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PURPOSE: A prospective, randomized clinical trial was con- 
ducted by the Northwest Rectal Cancer Group to study the 
effects of preoperative radiotherapy given one week before 
surgery in locally advanced (tethered or fixed) rectal carci- 
noma. METHODS: A total of 284 patients were entered into 
the trial between 1982 and 1986; 141 were allocated to 
receive surgical treatment alone, and 143 were allocated to 
receive preoperative radiotherapy. A 10 • 10 • 10 cm 
volume in the posterior pelvis, centered on the tumor, was 
irradiated at a dose of 20 Gy, divided into four daily fractions 
of 5 Gy each. RESULTS: No differences were observed in 
any of the clinicopathologic variables in the two arms of the 
trial; there were no striking down-staging effects in the 
irradiated tumors. After a minimum follow-up period of 96 
months, the overall and cancer-related mortality rates were 
similar in both arms of the study (P = 0.21 and P = 0.09, 
respectively). There was a highly significant reduction in 
local recurrences in the irradiated group (12.8 percent x-ray 
therapy vs. 36.5 percent surgery; P = 0.0001). The majority 
of local recurrences after preoperative radiotherapy oc- 
curred inside the radiotherapy field (10 cases; 7 percent), 
with only six cases (5 percent) outside the field. No sig- 
nificant difference was observed in the rates of distant 
metastasis between the two treatment groups (P = 0.73). 
CONCLUSIONS: Although there is no statistically significant 
survival benefit in the whole series, there is a survival 
benefit for the subset of patients considered by the surgeon 
to have undergone a curative operation. We recommend 
that this form of adjuvant therapy should be offered to all 
patients with locally advanced rectal cancer who arc to 
undergo radical surgery. [Key words: Rectal carcinoma; 
Preoperative radiotherapy] 

Marsh PJ, James RD, Schofield PF. Adjuvant preoperative 
radiotherapy for locally advanced rectal carcinoma: results 
of a prospective, randomized trail. Dis Colon Rectum 1994; 
37:1205-1214. 

P. j. Marsh was supported by The Christie Hospital Endowment 
Fund. 
Address reprint requests to Professor Schofield: Department of 
Surgery, Christie Hospital National Health Service Trust, Wilmslow 
Road, Withington, Manchester M20 9BX, United Kingdom. 

R ectal  ca rc inoma is one  of  the most  c o m m o n  hu-  

m a n  mal ignancies ,  wi th  an inc idence  of  12,000 

pe r  a n n u m  in the  Uni ted  K ingdom and  45,000 pe r  

a n n u m  in the  Uni ted  States. 1' 2 The f ive-year  survival  

rate fo l lowing  surgery  is b e t w e e n  40 and  55 percent ,  3 

but  local  recur rence  rates after surgical  t rea tment  of  

rectal  ca rc inoma  vary w ide ly  b e t w e e n  4 and  50 per-  

cent. 4-12 Some years  ago  it was  p o i n t e d  out  that  the  

survival  after colorecta l  surgery  cou ld  be  r epo r t ed  at 

w i d e l y  different  levels for the  same  cohor t  of  pat ients ,  

d e p e n d i n g  on  inc lus ion  criteria. ~3 The impor t ance  of  

surgical  t echn ique  to p r o d u c e  a l ow recur rence  rate 

has b e e n  emphas i zed .  < 5 Al though  this is u n d o u b t -  

ed ly  true, there  are o ther  factors that  are k n o w n  to 

affect local  recurrence ,  such  as the  su rgeon ' s  op in ion  

as to the  c omple t e ne s s  of  excis ion,  14 the pa tho log ic  

s tage of  disease,  15 and  the he igh t  of  the  t umor  a b o v e  

the anal  verge,  a5 Further,  f igures can  be  mod i f i ed  

by  w h e t h e r  local  recur rence  assoc ia ted  wi th  wide-  

sp r ead  recur rence  is i nc luded  or  w h e t h e r  the  re- 

p o r t e d  local  recur rence  rate inc ludes  only  those  pa -  

t ients wi th  i so la ted  recurrence .  Last, the level  of  

r ecur rence  r e p o r t e d  d e p e n d s  on  the c omple t enes s  

and  a d e q u a c y  of  fo l low-up.  

