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Abstract

The National Institute for Health and Care Excellence (NICE) has recommended the use of contact X-ray brachytherapy (CXB) for rectal cancer patients who are
not suitable for surgery. At present, patients with early rectal cancer who wish to avoid major surgery and a stoma are not usually offered CXB as an alternative
treatment option to surgery. The main reason for this has been a lack of large, randomised trial evidence, hence NICE encouraged provision of this evidence in
their recommendation. In 2015, the OPERA (Organ Preservation in Early rectal Adenocarcinoma) trial was set up and the 3-year organ-preservation results were
presented at the American Society of Clinical Oncology (ASCO) meeting in Chicago on 4 June 2022. We are now awaiting full publication of the OPERA results.
Most rectal cancer patients who are not suitable for surgery are currently offered external beam radiotherapy (EBRT) with or without chemotherapy after the
multidisciplinary discussions. Clinical complete response (cCR) rates vary between 20 and 50% after EBRT. Those who achieve cCR usually adopt a ‘watch and
wait’ policy, but patients who have residual disease are often not offered any additional treatment. We hypothesised that dose escalation with a CXB boost could
achieve a higher cCR and therefore lead to improved organ-preservation rates. This was the rationale behind the OPERA trial, which randomised patients
between standard of care [EBRT with chemotherapy (EBCRT)] followed by an EBRT boost against EBCRT with a CXB boost to evaluate the role of CXB in dose
escalation. In 1993, the first CXB centre was established in the UK at Clatterbridge Cancer Centre. There are now four centres offering CXB in the UK and 10
centres in Europe. Patients should be provided with full information during the consent discussion and offered all the treatment options that are available, so
that they can share in decision making and be empowered to make treatment decisions of their choice after proper fully informed consent. Randomised trial
evidence of the role of dose escalation with CXB from the OPERA trial, when published, will help in consenting patients who are keen to avoid surgery. We hope
this review will help to provide some information about who should be offered CXB, when this modality should be offered and how this is delivered.
� 2022 Published by Elsevier Ltd on behalf of The Royal College of Radiologists.
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Background

In the last decade, there has been a paradigm shift in the
management of early rectal cancer, with the ‘watch and
wait’ strategy gaining interest as it avoids extirpative sur-
gery and a stoma. There has been a realisation of over-
treatment of some early low rectal cancers with
abdomino-perineal excision of rectum, which was an
operation designed for more advanced cancers a century
adiologists.
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Table 1
Comparative outcomes

Study n Treatment cCR Local regrowth Organ preservation

Habr-Gama et al. [2] 183 EBCRT þ chemotherapy
45 Gy/25/35 þ 9 Gy

49% 31% 28%

Appelt et al. [3] 55 EBCRT þ HDR (boost)
60 Gy/30/42 þ 5 Gy

73% 23% 56%

Renehan et al. [4] 129 EBCRT
45 Gy/25/35

NA 38% NA

Sun Myint et al. [5] 200 EBCRT þ CXB (boost)
45 Gy/25/35 þ 90 Gy

72% 11% 65%

EBCRT, external beam radiotherapy with chemotherapy; HDR, high dose rate; CXB, contact X-ray brachytherapy; cCR, clinical complete
response.

A. Sun Myint et al. / Clinical Oncology xxx (xxxx) xxx2
ago. For those patients who opt for a watch and watch
strategy, the mainstay of treatment begins with external
beam radiotherapy (EBRT), as advocated by the S~ao Paulo
group. However, evenwith escalation of the EBRT dose from
45 to 54 Gy and the addition of chemotherapy, the local
regrowth rates remain high and fewer than half of patients
achieve organ preservation [1] (Table 1). An alternative
option is to use dose escalation with contact X-ray brachy-
therapy (CXB) as a boost after EBRT [5,6]. CXB uses low-
energy X-rays targeted directly on the tumour and there is
rapid fall off of radiation dose beyond the tumour. Due to its
very low energy (50 KVp), the penetration of radiation dose
at depth from CXB is limited to the first 10e20 mm
(Figure 1). This is the major advantage of CXB compared
with other types of dose escalation. Therefore, CXB allows a
very high dose of radiation to be applied directly on the
tumour with minimal collateral damage to the normal
surrounding tissues [5,6].

