
LOCALIZED COLORECTAL CANCER (R GLYNNE-JONES, SECTION EDITOR)

Radiation Techniques for Increasing Local Control
in the Non-Surgical Management of Rectal Cancer

Ane L. Appelt1,2 & Anders Jakobsen1

Published online: 28 July 2015
# Springer Science+Business Media New York 2015

Abstract A fraction of patients with rectal cancer can
achieve clinical complete response following long-
course chemoradiotherapy (CRT), and there is accumu-
lating clinical evidence that these patients can be man-
aged non-surgically with acceptable oncological out-
come. Consequently, strategies for increasing the propor-
tion of complete responders are actively being explored.
Some, although limited, experience with high-dose radio-
therapy indicates that there might exist a dose-response
relationship for local tumour control after radiotherapy
alone. Thus, tumour dose escalation could be indicated
for selected patients, particularly in cases with small tu-
mours and limited local disease. This report discusses
several radiotherapy techniques for tumour boosting, fo-
cusing on technical challenges and clinical experiences
with each technique. Specifically, external beam radio-
therapy, brachytherapy and contact X-ray treatment for
dose escalation are considered. Ultimately, no technique
provides definitive advantage over others, and the choice
in clinical practice will have to depend on the patient
population treated as well as the technical capabilities
of the treating department.
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Introduction

Organ-preserving and non-surgical strategies for treatment of
rectal cancer have been the subject of considerable attention in
the last decade [1•]. Tumours in the upper or middle part of the
rectum can usually be managed with resection, i.e. without the
need for a permanent colostomy. However, many patients
with low cancers will—unless the tumours are very small
(T1, early T2)—be treated with an abdominoperineal resec-
tion (APR) and a permanent stoma, a mutilating procedure
with substantial impact on quality of life [2–4]. Patients often
express a strong wish to avoid a colostomy if possible [5], and
some elderly and heavily co-morbid patients may not be can-
didates for radical surgery at all [6, 7]. Consequently, alterna-
tive treatment strategies for local tumour control are currently
the focus of significant research efforts.

Radiotherapy, used as (neo-)adjuvant treatment, has been
shown in randomized trials to reduce the risk of local recur-
rence, even with optimal surgical techniques [8, 9]. The cur-
rent standard in many parts of the world is to treat locally
advanced disease with long-course chemoradiotherapy
(CRT), followed by surgery 6–12 weeks after the end of treat-
ment. The accepted treatment regimen consists of 45–50 Gy
delivered in 1.8–2.0 Gy fractions to the tumour and regional
lymph nodes, with concomitant fluorouracil-based chemo-
therapy. With this approach, the majority of patients will pres-
ent with some degree of tumour regression at the time of
surgery [10], and a subset of patients will even show
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pathological complete response (pCR) to the neoadjuvant
treatment, i.e. no remaining tumour cells in the pathological
specimen [11]. This has raised substantial interest as to wheth-
er selected patients can be treated with CRT alone, and some
groups have allowed patients with clinical complete response
(cCR) after radiotherapy to defer surgery and follow a close
surveillance program instead. A small number of studies have
reported encouraging outcomes with careful patient selection
and close follow-up (the so-called watchful waiting or watch-
and-wait approach) [12–16], including one prospective trial
conducted by our own group [17••]. There is still a great deal
of uncertainty, however, as to the optimal treatment strategy
for maximising the probability of tumour control with CRT
alone, especially with respect to the choice of radiotherapy
treatment regimen and technique.

Rationale for Dose-Escalation

Predictive factors for pCR after CRT have previously
been examined in individual studies and in meta-
analyses (see, e.g. [18]). Radiation dose does seem to play
a role, with higher doses resulting in higher pCR rates.
Studies by our own group demonstrated the existence of a
dose-response relationship for pathological tumour regres-
sion [19] and provided a quantitative estimate for the ef-
fect of dose [20•]. A meta-analysis of studies utilizing
high-dose pre-operative radiotherapy also concluded that
the use of radiation dose ≥60 Gy results in high rates of
pCR. Collectively, these studies indicate that the number
of patients with good response to CRT may be optimized
by escalating the radiation dose to the tumour. It is worth
noting, though, that pCR does not work well as a surro-
gate endpoint for evaluation of pre-operative treatment
strategies [21–23], i.e. increased rates of pCR do not ap-
pear to translate into clinical benefit for patients who sub-
sequently undergo surgery. Similarly, there is currently
not enough data to evaluate whether treatment approaches
that optimize cCR rates will also result in more patients
with long-term tumour control without surgery— on the
contrary it may be that the additional patients converted to
responders by the higher doses ultimately end up with
tumour recurrence anyway, i.e. no local control.

