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The primary treatment for rectal cancer is surgery. The
overall five-year survival figures have slowly improved

during the past decades, and currently approximately 50%
of all patients with rectal cancer will survive (1).
Approximately 20% of patients have already developed dis-
tant metastases or have a locally inoperable cancer at the
time of diagnosis. The two main reasons for a fatal outcome

in patients who undergo curative surgery are occult distant
metastases not found at surgery and an often unacceptably
high local recurrence rate. The average local recurrence rate
reported from controlled trials worldwide is 29%. The
majority of local recurrences are due to inappropriate sur-
gery, with a positive circumferential margin, with micro-
scopic tumour foci left behind (2,3). Even if surgery is done
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Surgery for rectal cancer has resulted in unacceptably high local
failure rates, and substantial morbidity and mortality. In an
attempt to reduce the high frequency of local recurrence, peri-
operative radiotherapy has been used extensively, alone or in
combination with chemotherapy. The local recurrence rate has
been reduced dramatically with the use of radiotherapy, and pro-
vided that the dose is high enough and given preoperatively, the
reduction rate has been about 50%. Despite that a higher dose is
used in postoperative radiotherapy, the reduced recurrence rate
is not that prominent. The reduced recurrence rate demon-
strated after preoperative radiotherapy has a positive influence
on survival, which has not been seen when radiotherapy is given
postoperatively. However, when postoperative irradiation has
been combined with chemotherapy, a survival benefit has been
demonstrated. With modern radiation techniques, preoperative
radiotherapy can be delivered without any substantial increase
in postoperative mortality or morbidity, and a low rate of late
toxicity, provided that the radiation technique is optimal. The
main question is whether radiotherapy is necessary, provided
that surgery is optimized. With standard surgery, the average
local recurrence rate is 29% in all reported controlled trials.
With optimal surgery, from institutional series, this figure is
about 10%. Other questions to be answered are whether super-
fractionated or standard fractionation should be used in radio-
therapy and exactly to whom it should be given.
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Radiothérapie périopératoire pour le 
traitement du cancer du rectum
RÉSUMÉ : Le traitement chirurgical du cancer du rectum s�est soldé par
un taux inacceptable d�échecs, entraînant une morbidité et une morta-
lité élevées. Dans une tentative visant à réduire le taux élevé de récur-
rence locale, on a eu largement recours à la radiothérapie périopératoire,
seule ou association avec la chimiothérapie. La mesure s�est traduite par
une diminution spectaculaire de ce taux, de l�ordre de 50 %, pourvu que
la dose soit suffisamment forte et qu�elle soit administrée en phase
préopératoire. En effet, la radiothérapie en phase postopératoire, malgré
l�administration de doses plus fortes, ne donne pas de résultats aussi
remarquables. La radiothérapie préopératoire a une incidence favorable
sur la survie, ce qui n�est pas le cas de la radiothérapie postopératoire.
Toutefois, on a observé une amélioration du taux de survie lorsque la
radiothérapie postopératoire est administrée en association avec la
chimiothérapie. Aujourd�hui, grâce aux techniques modernes de rayon-
nement, et ce, à condition qu�elles soient optimales, la radiothérapie
préopératoire peut être administrée sans entraîner d�augmentation signi-
ficative de la morbidité et de la mortalité postopératoires ni de taux élevé
de toxicité tardive. La question maintenant est de savoir si la radio-
thérapie a toujours sa raison d�être avec l�optimisation de la chirurgie. Le
taux moyen de récurrence locale, d�après l�ensemble des essais cliniques
déclarés, s�élève à 29 % avec les techniques traditionnelles tandis que,
selon des séries obtenues en établissement, ce chiffre chute à 10 % avec
la chirurgie optimale. Il reste cependant des questions sans réponse : les
doses de radiothérapie doivent-elles être fractionnées normalement ou
superfractionnées? qui est candidat au traitement?



in a correct way, some areas with microscopic tumour foci
are not suitable for surgery due to increased morbidity but
are small enough to be eradicated by radiotherapy.
Therefore, the rationale for combining surgery and radio-
therapy is that surgery removes the tumour bulk and radio-
therapy eradicates tumour cells in the periphery.

