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Local failure of rectal cancer is one of the principal causes of morbidity and mortality. In order to lower unacceptably high local failure
rates, pre- or postoperative radiotherapy has been extensively investigated. The collected information from all controlled trials reported
so far shows that the proportion of local recurrences is reduced to less than half when radiotherapy up to moderately high doses is given
preoperatively. This reduction is smaller after postoperative radiotherapy, even if higher doses are used. In addition, there is a positive
influence on survival from preoperative radiotherapy. Improved survival has also been seen in trials using postoperative radiotherapy, but
only when combined with chemotherapy. With proper radiation techniques, sufficiently high doses can be given preoperatively with little,
if any, increase in postoperative mortality and morbidity. Furthermore, late toxicity can be anticipated to be low provided the technique
is optimal. The beneficial effects noted so far have been achieved in trials where ‘standard’ surgery has been used, followed by a local
recurrence rate of more than 20% (average 29%, range 23–46%) of the patients. It is, however, possible that the reduction in local failure
rates is proportionally even greater added to ‘optimal’ surgery, although the absolute number of failures prevented is lower.
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REVIEWS AND CONTROVERSIES

Surgery has been the primary treatment for cancer of the
rectum with overall survival figures after 5 years below
50%, and with little improvement over the years (1). In
patients with a primarily extirpable tumour, perioperative
radiotherapy has been extensively investigated and used in
order to decrease an often unacceptably high local recur-
rence rate. Since a local recurrence of a rectal carcinoma is
not only extremely disabling but also more or less incur-
able, a gain in local pelvic control represents an important
achievement of an additional treatment even though sur-
vival is not likely to be substantially improved.

The rationale for combining surgery and radiation is
that surgery removes the bulk of the tumour tissue,
whereas radiation therapy kills the tumour cells in the
periphery of tumours where they are fewer and the area is
well vascularized. With surgery, the most peripherally lo-
cated tumour cells sometimes have to be left because of the
necessity to preserve normal tissues. The main cause of a
pelvic failure is lateral spread of microscopic foci of tu-
mour cells that are not removed at surgery (2, 3). Surgical
techniques aiming at removing this lateral spread have also
resulted in apparently lower local recurrence rates (4–6).

This work presents the collected experience with respect
to influence on local failure rates, survival, and acute and
late adverse effects from controlled clinical trials con-
ducted so far and discusses the potential value of perioper-

ative radiotherapy in primarily extirpable rectal cancer,
also in instances where surgery is ‘optimal’.

RADIOBIOLOGICAL ASPECTS

Dose and fractionation

The effects of irradiation in terms of local tumour control
and acute and late damage to normal tissues are dependent
not only on the total dose, but also on the dose delivered
in each fraction and the total treatment time. Several
attempts have been made to estimate the biological effects
of various radiation schedules. In this review the linear-
quadratic (LQ) time formula (7) is used to transform the
effects of different radiation schedules to the effects
achieved when a conventional fractionation of 2 Gy daily,
10 Gy/week is used.

To achieve a high probability (90% or more) of eradicat-
ing subclinical disease from an adenocarcinoma in a surgi-
cally undisturbed area, it is necessary to deliver a dose in
the order of 50 Gy (8, 9). This dose (50 Gy in 25 fractions
during 5 weeks) gives an LQ time of 43 Gy with an
a/b=10 Gy for both acute responding tissues and tu-
mours. The repair rate (g/a) is then assumed to be 0.6
Gy/day and the time before proliferation starts (Tk) to be
7 days (7, 10, 11). In order to reduce treatment duration,
i.e. to shorten the time period between start of radiother-
apy and surgery, it is necessary to give either multiple
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fractions per day or higher doses per fraction. With higher
doses per fraction, the therapeutic range shrinks due to an
increase in the risk of late toxicity (12). A dose of 5.0 Gy
daily has, however, been used in several preoperative trials
as a suitable alternative both for the patient and the
surgeon. Using the coefficients selected above, the acute
effects of a total dose of 25 Gy in five 5 Gy-fractions in 5
days corresponds approximately to a dose of 42 Gy in 21
fractions of 2 Gy in 29 days. The LQ times for acute effects
for the various regimens used in controlled clinical trials can
be found in Table 1. Since the size of each radiation fraction
(1.75–5 Gy) and the time between the first and the last
fraction (1–40 days) vary considerably between trials, a
better estimate of the relative efficacy of the radiation
achieved in the different trials is given by LQ times than by
the total doses.

