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Postoperative Radiation Therapy 
for Rectal Cancer 
An Interim Analysis of a Prospective, Randomized 
Multicenter Trial in The Netherlands 

A. D. Treurniet-Donker, MD,* W. L. J. van Putten, MSc,* 
J. C. J. Wereldsma, MD, PhD,t E. D. M. Bruggink, MD, PhD,$ 
W. J. Hoogenraad, MD,§ J. A. Roukema, MD, PhD,II 
A. Snijders-Keilholz, MD, 11 W. S. Meijer, MD,7 
J. H. Meerwaldt, MD, PhD,* A. J. Wijnmaalen, MD," 
and Th. Wiggers, MD, PhD" 

The authors assessed the potential benefit of postoperative radiation therapy for 
rectal cancer in a two-arm, prospective multicenter trial. One hundred seventy-two 
patients who had undergone surgical resection for rectal adenocarcinoma were 
randomly assigned to either treatment consisting of external irradiation to a dose of 
5000 cGy in 5 weeks or a control group (no adjuvant therapy]. It was assumed that 
the number of cells remaining after radical surgery would be low and that the dose 
of 5000 cGy would be adequate in eradicating the majority of those cells. The 
number of local recurrences was lower in the treated group of patients, but the 
difference was not statistically significant. It was assumed that if a significant 
reduction in the number of local recurrences could be obtained, improved (disease- 
free) survival would result. No influence on disease-free or overall survival could 
be detected. These results were in agreement with those reported in Europe and the 
US, and it was concluded that postoperative radiation therapy alone cannot be 
justified as a routine procedure in the primary management of resectable rectal 
cancer. Cancer 672042-2048,1991. 

N THE NETHERLANDS the incidence rates of rectal can- I cer are 15.7 (male) and 9.4 (female) per 100,000 persons 
per year,' closely corresponding to the incidence rates in 
the US. Surgical resection is used as primary management, 
with results depending mainly on the stage of the disease. 
In Europe, as in the US, adjuvant therapies have been 
investigated with the aim of improving treatment results. 

Recently, several large  overview^^-^ have appeared de- 
scribing the results of many studies. Radiation therapy 
has been used before and after surgery with the aim of 
improving local control and survival. 

In 1982, a prospective randomized study was started 
in which several Dutch centers participated. The purpose 
of this trial was to evaluate the effect of a moderately high 
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dose of external irradiation (5000 cGy) postoperatively in 
patients treated with radical surgery who had Dukes’ Astler 
and Coller’ Stage BII, CI, and CII disease. It was assumed 
that a 50% reduction in the number of local recurrences 
would result due to this adjuvant therapy and it was hoped 
that this would improve the survival rate. 

Fourteen hospitals participated in this study. In 1989, 
accrual of patients was stopped as 172 patients had entered 
the trial. A first analysis of the results is presented here. 

Patients and Methods 

Patients 

From 1982 to 1989, 172 patients who received radical 
surgery for rectal cancer were randomization to this trial. 
The Astler and Coller modification of the Dukes’ staging 
system was used: A, tumor limited to mucosa or sub- 
mucosa; BI, tumor extension into, but not through, the 
muscularis propria, with negative nodes; BII, tumor ex- 
tension through muscularis propria as far as or through 
serosa (into perirectal fat in cases of rectal cancer), with 
negative nodes; CI, same as BI, but with positive nodes; 
CII, same as BII, but with positive nodes; and D, distant 
metastasis. 

Criteria for participation included Stage BII, CI, or CII 
disease according to the modification of the Dukes’ staging 
system by Astler and Coller and tumor location below 
the peritoneal reflexion. Informed consent was obtained 
before or after randomization. 

Patients in the control group were seen by the surgeon 
according to a regular follow-up schedule over 5 years. 
Patients who were randomized to the postoperative treat- 
ment group were referred to the radiation oncologist; after 
treatment was completed, the same follow-up schedule 
was used alternately by the surgeon and the radiation on- 
cologist. 

The radiation treatment consisted of one course of ex- 
ternal beam megavolt irradiation by daily fractions of 200 
cGy, up to a total dose of 5000 cGy in 5 weeks. Computer 
planning of the treatment involved a three-beam or four- 
beam configuration to spare intestinal loops in the pelvis. 
Surgeons tried to keep the intestines from sliding into the 
small pelvis by closing the peritoneum or using omentum 
slips. 

