Clinical and Translational Radiation Oncology 33 (2022) 15-22

o %

ELSEVIER

Clinical and Translational Radiation Oncology

journal homepage: www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology

Contents lists available at ScienceDirect

ctRO //

Clinical and Translatiogl

Radiation m:olof

GEC ESTRO ACROP consensus recommendations for contact brachytherapy

for rectal cancer

Check for
updates

Alexandra J. Stewart ™", Evert J. Van Limbergen ¢, Jean-Pierre Gerard, Ane L. Appelt
Frank Verhaegen ©, Maaike Berbee ¢, Te Vuong ', Ciarna Brooker *, Tim Rockall ",

Arthur Sun Myint "

2 St Luke’s Cancer Centre, Royal Surrey County Hospital, Guildford, England, United Kingdom

b University of Surrey, Guildford, England, United Kingdom

¢ Department of Radiation Oncology (MAASTRO), GROW —

Netherlands
d Centre Antoine LACASSAGNE, Nice, France

School for Oncology and Developmental Biology, Maastricht University Medical Centre, Maastricht, The

€ Leeds Institute of Medical Research at St James’s, University of Leeds, Leeds, United Kingdom
f Dept. of Radiation Oncology, Jewish General Hospital, Montreal, Canada

8 Clatterbridge Cancer Centre, Liverpool, England, United Kingdom

" University of Liverpool, Liverpool, England, United Kingdom

ARTICLE INFO

Keywords:

Consensus recommendations
Contact X-Ray brachytherapy
Papillon treatment

Rectal cancer

ABSTRACT

Purpose: To issue consensus recommendations for contact X-Ray brachytherapy (CXB) for rectal cancer covering
pre-treatment evaluation, treatment, dosimetric issues and follow-up. These recommendations cover CXB in the
definitive and palliative setting.

Methods: Members of GEC ESTRO with expertise in rectal CXB issued consensus-based recommendations for CXB
based on literature review and clinical experience. Levels of evidence according to the Oxford Centre for Evi-
dence based medicine guidance are presented where possible.

Results: The GEC ESTRO ACROP consensus recommendations support the use of CXB to increase the chances of
clinical complete remission and cure for patients who are elderly with high surgical risk, surgically unfit or
refusing surgery. For palliative treatment, the use of CXB is recommended for symptomatic relief and disease
control. The use of CXB in an organ-preservation setting in surgically fit patients is recommended within the
setting of a clinical trial or registry.

Conclusions: The GEC ESTRO ACROP recommendations for CXB are provided. Recommendations towards
standardisation of reporting and prescription are given. Practitioners are encouraged to follow these recom-
mendations and to develop further clinical trials to examine this treatment modality and increase the evidence
base for its use. The routine collection of outcomes both clinical and patient-reported is also encouraged.

Aim

consensus review of recommendations and group discussion. Majority
consensus was met if 90% or more of the group agreed with the

A steering committee was convened to develop these recommenda-
tions. Members of the Groupe Européen de Curiethérapie European
Society for Radiotherapy and Oncology (GEC ESTRO) with expertise in
rectal brachytherapy were invited to join a panel to review recom-
mendations and provide feedback. Recommendations were based on
literature review and clinical experience. Feedback was provided by

recommendation. Where applicable, level of evidence as per the Oxford
Centre for Evidence Based Medicine is given [1], see Appendix 1. Voting
took place in one meeting hosted by GEC ESTRO and any areas not
achieving majority consensus were further discussed by electronic
means. The guidelines were reviewed and approved by the ESTRO
ACROP (Advisory Committee for Radiation Oncology Practice) .

; GEC ESTRO, Groupe Européen de CuriethérapieEuropean Society for Radiotherapy and Oncology; CXB, Contact X-ray brachytherapy; EBRT, External beam
radiotherapy; TME, Total mesorectal excision; cCR, complete clinical response; kV, Kilovoltage; TEMS, Transanal endoscopic microsurgery; GTN, Glyceryl-trinitrate;
GTV, Gross tumour volume; CTV, Clinical target volume; PTV, Planning target volume; MRI, Magnetic resonance imaging; US, Ultrasound; NTCP, Normal tissue
complication probability; ACROP, Advisory Committee for Radiation Oncology Practice.
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The aim of these recommendations is to develop guidance for
referring and treating practitioners for the assessment, treatment and
follow-up of patients receiving contact X-Ray brachytherapy (CXB) for
rectal cancer and to start to standardise dose reporting for future
outcome comparison.