Radiotherapy before or after surgery?

The question of whether radiation before or after surgery
is to be preferred has long been debated. The most optimal
treatment is, for obvious reasons, the one that results in the
greatest reduction in local failure rates/the highest improve-
ment in survival and, at the same time, causes the fewest
adverse effects both in the short and in the long run.
Practical and economic aspects may also be of relevance,
particularly if the beneficial effects do not clearly favour one
or the other approach, or if there are conflicting tumour and
normal tissue effects.

The rationale for additional radiotherapy in patients with
an extirpable rectal carcinoma is to kill any tumour cells not
removed by surgery. These cells are reasonably fewer before
than after surgery because of tumour cell proliferation. For
the same cure rate, the efficacy of the radiotherapy must
thus be higher after surgery than before in terms of
remaining tumour cell fraction. There is also
considerable evidence indicating that for a similar result, a
higher dose is required postoperatively than preoperatively
(13). The assumption of a greater dose-efficacy of preoper-
ative radiotherapy compared to postoperative, has, apart
from one study in rectal cancer discussed below, not been
tested and confirmed in controlled studies. A higher dose,
as required postoperatively to achieve the same tumour cell
kill effect, carries the risk of resulting in more severe
long-term complications.

If the tumour is inextirpable at diagnosis owing to
overgrowth of tumour cells to adjacent organs not possible
to remove, the radiotherapy must, of course, be carried out
prior to the surgical attempt. In these instances, the radia-
tion dose must be sufficiently high, and the time interval
between the radiotherapy and surgery sufficiently long so
that down staging permitting subsequent surgery can be
achieved. A preoperative approach with a long delay before
surgery has also been used in instances where a down-stag-
ing effect is desired in order to permit sphincter-preserving
surgery rather than a rectal excision (14, 15). Although

theoretically attractive, it is possible that this treatment will
only result in the surgical procedure appearing to be easier
because the tumour bulk is smaller. The margins may not
be closer to the tumour without jeopardizing radicality,
since the most commonly used dose, about 50 Gy in 5
weeks, only kills subclinical disease (5×5 Gy in 1 week may
be as effective). Using higher doses, the goal can be reached,
but the risks of late effects on bowel function may then be
unacceptably high (see below). Ongoing trials in Europe
and the US may perhaps come up with a solution to this
problem.

The main reason for choosing postoperative irradiation
in rectal cancer is that patients with a high probability of
being cured by surgery alone, i.e. those with a tumour in
Dukes’ stage A (UICC stage I), can be excluded. Patients
in whom generalized disease is found at surgery can also be
excluded.

One disadvantage with postoperative radiotherapy, not
always appropriately recognized, is that those patients who
do not have an uneventful recovery after surgery may not
initiate their radiotherapy until after a prolonged time
period. The extent of this problem is not possible to
evaluate from the postoperative trials, since only those with
an uncomplicated postoperative course and in shape for
randomization within the stipulated time period, e.g. 1
month, will be included. In the Uppsala trial (16) in which
patients were randomized prior to surgery, it was actually
found that the radiotherapy could be started within six
weeks in only half the patients. In about one quarter of the
patients, start of treatment had to be delayed for more than
eight weeks because of problems during postoperative
recovery. This was also the experience in the postoperative
trial carried out by the EORTC (European Organization for
Research and Treatment of Cancer) (17).

Combination with chemotherapy

The purpose of combining radiotherapy and chemotherapy
is to achieve a better tumour effect without simultaneously
increasing normal tissue reactions. True clinical synergism
has not been shown, at least not in adenocarcinomas of the
rectum, and the knowledge on how to combine the two
modalities is still limited (18, 19). An increased frequency
of severe adverse effects has also been observed with several
drug–radiation combinations (19, 20). Despite this, radio/
chemotherapy is routinely advocated in rectal cancer by
many investigators (see below). The situation is different in
squamous cell carcinomas of the anus since randomized
controlled trials have shown that the antitumour effect is
increased (21–23); despite greater toxicity, combined ra-
diochemotherapy is the standard treatment in anal cancer.