P reopera t ive  r ad io the rapy  has  the  advan tage  over  

pos tope ra t ive  i r radiat ion in that  it is a p p l i e d  to undis -  

turbed,  normal ly  o x y g e n a t e d  tissue, is less l ikely to 

involve  such structures as the  small  b o w e l  in the  

i r radia ted  field, and  is more  cost-effective.  There  have  

b e e n  a n u m b e r  of  p rospec t ive ,  r andomized ,  con-  

t ro l led  trials o f  ad juvant  p r eope ra t i ve  r a d io the r a p y  for 

rectal  ca rc inoma r epo r t ed  in the  l i terature (Table  

1). 16-29 The  c o m b i n e d  ev idence  f rom these  trials sug- 

gests  that ad juvant  p r eope ra t i ve  r a d io the r a py  does  

not  improve  the overal l  survival  at five y e a r s 9  How-  
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Table 1. 
Prospective Randomized Trials of Preoperative Radiotherapy vs. Surgery-only for Rectal Carcinoma 

No. of 
Trial Radiotherapy Field NSD Patients Local Recurrence 5-year survival 

Stockholm 17. 25 Gy in 5 Pelvis to L2 1423 849 P < 0.01 Not significant 
fractions over opposed A-P (P < 0.05 for 
5-7 days pair curative resections 

MRC II1- 40 Gy in 20 Pelvis 18 x 15 1362 274 P = 0.04 Not significant 
fractions over cm opposed (Metastasis (P = 0.09 overall) 
28 days A-P pair P = 0.02) 

EORTC I123' 241- 34.5 Gy in 15 Pelvis to L2 1303 466 P = 0.023 Not significant 
fractions over opposed A-P (P = 0.08 for 
19 days pair curative resections 

Present study* 20 Gy in 4 Posterior pelvis 1231 284 P = 0.0001 Not significant 
fractions over 3 field (P = 0.03 for 
4 days rotational curative resections) 

wedge 
Norway251- 31.5 Gy in 18 Pelvis to L2 1178 309 Not significant 

fractions over opposed A-P 
14-21 days pair 

Not significant 
(P < 0.01 for 
recurrence free 
interval) 

VASAG 11261- 31.5 Gy in 18 Pelvis to L2 1110 361 Not significant Not significant 
fractions over opposed A-P 
24 days pair 

ICRF 22. 15 Gy in 3 Pelvis to L5 965 478 P < 0.05 Not significant 
fractions over opposed A-P 
5 days pair 

VASAG 127' 281- 20 Gy in 10 Pelvis 20 • 20 876 700 Not significant Not significant 
fractions over cm opposed (P < 0.05 for APR) (P < 0.02 for APR) 
12-14 days A-P pair 
(+5 Gy boost 
for APR) 

MRC 11~' 2o1- 20 Gy in 10 Pelvis 15 x 18 876 824 Not significant Not significant 
fractions over cm opposed 
12-14 days A-P pair 

Toronto 2a* 5 Gy in 1 Pelvis 15 • 18 500 125 Not presented Not significant 
fraction on cm opposed (P = 0.014 for 
day of surgery A-P pair Dukes C tumors) 

MRC p9.20, 5 Gy in 1 Pelvis 15 • 18 500 824 Not significant Not significant 
fraction the cm opposed 
day before A-P pair 
surgery 

NSD = nominal standard dose (Ellis, 1967), 16 a calculation to account for the wide variation in daily fraction size; APR 
= abdominoperineal resection; Not significant = P > 0.05. 

* = Immediate surgery. 
1- = Delayed surgery. 
MRC II data, personal communication (1993). 

ever, higher dose regimes do have a significant ben- 

eficial effect on local disease control; namely the 
Stockholm, European Organization for Research and 
Treatment of Cancer (EORTC) II, Medical Research 
Council (MRC) II, Imperial Cancer Research Fund 
(ICRF), and Norwegian trials. 17' 22-25 Only the second 

MRC trial has found a significant reduction in the 
rate of distant metastasis following preoperative 
radiotherapy (MRC, personal communication). There 

is also evidence from the Stockholm, EORTC II, and 
ICRF trials to suggest that preoperative radiothe- 
rapy increases perioperative surgical and medical 
morbidity. ~r, 22-24 

Caution should be exercised, however, when com- 
paring the data from these different sources, because 
each trial has different patient selection criteria, dif- 
ferent radiotherapy schedules and fields, and different 
end points The extent of the radiotherapy field is of 
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particular importance when defining local recurrence. 