The present review focuses on the efficacy of radiother-
apy in reducing the local recurrence rate, improving sur-
vival and reducing adverse effects, both acute and late, and
on the rationale of using radiotherapy provided that surgery
is optimized. Another important topic is distinguishing the
different treatment options for resectable (T1 to T3) and
nonresectable (T4) tumours.

RADIOTHERAPY IN NONRESECTABLE
(T4) TUMOURS

It is extremely important to diagnose nonresectable
tumours preoperatively. The rationale for using radiother-
apy in cases such as this is to shrink the tumour to such an
extent that curative surgery is possible. It is, therefore, very
important to identify this group of patients because, at sur-
gery, it is too late to discover that the tumour should have
had preoperative radiotherapy to become operable. In
patients with a tumour that is considered nonresectable at
diagnosis, preoperative radiotherapy treatment to a dose of

50 Gy, given with conventional fractionation (1.8 to 2.0
fractions), is recommended. There is no real controversy
about this type of treatment. Most surgeons are aware of the
beneficial effect of preoperative radiotherapy in this patient
group with nonresectable tumours � but it is important to
identify those patients. Experimental data indicate that
radiotherapy is often combined with chemotherapy in this
patient category (4,5). However, there are still very few evi-
dence-based data supporting this combined treatment,
although theoretically it is tempting to combine chemother-
apy and radiotherapy. The only thing that is known for sure
is that toxicity increases when chemotherapy is used (5,6).
Therefore, there is an urgent need for trials exploring the
hypothesis that chemoradiotherapy is better than radio-
therapy alone in terms of resectability in the short term,
and in terms of survival.

There is no real controversy about this type of treat-
ment. It is more important to discuss adjuvant treatment.

ADJUVANT TREATMENT
The rationale for using radiotherapy in addition to surgery
is the high local recurrence rate, which has been reported in
numerous series worldwide. The reported rate ranges from
less than 10% to more than 50% (7-11). This substantial
variation is difficult to explain, but factors such as patient
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TABLE 1
Pelvic recurrence after a combination of surgery and radiotherapy in rectal carcinoma (controlled trials with patients who
underwent surgery alone)

Irradiation Surgery alone Surgery plus radiotherapy
Dose (Gy)/ Reduction
number of LQ Number of local Number of local in local

Author (reference) fractions time recurrences/total (%) recurrences/total (%) P failure rates (%)
Preoperative

Rider et al (12) 5/1 7.5 * � � �
Duncan et al (13) 5/1 7.5 � � � �

20/10 20.4 � � � �
Goldberg et al (14) 15/3 22.5 51/210� (24) 31/185� (17) NS 29
Roswit et al (15) 31.5/18 26.8 *
Horn et al (16) 31.5/18 26.8 31/131 (24) 24/138 (17) NS 29
Higgins et al (17) 25/10 27.5 32/87§ (37) 27/93§ (22) NS 22
Marsh et al (18) 20/4 30.0 58/141 (41) 26/143 (18) <0.01 63
Gérard et al (19) 34.5/15 35.2 49/175 (28) 24/166 (14) <0.01 50
MRC-2¶ (20) 40/20 36.0 50/132 (38) 41/129 (32) NS 16
SRCSG (21) 25/5 37.5 120/425 (28) 61/424 (14) <0.01 50
SRCT (22) 25/5 37.5 131/557 (24) 51/553 (9) <0.001 61

Postoperative
Bentzen et al (23) 50/25 35.4 57/250 (23) 46/244 (19) NS 17
MRC-3 (24) 40/20 36.0 69/235 (29) 46/234 (20) <0.01 31
GITSG (25) 40-48/22 36.0 27/106 (25) 15/96 (16) NS 36
Fisher et al (26) 46.5/26 39.3 45/184 (24) 30/184 (16) NS 33
Arnaud et al (27) 46/23 40.8 30/88 (34) 25/84 (30) NS 13
Treurniet-Donker et al (28) 50/25 43.8 28/84 (33) 21/88 (24) NS 41