There are some suggestions, however, that the use of high-
dose radiotherapy may allow for a higher rate of local control
after non-surgical treatment than with standard radiation
doses. The seminal work done by the Brazilian group lead
by Habr-Gama, which established watch-and-wait for clinical
complete responders as a feasible and safe treatment strategy,
has been reported in a series of publications [12, 14, 24–27,
28•, 29••]. Of those, the one that reports the highest rate
(50 %) of local control with CRT alone is a study combining
higher tumour dose (54 Gy) with additional chemotherapy in
the interval between end of radiotherapy and response

assessment [28•]. Gérard and colleagues have been using
combinations of external beam radiotherapy, contact X-ray
treatment (Papillon treatment, see below) and interstitial
brachytherapy for very high dose irradiation of (mainly inop-
erable) rectal cancers and have historically demonstrated very
high rates of response and acceptable local control [16].
Finally, our own recently published trial of watchful waiting
after high-dose external radiotherapy (60 Gy) plus
endocavitary brachytherapy (5 Gy) reported over half of all
treated patients with T2-3 cancers to have local control with-
out surgery at 2 years [17••]. These reports can be compared to
the small number of publications that describe watch-and-wait
after standard (45–50 Gy) CRT; in general 10–20 % of treated
patients are reported to have clinical complete response and/or
long-term non-surgical control [13, 15, 30, 31]. Any attempt at
understanding the dose-response relationship of clinical
response is complicated, however, by the confounding
effect of tumour stage. The degree of tumour regression,
and especially the probability of complete or near-
complete response seem—as would be expected—to re-
late to the pre-treatment tumour stage, such that smaller
tumours and patients with less advanced disease are
more likely to respond well to radiotherapy. This has
been observed for pathological response grade [10, 11,
20•] and will likely be the case for clinical response as
well. The Brazilian study discussed above [28•] includ-
ed a substantial number of patients with T2N0 disease,
and over half of the patients in the Danish watchful
waiting trial had T2 tumours. This probably affected
the rates of complete responders observed in the studies.
A simple estimate of the radiation dose-response for
local control after definitive CRT, based on selected
studies, is presented in Fig. 1.

In summary, traditional long-course CRT with stan-
dard radiation dose and fractionation has been optimized
to limit local recurrence after surgery while keeping the
risk of additional toxicity as low as possible. While this
treatment regimen does induce tumour regression in
many patients, it may not provide optimal therapeutic
ratio for non-surgical strategies—both dose schedule
and treatment technique may need to be optimized for
use in a definitive rather than neoadjuvant setting.
Specifically, there might be a rationale for radiation dose
escalation in rectal cancer patients where the therapeutic
aim is local tumour control without surgery. The standard
dose of 45–50 Gy appears to be sufficient to control
nodal disease in patients with limited, N0-1, clinical
lymph node involvement, and therefore dose escalation
is mainly relevant for the primary tumour. The question
then remains as to which technique to use for dose esca-
lation. The main options are external beam radiotherapy,
endocavitary brachytherapy, and contact X-ray therapy;
we will discuss these techniques in turn.
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External Beam Radiotherapy

Increasing the radiation dose with external beam radiotherapy
is technically relatively simple: The use of an external boost is
familiar from other cancer sites, e.g. anal cancer, and has pre-
viously been integrated into the neoadjuvant treatment of lo-
cally advanced rectal cancer [32–34]. As such, many of the
technical challenges of treatment delivery are well understood,
including estimation of treatment margins and use of imaging
for treatment verification. Additionally, employing an external
boost has the advantage that integration into standard treat-
ment regimens is straightforward, and this can be done using
equipment available in all radiotherapy departments.