OVERVIEW OF RADIOTHERAPY TRIALS

Local recurrence rate after surgery alone

Variables such as patient selection, the skill and endurance
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Table 1

Pel6ic recurrence after a combination of surgery and radiotherapy in rectal carcinoma

p-1 valueSurgery+radiotherapy(%) Percent reductionSurgery alone (%)LQ timeIrradiation Dose (Gy)/
No. of frac- (Gy)Study No. of local recur-No. of local re- in local

rences/totalcurrences/total failure ratestions

Preoperative
Toronto (27) 5/1 7.5 3

MRC1 (28) 5/1 7.5 0
20.4 0420/10

*(17)31/185(24) 2951/210522.515/3St Marks (31)
3VASOG II (29) 31.5/18 26.8

26.8 31/131 (17) NS(24) 24/138 29Bergen (32) 31.5/18
25/10 22NS(22)27/93(37)32/87627.5VASOG I (30)
20/4 30.0 46/126North-West (32)2 (37) 17/133 (13) ** 65

24/166 (14) 50**EORTC (34) 34.5/15 35.2 49/175 (28)
40/20MRC2 (35)2 65/14036.0 (46) (36)50/139 22*

120/42537.525/5Stockholm (36) 50**(14)61/424(28)
SRCT (37) 60***(11)(27) 63/55325/5 37.5 150/557

45***(16)297/1831(29)544/1851Total

Postoperative
Odense (38) 50/25 35.4 57/250 (23) 46/244 (19) NS 17

79/235 (34) 48/234 (21) **MRC3 (40) 3840/20 36.0
36NS(16)15/96(25)27/10636.040–48/23–26GITSG (41)

NS(16)30/184(24) 3345/18439.346.5/26NSABP (39)
25/84 (30) 13NSEORTC (17) 46/23 40.8 30/88 (34)

41NS(24)21/88(33)28/8443.850/25Rotterdam (42)
266/947 (28) 185/930 (20) ***Total 29

Surgery+postoperativeSurgery+Preoperative versus
Postoperative radiotherapypreoperative

radiotherapy
(13)27/20938.025.5/5Uppsala (16)

60/30 46.9 –*(22)45/204

1 NS=non-significant; *=pB0.05; **=pB0.01; ***=pB0.001.
2 Only tethered tumours.
3 Not reported.
4 Only actuarial data reported, with no difference between groups.
5 Outpatient attendees only reported.
6 Autopsy series only reported.

of the surgeon, follow-up routines, definition of radicality
as well as of local failure can all have an influence on local
recurrence rates. These variables can explain the substan-
tial variations as reported in the literature, from B10% to
65% (4, 5, 24–26). In published controlled trials with
adjuvant radiotherapy (pre- or postoperative), the local
recurrence rate in the surgery alone group has always
exceeded 20% (average 29%, range 23–46%, see Table 1).
Thus, our knowledge of how much additional radiother-
apy reduces local recurrence rates is based upon studies
where the average local recurrence rates are close to 30%.
Within all series, the rates are higher when the tumour has
penetrated the bowel wall and/or has given lymph node
metastases, i.e. Dukes’ stages B and C (UICC, stages II
and III), and if it is situated distally in the rectum.

Local recurrence rate after additional radiotherapy

In trials using low radiation doses, one should not expect

significant effects in the light of the dose-response relation-
ship. This notion is corroborated by several early trials
(27–30). Local failure rates were, however, not properly
analysed in some of these studies (Table 1). Thus a com-
parison with later trials, where higher doses have been
used, cannot be properly made.