Trials are compiled according to biological dose-volume. *Not reported; �Only actuarial data reported, with no difference between groups; �Outpatients
only reported; §Autopsy series only reported; ¶Only tethered tumours. GITSG Gastrointestinal Tumor Study Group; LQ Linear quadratic formula; MRC
Medical Research Council; NS Not significant (P>0.05); SRCSG Swedish Rectal Cancer Study Group; SRCT Swedish Rectal Cancer Trial



selection and definition of radicality, as well as local recur-
rence, follow-up routines and skill of the surgeons, are well
known. An interesting finding is that, in all controlled, ran-
domized trials using adjuvant radiotherapy (pre- or postop-
eratively), the average local recurrence rate is 29%, with a
range of 23% to 46% (12-28) (Table 1). Although this fig-
ure is very high, it reflects the real figure, because in ran-
domized trials, all patients with a resected tumour were
reported (R0, R1 and R2 resections), which actually is the
actual situation. In reports with excellent results, often only
patients with an R0 resection have been presented.
Effect on local recurrence rate: As seen in Table 1, where
all trials have been compiled according to the dose inten-
sity, there is a clear dose-response relation in the reduction
of the local recurrence rate. This relation is most predomi-
nant in trials in which preoperative radiotherapy was used,
where a higher dose increased the reduction of the local
recurrence rate. As shown in Table 1, which displays all
controlled, randomized trials, when the same dose was used,
the effect on the local recurrence rate was far better with
preoperative radiotherapy than with postoperative radio-
therapy. The question of timing � pre- or postoperative
therapy � has been addressed in only one randomized trial
in which patients were allocated to preoperative or postop-
erative radiotherapy (29,30). In that trial, the Uppsala trial,
preoperative radiotherapy was superior to postoperative
irradiation in reducing local recurrence rates. Thus, preop-
erative radiotherapy is more dose-effective than postopera-
tive radiotherapy. This outcome is rather difficult to
explain, but two important factors can contribute to this
difference. First, radiotherapy needs oxygen to work, and in
a preoperative setting, the tissue is well oxygenated.
Second, the delay between surgery and postoperative radio-
therapy is often more than four weeks in trials using post-
operative radiotherapy, and most patients start the
radiotherapy after six weeks. This delay probably enhances
repopulation of tumour cells, resulting in a tumour burden
that is too large to eradicate (31,32). 
Effect on survival: It is unlikely that radiotherapy to the
pelvic region has any impact on occult metastases.
However, the local recurrence is often the first recurrence
of rectal cancer, and if the local recurrence rate could be
better controlled with additional radiotherapy, an effect on
survival would be possible. This has been shown in a study
among surgeons, which demonstrated that surgeons who
had a low local recurrence rate in their series of patients
achieved better survival rates than surgeons who had a high
local recurrence rate (33). No trial with postoperative
radiotherapy has shown an effect on survival, probably
because the reduction in the local recurrence rate has not
been high enough. After preoperative radiotherapy, on the
other hand, an effect on cancer-specific survival has been
shown in several trials using high dose radiotherapy
(18,19,34,35). The largest trial of preoperative radiother-
apy, the Swedish Rectal Cancer Trial (35), not only showed
an effect on cancer-specific survival, but also showed an
effect on overall survival. In that trial, 48% of patients

undergoing surgery alone were alive after five years com-
pared with 58% in the group of patients who received pre-
operative radiotherapy and surgery.

Preoperative chemoradiotherapy has not been proven to
achieve a better effect on survival, despite its theoretical
advantages (4,5), because no trial has studied radiotherapy
and chemotherapy in an adjuvant preoperative setting.
However, there is strong evidence that postoperative radio-
therapy combined with chemotherapy results in a survival
benefit of almost the same magnitude as that with preoper-
ative radiotherapy alone (25,36-38). The problem with
combining radiotherapy and chemotherapy is the increased
toxicity (6,39).

