
ANNALS OF GASTROENTEROLOGY  2003, 16(3):241-246

Current view

The role of radiotherapy in rectal cancer

H. Athanassiou1, E. Fotopoulou1, N. Zamboglou2

Radiotherapy has an established role in the manage-
ment of rectal cancer and has been extensively used in
combination with surgery. Surgery is the predominant
treatment but there is a high incidence of local recur-
rence. In the approximately 20 randomized trials pub-
lished during the past decades, the surgery-alone group
has shown a local recurrence rate exceeding 20%, aver-
age 28%.1 Pelvic radiotherapy can decrease local failure
rates when it is used before or after surgery in resectable
cancers. The mechanisms of failure differ between the
two techniques since surgery can usually take the bulk
out but may fail in the periphery whereas radiotherapy
can sterilize the periphery but not the tumour bulk.

The purpose of radiotherapy is to minimize local re-
currence rates and improve survival in resectable can-
cers, make surgery possible in primarily non-resectable
tumours, facilitate sphincter-preservation in low-lying
rectal cancers and cure, without operation, patients with
very small tumours or cases inoperable for medical rea-
sons.

RESECTABLE RECTAL CANCER

The beneficial effect of adjuvant radiotherapy dem-
onstrated in the published series was observed in combi-
nation with standard surgery. The acknowledgement of
the important role of circumferential margin involvement
in the local recurrence of rectal cancer has led to the
introduction of total mesorectal excision (TME) surgery.2

Using historical data, proponents of TME have ques-
tioned the need of adjuvant radiation therapy.3

To study this question the Dutch Colorectal Cancer
Group investigated the value of preoperative hypofrac-
tionated radiotherapy and TME surgery versus TME
surgery alone. The preliminary results show that radio-
therapy reduced the risk of local recurrence even when
administered to patients who underwent TME (2,4%vs

SUMMARY

Radiotherapy, and more recently radiochemotherapy, has
been extensively used together with surgery in the manage-
ment of rectal cancer. Pelvic radiotherapy can decrease lo-
cal failure rates when it is used before or after surgery in
resectable cancers, even when administered to patients who
underwent total mesorectal excision (TME) surgery. Pre-
operative and postoperative adjuvant radiotherapy have
both been proved effective but there is not yet a randomised
trial proving the superiority of either of the two methods
through direct comparison. Although the survival advan-
tage of postoperative radiation therapy does not seem to be
great, the data suggests that there may be a greater surviv-
al benefit with preoperative therapy. Preoperative
radio(chemo)therapy has also been increasingly used in
resectable low-lying tumours in order to facilitate a sphinc-
ter-preserving procedure by decreasing tumour size. The
incidence of sphincter preservation varies between 23% and
70% and this conservative approach may be an alternative
to abdominoperitoneal resection, with good functional out-
come, in selected patients. In patients, with primarily un-
resectable cancer, preoperative radiotherapy is usually ad-
ministered to cause tumour regression and allow radical
surgery. Intraoperative radiation therapy (IORT) and the
addition of systemic chemotherapy have been used in order
to improve the results of preoperative radiotherapy. In pa-
tients with advanced unresectable rectal cancer, and also
in elderly patients, pelvic radiotherapy can provide very ef-
fective palliation of the symptoms.
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Table 1. Local failure rates and survival in rectal carcinoma by postoperative radiotherapy, chemotherapy or both

Trial No of Surgery alone Radiotherapy Chemotherapy Radiochemoth.

Pts LF(%) S(%) LF(%) S(%) LF(%) S(%) LF(%) S(%)

GITSG6 202 24 43 20 52 27 56 11 59(SS)

NCCTG7  204 25 47 14(SS) 58(SS)

NSABP-R018 555 25 43 16 41 21 53(SS)

ECOG-EST9 237 46 47 50

Norway10 144 32 49 11(SS) 63(SS)

NSABP-R0212 694 13 64 8(SS) 64

LF = local failure; S = overall survival; SS = statistically significant difference

8,2%, P<0,001) and the relative efficacy of radiotherapy
is actually higher in combination with optimized surgery
than with regular surgery.4

The approach to adjuvant therapy for rectal cancer
currently varies widely between Europe and the US. Post-
operative adjuvant chemoradiation is the standard treat-
ment in the US. In contrast, in Europe, preoperative
treatment (radiation and chemoradiation) is widely used
because there is a greater emphasis on preoperative im-
aging and meticulous surgical technique.