As presented in Table 1, all controlled trials with preop-
erative radiation for which appropriate data are available
have reported a lower local failure rate in the irradiated
group of patients than in the non-irradiated (31–37). The
difference is statistically significant in 6 of the 8 trials.
With radiotherapy delivered postoperatively, a reduction
in local recurrence rates has also been observed, but
statistical significance was only reached in one of six trials
(17, 38–42). The relative reduction in local failure rates is
usually higher in the preoperative trials (range 22–65% in
trials adequately reported) than in the postoperative trials
(average 29%, range 13–41%) despite the fact that higher
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Table 2

Pel6ic recurrence and o6erall 5-year sur6i6al after surgery and postoperati6e radiotherapy, chemotherapy or both

p-value1 p-valueStudy 5-year survival (%)Additional treatment No. of local recurrences/total (%)

43GITSG (41) 0 14/58 (24)
56Chemotherapy 13/48 (27) NS NS
52 NSNSRadiotherapy 10/50 (20)

*Chemotherapy+radiotherapy 5/46 (11) NS 59

43NSABP (39) 0 45/184 (24)
NS41NSRadiotherapy 30/184 (16)

53Chemotherapy 40/187 (21) NS *

47NCCTG (46) Radiotherapy 25/100 (25)
* 58 *Chemotherapy+radiotherapy 14/104 (14)

47–ECOG (48) Chemotherapy –
NSRadiotherapy 46
NS50Chemotherapy+radiotherapy

–NSABP-R02 (11)Chemotherapy
(49)

NS –Chemotherapy+radiotherapy (7)

49Oslo (47) 0 23/72 (30)
* 69 *Chemotherapy+radiotherapy 11/72 (12)

1 NS=non-significant; *=pB0.05.

doses were used postoperatively (corresponding to LQ
times between 35.4 and 43.8 Gy) than preoperatively (LQ
times between 22.5 and 37.5 Gy in the trials adequately
reported).

The results from the randomized trials thus indicate that
preoperative irradiation is more efficient in reducing local
recurrence rates than postoperative irradiation. Lower lo-
cal failure rates were also seen after preoperative than after
postoperative radiotherapy in the only trial directly com-
paring the two approaches (16). This result was found even
if a higher dose was used postoperatively than preopera-
tively (Table 1).

Sur6i6al after additional radiotherapy

For between 20 and 50% of the patients with recurrent
disease, a local recurrence is the only residual tumour.
Therefore, at least on theoretical grounds, preoperative
radiotherapy should improve survival when the follow-up
period is sufficiently long. In a meta-analysis including all
controlled trials published up to 1984, a marginally posi-
tive effect on 5-year survival of 4.3% was demonstrated
(43). Recent trials prescribing higher doses with a more
pronounced reduction in local failure rates were not in-
cluded in the meta-analysis. These trials, now all having a
sufficiently long follow-up, also show that survival is im-
proved after preoperative radiotherapy.

The most convincing evidence of a survival benefit is
presented in the Swedish Rectal Cancer Trial (SRCT)
which was sufficiently large (1 168 patients randomized) to
reveal the survival difference with statistical significance.

In irradiated patients (5×5 Gy), the overall 5-year sur-
vival was 58% compared with 48% (pB0.004) in the
non-irradiated group (44). The relative decrease in mortal-
ity thus amounts to 21% (95% confidence limits 8–34%).
Finally, the overall survival curves in several preoperative
trials deviate with increasing follow-up time, but the differ-
ences do not reach statistical significance (31, 33–35). In
these trials, cancer-specific survival is usually improved in
a statistically significant way. In patients randomized to
either preoperative radiotherapy or surgery alone in the
Stockholm area between 1987 and 1993 (between 1987 and
February 1990, the patients participated in the SRCT), a
statistically significant survival benefit of radiotherapy was
also observed (45) In these patients, no increase in postop-
erative mortality was seen (see below). In the first Stock-
holm trial (36), no effect on survival was seen except when
the survival data were corrected for postoperative deaths.