External beam boost treatment allows for delivery of a
homogeneous dose distributions over the entire tumour; i.e.

with no hot spots in tumour or surrounding normal tissue.
However, the volume treated will be relatively large:
External beam radiotherapy does not allow for very sharp dose
gradients, and the treated volume has to take into account
uncertainties in daily treatment delivery, such as organ move-
ment. This can result in large parts of the mesorectum—and
for very low tumours, sphincter musculature—to be irradiated
to high doses alongside the tumour. Modern intensity-
modulated radiotherapy (IMRT) or volumetric modulated
arc therapy (VMAT) techniques do alleviate some of this
problem. They provide dose distributions that are closely
shaped to the treatment planning volume (PTV)—i.e. the
amount of excess normal tissue irradiated will be limited,
compared to traditional 2D or 3D conformal techniques
[35–37]. In our experience, using IMRT for integrated boost
treatment (see below) to 60 Gy allows for a ratio of ~0.85
between the high dose PTV and the total volume treated to
95 % of the prescription dose (i.e. V57Gy) for an average pa-
tient. Ultimately, though, the escalation dose level is limited
by co-irradiation of normal tissue inside the PTV, and hence,
most reports use boost doses of no more than 10–15 Gy in
addition to an elective volume dose of 45–50 Gy.

Two different techniques can be used for delivery of an
external boost: integrated (also called concomitant) boost or
sequential boost. An integrated boost is delivered by increas-
ing slightly the daily treatment dose to the tumour compared
to the elective volume; e.g. a treatment plan with 60 Gy tu-
mour dose and 50 Gy elective dose in 30 fractions requires a
daily dose to the tumour of 2 Gy and a daily dose to the
elective volume of 1.67 Gy. An integrated boost is robust to
treatment delivery uncertainties, as the dose gradient from the
boost volume to the elective volume is relatively shallow
[17••, 38]. Additionally, the use of an integrated boost allows
for the overall treatment time to be kept short, if so desired. A
sequential boost involves limiting the treatment fields to the
tumour only on additional treatment days, either prior to or
following the primary treatment. This allows for adaptive
treatment strategies, e.g. with re-planning and re-optimization
for the boost treatment, to ensure the smallest possible
boost volume, or for use of additional imaging and sur-
veillance on boost treatment days [39]. The tumour will
often be visible on cone beam computed tomography
(CT) early in the treatment course, so treatment verifi-
cation will be easier if the sequential boost is given
prior to the primary treatment. On the other hand, de-
livering the boost after the primary treatment may allow
for a smaller boost treatment volume, as most tumours
will have shrunk after 4–5 weeks of treatment. A com-
bined approach is also possible, using an adaptive strat-
egy with re-planning halfway through the treatment, in-
dividual margins based on on-treatment imaging, and
the boost delivered as an integrated part of the second
half of the treatment course.

Estimation of local control as a function of radiotherapy dose
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Fig. 1 Local control at 2 years with chemoradiotherapy alone, as the
proportion of all treated patient, in selected studies of non-surgical man-
agement of rectal cancer. Dose is given in grays [Gy] in equivalent dose in
2-Gy fractions (EQD2), using an α/β value of 10 Gy. Studies were se-
lected based on availability of information on total number of patients
treated, local control at 2 years amongst patients managed non-surgically
(i.e. allowed to be followed with observation), and radiotherapy dose
delivered. The data point for Habr-Gama et al. [29••] is based on the
newest publication from the Brazilian group; radiotherapy was reported
as B50.4–54 Gy ,̂ and hence the average (52.2 Gy) has been used. Vuong
et al. [47] is based on data for medically inoperable patients treated with
combined external beam and brachytherapy, which are only published in
abstract form. The radiotherapy regimen consisted of 40 Gy in 15 frac-
tions delivered with external beam radiotherapy, as well as 30 Gy brachy-
therapy given weekly in three fractions. For the brachytherapy treatments,
the prescription dose of 10 Gy per fraction has been used for calculation
of EQD2 dose, without any attempt at estimating the actual tumour dose
delivered. Appelt et al. [17••] is from our own prospective study of high-
dose radiotherapy and brachytherapy for definitive treatment of low rectal
cancer. The tumour dose is calculated from the external beam dose
(60Gy) combined with exact brachytherapy dose calculations for a subset
of patients treated with MRI-guided brachytherapy (12.9 Gy). The curve
shows the dose-response for major pathological tumour regression
(Mandard regression grade 1–2) as estimated from the model in Appelt
et al. [20•]—i.e. the curve is not fitted to the data points
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The published experience with external beam boost for
definitive CRT for rectal cancer is limited. Habr-Gama et al.
[28•] treated 70 patients using 3D conformal radiotherapy
with concomitant 5-FU, with primary treatment consisting of
45 Gy in 25 fractions to the tumour and lymph nodes, follow-
ed by a 9 Gy sequential boost to the tumour, and additional 5-
FU after end of radiotherapy. They found that around 45 % of
the patients had long-term local control without major surgery
or local excision. The Danish watchful waiting trial treated
patients with an integrated boost technique (60 Gy to the tu-
mour, 50 Gy to elective volumes, in 30 fractions) with con-
comitant peroral UFT, plus a 5 Gy endocavitary tumour boost
[17••]. Fifty-eight percent of patients had local control with
CRTalone at 2 years; it is not clear, however, howmuch of the
tumour control could be attributed to the external beam dose
and how much to the brachytherapy boost.