Published trials have, in general, used very large ra- 

diotherapy fields, equivalent in size to standard sur- 
gical procedures, most commonly using parallel, op- 
posed anteroposterior fields to irradiate the pelvis, 
pelvic side walls and brim, and regional lymph nodes 

to the level of the origin of the inferior mesenteric 

artery (i.e., analogous to a radical surgical resection). 
A local recurrence after radiotherapy ,nay be inside or 
outside the radiotherapy field. Recurrence outside the 

field requires an increase in the size of the field, and 

recurrence inside the field requires an increase in the 
total dose. We report here on the results of a prospec- 

tive, randomized trial of adjuvant preoperative radio- 
therapy for rectal carcinoma. 31 

Figure 1.4 MeV wedge-filter rotation field for rectal car- 
cinoma produces a cylinder of radiation approximately 10 
• 10 cm. Figures refer to absorbed doses relative to the 
tumor, which is designated 100 percent. Anterior pelvis 
and inguinal nodes are not irradiated. 

MATERIALS A N D  M E T H O D S  

Patients 

The Northwest of England Rectal Cancer Trial is a 
prospective, multicenter randomized study designed 

to evaluate preoperative radiotherapy in patients with 

locally advanced (i.e., tethered or fixed), but opera- 

ble, carcinomas of the true rectum (within 13 cm of 

the anal verge). The patients were accepted as locally 
advanced after examination under an anesthetic by 
PFS. Recruitment into the trial was between 1982 and 

1986, and patients were randomized within hospitals 
to receive either surgery alone or adjuvant preopera- 
tive radiotherapy before surgical treatment. A total of 

284 patients were recruited; 141 were randomized to 

surgery alone, and 143 were to receive adjuvant ra- 

diotherapy 1 week before surgical resection. Surgery 
was performed at the referral hospital, and radiother- 

apy was administered at the regional radiotherapy 
center (Christie Hospital National Health Service 
Trust). 

Radiotherapy 
Patients were treated in the prone position using a 

rotational three-field wedge technique delivered by 
an isocentric 4 MeV linear accelerator (Fig. 1). A dose 
of 20 Gy, in four daily fractions, was administered to 

a 10 • 10 • 10 cm cylindrical volume in the posterior 
pelvis (nominal standard dose = 1,231). 16 The radio- 

therapy field included the mesorectal lymph nodes 
but not the pelvic brim, pelvic side walls, anterior 
pelvis, inguinal lymph nodes, or para-aortic lymph 
nodes. All patients had their tumors localized by com- 
puted tomography (CT) planning, the results of which 

were stored on magnetic disc for correlation with sites 

of any subsequent disease recurrence. 

Surgery 
Surgery was performed at the referral hospital 

within a week of completing high-dose radiotherapy. 

The operating surgeon recorded a "curative" resec- 
tion if the carcinoma was removed with neither spill- 

age nor perforation, and there was no macroscopic 
evidence of residual local disease or distant metasta- 
ses. The degree of local invasion present at operation 

was also noted. Pathologic information on the re- 

sected tumor was recorded prospectively by pathol- 
ogists from the referral hospital on a standard form for 

each of the 284 patients. Lymph nodes were sampled 

and assessed in the normal way, as was the presence 
of venous invasion. 