The target volume included the dorsal half of the pelvis, 
the upper border corresponding to the promontory, and 
the lower border including the perineum or scar. Lateral 
borders were defined as the widest part of the pelvic brim, 
whereas the sacrum was included dorsally and either the 
prostate or the vagina was included partially ventrally. 
Dose specifications were given according to International 
Commission on Radiation Units and Measurements 
(ICRU) guidelines. Data collection initially involved in- 

formation on age, sex, tumor location (distance from 
anus), tumor size, extension circumferentially, histologic 
type (well, moderately, or poorly differentiated adeno- 
carcinoma), stage (Dukes’ Astler and Coller Stage BII, CI, 
or CII), and laboratory results including carcinoembryonic 
antigen (CEA) level. 

During treatment, data on general condition, leukocyte 
and thrombocyte levels, diarrhea, nausea, and other com- 
plaints were collected. 

At follow-up visits, attention was focused on general 
condition, complaints of intestinal function and pain, and 
results of laboratory tests including CEA determination, 
radiograph of the lungs, echography of the liver, and 
computed tomography (CT) scan of the pelvis. Any sus- 
picion of local recurrence was reason for further investi- 
gation. Confirmation of local failure was sought by the 
results of cytologic or histologic studies. Locoregional and/ 
or distant relapse were the main points of interest, along 
with disease-free and overall survival. Complications due 
to radiation treatment were recorded. Local recurrences 
were not subdivided into local and regional. All pelvic 
recurrences were considered local in contrast to distant 
metastasis. 

Statistical Methods 
The intention-to-treat principle was used in the statis- 

tical comparison of the results in the two trial arms. The 
actuarial method of Kaplan and Meier was used for the 
calculation of probabilities of survival (failure is death), 
disease-free survival (failure is death or relapse), local re- 
lapse-free time (failure is local recurrence), and distant 
metastasis-free time (failure is distant metastasis). In the 
calculation of local relapse-free time and distant metas- 
tasis-free time, patients were censored at the time of death. 
This is in contrast to disease-free survival where death is 
regarded as an event or a failure. The difference between 
the survival curves of the two trial arms was tested with 
Cox’s regression model corrected for stage of disease. P 
values less than 0.05 were considered statistically signif- 
icant. 

Results 
Patient characteristics are shown in Table 1. There was 

a slight preponderance of male patients, lower location 
(abdomino-perineal resection [AP]), and poorly differ- 
entiated adenocarcinoma in the treatment arm. 

An analysis was performed according to the intention- 
to-treat principle. All 174 patients who were randomized 
were included in the analysis. In the group of treated pa- 
tients, 14 patients did not receive irradiation, 7 patients 
refused treatment, 2 patients had tumor proximal to the 
peritoneal reflexion, 2 patients had distant metastasis after 
referral for radiation therapy, 1 patient had an anastomotic 
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TABLE 1. Patient characteristics 

Surgery & 
radiation Surgery 
theram onlv 

No. of patients 
Age in yr (range) 

Male/female 
Type of surgery 

Anterior resection 
Abdominoperineal resection 
Hartman procedure 

Tumor diameter (cm) 
Well-differentiated adenocarcinoma 

Histologic condition 
Moderately differentiated adenocarcinoma 
Poorly differentiated adenocarcinoma 

BII 
Cl 
ClI 

Dukes’ Astler and Coller stage 

88 
64.2 

(33-84) 
53/35 

38 
49 

I 
5.1 

13 

58 
15 

35 
7 

46 

84 
62.4 

45/39 

44 
38 

I 
5.0 

13 

64 
5 

35 
4 

45 

(36-81) 

leakage, 1 patient received irradical surgery, and I patient 
had a second malignancy. 

In the control group, two patients received radiation 
therapy. Radiation therapy was given for palliative reasons 
in one patient who had metastasis. The reasons for treat- 
ment of the other patient were not specified. 

Four patients were lost to follow-up. All but 25 other 
patients had complete follow-up information. 