Endocavitary Brachytherapy

Endocavitary brachytherapy for rectal tumours is typically
delivered as high dose rate (HDR) treatment with an
iridium-192 source, using a remote afterloader with a cylin-
drical applicator. The applicator can be either rigid [40] or
flexible [41], and a number of applicator designs exist: single,
central channel designs or multichannel designs, with multiple
peripheral channels (and optionally a central channel).
Designs also differ in whether they integrate shielding capa-
bilities. Shields are inserts of high-density material, usually
lead or tungsten, that allow for protection of the uninvolved
part of the rectal mucosa from the radioactive source. Some
designs use a central, cylindrical shield [42, 43], others a
semicircular shield covering part of the applicator periphery
[40]. Newer, more innovative designs also exist, e.g. with
channels arranged symmetrically in grooves on the surface
of a solid applicator made of high-density material [44].
These novel designs allow for highly conformal delivery of
dose to the tumour but have not yet been tested in clinical
practice.

Optimal delivery of endorectal brachytherapy can be tech-
nically and logistically challenging. High-precision treatment
requires imaging of the target volume with the applicator in
place, and normal procedure is to perform treatment planning
and treatment in the same session, directly after applicator
placement and imaging. Early experience was based on sim-
ple, orthogonal X-rays for verification of applicator position,
without individual treatment optimization [45]. For this ap-
proach, placement of radio-opaque clips at the proximal and
distal edges of the tumour provides a minimum of optimiza-
tion regarding tumour length. However, in order for full treat-
ment planning to be feasible, 3D imaging is needed, and this
must be acquired with the applicator in place, as the applicator
distorts local anatomy. Computed tomography (CT) is useful
with respect to dose calculation, as it easily permits for

heterogeneity corrections [43], but while gross local anatomy
can be visualised on CT, differentiation between tumour and
normal rectum can be suboptimal. Magnetic resonance imag-
ing (MRI) provides superior visualisation of the tumour [46],
but dose calculation in most commercial dose planning sys-
tems is limited to dose-to-water with no heterogeneity correc-
tions. Additionally, MRI compatibility requirements place
limits on applicator construction, especially shield materials.

Brachytherapy treatment results in very inhomogeneous
dose distributions and can thus provide very high doses to
the tumour with limited irradiation of nearby normal tissue.
As an example, consider an applicator with a 2-cm diameter
and a single, central channel. If dose is prescribed at 1 cm from
the applicator surface, then the dose 2 cm from the surface is
∼50 % of the prescription dose and ∼25 % further 1 cm out
[46]. However, dose at applicator surface is excessive; in the
previous example, the surface dose will exceed 300 % of the
prescription dose—higher if prescription is more than 1 cm
from the rectal wall, e.g. if the tumour thickness exceeds this
depth. Thus, normal tissue close to the applicator, mainly the
rectal mucosa, will be exposed to very high doses. Techniques
have been developed to mitigate this: Shielding was discussed
above, and some centres have been using an approach with
water- or iodine-filled balloons, which displace the rectal mu-
cosa away from the radiation source [42]. These balloons have
two purposes: first, to supplement shielding, i.e. to move the
uninvolved parts of the rectal wall further from the source
positions, and second, to increase the distance from the source
to the tumour itself. This makes the dose gradients across the
tumour shallower, due to the nature of the dose falloff, and
thus prescription to deeper points is possible without an unac-
ceptable increase in dose to the surface of the rectal wall.