Patient Follow-Up 

Patients have been subject to regular clinical review 
and carcinoembryonic antigen measurement. The fate 

and status of all patients are known. Local recurrence 

was diagnosed by clinical examination, supple- 
mented by histology and CT. Patients with elevated 
carcinoembryonic antigen or clinical suggestion of 
recurrence also underwent CT scanning. By compar- 
ing these CT fihns with those taken at the time of 
radiotherapy planning, it was possible to accurately 
localize any disease recurrence; in particular, it has 
been possible to define the site of any given local 
recurrence in relation to the radiotherapy field. 
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Statistical Analys i s  

Statistical comparison of clinicopathologic variables 

was made using the chi-squared test. The minimum 
period of follow-up for all 284 patients is 96 months. 
Survival curves were constructed using the life-table 
method. 32 For local recurrence-free and metastasis- 

free survival, patients dying without either local 

recurrence or distant metastasis were treated as 
censored observations at the time of death, and 

cumulative proportions were calculated for those at 
risk. The overall survival curve includes all deaths 
from the date of randomization; deaths from intercur- 
rent disease are, however excluded from the rectal 

cancer-related mortality curve. The survival curves 

were compared by log-rank analysisY The subset of 
patients who underwent curative surgery were also 

analyzed independently, and survival curves were 
constructed as detailed above. 

RESULTS 

C l i n i c o p a t h o l o g i c  V a r i a b l e s  

As reported by James e t  al.,31' 34 the clinicopatho- 

logic variables are equally distributed in the two arms 
of the trial. No morphologic differences or down- 
staging effects could be demonstrated in the 143 irra- 

diated cases, as compared with the 141 nonirradiated 
controls. Jones et  al., 35 however, demonstrated a sig- 

nificant decrease in the aneuploid cell population in 

the irradiated group. 

Radiotherapy 

Ninety-six percent of patients received 20 Gy 
in four daily fractions of 5 Gy. There were only six 
protocol violations in the 143 irradiated patients; 

two received less than 20 Gy (5 and 11 Gy), and 
four received in excess of 20 Gy (25-35 Gy). These 
cases are all considered evaluable for survival and 

recurrence. 
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cases were either not classified or were of indetermi- 
nate classification. There was no significant difference 
in this assessment of surgery between the two arms of 
the trial. 

Survival 

Seven years after the close of the trial, the minimum 

period of follow-up was 96 months. The outcome for 
all patients in the trial is shown in Table 2, and the 

survival curves are shown in Figure 2. The overall 
mortality is 69.5 percent for patients allocated to sur- 

gery alone and 69.9 percent for patients allocated to 
preoperative radiotherapy. There were a total of 18 

deaths from intercurrent disease during this period of 
follow-up, 13 in the irradiated group, and 5 in the 
control group. Therefore, the rectal cancer-related 

mortality rate is 66.0 percent following surgery alone 

and 60.8 percent following preoperative radiotherapy 

and surgery. There is no significant difference in ei- 

ther overall survival or cancer-related mortality be- 
tween the two treatment groups (P  = 0.21 and P = 

0.09, respectively, with 1 degree of freedom). Subset 
analysis of the patients who underwent  curative sur- 

gery alone (Table 3 and Fig. 3), reveals an overall 

mortality of 53.3 percent for patients allocated to 
surgery alone and 44.9 percent for patients allo- 
cated to preoperative radiotherapy. This is a signifi- 

cant reduction in mortality (P = 0.033, with 1 de- 
gree of freedom). 

Lo ca l  Recurrence 

Local recurrence was defined as any local tumor 
detected at follow-up and included patients with 
known residual disease at operation as well as those 

with local disease as part of widespread recurrence. 
The local recurrence-free survival curve is shown in 
Figure 4. The local recurrence rate for the whole 

series in this study is 12.8 percent following preoper- 

S u r g e r y  

Twenty-five tumors (9 percent) were found to be 
inoperable at laparotomy because of either extensive 
local or metastatic disease, and these have been ex- 
cluded from the analysis of local recurrence rates. 
One hundred forty-three (50 percent) patients under- 
went a curative resection (48.3 percent x-ray therapy 
(XRT) vs. 53.2 percent surgery), and 95 (33 percent) 
received a palliative operation (34.3 percent XRT vs. 

32.6 percent surgery). The remaining 20 (8 percent) 

Table 2. 
Patient Outcome in NWRCT 

Surgery XRT + Log-rank 
Alone (%) Surgery (%) P Value 

Alive 
Inoperable 
Local recurrences 
Distant metastases 
Cancer-related 

deaths 
All deaths 

43 (30.5) 43 (30.1) - -  
15 (10.6) 10 (7.0) - -  
46 (36.5) 17 (12.8) 0.0001 
50 (35.5) 61 (42.7) 0.73 
93 (66.0) 87 (60.8) 0.09 

98 (69.5) 100 (69.9) 0.21 
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Figure 2. Overall and cancer-related survival curves for 
all patients in NWRCT. 