Introduction

Rectal cancer is a leading cause of cancer morbidity and mortality
worldwide. In 2020 colorectal cancer was the fourth most common
malignancy worldwide [2]. It’s likely that approximately a third of cases
were rectal cancer since in 2010-2012 in the UK rectal cancer comprised
32% of colorectal cancer cases in men and 23% in women [3]. In
2016-2018 43% of colorectal cancer cases occurred in patients aged 75
or over [4]. Rectal cancer can be treated with a variety of modalities.
Surgery is the mainstay of treatment with chemotherapy and neo-
adjuvant external beam radiotherapy (EBRT) traditionally used for
more advanced disease. However, surgery can result in formation of a
permanent stoma and the risks of postoperative morbidity and mortality
rise with advancing age [5]. Therefore, there is increasing interest in
developing alternative methods of disease control that decrease the risks
of morbidity and mortality associated with surgery, especially in an
elderly population. There are few randomised studies comparing organ
preservation to rectal excision. Five year results from the GRECCAR 2
study which 148 randomised patients with a good clinical response from
neo-adjuvant chemo-radiotherapy (residual tumour < 2 cm) to local
excision or total mesorectal excision (TME) have shown that there was
no difference in oncologic outcomes between the techniques [6]. There
were 5 local recurrences in each group, all of which were endoluminal
with no pelvic lymph node recurrence, importantly one local recurrence
occurred in the 5th year of follow up emphasising the important of long-
term surveillance. Rectal preservation strategies utilising radiotherapy
without surgery have also been described and non-randomised studies
appear to show similar results to surgical series for disease-free and
overall survival, with slightly higher local recurrence (often termed
regrowth in the non-operative setting) [7,8]. However, the optimal dose
of radiotherapy required to achieve complete clinical response (cCR) is
unknown. Consequently, different techniques have been used to escalate
the dose of radiation delivered to the tumour, CXB is one of these.

Brachytherapy is the delivery of radiotherapy in very close proximity
to a tumour. Due to its very steep dose gradient, brachytherapy enables
the delivery of a very high dose to the tumour with a simultaneous
decrease in the volume of normal tissue irradiated compared to con-
ventional EBRT. Therefore brachytherapy can increase treatment

Table 1
Inclusion and Exclusion criteria for definitive local CXB treatment in surgically
fit patients.

Inclusion

1. Mobile non-ulcerative exophytic tumour < 10 cm from anal verge (due
to applicator length)

2. Tumour < 3 cm at the time of CXB (due to applicator size)

3. Clinically and radiologically staged T1 or 2 or 3a/N0/MO (unanimous
consensus). T3b or N1 (limited) with good downstaging following EBRT
(majority consensus)

4. Well/moderately differentiated tumour (unanimous consensus), poorly
differentiated (minority consensus to include these patients)

5. No lymphovascular or venous invasion (majority consensus)

Exclusion

1. Mucinous tumours

2 Tumour within the anal canal

3. Patients not wanting follow-up

4 Anterior tumour following TEMS surgery in women (potentially higher
fistula risk)*

5. Patients who cannot undergo MRI surveillance**

*relative contraindication.
**relative contraindication for older patients who could undergo CT and
endorectal ultrasound imaging surveillance instead.
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efficacy [9] while keeping toxicity in check [10]. As such, brachyther-
apy has been used successfully for curative organ sparing treatment of
rectal cancer either alone for limited T1 tumours, or in combination with
EBRT +/- concurrent chemotherapy for more advanced disease. Rectal
cancer patients can be divided into three groups: group 1; Resectable
tumour and surgically fit, group 2; resectable tumour and not surgically
fit, group 3; unresectable tumour or palliative. The justification and
choice of brachytherapy modality depends on which of these groups the
patient falls into and the individual characteristics of the tumour. As
well as the potential efficacy of the technique, the potential toxicity must
also be considered [11]. The choice of technique may also vary ac-
cording to local equipment availability.

CXB was first used in Germany then France and was popularized by
Professor Papillon in Lyon [12], thus is often called the Papillon tech-
nique. Since the inception of the technique, technology has improved
and the majority of modern series use a dedicated 50 kV X-ray tube with
high voltage generator (Ariane, Derby, UK). A further rectal CXB ma-
chine delivering radiation via a miniature 50 kV X-Ray source is under
investigation (Axxent, Xoft iCAD, San Jose, California, USA). Since both
machines utilise 50 kV, dosimetry and dose fall-off for the miniature
source is similar to the X-ray tube though treatment times are longer
(dose delivery is 2.1 Gy/minute compared to 10-12 Gy/minute) [13]. A
new applicator has been developed for use with the Axxent device with
lateral windows and the ability to visualise the tumour and allow quality
control monitoring during treatment. The applicator modifications aim
to allow all patients to be treated in the supine position and shorten the
treatment time to 2 min. The Whistle study NCT 04336202 will examine
clinical outcomes using the miniature X-Ray source technique with the
newer applicator in combination with EBRT in 45 non-operable elderly
patients [14]. A HDR after-loaded applicator (Varian, Palo Alto, USA)
with a dose profile similar to 50 kV X-rays is in development but has not
yet been used clinically [15,16]. This applicator has a slanted applicator
edge for easier placement and Monte Carlo modelling shows similar
dosimetry and dose fall off to 50 kV X-Rays with slightly longer treat-
ment times (e.g. under 9 min for a 20 mm applicator).