Clinical experience with endocavitary brachytherapy for
definitive radiotherapy is largely limited to studies of medi-
cally inoperable patients. Vuong et al. have used brachyther-
apy boosts (30 Gy delivered in three treatment sessions) in
addition to external beam radiotherapy (40 Gy in 16 fractions)
for treatment of patients unfit for surgery, and have achieved
local control in 73% of patients at 2 years [47]. Marijnen et al.
conducted a dose-finding study (the HERBERT trial [48]),
where they combined 39 Gy in 13-fraction external beam
radiotherapy with three brachytherapy boost treatments. The
boost dose was escalated in consecutive patient cohorts from 5
to 8 Gy per fraction, with the optimal dose with respect to
toxicity (grade ≥3 proctitis) identified as 7 Gy per fraction.
Final results regarding oncological outcome have not yet been
published, but the latest trial update at ESTRO 2015 reported
78 % tumour control at 1 year at the optimal boost level [49].
Finally, the results from the Danish watchful waiting trial,
combining external and brachytherapy boosts, were discussed
above. In general, available reports seem to indicate that a
brachytherapy boost is optimally delivered at the end of or
some weeks after completion of external beam radiotherapy,
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where tumour shrinkage ensures that boost treatment volumes
will be minimised. Experience from other cancer sites does,
however, call for cautions regarding the introduction of treat-
ment gaps [50], and this may have to be taken into account in
the design of treatment schedules.

Contact X-ray Therapy (Papillon Treatment)

The use of low-energy (50 kV) contact X-ray therapy for
treatment of rectal cancer was popularised by Papillon from
1950 onwards [51], and this technique is consequently often
referred to by his name. Treatment is delivered by positioning
the tumour directly at the end of a cylindrical, endorectal col-
limator connected to an X-ray source, thus limiting irradiation
to a circular disc corresponding to the distal opening of the
collimator. The low-energy X-rays have very shallow penetra-
tion—fall-off to 50 % of surface dose is reached at ∼7-mm
depth [52]—effectively limiting dose beyond the target. These
characteristics require a somewhat different treatment ap-
proach than for external or brachytherapy treatment, as the
entire tumour seldom can be irradiated to full dose in a single
session. Instead, one treatment fraction is usually followed by
a waiting period of a few weeks, whereby the surface portion
of the tumour is allowed time to regress, before a second
treatment is delivered to the underlying, newly exposed part
of the tumour, and possibly later followed by a third or a fourth
treatment. This does imply that reported doses from Papillon
treatment—commonly two to four times 30Gy, i.e. total doses
often exceeding 100 Gy—cannot be directly compared to
dose delivered with external beam or brachytherapy treatment.

One of the major challenges with the use of endocavitary
contact X-ray treatment relates to limitations on collimator
diameter, which effectively restricts the size and circumferen-
tial involvement of treatable tumours. Generally, tumours can-
not be more than about 5 cm in diameter or involve more than
half of the rectum circumference. Additionally, the rigid na-
ture of the collimator means that only distal tumours can be
reached, and for some tumour positions, it can be very hard to
position the applicator opening sufficiently perpendicular to
the rectal wall. This again limits the proportion of patients who
can be treated using this technique.

Treatment planning and verification are based on visual
guidance of the collimating tube, and thus no additional im-
aging or dose distribution calculations are available for indi-
vidual patients. This may make the treatment quality highly
operator dependent and may have contributed to the limited
use of the treatment technique. Newer treatment units do pro-
vide some additional image guidance facilities compared to
previous designs, but there is still no volumetric imaging or
3D dose calculation available. While the volume of normal
tissue irradiated using contact X-ray treatment is substantially
smaller than for the two previously discussed techniques, nor-
mal tissue toxicity still restricts the radiation doses that can

safely be delivered, and as for brachytherapy treatment, the
main limitation appears to be related to the tolerance of the
rectal mucosa (see below).

The clinical experience with contact X-ray boost for rectal
cancer is much more extensive than for any of the two previ-
ously discussed techniques. A number of publications by
French, American and British groups have demonstrated the
feasibility of using contact X-ray treatment either on its own
or in combination with external beam radiotherapy for defin-
itive treatment of rectal cancer [16, 53–56]. However, pub-
lished studies are almost exclusively retrospective, single-
institution series, with wide mix of patients and radiation
doses, as well as many series using local excision for near-
complete responders. This complicates any attempts at extrap-
olation from published studies to expected outcomes for pa-
tient groups treated with any specific contact X-ray regimen.
In general, though, up towards 80 % of small and/or early
tumours seem to be treatable with radiotherapy alone, when
a combination of external beam and contact X-ray treatment is
employed.