Although CXB has been around for more than 90 years, it
has never been regarded as a standard of care in rectal
cancer. The treatment of low-energy X-rays started before
Fig 1. Papillon applicator
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the Second World War, with a machine made by the
Siemens company from Berlin to treat patients with cervical
carcinoma. Many cases of rectal cancer were treated as well
[7]. Siemens stoppedmanufacturing their machine after the
Second World War and the Philips company from the
Netherlands took over and continued making low-energy
RT50 machines for rectal cancer treatment. The Mont-
pellier group took up non-surgical treatment of rectal can-
cer first in France and established the dose and fractionation
regimens that we still use. Thereafter, Professor Papillon
started the CXB facility in Lyon in the early 1950s and
popularised this technique. Therefore, CXB is also known as
‘Papillon’, by which we affectionately acknowledge Profes-
sor Jean Papillon (1914e1993) for his commitment in pro-
moting CXB. Philips stopped its production of the RT50
machine in the early 1970s and consequently no treatment
machines were available for new centres interested in
starting this technique. This explains why there were a
limited number of centres with a CXB facility. There was,
however, a revival of interest in this technique when a
British company ArianeTM (Alfreton, Derby, UK) started
and treatment set-up.
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Table 3
Indications that patients are not suitable for contact X-ray
brachytherapy treatment

� Patients with adverse histological features
� High-grade tumours
� Presence of lymphatic and/or vascular involvement
� Presence of tumour budding
� Mucinous tumours
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production of Papillon 50� machines [7]. Clatterbridge
Cancer Centre received the prototype for its first clinical use
in 2008. Over the past 14 years, over 2000 patients have
been treated using the Papillon 50 machine, which is the
world’s largest cohort of patients ever treated by this
technique. Our experience at the Clatterbridge Cancer
Centre has shown that the clinical complete response (cCR)
is higher with early-stage cancers (cT1 or cT2). Local
regrowth is seen in 11e13% after achieving cCR [5,6]. In
patients who develop local regrowth, those who are fit and
agreeable for surgery are able to undergo salvage surgery,
with high R0 resection rates [8]. There have been many
single institution publications of their experience with CXB,
which have shown excellent local tumour control in
concordance with our Clatterbridge results [9,10]. The main
weakness for adopting this technique has been the lack of
large, randomised clinical trial evidence for the efficacy of
CXB as a boost after EBRT. We have, however, now
completed the recruitment for a phase III randomised trial
OPERA (Organ Preservation for Early Rectal Adenocarci-
noma) and the results of this trial were presented at the
American Society of Clinical Oncology (ASCO) 2022 meeting
in Chicago [11]. The data from OPERA will help when con-
senting patients who are keen to discuss alternative treat-
ment options to avoid surgery and a stoma for their rectal
cancer.
Who are the Patients Suitable for Contact
X-Ray Brachytherapy?

Patients with early rectal cancer whowish to avoidmajor
surgery and a stoma should be consider for CXB as an
alternative treatment option to surgery (Tables 2 and 3). The
National Institute for Health and Care Excellence (NICE) has
recommended CXB for patients who are not suitable for
surgery as a safe and effective alternative to surgery [12].
However, for younger and fit patients who are suitable for
surgery, the standard of care is to offer surgery. NICE
accepted that there are sufficient data on its safety but
advocated a randomised trial to evaluate the efficacy of CXB
in this cohort. Amulticentre European phase III trial, OPERA,
which started in June 2015, has recruited 148 patients, of
which 141were evaluable for analysis. We are nowawaiting
the publication of the final OPERA trial results, which will
provide level 1 evidence for CXB to be considered as the
Table 2
Indications for contact X-ray brachytherapy treatment

� Patients with histology-proven early rectal adenocarcinoma
(endoscopy and biopsy)

� Early-stage rectal tumour confined to bowel wall (cT1/cT2/
cN0; magnetic resonance imaging)

� No suspicious lymph nodes (magnetic resonance imaging)
� Mobile exophytic tumour <3 cm in greatest diameter (digital
rectal examination and endoscopy)

� Well- to moderately differentiated adenocarcinoma
(histology)
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standard of care [11]. Hopefully, this will be a watershed
moment and practice changing in the management of early
rectal cancer.
The Role of Contact X-Ray Brachytherapy
in Rectal Cancer

Potential indications for CXB in rectal cancer can be
divided into four groups:

(i) Patients with early rectal cancer with an intention
for cure (case studies 1 and 2; Figures 2 and 3).