Since there is no published clinical evidence on the Xoft or the HDR
afterloader CXB techniques yet, these recommendations will focus on
the use of 50 kV X-Rays delivered directly onto the rectal mucosa using a
50 kV X-Ray tube.

Use of CXB has been described for potentially operable patients as
part of an active surveillance organ preservation technique or for pa-
tients who are not medically fit for surgery or refuse surgery. An inter-
national group, ICONE (International COntact radiotherapy NEtwork),
collaborates over techniques, outcomes, data collection and develop-
ment of randomised trials to examine the technique. In France, Haute
Autorité de Santé (HAS) certified CXB as an efficient treatment for rectal
cancer stages T1-3, NO in October 2008 [17]. In the UK, the National
Institute for Health and Care Excellence (NICE) assessed the use of CXB
for early rectal cancer in September 2015 and issued recommendations
for its use in medically operable and inoperable populations [18]. NICE
only recommends CXB within clinical trials for patients with locally
advanced rectal cancer [19].

It is important to consider an organ-preserving approach from the
outset when choosing a patient’s initial treatment strategy so that
appropriate EBRT treatment target volumes can be selected. For patients
who are surgically fit, it should be documented that CXB is being un-
dertaken as an organ sparing approach and the patient is aware that
local regrowth rates may be higher than TME and that surgery will still
be recommended in cases of incomplete response or local regrowth. It is
recommended that these patients who are surgically fit should be treated
either within a clinical trial or in a registry with a well-defined follow-up
protocol in line with international standards [20]. The patient should
also be aware that since the rate of local regrowth in the rectum and
mesorectum may be higher following organ preservation with radio-
therapy alone than with TME more intensive surveillance is required
following CXB than after TME surgery so that early surgical intervention
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Table 2
Low risk features following T1 tumour local excision.

Well/moderately differentiated adenocarcinoma
No Lympho -vascular invasion

Tumour size < 3 cm

Resection margin > 1 mm

Depth of penetration Kikuchi stage sm1

gAwN e

can be instituted if there is regrowth. It is also important to explain that
surgery may be more complex several years after pelvic EBRT due to the
development of fibrosis, risking greater morbidity.

Patient selection

Age and co-morbidity are important considerations when selecting
an organ-preservation approach. In young patients undergoing any
pelvic radiotherapy the risks of infertility or second cancer [21] may be
higher and must therefore be taken into consideration when considering
an organ-preservation approach. In very old patients, age may be a
factor, Faiz et al. demonstrated that patients over 90 have a 10% higher
one-year mortality following surgery for distal bowel cancers than
proximal tumours [5]. Smith et al. performed decision modelling which
demonstrated the organ preserving techniques may offer a 10% survival
benefit in patients over 80 [22]. Therefore strategies avoiding major
pelvic surgery may be preferable in very old patients. Allowing the pa-
tient to be fully involved in a shared decision making process is para-
mount. Further research into patient reported outcomes is essential to
aiding this process.

Table 1 demonstrates the selection criteria for surgically fit patients
with low rectal cancer who wish to have CXB as part of an organ-
preserving treatment. These criteria have been developed using clin-
ical experience and expert opinion. For surgically unfit or very old pa-
tients with early T1-T2 rectal cancers the criteria can be slightly wider,
particularly for histopathologic parameters. Patients with larger cancers
must have a good response to EBRT to be considered for CXB boost, as
the residual tumour must fit within the maximal size of the CXB treat-
ment applicator, which is 3 cm. Patients who refuse surgery can also be
considered for CXB even if they do not fulfil all of the selection criteria in
Table 1 since it is likely to offer improved sphincter preservation than
EBRT alone, level 1b [23].

Patients that have undergone excision of malignant polyps can also
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be offered CXB +/- EBRT to decrease the risk of local regrowth, level 2b
[24]. Patients with low-risk (see Table 2) incompletely excised or close
margins pT1 tumours following local excision (R1 resection) can have
CXB to the tumour site if they are not fit for further surgery. EBRT to the
mesorectum only can be considered depending on the calculated lymph
node risk [25], tumour location in the rectum and patient fitness. Pa-
tients with pT1 SM2 or above or pT2 tumours following local excision
can have CXB to the excision site combined with EBRT +/- chemo-
therapy, depending on patient fitness, if they are either surgically unfit
or if they wish to pursue an organ-preserving approach when completion
surgery would otherwise require permanent stoma formation [24].