Adjuvant Postoperative therapy

Despite advances in preoperative imaging techniques
which allow more accurate patient selection, postopera-
tive therapy with 50,4 Gy, over a period of five weeks,
remains the most common approach in the US. The pri-
mary advantage of this approach is pathologic staging.
The primary disadvantages include an increased amount
of small bowel in the radiation field,5 a potentially hy-
poxic postsurgical bed and if the patient has undergone
an APR, the radiation field must be extended to include
the perineal scar.

Following the publication of the randomized trials
from the GITSG6 and Mayo/NCCTG7 which revealed a
significant improvement in local control (Mayo/NCCTG)
and survival (GITSG and Mayo/NCCTG ) with postop-
erative radiation plus bolus 5-Fu/MeCCNU, the Nation-
al Cancer Institute Consensus Conference in 199011 con-
cluded that �combined postoperative chemotherapy and
radiation therapy improves local control and survival in
stage II and III patients and is recommended.� Postop-
erative radiation decreases local recurrence but the ad-
dition of 5-Fu based chemotherapy also increased over-
all survival by approximately 10-15% (from 50% up to
60-65%). With this increase in local control and survival
came an increase in acute toxicity. The incidence of grade
3 toxicity in the combined modality arms was 25-50%.

The impact of pelvic radiotherapy alone on improv-
ing survival is not clear. A recent large randomized study
from the National Surgical Adjuvant Breast and Bowel
Project (NSABP) has raised questions regarding the rou-
tine adjuvant radiotherapy.12 In this trial there was a
modest decrease in local recurrence with postoperative
chemotherapy and radiation (14% vs 8%, as first site of
recurrence) compared with 5-Fu based chemotherapy
alone but no significant improvement in disease-free or
overall survival.

A Greek group studied the value of adding three cy-
cles of bolus 5-Fu and leucovorin after one cycle of the
same regimen and radiotherapy with bolus 5- Fu.13 No
difference could be seen in the trial, excluding a major
influence on survival of the postoperative chemothera-
py component. No influence on local control rates or
survival could be seen in a large randomized study from
the addition of either leucovorin or levimazole to 5-Fu
and radiotherapy. 14 Thus, it seems that modulated 5-Fu
is not superior to 5-Fu alone when combined with radio-
therapy. Continuous infusion of 5-Fu is superior to bo-
lus 5-Fu during postoperative radiotherapy.15

Further refinements in the selection process should
seek to optimize the therapeutic ratio of adjuvant treat-
ment for local and systemic risk. It is important to evalu-
ate fully the recurrence risk for each patient and then
make treatment recommendations based on that infor-
mation. It seems that patients with low-lying tumours (re-
quiring an abdominal perineal resection), higher stage
tumours and lower age have a greater likelihood of re-
ceiving adjuvant radiotherapy. 16 Additional studies may
allow better patient selection based on clinical, surgical
and pathologic characteristics.

Analysis of prognostic factors in recent studies have
shown that selection of patients for postoperative adju-
vant therapy should be based not only on stage, but also
on depth of invasion into the perirectal fat, vessel involve-
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causes of cardiovascular disease after radiotherapy are
not known, but perhaps there is a systemic effect of radi-
ation that may result in thromboembolic and cardiovas-
cular complications.25,26

The optimum treatment regimen (conventional frac-
tionation vs short course treatment) and the optimum
timing of surgery and radiotherapy (within 1 week or
after 4-8 weeks) are not known. The short-term regi-
men, that has been used in many preoperative radiation
studies, gives 25 Gy in 5 fractions which is equivalent to
31 Gy at 2 Gy per fraction and surgery is performed one
week after completion of radiation. Although this regi-
men has proven efficacy, the most prolonged regimen of
50,4 Gy delivered in 5 weeks (usually combined with che-
motherapy) with surgery after 4-8 weeks, is widely used
in the US. A theoretical advantage of this regimen is that
the delay before surgery may allow more tumour shrink-
age than a short course of treatment. However, this reg-
imen may present higher postoperative or long-term tox-
icity and it certainly requires more resourses and time
spent in treatment.