None of the trials using postoperative radiotherapy
alone has demonstrated any significant impact on survival.
Two trials have, however, demonstrated a survival benefit
when postoperative radiotherapy was combined with con-
comitant chemotherapy (41, 46), but not when radiother-
apy was given alone (Table 2). Since in another trial it was
found that chemotherapy but not radiotherapy improved
survival (39), it is likely that the chemotherapy rather than
the postoperative radiotherapy is responsible for the sur-
vival improvement. A survival benefit, together with a
decreased local recurrence rate, has also been reported in a
Norwegian trial in which 144 patients were randomized
between surgery alone and surgery plus postoperative ra-
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diotherapy to 46 Gy together with concomitant 5-FU (47).
No survival benefit could be detected in an ECOG study
when radiotherapy and chemotherapy was combined se-
quentially compared to radiotherapy or chemotherapy
given alone (48). When postoperative radiotherapy was
added to chemotherapy, either methyl-CCNU, vincristine
and 5-FU (MOF) or 5-FU and leukovorin, in the NSABP
R-02 trial, no influence on survival was noted (49). A small
but statistically significant reduction in the percentage of
local recurrences as a site of first treatment failure was
seen.

A consensus conference sponsored by NIH discussed
adjuvant treatment in rectal cancer and recommended that
patients with stages II and III tumours should receive
adjuvant treatment with postoperative radiotherapy (45–
55 Gy in 5–6 weeks) together with chemotherapy (5-FU
and methyl-CCNU). The conclusion was based mainly
upon the results of three US trials (Table 2). Updated
results from these studies were reviewed in a clinical
announcement by the NCI (50). It was again stated that
postoperative radiotherapy and chemotherapy should be
the standard treatment for rectal cancer stages II and III.
A subsequent trial indicated that the addition of methyl-
CCNU to 5-FU was not required (51). It was also found
that continuous infusion of 5-FU was more effective than
bolus 5-FU during the radiotherapy.

Acute/subacute toxicity from additional radiotherapy

Before an evaluation of the advantages and disadvantages
of various treatment approaches can be made, the adverse
effects and resource demands from the additional treatments
must also be known. Preoperative radiotherapy can influ-
ence postoperative morbidity and mortality. An increased
frequency of perineal wound sepsis after abdominoperineal
resection was found in several trials (31, 32, 34, 36, 40, 52,
53). In these trials, the hospital stay was usually slightly
longer (mean 2 days) in irradiated patients. The increase in
perineal wound sepsis was seen both in trials using conven-
tional fraction sizes (1.8-2.3 Gy (32, 34, 40)) and in trials
using 5 Gy fractions (31, 36, 37, 52). The anastomotic
integrity after a low anterior resection is not influenced by
preoperative radiotherapy (31, 34–36, 52, 53).

Both compliance and acute tolerability have improved
after preoperative compared with postoperative radiother-
apy. Between 12 and 27% of the patients did not receive the
planned postoperative dose (17, 38–42), whereas this oc-
curred in less than 10% in the groups of patients randomized
to preoperative radiotherapy (28, 29, 31–36, 53) This
difference in acute toxicity was seen also in the single trial
directly comparing preoperative with postoperative radio-
therapy (52). In the AXIS trial, 96% of the patients
scheduled for preoperative radiotherapy received the treat-
ment, whereas this figure was 56% among those where
postoperative radiotherapy was chosen (AXIS Trial Office,
pers comm, 1997).

A higher postoperative mortality in patients receiving
preoperative radiotherapy was found in two reports (31, 36).
The increased mortality was noticed among patients older
than 75 years and in those with metastatic disease at surgery.
The deaths were mainly attributable to cardiovascular and
infectious causes, i.e. not obviously related to the irradia-
tion. In these trials radiotherapy was given with anterior–
posterior beams; a large volume of the body thus received
the same dose as the tumour target. In the Uppsala trial (52),
the same radiation dose (5×5 Gy) was used as in the
Stockholm–Malmö trial (36) but the irradiation technique
(3 beams rather than 2 beams) spared parts of the pelvis and
abdomen other than the target volume containing the
tumour cells. No influence on postoperative mortality was
noticed even if no age limit was used (52). Preoperative
radiotherapy can thus be delivered without increasing post-
operative mortality. It is thought that a large tissue volume,
irradiated to a high dose, is likely to be deleterious, at least
in elderly patients. This conclusion is supported by results
from the SRCT in which no influence on postoperative
mortality was found in patients treated with 3- or 4 beams,
whereas this was the case at the hospitals where 2 beams,
violating the protocol, were used (53). This conclusion is also
supported by extended analyses of the Stockholm-Malmö
(Stockholm I) and the Stockholm II trials (as mentioned
above, the Stockholm II trial overlaps the SRCT). It was
then seen that there tended to be an increased postoperative
mortality also in the Stockholm II trial where a 4-beam
technique was used at all hospitals but one (54). However,
the Stockholm group did not use the lead shields for
blocking tissues with a minimal risk of harbouring tumour
cells, as stipulated in the SRCT protocol. This meant that
the irradiated small bowel volume (and total body volume)
was somewhat larger in the Stockholm II trial than recom-
mended in the SRCT protocol. It can be anticipated that this
difference may be of relevance for the tendency towards
increased postoperative mortality (55).