Clinical evaluation and practical aspects

All patients should undergo an MRI scan of the pelvis for full staging
unless it is contra-indicated. Endorectal ultrasound scans are very
helpful, particularly for differentiating between T1 or T2 disease. A CT
scan of the chest and abdomen should be performed to stage the cancer
outside the pelvis. Ideally prior to offering treatment to the patient, the
imaging and histopathology of each patient should be discussed in a
multi-disciplinary setting with a specialist radiologist, clinical/radiation
oncologist and colorectal surgeon present. Other members may include
a histopathologist and clinical nurse specialist or similar patient advo-
cate. A geriatric medical assessment may be beneficial in the elderly.
Determination of surgical fitness should follow recognised local and
national recommendations with high-risk anaesthetic assessment if
required. The choice of treatment should depend on the therapeutic goal
and should be carefully evaluated against possible alternatives
regarding safety, toxicity and efficacy, as well as the potentially invasive
nature of the procedure. If a patient is surgically fit and brachytherapy is
being considered as part of an organ preservation approach, the patient
should have the opportunity to discuss treatment options and possible
toxicities with both the surgeon and the clinical/radiation oncologist to
ensure that they are aware of all available options.

At the time of CXB, it is helpful to review the original diagnostic
endoscopy report and imaging. The endoscopist may tattoo to aid
applicator positioning e.g. small dots in four corners around the lesion,
especially if the tumour is > 3 cm at presentation and EBRT will be used
prior to CXB. If the patient is on aspirin or anti-coagulation treatment,
consideration can be given to stopping it before the procedure. Guidance
regarding endoscopy in patients on antiplatelet or anticoagulant therapy

Fig. 1. 1A-Photograph to demonstrate a patient in the ‘knee-chest’ position for CXB. 1B-Photograph to demonstrate a patient in the lithotomy position receiving CXB.
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may aid decision making in this area [26]. Patients requiring long-term
anti-coagulation should be counselled that there is a higher risk of the
late complication of bleeding following brachytherapy treatment. It is
acceptable to treat the patient without any previous dietary preparation.

Timing of CXB treatment

CXB is a superficial radiotherapy treatment. The dose is prescribed at
the applicator surface. The dose falls off rapidly and is approximately
60% at 0.5 cm and 40% at 1 cm (with slight variation according to
applicator size) [27,28]. Exophytic tumour which extends inside the
applicator will receive a proportionally higher dose, this is difficult to
quantify due to the steep dose gradient close to the X-Ray target.
Therefore patients whose tumours extend deeper into the rectal wall (T2
and above) will also need EBRT to treat the deep aspects of the tumour.
The EBRT should cover the mesorectum to cover the risk of microscopic
nodal metastases and other nodal volumes at risk of metastases depen-
dant on tumour staging.

If EBRT has been used as initial treatment, a break of two to six weeks
between end of EBRT treatment and CXB has sometimes been used,
especially in historical series. The OPERA trial used a 2-3 week interval
between CXB and EBRT. A shorter break (or no break at all) may
theoretically be preferable to minimise the risks of tumour repopulation.
Patient comfort or tumour size may in some cases necessitate a slightly
longer interval allowing resolution of EBRT toxicity or tumour
shrinkage. There is no data available on what the optimal overall
treatment time should be or the magnitude of the detrimental effect if
this interval is exceeded [9]. MRI should be performed following EBRT
and prior to brachytherapy to assess response in tumours which were
bulky at presentation (T3B or above) to ensure that the post EBRT
tumour thickness is suitable for the depth dose profile of CXB. Most
practitioners perform this MRI response assessment between 3 and 7
weeks after the EBRT, with brachytherapy performed soon after the
MRI. Ideally the residual tumour should extend <5 mm deep to the
mucosal surface at the time of CXB due to the relatively superficial depth
penetration of the 50 kV X-Rays.

Practical aspects of the CXB procedure

On arrival, the patient will receive an enema and empty their bowels.
Glyceryl-trinitrate (GTN) ointment can be applied around the anal
sphincter at the time of enema insertion if it is not medically contra-
indicated. Topical lidocaine 2% gel can be inserted into the ano-
rectum prior to applicator insertion for additional pain relief. A vari-
ety of treatment positions can be used for rectal brachytherapy. Use of
the ‘knee-chest’ prone position for CXB, see Fig. 1, causes the sphincter
to relax and the rectum to open giving optimal views possibly with less
patient discomfort. However, this may not be ideal for posterior tumours
or may not be possible for elderly, frail patients. In this instance, the
lithotomy position can be used. Occasionally a lateral lying position can
be used. Most institutions do not routinely use sedation for rectal
brachytherapy, though use of inhaled nitrous oxide, intravenous seda-
tion or general anaesthesia can be considered in patients who experience
discomfort and are medically fit. Following the procedure, the patient
may have postural hypotension, especially if they have been prone for
treatment, so they must rise slowly and with support.