How to use additional radiotherapy is a matter of
national preferences and tradition. In Scandinavia and the
United Kingdom, as in many centres in Europe, preopera-
tive radiotherapy is used, whereas in the United States and
Canada, postoperative chemoradiotherapy is the recom-
mended treatment (40).

TOXICITY OF ADJUVANT RADIOTHERAPY
If adjuvant radiotherapy is recommended as the standard
treatment, the important balance between the effect on
tumour cell killing and the side effects of radiotherapy has
to be considered. Radiotherapy has adverse effects in both
the acute and subacute phases, which has been relatively
well studied, but it also induces late toxicity, which has not
been well explored. It is very important to evaluate late tox-
icity because it is long time survivors who experience this
type of toxicity.
Acute toxicity: Only preoperative radiotherapy could
increase morbidity in the immediate postoperative period.
Data from numerous trials have shown that there is an
increase in perineal wound sepsis in patients having had
preoperative radiotherapy and surgery with an abdominal
perineal excision (19-21,41). However, in the same trials,
no adverse effects of anastomotic healing were shown;
experimental data indicate that radiotherapy does not
affect anastomotic healing and that the anastomotic
integrity after a low anterior resection does not seem to be
influenced by preoperative radiotherapy (42).

Data regarding compliance and acute tolerability indi-
cate that preoperative radiotherapy is more tolerable than
postoperative radiotherapy. This difference in acute toxicity
was noticed in the only trial that compared preoperative
and postoperative radiotherapy (43). In the Adjuvant X-ray
Infusion Study (AXIS), patients were randomly assigned to
radiotherapy before surgery, but pre- or postoperative radio-
therapy was optional (44). In the group of patients who
underwent preoperative radiotherapy, 96% received the
intended treatment compared with only 56% of patients who
underwent postoperative radiotherapy. This figure indicates
that some patients who are eligible for radiotherapy do not
receive the treatment if postoperative regimens are used.

A more important finding in the literature is of postop-
erative mortality. Two trials have demonstrated an
increased risk of postoperative mortality after preoperative
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radiotherapy; this increased risk was predominantly seen in
elderly patients and patients with generalized disease. In
both of these trials, large target volumes were used (14,45).
However, data from the Swedish Rectal Cancer Trial indi-
cate that preoperative radiotherapy can be delivered with-
out an increase in postoperative mortality, provided that
radiotherapy is optimized (41).

Another important finding from the Swedish trials is
that of acute neurogenic pain, which has been noticed in
the gluteal area and along the hamstrings. In some patients,
this radiotherapy-induced neuropathy has led to the inabil-
ity to walk and persistent pain (46). This acute neuropathy
has only been seen in patients in whom 5 Gy fractions were
used. The exact mechanism of this pain is very unclear, but
with hyperfractionated radiotherapy, it is even more impor-
tant that radiotherapy be optimized. The dose used in the
Swedish trial (five doses of 5 Gy during one week) is radio-
biological; this treatment is rather odd but very cost effec-
tive and may be suboptimal (see below).