Table 3. 
Patient Outcome Following Curative Surgery in NWRCT 

Surgery XRT + Log-rank 
Alone (%) Surgery (%) P Value 

Number of patients 75 (52.4) 68 (47.6) - -  
Local recurrences 29 (38.6) 8 (11.8) 0.0001 
Distant metastases 21 (28.0) 28 (41.2) 0.695 
All deaths 40 (53.3) 31 (45.6) 0.0334 

ative radiotherapy, as compared with 36.5 percent (46 

patients) after surgery alone (Table 2). This is a highly 
significant difference (P = 0.0001, with 1 degree of 
freedom). Of the 17 local recurrences in the irradiated 

group, 12 patients (9 percent) had local and dissem- 
inated recurrence and 5 (4 percent) had local recur- 
rence alone. Fifteen of these patients have died of 
rectal carcinomatosis, but two remain alive at 96 
months with advanced local disease (Table 4). One of 
these 17 patients received inadequate radiotherapy 
according to the protocol; the remaining 16 local 
recurrences comprise 6 that occurred outside the ra- 

100 

80 

60 

40  

20 

8O 

6O 

g 40 
E 

following 
"curative" resection. 

�9 XRT + Surgery 

L__ 
.... Surgery Alone 

"~ 60 

:~ 40 

0 J ~ , (X2 = 4.52 p = 0.03) 

24 48 72 96 120 

Time (months) 

Local recurrences following "curative" resection. 

100 ~ ' ~ ' i . . . : . :  ........... i .................................... XRT 

Surgery Alone  

20 

(X2 = 16,4] p = 0.0001) 
0 i i I i 

24 48 "/'2 96 120 

Time (months) 

Distant metastases following "curative" resection. 
100 

80 I �89 
: .::% ': . ~ ]  

20 

+ Surgery 

'. .............................. XRT + Surgery 

Surgery Alone  

(X2 = 0.15 p = 0.695) 
i i i 

72 96 120 
i i 

24 48 

Time (months) 

Figure 3. Overall survival, local recurrence-free, and 
metastasis-free survival curves for patients undergoing 
curative surgery in NWRCT. 

diotherapy field, and 10 that occurred inside the field 
(i.e., true recurrences). Further details of these pa- 
tients are shown in Table 4. 

There were 46 local recurrences following surgery 
alone; 30 patients (24 percent) had local and dissem- 
inated recurrence, and 16 (13 percent) had local re- 
currence alone. Forty-four of these patients (96 per- 

cent) have died of rectal carcinomatosis, but two 
remain alive following excision of the recurrence. 
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Figure 4. Local recurrence-free and metastasis-free sur- 
vival curves for all patients in NWRCT, 

Subset analysis of the 143 patients receiving cura- 

tive surgery confirms highly significant reduction in 
local recurrences in the irradiated patients (Table 3 

and Fig. 3); the local recurrence rate is 11.8 percent (8 
patients) following preoperative radiotherapy, as 

compared with 38.6 percent (29 patients) after sur- 
gery alone (P = 0.0001, with 1 degree of freedom). 

Of the eight local recurrences in the irradiated pa- 

tients operated on for cure, five (7 percent) had lo- 
cal and disseminated recurrence and three (4 per- 
cent) had local recurrence alone. These recurrences 

following radiotherapy were located outside the ra- 
diotherapy field in five instances and inside the 
field in three (Table 4). The 29 cases of local recur- 
rence following curative surgery alone comprise 15 
(20 percent) that were part of a generalized disease 
recurrence, and 14 (18.6 percent) that were local re- 
currences in isolation. All of these patients have 

died of rectal carcinomatosis. 