Immediately prior to treatment, an assessment is made of the tumour
or scar using digital palpation of the rectum and rigid rectoscopy. An
applicator of the appropriate size is selected. Clinical experience has
shown that the applicator should encompass the tumour with an
approximately 2 mm margin, level 5. This often results in applicator size
decreasing with subsequent fractions. Verrijssen et al. demonstrated on
excised tumour specimens that 95% of the tumour cells lie within a 5.5
mm margin of the macroscopic visible tumour [29]. Overall, 80% of
tumours had no surrounding microscopic tumour cells. This information
should be taken into account when selecting an applicator to cover
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visible disease residual. If no tumour is visible, the applicator should be
selected to cover the scar or site of original tumour. Local anaesthetic gel
is placed around the rectum and on the applicator. The treatment
applicator is gently introduced into the rectum. The central obturator is
removed from the tube. The applicator position is checked by direct
visualisation and the applicator is positioned over the tumour/scar. If
there is bleeding which impedes views, topical application of tranexamic
acid may be helpful. The applicator is clamped into place. A pre-
treatment photograph is taken using the external camera. The treat-
ment tube is gently inserted. An independent check is made of the time
required for treatment delivery and the treatment is administered. It is
important to watch the patient carefully during the treatment and
interrupt treatment if applicator movement is detected. If the applicator
or tumour moves during the treatment it may be appropriate to
administer a 4th fraction at lower dose, dependant on tumour response
by fraction 3, evidence level 5. A maximal CXB dose of 110 Gy over 4
fractions is considered safe [30]. Using a 50 kV X-Ray tube, it may be
safe to occasionally manually hold the treatment applicator in place
during treatment if the physician uses appropriate radiation protection
measures and monitors cumulative radiation dose to ensure that annual
limits are not exceeded and that local radiation protection procedures
are followed.

After treatment tube removal, a post-treatment photograph is taken
using the external camera.

Target volume definitions and CXB dose schemes

At the time of CXB, the gross tumour volume (GTV) comprises the
visible rectal tumour. Any residual ulcer will also be considered GTV as
it is likely to contain tumour cells. The clinical target volume (CTV) is
defined as the GTV plus a margin of up to 5.5 mm (historically a mini-
mum of 2 mm margin has been used in most series) or the post-operative
scar in the setting of previous tumour excision. If the scar is very large
the histologic margins can be subtracted from the scar to ensure
coverage. A margin does not need to be added for planning target vol-
ume (PTV) since the tumour is directly visualised throughout. CXB dose
is prescribed at the exit applicator surface (all doses described in these
guidelines are at the exit applicator surface). Dose prescription is not
adapted to parameters such as tumour thickness and therefore a minimal
tumour dose cannot currently be described. Due to the inability to image
at the time of applicator placement, the doses to the deeper aspects of
the tumour or structures at risk of toxicity, such as vascular plexus,
cannot currently be determined. This is an area that would benefit from
future research. It is recommended to report the tumour thickness at the
start of treatment as determined by MRI and/or endorectal US, if
possible noting what component is exophytic from the mucosal surface.

Quality control for contact brachytherapy should be as per published
guidance [31] and supported by appropriate external audit [32]. If the
applicator is not fully applied to the mucosa but is at an oblique angle, it
must be recognised that some of the tumour will receive a lower total
dose than the prescription dose, the prescription dose is not changed in
this instance. As definitive treatment, a variety of dose schemes have
been employed over time. When 60 Gy in 2 fractions was used in com-
bination with EBRT as non-operative treatment of rectal cancer, higher
rates of local regrowth were seen than in published studies which used
higher CXB doses [33], thus higher doses are recommended in these
guidelines, level 2a. A variety of doses have been employed as a boost to
pelvic EBRT. Table 4 presents results of modern retrospective series
using a median dose of at least 80 Gy in 3 fractions as a boost dose before
or after pelvic EBRT. In general, fractions are administered at two
weekly intervals to allow time for response assessment and resolution of
normal tissue toxicity between fractions.

Patients with TINO low risk tumours (see Table 1) who have a low
predicted lymph node risk can receive CXB alone (no EBRT or surgery)
after appropriate counselling. The dose used in this instance is 110 Gy/4
fractions (30 Gy/30 Gy/30 Gy/20 Gy). If there is insufficient tumour
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shrinkage by the time of the third fraction (defined as little or no change
in tumour size) then surgery should be considered instead in operable
patients as this implies that the tumour may not be very radiosensitive
and may have been under-staged with MRI. For inoperable patients the
third fraction of CXB should be administered and EBRT added to cover
any tumour penetration not covered by CXB and to deliver dose to the
mesorectal lymph nodes as the tumour is likely to be more aggressive
than initial staging suggested (level 5 evidence). In a study of 194 pa-
tients who received local excision with CXB afterwards due to high-risk
features 55% of patients also received EBRT [34]. The local recurrence
rate was 7.7% at 77 months median follow up. Organ preservation was
achieved in 95% of patients. This compares with other studies of similar
patients showing local recurrence rates of 7% after completion surgery
[35] or 14% after adjuvant EBRT [36].