In the Dutch trial, in which total mesorectal excision
(TME) surgery was mandatory, an increased risk of adverse
side effects and postoperative mortality was seen. An
interim report showed no increase in postoperative mortal-
ity after TME surgery and preoperative radiotherapy, but an
increased infection rate among irradiated patients (47).
Data from the literature indicate that radiotherapy has to
be optimized and that, with three- or four-field technique,
there is no risk of postoperative mortality, whereas there is
a substantial risk if a two-field technique is used, where a
larger target volume is given to the patient (41). In the
Swedish Rectal Cancer Trial, the method of giving radio-
therapy was strictly described. The radiation technique used
for patients from Stockholm who were included in the trial
did not include appropriate lead blocking. Figures reported
in the Stockholm II trial, which predominantly comprised
patients from the Swedish Rectal Cancer Trial, showed a
slight increase in postoperative mortality, which might be
an effect of inappropriate lead blocking (48).
Late radiation-associated toxicity: Unfortunately, very lit-
tle has been published regarding the relationship between
late toxicity to adjuvant radiotherapy and rectal cancer.
Most data are derived from the Swedish trials, where 25 Gy
in one week has been used preoperatively. Trials that used
the more common treatment in the United States � post-
operative chemoradiotherapy to a total dose of 45 to 50 Gy
� have not explored the late toxicity to the same extent.
However, it is very important that the late adverse effects
are reported after both preoperative and postoperative
radiotherapy.
Intestinal obstruction: The risk of having a small bowel
obstruction after surgery for rectal cancer is estimated to be
5% to 10%. If preoperative radiotherapy is used with an
optimized technique, this incidence is not dramatically
increased (30). However, if a larger target volume is used or
if postoperative radiotherapy is used, the risk is substantially
increased (30,48). For postoperative radiotherapy, the
increased risk of small bowel obstruction is rather easy to

explain because small bowel loops can be stacked into the
lesser pelvis after surgery and are thus situated in the target
volume.
Bowel function: It is easy to understand that bowel func-
tion after an anterior resection can be affected after postop-
erative radiotherapy because the distal part of the rectum is
irradiated as well as the large bowel, which is anastomosed
down to the rectal stump or anal canal. Moreover, there are
parts of the small bowel that are irradiated both pre- and
postoperatively, and this can cause slight damage to the
intestinal mucosa, resulting in a high risk of more loose
stool. There are some reports that patients with postopera-
tive radiotherapy have experienced a clear change in bowel
function in the long run (49,50). Data have also indicated
that preoperative radiotherapy has similar effects on
adverse effects and bowel function (51), and in a question-
naire study from the Swedish Rectal Cancer Trial, bowel
function was found to be impaired, despite that most of the
irradiated part of the rectum had been removed at surgery
(52). One explanation may be that the sphincters were
irradiated according to the protocol, and a clear recommen-
dation is that, if preoperative radiotherapy is going to be
used, the sphincters should be excluded if it is suitable in
terms of appropriate cancer treatment.
Damage to the pelvic organs: With radiotherapy to the
pelvis, several organs are in danger of being damaged.
However, very little has been reported about bladder dam-
age due to adjuvant radiotherapy, and the risk of having
adverse bladder function after pre- or postoperative radio-
therapy appears to be small (48). The Stockholm group
reported an increased risk of pelvic fractures and fractures of
the femoral neck (48). Interestingly, according to the
Stockholm protocol, no appropriate lead blocking was used,
hindering radiotherapy to the femoral neck and sacrum;
this is one probable explanation for why increased fractures
were found in this group. A recent surveillance of adverse
effects in the Swedish Rectal Cancer Trial has not found
the same incidence of fractures, although the same dose has
been used, but with a different radiation technique and
appropriate lead blocking (Dahlberg, personal communica-
tion).

IS ADJUVANT RADIOTHERAPY NEEDED FOR
THE TREATMENT OF RECTAL CANCER?

So far, all trials published with a control arm have reported
a local average recurrence rate of rectal cancer of 29%
(Table 1), indicating that the surgical procedure was subop-
timal. Recent data indicate that, if surgery is optimal and a
good circumferential resection can be done (often a TME)
the local recurrence rate is substantially decreased.
Therefore, one can argue whether radiotherapy is really
needed in patients who have optimal surgery. Only one trial
has addressed this topic � the Dutch TME trial, in which
surgeons had to be accredited as an appropriate TME sur-
geon. This trial was completed in January 2000. A total of
1861 patients were included in the randomized study, but
no data regarding recurrence rate or survival are yet avail-
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able. Data from single centre studies from Norway indicate
that it is possible to reduce the local recurrence rate from
approximately 30% to just under 10% if surgery is optimized
(Myrvold, personal communication). If preoperative radio-
therapy (25 Gy in one week) is used together with opti-
mized surgery, it appears that the reduction in local
recurrence rate is of even higher magnitude than has been
seen in randomized trials. In the Stockholm area, in a pop-
ulation-based, nonrandomized study, the overall local
recurrence rate was 5.6% after the introduction of TME sur-
gery. The recurrence rates among patients having had pre-
operative radiotherapy or surgery alone were 2% and 10%,
respectively, indicating that radiotherapy affects the local
recurrence rate, even if surgery is optimized (53). Data from
Uppsala, Sweden revealed a recurrence rate of 3% when
TME surgery was combined with preoperative radiotherapy
(25 Gy in one week) (54).