Radiation treatment was generally well tolerated. Diar- 
rhea was the main complaint of 37 patients. If this diarrhea 
was severe or an intestinal mass was known to be present 
in the small pelvis, the total dose was limited to 4000 cGy 
or less; this occurred in ten patients. Sixty-four patients 
completed the treatment course up to the prescribed dose 
of 5000 cGy. Thirteen patients complained of nausea. 
Thrombopenia (< 100 per 109/1) did not occur but leu- 
kopenia (< 4.0 X lo9/]) was detected in 15 patients in 
the radiation arm of the study. Two cases of radiation 
enteritis were detected: one of these patients is symptom- 
free and disease-free after surgical intervention but the 
other patient died of this complication (confirmed post- 
mortem, with no malignancy found). 

Table 2 gives details about the number of events during 
follow-up: the number of deaths, the number of relapses, 
and the kind of relapses. Sixty-six patients have died and 
106 patients are alive with a median follow-up time of 38 
months. Twenty-nine patients are alive with a follow-up 
time of more than 5 years. Twelve patients died without 
evidence of disease. This number is in close agreement 
with the expected number of deaths (1 2.8) based on Dutch 
age-specific and sex-specific mortality rates. Figure 1 shows 
overall survival according to treatment arm. 

Seventy-four patients experienced a relapse and most 

(54 of 74 patients) have died. Eighteen patients had a 
local recurrence without distant metastasis, 9 patients had 
a local recurrence and distant metastasis concomitantly, 
and 13 patients had a local recurrence followed by distant 
metastasis. Disease-free survival including death without 
evidence of disease is shown in Figure 2, treatment group 
versus control group. Twenty-five patients had distant 
metastasis and nine patients had distant metastasis fol- 
lowed by local recurrence. 

The main endpoint of this study was local control. 
Forty-nine local recurrences, as first or second site of re- 
lapse, were observed. More local recurrences were seen 
in the control group (28 of 84 patients) than in the radia- 
tion therapy group (2 l of 88 patients) (Fig. 3). Fewer cases 
of distant metastases were observed in the control group 
(22 of 84 patients) than in the radiation therapy group 
(34 of 88 patients) (Fig. 4). The Cox model corrected for 
prognostic factors was used to determine the statistical 
significance of these differences. 

Factors analyzed for their association with prognosis 
included: stage, age, sex, tumor diameter, circumferential 
extension, location, and degree of differentiation. Dukes’ 
Astler and Coller stage was the most important prognostic 
factor associated with overall survival (relative hazard rate 
[RHR] for Dukes’ Astler and Coller Stage C versus B of 
1.9; P = 0.02), local relapse rate (RHR of 2.2; P = 0.01), 
and risk of distant metastasis (RHR of 3.3; P = 0.000). 
Male patients had a higher risk of metastasis (RHR of 
1.8; P = 0.04) and a higher death rate (RHR of 1.6; P 
= 0.08) than female patients. There was no difference be- 
tween male and female patients in local relapse rate ( P  
= 0.34). Older patients showed a lower locoregional failure 

TABLE 2. Relapse and Survival: Numbers of Events 

Randomized 
to RT Received RT* Control Total 

(n = 88) (n = 76) (n  = 84) (n = 172) 

Alive NED 
Alive ED 
Dead NED 
Dead ED 
Relapse 

Lr 
Lr-Dm 
Lr, Dm 
Dm-Lr 
Dm 

41 
10 
7 

30 
40 

6 
5 
5 
5 

19 

38 
5 
I 

26 
29 

4 
4 
3 
4 

16 

45 
10 
5 

24 
34 
12 
8 
4 
4 
6 

86 
20 
12 
54 
74 
18 
13 
9 
9 

25 

NED no evidence of disease; E D  evidence of disease; Lr: Local re- 
currence only; Lr-Dm: local recurrence with later distant metastasis; Lr, 
Dm: local recurrence together with distant metastasis; Dm-Lr: distant 
metastasis with later local recurrence; Dm: distant metastasis only; RT: 
radiation therapy. 

* This column gives data regarding patients who actually received 
irradiation (74 patients from the treatment group and 2 from the control 
group). Comparison is less reliable due to possible bias. 
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FIG. 1. Resectable rectal cancer. Overall survival of surgery-only group 
(n = 84) (dotted line) and surgery plus postoperative radiation therapy 
group (n = 88) (straight line). Failures include all deaths. 

rate ( P  = 0.02), but there was no association between age 
and overall survival or distant metastasis. 