(ii) Patients with early rectal cancer who have had local
excision by transanal endoscopic microsurgery
(TEMS) or transanal minimally invasive surgery
(TAMIS) with an intention for cure.

(iii) Patients with advanced rectal cancer with an
intention for cure (case study 3; Figure 4).

(iv) Patients with tumour recurrences or regrowths
who are not suitable for surgery with palliative
intent (case study 4; Figure 5).

Patients with Early Rectal Cancer with an Intention for
Cure (cT1, cT2/cN 0) (Tables 2 and 3).

� Patients with histology-proven early rectal adeno-
carcinoma (endoscopy and biopsy).

� Tumour stage as either cT1 or cT2 (confinewithin the
bowel wall) [magnetic resonance imaging (MRI)
scan]

� Mobile exophytic tumour less than 3 cm in greatest
diameter [endoscopy and digital rectal examination].

� Well- to moderately well-differentiated adenocarci-
noma (histology).

� No suspicious lymph node involvement (MRI scan).
� Patients suitable and agreeable for long-term follow-
up.

It is important to realise that the histological confir-
mation of adenocarcinoma is not possible in all cases.
Malignant-looking polyps on endoscopy with high-grade
dysplasia histology or a radiological appearance highly
suggestive of malignancy are acceptable to treat with CXB.
However, we would advocate local excision to obtain
definitive histology before proceeding with CXB whenever
possible [13]. If the patient is not suitable for local excision
(e.g. not fit for general anaesthesia or refusing surgery),
rachytherapy in Early Rectal Cancer e Who, when and How? Clinical



Fig 2. Treatment response e case study 1.

Fig 3. Treatment response e case study 2.
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CXB is a safe alternative with agreement from the local
colorectal cancer multidisciplinary team (MDT). In addi-
tion, tumour staging is not always straightforward, even
with high-resolution MRI in experienced hands. We also
need to consider endoscopy and digital rectal examination
information when interpreting the MRI. Unfortunately, all
this information is not always readily available for the
reporting radiologist when reviewing the images. Review
of all available information is important and there is an
urgent need for specialist early rectal cancer MDTs. There
should also be a national referral centre to discuss difficult
cases.

After initial diagnosis, all patients’ cases should be dis-
cussed at the local colorectal cancer MDT. In these MDTs,
the patients’ views are not always forthcoming unless
Please cite this article as: Sun Myint A et al., The Role of Contact X-Ray B
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someone who has met the patients previously is present.
The decisions made by the MDT are usually based on pro-
tocols and guidelines laid down by national bodies such as
NICE. These documents do not take into consideration the
patient’s choice, their needs, their physical and spiritual or
religious beliefs. Many patients are prepared to accept less
successful oncological outcomes in order to avoid surgery or
a stoma [14]. Patients may not know what is best for them,
but they certainly know what they cannot cope with, both
physically and psychologically. They are the ones who have
to live with the consequences of treatment they have
received for the rest of their lives [15]. When decisions
made by the MDT are relayed to the patient, the clinician in
charge of their case should discuss all treatment options
that are available and not just discuss what they think is the
rachytherapy in Early Rectal Cancer e Who, when and How? Clinical



Fig 4. Treatment response e case study 3.

Fig 5. Treatment response e case study 4.
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right treatment for the patient. Fortunately, the General
Medical Council has now published their recommendations
on ‘Decision making and consent. Guidance on professional
standard and ethics for doctors’ [16]. Good practice guid-
ance from the General Medical Council has been modified
since the publication of law that changed following the
Montgomery case in Lanarkshire [17]. Patients should be
given time to reflect on the information provided and also
given a chance to discuss matters with their relatives and
carers [18]. Their decision should then be conveyed back to
the MDT via a colorectal nurse specialist who is the desig-
nated key worker looking after the patient’s case. Hopefully,
in the future, patients will have a choice about what matters
most to them, and this will empower the patients to choose
what they think is the best treatment that is acceptable for
Please cite this article as: Sun Myint A et al., The Role of Contact X-Ray B
Oncology, https://doi.org/10.1016/j.clon.2022.10.003
them. What is required is evidence that alternative treat-
ment options are scientifically valid and do no harm to the
patients. This much needed valuable data from the rando-
mised trial OPERA will certainly help in future with the
consenting process when patients are seeking alternative
treatment options to avoid surgery, which is the current
standard of care.