Both preoperative and postoperative radiotherapy (or
chemoradiotherapy) have been proved effective. The
only randomized trial that compared the two approaches
showed an advantage of preoperative radiotherapy for
local control.27 In the United States, attempts to estab-
lish the superiority of one of the two methods through
direct comparison have twice failed. RTOG study 94-01
and NSABP R-03 study were closed because of low
accrual. The results of the German CAO/ARO/AIO 94
trial, which will complete accrual of 800 patients, are ex-
pected with interest.

Sphincter preservation with preoperative
radiotherapy

During the past decade, preoperative radio (chemo)
therapy has been increasingly used in resectable tumours
in order to facilitate a sphincter-preserving procedure
by decreasing tumour size. When the tumour is located
in close proximity to the dentate line this decrease in
tumour volume may allow the surgeon to perform a

ment, tumour grade and integrity of the resection mar-
gin.17 For subsets of patients with stage T3N0 rectal can-
cer, there may be little benefit in adjuvant therapy after
surgery.

Adjuvant Preoperative therapy

Preoperative therapy (radiation therapy alone or
combined with systemic chemotherapy) has gained
acceptance as a standard adjuvant therapy, especially
in Europe. The potential advantages of preoperative ra-
diotherapy include decreased tumour seeding, less acute
toxicity, increased radiosensivity due to more oxygenat-
ed cells and enhanced sphincter preservation.

The primary disadvantage is the possible overtreat-
ment of patients with either early stage (T1-2N0) or meta-
static disease. New imaging techniques allow more
accurate selection, decreasing the number of pa-
tients who are overtreated. Endorectal ultrasound is the
most accurate method of predicting T stage. 18 In the pre-
operative setting its accuracy is as high as 90%.

Large randomized trials have shown that preopera-
tive radiotherapy can achieve a relative reduction in lo-
cal recurrence rates of up to 60-65%.19,20 Recent results
of the Swedish Rectal Cancer trial found that preopera-
tive radiotherapy not only reduced the local recurrence
rate, but also improved the rate of survival at five years
in patients who underwent curative surgery after radio-
therapy (p=0,03).21,22 The survival benefit has been con-
firmed in two recent meta-analyses.23,24

In the Stockholm II trial, with a reduced irradiated
volume and exclusion of older patients, postoperative
mortality was not significantly different in irradiated pa-
tients, but was still increased after radiotherapy (2% vs
1%). In addition, intercurrent death was increased by
39% in the irradiated group and this probably explains
the lack of an overall survival benefit when all irradiated
patients were compared with the nonirradiated patients.
Mortality was also higher in the radiation arm 6 months
after surgery, mainly in elderly patients. Higher incidence
of intercurrent death and increased postoperative mor-
tality were mainly caused by cardiovascular disease. The

Table 2. Local control (LC) and survival(S) with preoperative radiotherapy in rectal cancer (randomized trials)

Trial Total dose (Gy) Biological effective dose (Gy) LC S

MRC37 20 24 NS NS

EORTC20 34,5 42,5 p<0,01 NS

Stockholm22 25 42-48 p<0,001 p<0,03

Swedish21 25 42-48 p<0,001 p=0,004
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sphincter-preserving procedure which would not other-
wise be possible. Patients with tumours directly invading
the anal sphincter are not candidates for such a proce-
dure even following a complete response.

The two sphincter-preserving surgical approaches are
local excision and low anterior resection with or without
a coloanal anastomosis. The use of preoperative radia-
tion therapy with local excision has been limited to pa-
tients with medically inoperable tumours or those refus-
ing conventional surgery.

When the goal of preoperative radiotherapy is sphinc-
ter preservation, conventional doses up to 45-50 Gy at
1,8 Gy/fraction are recommended. Surgery should be
performed 4-6 weeks after the completion of radiation
therapy. Data from the Lyon trial suggest that an inter-
val > 2 weeks increases the chance of downstaging.28

The most accurate method by which to determine if
preoperative therapy has enchanced sphincter preserva-
tion is to perform a prospective clinical assessment. There
are seven series which have reported results in patients
with clinically resectable rectal cancer who underwent
clinical assessment prior to preoperative therapy and
were declared to need abdominoperitoneal resection.
Three used radiation therapy alone and 4 used combined
modality therapy.29-32 The incidence of sphincter preser-
vation varies between 23% and 70%. In the 4 series re-
porting functional outcome, the majority (75%) have
good to excellent sphincter function.