Table 3 shows the 5-year actuarial probabilities of sur- 
vival, local relapse-free time, and distant relapse-free time 
by treatment arm and stage of disease. The incidence of 
local relapse was lower in the radiation therapy arm but 
the incidence of metastasis was higher, resulting in a higher 
death rate. None of the differences was statistically sig- 
nificant. A column showing data on patients who received 
radiation therapy was added. 

A separate analysis excluding 16 patients who did not 
receive treatment according to randomization did not 
show major changes in the size and statistical significance 
of the treatment effects, although the local relapse rate 
reached marginal statistical significance. 

However, the exclusion of these patients introduces a 
bias and an analysis according to the intention-to-treat 
principle should include them. This was illustrated by the 
results observed in this small group of patients: 14 patients 
in the treatment group did not receive irradiation and 3 
of them are alive and disease-free at the time of analysis. 
Of 1 1  patients, 8 had a local recurrence, 7 had distant 
metastasis, 6 died, and 5 are alive with disease. 

Two patients in the control group who received irra- 
diation experienced local and distant relapse and died. 

In the separate analysis limited to patients treated ac- 
cording to protocol, 95% confidence limits were sought 
with the following results: 5-year survival radiation therapy 
versus control, -4% (-2 I%, + 1 1%); locoregional relapse- 
free survival (1 72 patients), + 1 1 % (-7%, +24%); and lo- 
coregional relapse-free survival ( 1  56 patients), +2 1% 
(+3%, +32%) 

Discussion 
Local recurrence is a concern of all persons involved 

in the treatment of rectal cancer. Once pelvic recurrence 

has developed, chances for cure are minimal and surgery 
is rarely possible due to involvement of neighboring 
structures, especially the pelvic bones, ureters, and blad- 
de~-.~.' The usual treatment for pelvic recurrence is radia- 
tion therapy; the 5-year survival rate is below 5%.* The 
main value of such treatment is its palliative effect. 

Many efforts have been directed toward prevention of 
local recurrence. Surgeons take special caution in securing 
radical removal. However, the presacral area allows little 
room for adequate resection if tumor growth has pro- 
ceeded outside the rectal wall. Lateral extension through 
the rectal wall is a prognostic factor strongly related to 
local recurrence and s u r ~ i v a l . ~ , ~ ~ ' ~  Local recurrences after 
surgical treatment are reported, with some variations be- 
tween centers probably related to selection procedures and 
surgical techniques. 

Adjuvant therapies including radiation therapy, che- 
motherapy, immunotherapy, and combinations of these 
have been tried. Radiation therapy can be applied before 
and after surgical primary treatment. Irradiation has a 
cytotoxic effect on rectal adenocarcinoma but the thera- 
peutic ratio is small due to the close proximity of radio- 
sensitive healthy intestinal tissue. This points in favor of 
using this treatment technique when minimal residual 
disease exists; then, a limited radiation dose can be ex- 
pected to be of value while still remaining within the tol- 
erance level of surrounding tissue. Dukes' Astler and 
Coller Stages BII, CI, and CII are considered high risk for 
local failure, although surgery has been judged radical in 
pathologic reports. The number of tumor cells remaining 
after radical surgery must be limited so that a moderately 
high dose of irradiation (5000 cGy in 5 weeks) can erad- 
icate them. If such a treatment would lead to significant 
reduction of local failures, this could influence the du- 
ration of disease-free time and rate of overall survival. 

O I  0.50 

failure/total 
ad).  RT - 47/00 
Control 39/04 

0.00 I I I I I I 1 
0 10 20 30 40 50 60 

months 

FIG. 2. Resectable rectal cancer. Relapse-free survival of patients with 
surgery only (dotted line) and surgery and postoperative radiation therapy 
(straight line). Failures include death and all relapses whether locoregional 
or distant. 
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FIG. 3. Local recurrence-free time of patients with resectable rectal 
cancer-surgery only (dotted line) and surgery plus radiation therapy 
(straight line). Patients who died have been censored. 

The reason that a reduction of local recurrence could 
have a favorable effect on survival lies in the results of 
postmortem studies showing many patients dying with 
local disease only".12 and in the observations of Gunder- 
son and Sosin of a considerable number of patients with 
local disease and no distant metastasis'' at a second-look 
operation. Although postmortem and second-look studies 
reflect, by necessity, a selected group of patients, this find- 
ing contrasts with adenocarcinoma of the mammary 
gland, which practically never leads to death from local 
disease only. 