Conclusion

Watch-and-wait treatment strategies are emerging as feasible
and safe treatment options for patients with rectal cancer who
demonstrate clinical complete response after CRT. Reports of
outcomes for patients treated with high-dose radiotherapy in-
dicate that potentially half (or more) of small T1-3 cancers can
be controlled locally using CRT alone. Consequently, upfront
radiation dose escalation with the aim of non-surgical man-
agement is becoming attractive, especially for low tumours or
for patients who are not candidates for surgery.

The published clinical experience with high-dose radio-
therapy followed by watch-and-wait is still limited.
Importantly, the limiting factor for dose escalation—and thus
for the proportion of patients who can achieve tumour control
with radiotherapy alone—is normal tissue toxicity, and very
little information is available regarding late side effects and
functional outcome after high-dose radiotherapy and non-
surgical management. Maas et al. reported excellent function-
al outcome for patients followed with watch-and-wait after
standard long-course CRT [13], and the Danish watchful
waiting trial [17••] found this to be the case after high-dose
CRTas well. Likely, irradiation of part of the rectum up to 60–
70 Gy does not cause major functional problems, as long as
the sphincter is not included in the treatment target. Published
data from the Dutch and Danish studies are still very early,
though, with functional outcome assessed only in the first
couple of years after treatment. Considering the long timescale
for development of fibrosis, deterioration might still happen
with longer follow-up. Additionally, many of the studies uti-
lizing high-dose radiotherapy report late rectal bleeding and
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proctitis—up to 30 % grade 2, and up to 10 % grade 3 [16,
17••, 47]. This observation is in accordance with clinical ex-
perience from other pelvic cancers, such as prostate cancer
radiotherapy, where irradiation of large volumes of the rectum
to excess of 60Gy has been reported to increase the risk of late
rectal bleeding [57]. It may be possible to optimize treatment
techniques to limit this toxicity, for example by using balloon
techniques for endorectal brachytherapy or by using contact
X-ray treatment, but ultimately a certain amount of rectal mu-
cosa will have to be included in the treatment volume. For
contact X-ray treatment, there might also be a risk of induction
of chronic ulcers, and the tolerance dose for this toxicity is not
well-established. Overall, the presently available knowledge
about the relationships between dose, volume and risk of late
normal tissue toxicity after definitive radiotherapy is so limit-
ed that optimization of treatment techniques remains very
challenging.

Comparing the three boost techniques discussed above,
with the current evidence available, the choice of treatment
technique will ultimately depend on the patient population
treated as well as the feasibility of any given technique in
the specific clinical practice. External beam boost is technical-
ly relatively simple and easily implemented in most depart-
ments. Additionally, it places no limits on the size or position
of tumours to be treated. This may thus be the first choice for
departments that want to increase the probability of non-
surgical management for large fractions of the patient popula-
tion undergoing standard neoadjuvant CRT. However, dose
escalation will probably have to be constrained to 10–15 Gy
(due to coincidental normal tissue irradiation, as discussed
above), and there is therefore a limit to the expected propor-
tion of patients who can archive tumour control with CRT
alone. Brachytherapy is technically more complex, especially
if one wants to deliver high-quality, image-guided treatments.
On the other hand, the radiotherapy dose can likely be safely
escalated to substantially higher doses than with external
beam, and preliminary reports from treatment of cohorts of
medically inoperable patients indicate a high proportion of
patients with long-term tumour control. Boost dose is still
limited by dose to the rectal mucosa, though, as demonstrated
by the HERBERT dose-finding study, but brachytherapy
nonetheless provides major advantages in terms of sparing
of other normal tissue in the pelvis. Not all tumours are can-
didates for brachytherapy boost, e.g. very high tumours or
tumours involving large parts of the circumference. Contact
therapy provides for very conformal dose distributions,
avoiding many of the previously mentioned problems with
normal tissue toxicity, but can only be used upfront for rela-
tively small tumours in specific parts of the rectum. Preceded
by external beam radiotherapy, which can induce tumour
shrinkage for patients with more advanced tumours, it may
be an option for larger groups of patients. The specialised
equipment needed for treatment, compared towidely available

linear accelerators and HDR brachytherapy afterloaders, may
limit its attractiveness for most radiotherapy centres, though.
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