The randomised Lyon R96-02 [23,37] trial employed 85 Gy in 3
fractions (30 Gy/30 Gy/25 Gy) with 39 Gy in 13 fractions EBRT for
patients who were operable but a non-operative approach was preferred
for medical co-morbidity, age or patient choice, level 1b. These CXB and
EBRT dose/fractionation schemes were also used by Gerard et al. in later
published prospective series, level 2b [38,39]. Sun Myint et al. treated a
proportion of surgically unfit patients with either 25 Gy in 5 fractions or
45 Gy in 25 fractions EBRT and a CXB boost of 110 Gy in 4 fractions (30
Gy/30 Gy/30 Gy/20 Gy) [30]. However the majority of patients in
published cohorts have been treated with either 25 Gy in 5 fractions or
45 Gy in 25 fractions EBRT and CXB 90 Gy in 3 fractions (30 Gy per
fraction), level 2b [40,41]. Use of 25 Gy in 5 fractions EBRT as an
alternative to ‘long-course’ EBRT +/- chemotherapy has not been widely
studied but is considered acceptable practice, with studies in the pre-
surgical setting showing similar local control outcomes to both regi-
mens [42,43].

The ICONE consensus view was that using the same dose per fraction
was less likely to result in radiation administration errors, level 5 with
majority consensus. It was also felt that using a higher dose (110 Gy in 4
fractions) as a boost to EBRT outside a trial setting had not significantly
improved control and risked higher toxicity, but may be used safely in
some circumstances where it is felt that clinical conditions during
treatment may have resulted in less than the intended 90 Gy being
delivered to the tumour over 3 fractions, such as oblique applicator
placement or applicator movement during a fraction, level 5 with ma-
jority consensus. Entry of potentially operable patients into clinical trials
is recommended [44]. The OPERA trial (NCT02505750) comparing a
CXB boost to an EBRT boost in medically fit patients receiving chemo-
radiotherapy to the pelvis has now closed to recruitment and results
are awaited. Other patients receiving CXB should be entered into a
registry such as the NICE recommended database (www.color-
ectaldatabase.co.uk) which enables reporting of outcomes by centre but
also enables combining of outcomes for all participating centres.

Following local tumour excision there may be a risk of tumour
recurrence. Bach et al. have defined risk factors for tumour regrowth
following local excision [45]. Patients with low risk pT1 tumours (see
Table 2) unfit for or unsuitable for transanal endoscopic mucosal surgery
(TEMS) full-thickness excision can be treated with CXB alone. Following
TEMS for patients with higher risk features and RO tumours a lower CXB
dose can be delivered (60 Gy in 2 fractions CXB) but following R1 tu-
mours if there is visible residual at the time of CXB a higher dose may be
required (90 Gy in 3 fractions CXB), level 2b. Patients with higher risk
pT1 tumours or pT2/3 tumours require EBRT in addition to CXB to
sterilise potentially positive mesorectal lymph nodes. Frin et al. help to
define the recommendation for EBRT using a risk of positive lymph
nodes > 10% [39]. There is no majority consensus on dose following
local excision. 30-40 Gy in 2 fractions CXB has been described, level 2b
[39], with EBRT using the parameters described above, with a local
regrowth rate of 4% (1/20 patients). In an older series Gerard et al.
treated 43 patients with a brachytherapy boost following local excision,
30/43 received 45-50 Gy in 3 fractions CXB alone, 1/43 received 15 Gy
in 1 fraction CXB and EBRT and the remaining patients had interstitial
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Table 3
Dose recommendations for Contact X-Ray Brachytherapy (see appendix 1 to
describe the Grade of recommendation).