Acute neurogenic pain, a few hours after the irradiation
of the lower lumbar region, was reported from one of the
trials using 5 Gy fractions preoperatively (52). The pain,
which affected only a few of the patients, was usually of
short duration but could remain for several months in
some. Subacute neurogenic symptoms and signs have de-
veloped in some of the affected patients, leading to inabil-
ity to walk in a few cases. When the entire experience in
Uppsala from 1979 through 1994 was reviewed, 19 (4%)
out of 550 patients treated with 5×5 (or 5.1) Gy within
prospective protocols had reported pain. In six (1%) pa-
tients, the pain had a duration of more than a few days,
and in four of them, subacute neurogenic symptoms devel-
oped. The pain was more common in women than in men,
and appeared to occur more often in diabetic patients and
in patients with previous neurologic disorders. An exten-
sive re-evaluation of the treatment did not disclose any
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technical or human error, and the genesis of this acute
adverse effect is still unknown (56). The observation of this
complication, probably caused by an effect on the nerves
in the lower lumbar region, does, however, indicate the
need for an adequate radiation technique with appropriate
target volumes and blocking of tissues that have a minimal
risk of harbouring tumour cells.

Late radiation-associated toxicity

The most extensive knowledge about the risk of late
morbidity has come from the Swedish trials, the Uppsala
trial (57, 58), the two Stockholm trials (59) and the SRCT
(60). Yet, the knowledge is not complete, and we will have
to wait another few years until there is a sufficiently long
follow-up in all of the trials. In the Uppsala trial, preoper-
ative radiotherapy (25.5 Gy in 1 week) was compared with
postoperative radiotherapy (60 Gy in 7 weeks), whereas in
the other trials, preoperative radiotherapy (25 Gy in 1
week) followed by immediate surgery was compared with
surgery alone. The target volumes and the radiation tech-
niques have, however, varied considerably between the
trials. Besides these trials, late effects have also been
reported from trials using postoperative radiotherapy to
doses between 40 and 50 Gy in 4–5 weeks. The irradiated
volumes have varied also in these trials.

Intestinal obstruction. Late effects from irradiation are
dependent upon radiation dose and the irradiated volume
of the risk organ. In a report by Letschert et al. (61),
postoperative radiotherapy with beams extending high up
in the abdomen caused small bowel intestinal obstruction
in 30–40% of patients, compared with 5–10% when only
the dorsal part of the pelvic cavity was irradiated. Simi-
larly, in the Stockholm I trial, where large anterior–poste-
rior beams were used, an increased incidence of hospital
admission due to intestinal obstruction after preoperative
radiation was seen, but not in the Stockholm II trial where
somewhat smaller beams were used, but with a 4-beam
technique reducing the irradiated small bowel volume (59).
In the Uppsala trial, all patients with a follow-up period
between 5 and 10 years were re-examined for late adverse
effects of radiation. Those given preoperative radiotherapy
did not differ with respect to bowel obstruction or other
possible late adverse effects from those given surgery alone
(57). In patients irradiated postoperatively, a higher late
morbidity was found also when a technique that largely
avoided irradiation of extended small bowel volumes was
used. This can also be anticipated since the postoperative
dose was higher (60 Gy in 7 weeks) than the preoperative
one (25 Gy in 1 week, corresponding to approximately
42–50 Gy in 4–5 weeks). In conclusion, the results so far
indicate that late small bowel morbidity will be low pro-
vided the irradiation is given with 3 or 4 beams maximally
extending up to L3 and the total dose is at most 50 Gy
using 2 Gy-fractions (about 25 Gy using 5 Gy fractions).