A multicenter trial was started in The Netherlands in 
1 982 concerning whether postoperative radiation therapy 
could lead to a significant reduction in the number of 
local recurrences. In 1985, an European Organization for 
the Research and Treatment of Cancer (EORTC) trial14 
involving preoperative radiation therapy showed an im- 
proved local control rate; however, this did not translate 
into an improved survival rate. This suggests that there 
has been an overestimation of the importance of local 
recurrences as the sole cause of death in these patients. If 
postoperative radiation therapy had a stronger influence 
on preventing local recurrences than preoperative radia- 
tion therapy, then a small survival benefit could still be 
possible. 

The results of our trial evaluating postoperative radia- 
tion therapy at a dose of 5000 cGy did not show a reduc- 
tion of the number of local recurrences in a statistically 
significant way. Our data are presented in Tables 2 and 
3 and show some difference in local disease-free survival; 
however, this difference fails to reach statistical signifi- 
cance. 

It is difficult to explain the higher number of distant 
metastases observed in the radiation therapy arm of treat- 
ment. We assume that this is not due to radiation therapy, 
but rather chance fluctuation. Obviously, chance fluctu- 
ation does influence survival and, although statistically 

insignificant, it may mask any influence of improved local 
control on survival. 

In Table 2 a separate column has been added indicating 
patients who actually received radiation therapy, contrary 
to our policy of only analyzing according to the intention- 
to-treat principle. Because patients who were not treated 
according to protocol (14 of 88 in the treatment arm) 
showed an alarmingly high number of local recurrences,8 
it is obvious that some bias cannot be excluded. We find 
it difficult to explain, for instance, why refusal of therapy 
would imply a higher chance of recurrence. 

Separate analysis of prognostic factors proved that 
Dukes' Astler and Coller stage was the most important 
factor related to survival and local and distant relapse 
rates. In Table 3, results of the two treatment arms are 
compared, divided according to stage. An improved local 
disease-free survival rate in the radiation therapy arm was 
negligible (73% versus 70%) in Dukes' Astler and Coller 
Stage BII. The improved local disease-free survival rate 
(62% versus 46%) was larger in Dukes' Astler and Coller 
CI + CII, but this did not reach statistical significance. 
The differences in all other endpoints (overall survival, 
disease-free survival, and distant disease-free survival) 
were in favor of the control group. We did not attempt 
to explain these differences because they were not statis- 
tically significant. 

The basis of our study on postoperative radiation ther- 
apy for rectal cancer was twofold. First, the low number 
of cells believed to remain after radical surgery can be 
dealt with by a moderate dose of radiation therapy. This 
turned out to be true for a limited number of cases, but 
not enough to reduce the number of local recurrences 
satisfactorily. It is possible that the dose of 5000 cGy is 
not adequate due to the radioresistance of rectal adeno- 
carcinoma, and that the radioresistance may be increased 
postoperatively due to a poorer oxygenation of the tumor 
cells remaining in scar tissue. Second, reduction of the 

1.00 

0.75 

0.50 

0.25 1 f a i  lure / tota l  
a d j .  RT - 34/88 
Control ----. 22/83 

0.00 I I I I I I l 

0 10 20 30 40 50 60 
months 

FIG. 4. Resectable rectal cancer. Distant relapse-free time of patients 
with surgeq only (dotted line) and surgery plus radiation therapy (straight 
line). Patients who died have been censored. 
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TABLE 3. 5-Year Actuarial Survival by Stage (5000 cGy split-course) was reported on in 1986. No dif- 
ference in the rate of local recurrence was seen in Dukes’ 

RT Control Total Stage B patients (16 of 139 versus 16 of 137 patients) and 
a slight difference was seen in Dukes’ Stage C patients (28 
of 1 1 1 versus 22 of 107 patients). These data were reported 

B 63 74 68 in an interim analysis; more mature data may modify 

and Treatment Arm* 

(n = 88) (n = 84) (n = 172) 

Overall survival 45 57 51 k 5  

CI + CII 

R11 
Disease-free survival 

34 
35 
48 

43 38 these figures. 
The study by Pihlman and Glimelius18 comparing pre- 47 41 r t 5  