The dose given for radical treatment with intent to cure
is 90 Gy over 4 weeks. At each fraction, 30 Gy is given as an
applied dose with 2 weeks interval in between, allowing
time for the normal tissues to recover, while the tumour
regresses. Rarely, a fourth fraction is offered if there is a
small residual cancer after the third fraction in patients who
are not fit for surgery or adamantly refusing surgery, even
local excision.
rachytherapy in Early Rectal Cancer e Who, when and How? Clinical
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Patients with Early Rectal Cancer Who Have Had a Local
Excision (pT1/cN0)

Patients with suspicious polyps following endoscopy
should be investigated and discussed at an early rectal
cancer MDT first before polyp removal. If the suspicious
polyps are suitable for local excision, they should have local
excision first [13]. If the histology confirms early rectal
cancer cT1 cN0 in a patient who had local excision either by
TEMS or TAMIS, their case should be reviewed at the early
rectal cancer MDT. Those patients who have adverse histo-
logical features or evidence of an incomplete resection are
usually offered completion surgery. However, if the patient
is not suitable for radical surgery or refuses surgery as it
involves a stoma, an alternative is to offer them CXB as
postoperative treatment and this treatment has acceptable
oncological outcomes [13,19]. The target volume should
cover the whole scar. The postoperative CXB treatment is
usually delivered in conjunction with EBRT as the potential
risk of spread of cancer to the lymph node is about 10e20%
(depending on the stage of the primary tumour) and the risk
of potential spread is not covered by CXB treatment alone, as
this is mainly a local treatment [13,19]. The dose given is 60
Gy in two fractions 2weeks apart, either before or after EBRT,
with 4e6 weeks interval in between CXB and EBRT.
Indications for Contact X-Ray
Brachytherapy (Postoperative)

� Involved resection margin (R1) or uncertain margin
(Rx), especially after a piecemeal removal.

� Polyp with adverse histological features, e.g. poorly
differentiated histology, lymphatic or vascular inva-
sion, or both and presence of tumour budding.

� Unexpected pT2 or pT3 histology (should be rare).
� Patients not suitable for completion surgery or
refusing surgery.
Patients with Advanced Cancer Who are Either Unsuitable or
Refusing Surgery (cT3-cT4/cN1-2)

For patients who are not suitable for surgery or who
refuse surgery even though they are fit, the usual practice is
to offer patients EBRT either as a short course (SCRT) or a
long course with concomitant chemotherapy (EBCRT). The
chance of achieving a cCR with EBCRT or SCRT is low and
there is generally a need for additional treatment to control
the residual cancer [5,6] (case study 3; Figure 4). The dose
given is usually 90e110 Gy in 4e6 weeks.
Why Do We Need Additional Contact X-Ray
Brachytherapy after External Beam
Radiotherapy?

The Brazilian group were one of the first to report the
results of a ‘watch and wait’ policy for rectal cancer. They
Please cite this article as: Sun Myint A et al., The Role of Contact X-Ray B
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reported 183 patients who were treated with intensified
chemoradiotherapy (54 Gy in 28 fractions over 38 days)
followedby four cycles of chemotherapyand achieved a high
cCR of 49% [2]. However, 31% of these patients who achieved
cCR subsequently developed local regrowth that required
surgical salvage with less than 50% chance of achieving or-
gan preservation (Table 1). The chance of a pathological
complete response (pCR) after EBCRT for advanced rectal
cancer is low, with less than 10% achieving pCR [20]. CXB is
not usually suitable for advanced-stage rectal cancer.

Even for early-stage rectal cancer (cT1 an cT2) there is
published evidence of residual tumour after either SCRT
(TREC trial) or EBCRT (CART trial). Histological evidence of
residual cancer could be seen 10 weeks after radiotherapy
when TEMS was carried out. The TREC trial from the UK
showed 32% pCR 10 weeks after SCRT [21] and similarly the
Dutch CARTS study showed 44% pCR following EBCRT [22].
Therefore, therewas histological evidence of residual cancer
after EBRTeven in very early-stage rectal cancer cT1 and cT2
in 68% and 56% of cases, respectively [21,22]. This is themain
reason why we need additional treatment to eradicate the
residual tumour.