Diseases related to the genitourinary tract. Neither the

Stockholm I and II trials (59) nor the Uppsala trial (57)
could detect any increased late morbidity from the geni-
tourinary tract after preoperative radiotherapy to 5×5
Gy. It is thus possible that even higher doses are required
to cause a significant increase in the complication rates.
The design of the mentioned trials was, however, not
optimal to detect minor, although clinically relevant, ad-
verse effects. The Stockholm trials only looked at effects
causing hospitalization, and the Uppsala trial did not have
sufficient patient numbers. Chronic cystitis was reported to
occur considerably more often after postoperative radio-
therapy (46 Gy, 10/84, 12%) than after surgery alone
(0/88) in one trial (17).

Bowel function. Radiation therapy may theoretically infl-
uence bowel function after an anterior resection, either by
damaging the sphincters, the remaining part of the rectum
or the pudendal nerves. In a 5-year follow-up study of the
SRCT, irradiated patients frequently complained about
increased urgency, incontinence to gas and loose stools
and a frequent need to wear a pad (60). Results from
postoperative trials also indicate a negative influence on
bowel function (62–64). Chronic diarrhoea was also fre-
quently seen after postoperative radiotherapy (17).
Whether this influence on long-term quality of life counter-
balances the positive effects by the radiotherapy is not
known. They do, however, indicate that optimized tech-
niques should be used. The routine inclusion of the anal
canal in the irradiated volume should probably be avoided
(55).

Femoral neck and pel6ic fractures. The Stockholm
group recently reported increased hospitalization for these
reasons after preoperative radiation (59). The effect was
seen in both trials although it was more marked in the first
one. The Stockholm group did not block the dorsal parts
of the sacrum and the tissues behind on the lateral
beams (59) as was stated in the protocol of the SRCT (55).
The relevance of these lead blocks for the prevention of
sacral fractures, as seen in the Stockholm trials, is not
known.

WHAT IS THE APPROPRIATE TARGET VOLUME
AND RADIATION TECHNIQUE?

Ideally, the target volume should include locoregional
tissues at risk of containing tumour cells not removed by
the subsequent (or preceding) surgery. The radiation tech-
nique should also ideally cover the entire target volume
with the prescribed dose and, at the same time, minimize
dose to tissues outside the target volume. The irradiated
volume receiving \95% of the prescribed dose should
thus not be significantly larger than the target volume.
Different conformal techniques after individual 3D dose
planning may complete this task in an optimal way. Pro-
tons, with their superior geometrical properties compared
to electrons and photons, would solve the problem even
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better (65). In a common disease like rectal cancer, the use
of the most optimal procedure in every patient may,
however, not be possible for practical and economic rea-
sons. A simplified and less time-consuming procedure has
been practised in Uppsala for 17 years, and has proven to
be safe and sufficiently robust not to jeopardize the out-
come even in patients with unusual constitutions (55).
Thus, for practical purposes, three or four rather standard-
ized beams with a few appropriately placed lead shields
solve the problem in a clinically satisfactory way.

As detailed above, experience has taught us that overly
large irradiated volumes will result in unexceptably high
rates of both acute and late toxicities. Since the primary
aim of the perioperative radiotherapy is to decrease local
failure rates, even if survival also may be positively influ-
enced, the target volume should cover only locoregional
tissues at risk of containing tumour cells when surgery has
been carried out. Exclusion of the tissues above the
promontorium will not influence the pelvic recurrence rate,
although this may diminish the positive influence on col-
orectal cancer-specific survival. Even if the Uppsala experi-
ence has been favourable with respect to both acute and
late toxicities (16, 55, 57), the upper border of the target
volume has successively been lowered. The change has
emerged through the years as a consequence of the results
of the trials. At present, we recommend that the upper
border should be just below the promontorium (see Fig-
ure). It is not known whether even smaller target volumes,
such as, for example, used by Marsh et al. (33), are
sufficient. The anal canal has not been included in the
target volume in Uppsala, except when the SRCT was
running (see above), in tumours situated above 6–8 cm
from the anal verge.