Metastatic Recurrence  

There was no significant difference in the rate of 
disseminated disease in the two arms of the trial 
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(Table 2 and Fig. 4); 35.5 percent of patients allocated 
to surgery and 42.7 percent of patients allocated to 

radiotherapy developed metastatic disease (P = 0.73, 

with 1 degree of freedom). Similarly, there was no 
difference in the rates of metastatic recurrence in 

patients undergoing curative surgery (41.2 percent 

XRT vs. 28.0 percent surgery; P = 0.695) (Table 3 and 

Fig. 3). 

D I S C U S S I O N  

This study of the effects of preoperative adjuvam 

radiotherapy on survival and local recurrence in rectal 

carcinoma has been performed on a group of opera- 
ble, locally advanced (tethered or fixed) rectal carci- 

nomas. There is no difference in the distribution of 
the clinicopathologic variables between the two arms 

of the trial, and no striking down-staging effects have 
been observed in the irradiated patients. 31' 34 The lat- 

ter is not surprising, because surgery was performed 
within a week of completing high-dose radiotherapy, 

too short a time for any morphologic changes to 

become apparent. 

In this study only 50 percent of patients underwent 
a curative resection, highlighting the difference be- 

tween this and other similar studies (Table 1). In the 

Stockholm trial 80 percent of patients had a curative 
resection, 17 in the EORTC II trial 78 percent, 24 in the 
Norwegian study 92 percent, 25 and in the ICRF trial 76 

percent. 22 In the control arms of these trials the local 

recurrence rates were 23 percent, 25 percent, 21 per- 
cent, and 24 percent, respectively, and the metastasis 
rates were 28 percent, 22 percent, 21 percent but were 

not reported for the ICRF study. However  in the series 

reported here, the control arm local recurrence rate 

was 36.5 percent, and the metastasis rate was 35.5 
percent (Table 2). The second MRC trial of preoper- 
ative radiotherapy in operable, locally advanced rec- 
tal tumors is the most directly comparable with the 
present study; the MRC trial had a curative operation 

rate of 44 percent and control local recurrence and 
metastasis rates of 46 percent and 48 percent, respec- 
tively (Medical Research Council, personal communi- 
cation). This highlights the problems inherent in com- 
paring trials that have different patient selection and 

exclusion criteria; it also emphasizes that in this study 
the patient population had particularly advanced dis- 

ease. 
The rates of local recurrence after surgery alone in 

this study, both in the series as a whole and in the 
subset undergoing curative surgery (36.5 percent and 
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Table 4. 
Local Recurrences Following Radiotherapy 

Outside radiotherapy field 

Age/Sex Primary Operation Recurrence Metastasis Outcome 

1 73 years 3 cm tethered-- 
Male C Well 

2 59 years 12 cm tethered-- 
Male C Poor 

3 73 years 5 cm tethered-- 
Female C Moderate 

4 69 years 3 cm fixed-- 
Male C Poor 

10 months--liver Died 18 months-- 
and chest carcinomatosis 

9 months-- Died 23 months-- 
retropedtoneal carcinomatosis 
nodes 

39 months-- Alive 
groin nodes 

54 months-- Died 55 months-- 
liver-- bony carcinomatosis 
pelvis 

Palliative APR 

Curative AR 

Curative APR 

Curative APR 

10 months--pelvic 
side wall 

22 months--pelvic 
and inguinal nodes 

26 months--perineum 
and pre---sacral 

54 months--pelvic brim 

5 73 years 6 cm tethered-- Curative APR 25 months--presacral 23 months-- Died 30 months-- 
Female C Moderate and through sacrum carcinomatosis 

pyriformis 
6 71 years 5 cm tethered-- Curative APR 96 months--pelvic side Nil Alive 

Male C Moderate wall and through 
pyriformis 

Inside radiotherapy field 

1 72 years 3 cm tethered-- Curative APR 28 months-- Nil Died 36 months-- 
Male C Moderate anastomosis local disease 

2 58 years 5 cm tethered-- Palliative APR 20 months--pelvis 16 months--liver Died 33 months-- 
Male C Moderate carcinomatosis 

3 67 years 10 cm tethered-- Curative APR 28 months--pelvis Nil Died 30 months-- 
Male C Moderate local disease 

4 61 years 6 cm fixed-- Palliative APR 0 months--residual 0 months--liver Died 9 months-- 
Female C tumor in pelvis carcinomatosis 

