. Total dose to tumor bed in our 
study ranged from 30 to 46 (median, 46) Gy. Although 
a statistically valid dose-response analysis was not 
performed because of the small number  of patients, it 

is interesting to note that two of three local failures 

occurred after doses of 30 Gy. Disease recurred in 60 

percent (3/5) and 23 percent (3/13) of patients receiv- 

ing less than 40 Gy or 40 Gy and more, respectively. 

Liver metastases occurred in 4 of 18 (22 percent) 

patients. The liver was the predominant site of failure 

accounting for four of six (67 percent) failures. This 

failure rate is not unlike that observed with no adju- 

vant treatment 1' 2 or with prophylactic liver irradia- 

tion. iv The Gastrointestinal Tumor Study Group 

(GITSG), in a prospectively randomized study, noted 

no benefits (in terms of liver recurrences or survival) 

from adiuvant 5-FU and hepatic irradiation, iv 

It is important to note, though, that the dose of 

radiation delivered to the liver, both in our study (19.8 
Gy) and by GITSG (21 Gy), was relatively low. Colon 

cancer cells are generally considered moderately ra- 
dioresistant,18, 19 and higher doses of radiation might 

prove more effective. Ingold e t  al .  z~ suggested that 
the whole liver could tolerate 25 to 30 Gy conven- 

tionally fractionated, in the absence of chemotherapy. 
Rotman e t  al .  21 reviewed their experience with con- 

comitant infusion of 5-FU and radiotherapy for colo- 
rectal hepatic metastasis and advocated not to exceed 
27 Gy in 1.8-Gy fractions given for five weeks. Al- 

though the whole liver radiation tolerance dose is not 
accurately established, it seems that further dose es- 

calation is still feasible. 
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Figure 1. Overall survival. 
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Figure 2. Disease-free survival. 
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The five-year actuarial survival and disease-free 
survival in our series are 78 and 66 percent, respec- 
tively. These rates are remarkably similar to those 
reported by Fabian e t  al .  13 (81 percent survival at 32 
months). They compare favorably to results reported 
by Willett e t  a l .  9 for similar high-risk patients treated 
with surgery (58 percent 5-year survival) or surgery 
and local field radiotherapy (62 percent 5-year surviv- 
al). Survival rate also compares favorably with that 
reported for patients observed (59 percent) or treated 
with prophylactic liver irradiation (60 percent) on 

GITSG study 17 or that reported by Wong e t  al .  5 for 
patients treated with adjuvant local abdominal irradi- 
ation (67 percent). However, given the small number 
of patients and limitations of a retrospective analysis, 
no conclusion can be drawn regarding the impact of 
this type of treatment on survival. 

Toxicity of the treatment was considerable but not 
significantly different than what has been previously 
described with WAR. Acute Grades 3 to 4 toxicity 
occurred in 3 of 18 (17 percent) patients. Late com- 
plications occurred in 2 of 18 (11 percen0 patients. 
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Unplanned  treatment breaks were  n e e d e d  in the ma- 

jority of  patients and lasted up to 48 (median,  5) days. 

This was  in addit ion to the one  to two weeks  of  

p lanned  interruption that was  incorpora ted  into the 

t reatment  plan. This protract ion m a y  have contr ibuted 

to a decrease  in efficacy, by  al lowing tumor  ceils to 

repopula te  during treatment. If WAR should  be  fur- 

ther explored  as adjuvant treatment, ways  must  be  

found  to reduce  its toxici W to allow comple t ion  o f  

treatment wi thout  undue  delays. Attractive solutions 
to this p rob lem include hyperfract ionat ion 22' 23 and  

systemic administration of  radioprotectors.  

C O N C L U S I O N S  

The c o m b i n e d  chemorad io the rapy  descr ibed ap- 

pears to achieve superior  local control  to that 

achieved with surge W alone and is similar to that 

achieved with adjuvant local field irradiation. Morbid- 

ity was  substantial and caused  treatment protraction, 

which  might  have reduced  efficacy. This treatment 

reg imen does  not  appear  to prevent  deve lopment  of  

liver metastasis, and its impact  on  survival has yet  to 

be  studied. 
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