Stage Dose and number of Notes
fractions
Initial Treatment
Post excision (low-risk Preferred
T1, see Table 2) 40-60 Gy in 2F,
Grade B
Acceptable

50 Gy in 3F (20 Gy/
15 Gy/15 Gy), Grade
C

Preferred

40-60 Gy in 2F

Post excision (T2 or
high-risk T1, see

With EBRT 45-50 Gy/25F +
capecitabine if fit or 25 Gy/5F

Table 2) (completely excised) if less fit
90 Gy in 3F (disease
residual), Grade B
T1NO 110 Gy in 4F If inadequate tumour response

(30 Gy/30 Gy/30
Gy/20 Gy), Grade C

at 3rd F fit patients should
proceed to surgery and unfit
patients should have 3"F and
then have EBRT 45-50 Gy/25F
+ capecitabine if fit or 25 Gy/
5F if less fit

With EBRT 45-50 Gy/25F +
capecitabine if fit or 25 Gy/5F

T2/3N0/1 (surgically
fit) T4 or any N2

Preferred
90 Gy in 3F (30 Gy/

(surgically unfit or 30 Gy/30 Gy), Grade if less fit
palliative) C
Acceptable

85 Gy in 3F (30 Gy/
30 Gy/25 Gy), Grade

B
110 Gy in 4F (30 Gy/
30 Gy/30 Gy/20 Gy),
Grade D
Retreatment
Any 90 Gy in 3F (30 Gy/ Consideration must be given to
30 Gy/30 Gy) previous radiotherapy doses
110 Gy in 4F (30 Gy/
30 Gy/30 Gy/20 Gy),
Grade D
Abbreviations.
EBRT external beam radiotherapy.
F fraction.
Gy Gray.

implants +/- EBRT [46]. The local regrowth rate was 2.3% (1/43) with
perirectal nodal relapse in 4.7% (2/43), level 2b. In the UK, 60 Gy in 2
fractions CXB alone is used for low risk cancers following local excision
with the addition of EBRT for higher risk tumours 45 Gy in 25 fractions
with capecitabine or for less fit patients EBRT alone 25 Gy in 5 fractions,
level 2b.

The data on toxicity following CXB is relatively limited. The toxicity
of CXB appears to be acceptable with an overall grade 3 toxicity of 3%,
level 2a [11]. Sun Myint et al. showed a rate of bleeding in 28% of pa-
tients (grade 1-3), increased in patients on anti-coagulation [47]. 10%
of patients in this series required argon plasma coagulation. Future
registries and randomised studies are encouraged to prospectively
collect toxicity data and patient reported outcomes.

In the setting of a rectal cancer developing in a pelvis previously
irradiated for another cancer, CXB alone can be used if surgery is
declined or contra-indicated, level 5. This is less likely to be curative in
nature, depending on the depth of tumour invasion or other adverse
tumour characteristics and the subsequent risk of nodal relapse or local
recurrence. If local regrowth has occurred following EBRT alone for
rectal cancer using an organ-preserving approach and surgery is contra-
indicated due to metastatic disease or intercurrent illness, CXB can be
used. In both instances, up to 110 Gy in 4 fractions (30 Gy/30 Gy/ 30
Gy/20 Gy) can be used dependent on previous EBRT dose and time-
interval since treatment. This approach may provide better control
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Table 4
Table to present recent results of Contact X-Ray Brachytherapy (CXB) combined with external beam radiotherapy (EBRT) for rectal adenocarcinoma.
Name, year Recruitment Total no. of patients EBRT dose CXB dose Response rates Toxicity
period reported (no. receiving
CXB alone)
Gérard, 2002 1986-1998 63 39 Gy/13F 35-140 Gy/1-4F cCR 58/63 (92%) LR-18/58 0% G3/4 toxicity
[49] (mean 80 Gy/3F) (31%)
0S8-64% 5 year, 45% 10 year
Sun Myint, 2003-2012 200 (17) 45/25F + chemo (127), 39 Mean 90/3F cCR 144/200 (72%)-plus 8 0% G3/4 toxicity
2017 [47] Gy/13F or 25 Gy/5F if unfit before or after /38 had pathCR at surgery 39% G1/2 bleeding
(56) LR 16/144 30% G1 rectal ulcer
(11%)
DFS 53% 5 years
Dhadda, 2011-2015 45 45 Gy/25F + capecitabine or ~ 90/3F before or cCR 36/42 (86%) LR 5/36 1/42 (2%) G3 toxicity
2017 [41] 3 25 Gy/5F if unfit after (14%) 2 year
Frin, 2017 2002-2014 112 50 Gy/25F 60-90/2-3F T2-early T3, NO group 43/45 9% (8/92) late G3 toxicity
[39] (20) + chemo before or after (96%) cCR LR 3/43 (including 3 fistulae post
(11%) 5 yr APER)
4/45 in T2-early T3,NO
group
Gérard, 2019 2002-2016 74 50 Gy/25F (69) + chemo 90-110 Gy/3-4F cCR 69/74 (93%) at 1 year 11% (8/74) late G3 toxicity
[50] 2 (49/69) before or after (cCR 31/74 at 14 weeks) LR Rectal bleeding 34% late

25 Gy/5F (3)

7/71

G1/2,10% G3

(10%) 5 yr
DFS 88% 3 yr
OS 74% 3 yr

ERUS Endo rectal ultrasound.
F fractions.

cCR clinical complete response.
LR local relapse.