5 74 years 4 cm fixed-- Palliative APR 9 months--pelvis 4 months--liver Died 15 months-- 
Male C Moderate carcinomatosis 

6 64 years 10 cm tethered-- Palliative APR 7 months--presacral 11 months--liver Died 12 months-- 
Male C Moderate carcinomatosis 

7 73 years 3 cm tethered-- Curative APR 36 months--pelvis 63 months--liver Died 64 months-- 
Male A Moderate carcinomatosis 

8 76 years 9 cm tethered-- Palliative APR 21 months-- Nil Died 27 months-- 
Male C Poor retrovesical local disease 

9 74 years 6 cm tethered-- Palliative APR 3 months--presacral-- 0 months Died 15 months-- 
Male B Moderate liver carcinomatosis 

10 48 years 8 cm fixed-- Palliative APR 0 months--residual 3 months--liver Died 4 months-- 
Male C Moderate tumor in pelvis and chest carcinomatosis 

APR = abdominoperineal resection; AR = anterior resection. Times in months refer to the time from surgery. 
Localization of recurrences was made by comparing the pretreatment CT planning films with those taken at the time 
of recurrence. 

38.6 percent, respectively), are much higher than 
many would consider acceptable. Phillips et al. 1~ re- 

ported a local recurrence rate of 15 percent following 
curative resection for rectal carcinoma, Dixon and 
colleagues 11 reported 6.4 percent and 14 percent 
(for anterior and abdominoperineal resections, respec- 
tively), and MacFarlane et al. 5 reported 4 percent for 
patients undergoing curative procedures. However, 
these series were all treated at a single center, were all 
operated on by a single surgeon, and were not con- 

fined to tethered and fixed tumors. By comparison, 

the Northwest Rectal Cancer Trial was a multicenter 
study with the surgery being performed at various 
hospitals throughout the Northwest Region by any of 
a number of surgeons (see Acknowledgments). As 
demonstrated by McArdle and Hole, 36 this can result 

in wide variations in the rates of curative resection, 
overall postoperative mortality and morbidity, local 
recurrence, and overall survival. The local recurrence 
rate in their study varied from 0 to 21 percent for 
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patients undergoing apparently curative surgery. In 
addition, it should be stressed that our study is con- 
cerned with a series of particularly advanced tumors 
and that the local recurrence rates reported include 

both local recurrence as part of a generalized disease 

recurrence as well as local recurrence in isolation. 
Despite the above considerations, our results show 

a highly significant reduction in the rate of local tumor 
recurrence following preoperative adjuvant radiother- 

apy (12.8 percent after XRT vs. 36.5 percent after 
surgery; P = 0.0001) (Table 2). In common with all 

other prospective trials of preoperative radiotherapy, 

we have failed to demonstrate any benefit to overall 
survival in the whole group of patients, as distinct 

from the curative resection group (Fig. 2). A large 
meta-analysis of adjuvant therapy for colorectal can- 
cer reported by Buyse e t  aL 3~ calculates no survival 

advantage when all preoperative adjuvant radiother- 

apy cohorts are examined (odds ratio = 0.91; 95 
percent CI = 0.79-1.06); this is compatible with a 
reduction in the risk of death by as much as 21 per- 
cent or an increase in the risk of 6 percent. Simi- 

larly, we have not shown any effect of radiotherapy, 
either beneficial or detrimental, on the rate of meta- 
static spread (Fig. 4). It is this disseminated disease 

that causes the high mortality of rectal carcinoma 

and justifies attempts at combined adjuvant ap- 
proaches, including chemotherapy. 37 The reduction 

in local recurrences after radiotherapy is, however, 
of great significance, because the symptoms caused 
by locally recurrent rectal cancer result in consider- 
able morbidity and are often refractory to conven- 
tional treatment. 6-s' s0, 22 

Analysis of the subset of patients who underwent a 

curative procedure, however, does show a significant 

reduction in mortality in the irradiated patients (45.6 

percent XRT vs. 53.3 percent surgery; P = 0.033), as 
well as a reduction in local recurrences (11.8 percent 