The beam limits based upon an imagined planning
target volume (PTV) are illustrated in Fig. 1. The appro-
priate size of the target volume and the radiation tech-
nique has not been subject to any randomized controlled
clinical trial. The relevance of using this technique as
compared to other techniques is, however, supported by
the application of biological models (55).

CONCLUSIONS

Until more efficient chemotherapy regimens are available,
radiation therapy should be included in rectal cancer treat-
ment, primarily since it reduces the local failure rate.
Contrary to the opinion held in the US (50), we believe
that radiotherapy is more effective given preoperatively.
Preoperative radiotherapy also improves survival, al-
though the magnitude of the survival benefit is rather
limited. We also question the routine use of simultaneous
radiochemotherapy, because the scientific evidence in
rectal cancer is weak and limited to two small, randomized
trials (41, 46). The chemotherapy component is, however,
of relevance for the survival benefit seen in those and other

trials, mainly influencing distant metastases rates but to
some extent also local failure rates. We do not recommend
the short preoperative 5×5 Gy schedule to be combined
with simultaneous chemotherapy, but it can readily be
combined with postoperative chemotherapy for stages at
high risk of distant failure. This approach was used at
several Swedish centres in a large Nordic adjuvant
chemotherapy trial (B. Glimelius, unpublished observa-
tion).

Using a preoperative approach, there is, however, con-
cern about irradiating patients with a Dukes’ stage A
lesion and those with metastatic disease disclosed at
surgery. Dukes’ A lesions can now be identified with
reasonable accuracy by using intraluminal ultrasonogra-
phy before surgery (66, 67) and thus patients are spared
radiotherapy. This requires, however, that surgery is prop-

Fig. 1. Illustration of the planning target volume (PTV) (above)
and the beam limits (below) used with a 4-beam ‘box’ technique,
as presently recommended in Sweden. The lower portion of the
target includes the anal canal only in low-situated tumours when
a rectal excision is the likely surgical procedure. The beam limits
are defined in the simulator. No PTV is defined in an individual
patient. A dose optimization is performed in a single transverse
section and based on a manually obtained contour of the patient.
Beam energy, beam weights and wedge filters are selected at the
dose planning station (55). Shields are placed on the lateral beams
in the simulator as indicated in the figure. The caudal shield
anterior to the anal orifice is not used when the tumour is situated
in the lower anterior part of the rectum.
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erly performed so that local failures are kept at a very
low level. In the trials reporting a reduced local recur-
rence rate according to Dukes’ stage, the reduction was
seen also in Dukes’ stage A (36, 45). In these trials,
non-irradiated Dukes’ stage A patients had an unaccept-
ably high local failure rate of 14 and 11%, respectively,
compared with 5 and 3% among irradiated patients.

It is possible that the proportional reduction in local
recurrence rate after preoperative radiotherapy is at least
as high following ‘optimized’ surgery, as advocated by
Heald and others (4–6), as it is when combined with
‘standard’ surgery. It is anticipated that the local failure
rate will then be very low (0–3%?) (68). This has, how-
ever, not been tested in a randomized trial. A presently
ongoing Dutch trial tests this hypothesis (C van de Velde,
pers comm). When the local failure rate without radio-
therapy is 8–10% (local failure rates should be calculated
on all patients eligible for rectal cancer surgery where the
tumour-bearing bowel segment is removed, and not just
those curatively resected), over-treatment is substantial.
The radiotherapy therefore must be safe, both in the
short and in the long perspective. The dose must also be
sufficiently high (\40 Gy when given in 2 Gy fractions,
or comparable doses using other fractionation schedules).
Therefore, radiotherapy must be given with techniques
that exclude volumes not at risk of containing tumour
cells. All treatment modalities should be used in an opti-
mal way so that the severely disabling condition, a local
pelvic failure of a rectal cancer, can be entirely elimi-
nated.
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