OS overall survival.

than chemotherapy or no treatment but the numbers of patients treated
are small so although the procedure appears to be safe, full data on ef-
ficacy are unknown. Retreatment using CXB for local regrowth following
initial CXB treatment has been used but there is insufficient evidence for
safety and efficacy. Therefore this should only be used for patients in
whom surgery would be contra-indicated and the patient should be
appropriately consented for a potential increase in post-treatment
toxicity.

Currently there is no method available to reconstruct the cumulative
dose to the tumour and bowel wall following EBRT and CXB, hampering
the development of dose response relations to tumoural tissue or normal
tissue complication probability (NTCP) relations. Dose reporting at the
applicator surface is currently the only method that is practical and is
therefore the recommended way to report dose. However, it is noted that
this method holds no direct relation towards the dose received by critical
structures in the bowel wall responsible for toxicity, or dose received by
the deeper aspects of the tumour. There is rapid dose fall off for CXB
delivered using the 50 kV X-Ray tube and this must be taken into ac-
count as other methods of CXB are developed and dose/fractionation
schemes are chosen. If available, endorectal ultrasound can be used to
determine tumour depth. Development of this technique is encouraged
and it may be used in the future to improve dose reporting and predic-
tion of response.

Conclusions

Contact X-Ray brachytherapy appears to be an efficacious technique
for the treatment of rectal cancer and may allow rectal preservation in
selected patients. It appears to be safe, with acceptable toxicity, and is
particularly valuable for medically frail or very old patients in whom an
organ-sparing approach is likely to result in lower mortality than sur-
gery [22]. Economic analysis demonstrates that use of CXB in poten-
tially operable patients with a low rectal cancer is a cost-effective
approach [48]. These GEC ESTRO ACROP recommendations recom-
mend the dose schemes in Table 3 for rectal CXB, though other schemes
may be considered based on institutional experience and calculated
biological equivalence. Entry into clinical trials is recommended for

20

appropriate patients.

Use of the Guildford database to collect clinical data is recommended
for UK CXB patients in the NICE guidance for CXB (www.colorectaldatab
ase.co.uk) and this database can also be used for CXB patients interna-
tionally as well as surgical patients for comparison. The routine collec-
tion and publication of outcome data including patient reported
outcomes (PROs) is recommended. Further development of clinical trials
is encouraged. These recommendations recommend definitive, boost
and retreatment doses as described in Table 3. These recommendations
advise reporting of tumour depth to enable future refinement of dose
prescription and target definition.

Disclaimer

These recommendations represent the views of the authors, the GI
GEC-ESTRO working party and the ICONE group regarding currently
accepted treatment and have been reviewed by the ESTRO ACROP
committee. The suggested doses result from published evidence and
clinical experience. The clinician should use their judgment to select
appropriate treatment approaches, including dose and fractionation for
their patients. The recommendations will be updated as clinical expe-
rience increases.
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Appendix 1

Grades of recommendation

A Consistent level 1 studies

B Consistent level 2 or 3 studies or extrapolations from level 1 studies
C Level 4 studies or extrapolations from level 2 or 3 studies

D Level 5 evidence or troublingly inconsistent or inconclusive studies
of any level

Levels of evidence

1a Systematic review of randomised controlled trials

1b Individual randomised control trial

1c All or none®

2a Systematic review (with homogeneity*) of cohort studies

2b Individual cohort study (including low quality randomised
controlled trial; for example, <80% follow-up)

2c¢ ‘Outcomes’ research; ecological studies

3a Systematic review (with homogeneity*) of case- control studies
3b Individual case-control study

4 Case series (and poor quality case series and cohort studies)

5 Expert opinion

*In this context, homogeneity means a systematic review that is free
of worrisome variations (heterogeneity) in the directions and degrees of
results between individual studies. Not all systematic reviews with sta-
tistically significant heterogeneity need be worrisome, and not all
worrisome heterogeneity need be statistically significant. As noted
above, studies displaying worrisome heterogeneity should be tagged
with a ‘-’ at the end of their designated level.

SMet when all patients died before the treatment became available,
but some now survive on it; or when some patients died before the Rx
became available, but none now die on it.

88In this context, poor-quality cohort study means one that failed to
clearly define comparison groups and/or failed to measure exposures
and outcomes in the same (preferably blinded), objective way in both
exposed and non-exposed individuals and/or failed to identify or
appropriately control known confounders and/or failed to carry out a
sufficiently long and complete follow-up of patients. In this context,
poor quality case-control study means one that failed to clearly define
comparison groups and/or failed to measure exposures and outcomes in
the same (preferably blinded), objective way in both cases and controls
and/or failed to identify or appropriately control known confounders.
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