X R T  vs. 38.6 percent surgery; P = 0.0001) (Table 3 
and Fig. 3). This effect of preoperative radiotherapy 
on the survival of patients undergoing curative sur- 
gery is similar to that reported by the Stockholm 
Rectal Cancer Study Group. ~7 Subset analysis does not 
show any effect of radiotherapy on the rate of meta- 
static spread (41.2 percent XRT vs. 28 percent surgery; 

P = O.695). 
The Northwest Rectal Cancer Trial used a radio- 

therapy schedule that gave a nominal standard dose 
of 1,231 (Ellis, 1967), 16 which was comparable to 
the higher dose regimes in Table 1 (Stockholm, 
EORTC II, MRC II, VASAG II, and Norwegian stud- 
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ies).~7, 19, 20, 23--27 The rotational three-field wedge 

technique delivers radiation to a 10 • 10 • 10 cm 

cylindrical volume in the posterior pelvis, encompass- 

ing the tumor and including the mesorectal lymph 

nodes but not the pelvic brim, pelvic side walls, an- 

terior pelvis, inguinal, or para-aortic lymph nodes 

(Fig. 1). Previous studies of moderate-dose to high- 

dose preoperative irradiation have almost exclusively 

used an extremely large field extending up to the 

level of the second lumbar vertebral body, to include 

the superior hemorrhoidal lymphatic system to the 

level of the origin of the inferior mesenteric artery. 

None of these studies, however, describes the exact 

sites of local recurrence in relation to the radiotherapy 

field. Because all patients receiving radiotherapy in 

this trial had CT planning before treatment, it has 

been possible to accurately define the location of any 

recurrences. The 17 (12.8 percent) recorded local re- 

currences in the irradiated patients included one case 

that received only 11 Oy. The remaining 16 local 
recurrences were sited inside the field ( i .e . ,  true re- 

currences) in ten instances and outside the field in six 

(Table 4). All of the latter were Dukes C tumors, and 

hence spread to the regional lymph nodes had oc- 

curred by the time of surgery. The ten cases recurring 

inside the radiotherapy field included a preponder- 

ance of palliative operations on tethered or fixed 

Dukes C tumors (8 cases) (Table 4). This local recur- 

rence rate following radiotherapy compares favorably 

with rates of 21 percent in the Stockholm s t u d y S  15 

percent in the EORTC II trial, 24 15 percent in the 
Norwegian study, 25 16 percent in the ICRF trial, 22 and 

36 percent in MRC II (Medical Research Council, per- 

sonal communication), the only trials to demonstrate 

significant benefits for preoperative radiotherapy on 

local recurrence rates. We can conclude, therefore, 

that the radiotherapy field arrangement and dose re- 

gime used in this study results in improved local 

control, as compared with previous trials using more 

extensive radiotherapy fields. 

Equally important is the fact that distant metastases 
are not increased by irradiating a small 10 • 10 • 10 

cm volume in the posterior pelvis (35.5 percent sur- 

gery vs. 42.7 percent XRT; P = 0.73). The only re- 

ported trial to demonstrate a beneficial effect of pre- 

operative radiotherapy on rates of distant metastasis is 

the second MRC trial (48 percent surgery vs. 35 per- 
cent XRT; P = 0.02) (Medical Research Council, per- 
sonal communication). The regime used by the MRC 
study was 40 Gy in 20 fractions over 28 days (nominal 
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standard dose = 1,362) 16 from two parallel opposed  

fields 18 • 15 cm. 

On the basis of  these results, it is the current prac- 

tice at this institution to treat locally advanced rectal 
carcinoma with preoperative radiotherapy. Tumors 

are initially assessed at a joint surgical and radiother- 

apy examination under  anesthetic. Tethered tumors 

receive 20 Gy in four daily fractions, followed by  

operation within a week  of completion of radiother- 

apy; more fixed tumors receive 40 to 45 Gy in 20 

fractions over  28 days, followed by re-examination 

under  an anesthetic six weeks later to assess opera- 

bility. Those that are considered operable go on to 

definitive surgery. The radiotherapy field arrange- 

ment  and the volume irradiated with this higher dose 

regime are exactly as described above (Fig. 1) and do 

not appear  to be associated with an increase in small 
bowel  complications. 384~ 
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