WHAT TYPE OF RADIOTHERAPY
SHOULD BE USED?

Most data from the literature indicate that preoperative
radiotherapy is more dose effective than postoperative
radiotherapy (55). Therefore, in Europe, preoperative
radiotherapy is used. The main question is whether the
Swedish radiotherapy schedules of five doses of 5 Gy during
one week, with surgery the following week, or a more con-
ventional radiotherapy, with 1.8 to 2 Gy fractions over a
five-week period, should be used. No trial has compared
those two treatment schedules, but the effect on local recur-
rence rates is probably the same. A more important ques-
tion is whether adverse effects might be higher if five doses
of 5 Gy were used. This question is addressed in a new
Swedish trial. The choice of a one-week treatment instead
of a five-week treatment is more a matter of economics
because the one-week treatment is less resource demanding,
and it must be up to each centre to choose the appropriate
treatment.

Another important question is whether radiotherapy
should be combined with chemotherapy. Again, there are
no good data to support that chemoradiotherapy is superior
to radiotherapy alone in an adjuvant setting. A European
Organization for Research and Treatment of Cancer trial is
currently testing this hypothesis. The patients receive pre-
operative radiotherapy with conventional fractionation but
are randomly allocated to either receive or not receive con-
comitant chemotherapy. That trial evaluated efficacy as
well as toxicity.

It has been claimed that the number of patients with
preserved sphincters will increase if preoperative chemo-
radiotherapy is used (56); the rationale is that it is a more
effective treatment, and if the interval from end of radio-
therapy to surgery is prolonged, down-staging will increase
the chance of preserving the sphincter. This has been stud-
ied in a French trial (57) in which all patients received
chemoradiotherapy but were randomly assigned to have
surgery immediately after irradiation or after six weeks.
More patients had their sphincters preserved if surgery was

delayed (76% versus 68%, respectively). However, the sur-
geons were asked before radiotherapy started whether they
could perform an anterior resection. The overall recurrence
rate was 9%, and in the group of patients having an anterior
resection where a sphincter-preserving operation did not
seem possible initially, the local recurrence rate was 12%
(57). The numbers were small in this trial, but the data
must be taken seriously, and it might be dangerous to rely
on the downstaging effect caused by preoperative chemo-
radiotherapy and change surgery from an abdominoperineal
procedure to a sphincter-persevering operation.

CONCLUSIONS
Results from trials worldwide indicate that adjuvant preop-
erative radiotherapy is more dose effective than postopera-
tive radiotherapy in terms of reducing the local recurrence
rate. Only preoperative radiotherapy alone has shown a sur-
vival benefit, but postoperative radiotherapy has shown an
effect on survival when combined with chemotherapy.
Three main questions need to be answered. One question is
regarding the type of radiotherapy � should the Swedish
concept of five doses of 5 Gy for one week or the more tra-
ditional five-week period of radiotherapy be used. The
other unsolved question is whether chemotherapy should
be given concomitantly to radiotherapy. The third unan-
swered question is whether radiotherapy should be used if
surgery is optimized. This is a very difficult question to answer.
Ongoing trials might answer the question of whether there
is a place for radiotherapy in all patients with rectal cancer
or whether it should be used more selectively.
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