67 56 .. ._ _ _  
CI + CII 27 32 29 operative and postoperative radiation therapy gives data 

Distant disease-free time 52 67 59 * 5 on local recurrences, but their group of patients treated 
postoperatively differed from ours as follows: cases of rec- 

Local disease-free time 66 58 62 f 5 tal and rectosinmoid cancers UD to 20 cm from the anal 

79 BII 70 87 
CI + CII 40 52 45 

CII 
CI + CII 

73 70 72 
62 46 54 

RT: radiation therapy. 
* In percentages 2 SE. 

number of local recurrences can lead to improved (disease- 
free) survival. The fact that this did not occur could be 
due to the higher number of distant metastasis masking 
any favorable influence on a reduction of local failure or 
the insufficient influence of the dose of 5000 cGy on the 
chance of local recurrence itself. 

In contrast to postmortem studies and studies at second- 
look operation, we did not observe only a high number 
of local recurrences (Table 2) and the effect of reducing 
this number would not easily translate into a survival 
benefit. 

A comparison of our results with those of other studies 
of adjuvant postoperative radiation therapy is complicated 
by the different result formats. In some studies the analysis 
of failures is restricted to the first site of failures, and local 
relapses occurring after distant metastasis are not men- 
tioned. 

As for other studies on postoperative radiation therapy, 
the closest similarity exists between our study and the 
National Surgical Adjuvant Breast Project (NSABP) pro- 
tocol R01.15 Twice as many patients were enrolled in the 
trial reported on by Fisher et aLi5 in 1988. Patients with 
concomitant recurrences in the pelvis and elsewhere were 
included with those experiencing pelvic recurrences. A 
reduction in the locoregional recurrence rate from 25% 
to 16% was observed. The authors concluded that post- 
operative radiation therapy reduced the incidence of lo- 
coregional recurrence but failed to affect overall disease- 
free survival and survival. 

Another important study on postoperative adjuvant 
therapy was performed by the Gastrointestinal Tumor 
Study Group (GITSG).I6 Two arms of the four-arm study 
compared control with radiation therapy. Only the initial 
site of failure was recorded. Fourteen of 58 patients (24%) 
in the control group had pelvic recurrences and 10 of 50 
(20%) in the radiation therapy group. 

A Danish study on postoperative radiation therapy17 

- 
verge were included, irradiation dose was higher, and pa- 
tients with Dukes’ Astler and Coller Stage A and BI disease 
who had not been irradiated were included. This study 
lacked a randomized control group. From figures pre- 
sented, 36 local recurrences can be calculated from 137 
patients with Dukes’ Astler and Coller Stages BII, CI, and 
CII disease, implying a 26% local failure rate after 6000- 
cGy postoperative irradiation (split-course and field re- 
duction). 

It seems that although the treatment schedules were 
different in these studies, the outcome was rather consis- 
tent with a small effect of radiation therapy that only 
reached statistical significance in the larger NSABP study. 

Buyse et ~ l . , ~  in an impressive meta-analysis restricted 
to overall survival of randomized, controlled trials of ad- 
juvant therapy for colorectal cancer, state that radiation 
therapy alone has never had an impact on the overall 
survival of patients. They think that much larger trials 
are needed. 

Due to the large ratio of overtreatment in any adjuvant 
therapy, a realistic cost-benefit analysis should precede 
such larger trials. One of the ingredients urgently needed 
for such a cost-benefit analysis is an updated and an ex- 
tended overview of all adjuvant, postoperative, random- 
ized controlled trials in colorectal cancer. However, this 
overview should not be restricted to overall survival but 
should also study local recurrence and distant recurrence. 
It cannot be based on the published data. A collaboration 
between the different trialists will be required to update 
the data in a uniform format. Only moderate effects 
should be expected. 

Smaller studies with combinations such as radiation 
therapy with interstitial or intraoperative irradiation or 
combinations with hyperthermia or chemotherapy should 
be used to find ways in which more benefit can be ex- 
pected. 

Since our study was relatively small, we will be per- 
forming another study with complete follow-up data. Our 
findings so far have been supported by the literature and 
we conclude that postoperative external irradiation alone 
after curative resection for rectal cancer cannot be rec- 
ommended as a standard procedure. 
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