Radiochemotherapy is usually preferred to radiother-
apy alone in sphincter preservation procedures. This is
entirely based upon phase II data with no randomized
trials. Thus, it is not possible to judge whether the com-
bined modality is more effective than radiotherapy alone.
An ongoing randomized trial from the EORTC will
adress this question.

In the absence of a randomized trial to compare the
sphincter preservation approach with the abdominoperi-
toneal resection, the conservative approach may be an
alternative in selected patients. Additional experience is
needed to assess the long-term efficacy and functional
results of the method.

LOCALLY ADVANCED/UNRESECTABLE
RECTAL CANCER

In patients with primarily unresectable cancer pre-
operative radiotherapy is usually administered to cause
tumour regression and allow radical surgery. The dose
of radiation required to achieve an adequate level of lo-

cal control in many cases of unresectable rectal cancer
exceeds the tolerance of the surrounding normal tissues.
The most promising approaches which have been used
in order to improve the results of preoperative radio-
therapy are intraoperative radiation therapy (IORT) and
the addition of systemic chemotherapy.

Preoperative radiochemotherapy

Radiotherapy has an established role in unresectable
rectal cancer to increase the chances of achieving radi-
cal surgery. Many phase II trials indicate that radio-
chemotherapy is more efficient than radiotherapy alone.
An optimal radiochemotherapy schedule is not known.
Several large phase II trials have shown that preopera-
tive radiochemotherapy can safely be given to patients
with unresectable rectal cancer with favourable outcome
since surgery becomes feasible in 30-70% of those
patients. This, together with the favourable results of
postoperative radiochemotherapy in resectable rectal
cancer has resulted in widespread use of the combined
approach which has become �standard therapy�. This
may be correct, but randomized trials are needed to pro-
duce strong scientific evidence.

A randomized trial which compared radiotherapy
with silmutaneous 5-Fu and leucovorin with conventional
radiotherapy showed that resectability rates were high
in both groups (85% vs 75%,ns) but local disease-free
survival was significantly superior in the combined moda-
lity group (66% vs 38%, p=0,03).33 These results support
the superiority of radiochemotherapy. However the radi-
ation schedules were different and a new trial has been ini-
tiated where they are identical in the two groups. Three
Europian trials, an EORTC trial, a French trial in resec-
table cancer and a Nordic trial in non-resectable rectal
cancer are presently testing the question whether radio-
chemotherapy is superior to radiotherapy.

Intraoperative Radiation Therapy (IORT)

IORT can be delivered by two techniques: electron
beam and brachytherapy. The results of the treatment
depend on whether the patient has aprimary unresect-
able tumour or recurrent disease, as well as the margins
of resection (negative vs microscopic vs gross residual).
Most of the patients with aprimary tumour receive pre-
operative radiotherapy 45-50,4 Gy to the pelvis and 10-
20 Gy IORT with either electrons or HDR brachythera-
py. Patients with negative margins receive lower IORT
doses (10-15 Gy), whereas those with microscopic or gross
residual disease receive higher doses (15-20 Gy).

Local failure rates have decreased with IORT from
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18% to 11% in patients with negative margins, from 83%
to 43% in patients with gross residual disease and to 32%
if there is microscopic residual disease.34 The outcome
of the patients with recurrent disease is less favourable.35

The incidence of complications depends on whether
the patient has primary or recurrent cancer. The total
incidence ranges from 15-50% in most series. The most
common complications of IORT are soft tissue or sacral
injury, pelvic neuropathy and ureteral obstruction. It is
difficult to clearly separate treatment-related complica-
tions from disease-related complications. Delayed heal-
ing, infection, fistula and neuropathy may be the result
of recurrent tumour, aggressive surgery, radiotherapy or
a combination of these parameters.

External beam radiation therapy without surgery

External beam radiation therapy, with or without che-
motherapy, without surgery is delivered to a subset of
patients who are unable to undergo surgery since they
are medically inoperable, present with disease grossly
invading the bone, have received prior pelvic radiother-
apy or refuse surgery. A series from the Princess Marga-
ret Hospital reported median survival 14 months and 5-
year survival 5%.36 Other selected series report similar
results.

Pelvic radiotherapy provides very effective palliation
in patients with advanced unresectable rectal cancer and
also in elderly patients. With doses >45 Gy the follow-
ing symptoms can be palliated 6-8 weeks after radiother-
apy: pain 89%, bleeding 79%, neurologic symptoms 52%,
urologic 22%.36 The duration of palliation was 8-10
months.
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