The Danish group constructed a doseeresponsemodel to
investigate why giving a higher EBRT dose of 60 Gy (usually
45e50 Gy) with an additional 5 Gy brachytherapy boost
resulted in 23% local regrowth despite achieving a high cCR
rate of 73%. Their model predicted that a minimum of 92 Gy
is required to achieve cCR in 50% of cases [3]. It is not possible
to deliver 92 Gy even using currently available highly so-
phisticated latest external beam technology. On the other
hand, a CXB boost delivers 90 Gy, which is a very high bio-
logical equivalent dose (EQD2) of 300 that is given additional
to 45 Gy in 25 fractions over 5 weeks with chemotherapy.
This is six times more than the dose administered during
standard EBCRT, which obviously is the key to the success of
CXB. Moreover, although the additional dose of 90 Gy seems
very high, all this high dose is deposited directly into the
tumour, with very little dose being administered to the
normal surrounding tissues at depth (Figure 1). This is due to
the poor penetration of its radiation dose, resulting from its
low energy. In practice, we have observed very little toxicity
following CXB [5,6,9,10]. Themain toxicity is bleeding (grade
1 or 2), which occurs in 40e50% of cases [5,6,9,10]. This is
usually due to telangiectasia, which develops 3e6 months
after CXB. Bleeding usually settles after 12e18 months.
However, in patients who are on anticoagulants and who
have persistent bleeding, 10% need argon beam coagulation.
Ulceration is another potential toxicity from CXB (Figure 2).
This is usually superficial and heals after 6e12months. NICE
has evaluated the toxicity of CXB in detail and regarded this
as being acceptable [12].

Patients with Tumour Recurrences or Regrowths Who are
Not Suitable for Surgery with Palliative Intent

CXB can also be offered to patients with tumour recur-
rence after surgery or those who develop local regrowth
after EBCRT or SCRT and who are not suitable for surgery or
refuse surgery. The dose and fractionation are similar to
rachytherapy in Early Rectal Cancer e Who, when and How? Clinical



Fig 6. Magnetic resonance imaging response for case study 4.
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radical treatment and patients receive 90 Gy in three frac-
tions over 4 weeks (case study 4; Figure 5 showing endo-
scopic response and Figure 6 showing MRI response).
When Should We Offer Contact X-Ray
Brachytherapy?

In general, rectal cancers can be divided broadly into
three groups depending on their stage at presentation and
their long-term outcomes: the good, the bad and the ugly.

� Good group e patients with early-stage rectal cancer
(cT1/cN0) <3 cm can be offered CXB upfront if they
are not suitable for surgery or refusing surgery,
including local excision. Recently published results of
the OPERA trial showed 97% organ preservation with
this approach, which is similar to the percentage cure
from surgery [11] (case study 1).

� Good group e patients with early-stage rectal cancer
(cT1/cN0 or cT2/cN0) >3 cm who are not suitable or
refusing surgery should be offered EBCRT or SCRT,
first to downsize the tumour to <3 cm, then CXB
offered to responders (case study 2).

� Bad group e patients with a more advanced tumour
(cT1/cT2/cT3a-b/cN1) of any size should be offered a
combination of EBCRT or SCRT followed by surgery.
However, in patients not suitable for surgery or
refusing surgery, additional treatment with CXB can
be offered to improve local tumour control. The
sequence of how this is done depends on the size of
theoriginal tumour, i.e.<3 cmor>3 cm(case study3).

� Ugly group e patients with (cT3c-d/any cT4/cN2 and
CRMþ) should be offered EBCRT first and then sur-
gery. If the patient is not suitable or refusing surgery,
CXB can be considered, but only as a palliative
treatment, as the chance of local tumour control and
cancer cure is very low.
Please cite this article as: Sun Myint A et al., The Role of Contact X-Ray B
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How Do We Offer Contact X-Ray
Brachytherapy?

Information on CXB is usually given by the local referring
colorectal teamwhen agreement has been reached between
the patient and the local colorectal team after a MDT dis-
cussion. Patients are usually referred for consideration of
CXBwhen they are not suitable for surgery or when they are
refusing surgery, even though they may be fit for surgery.
Referral is made to the Papillon centre either by the surgeon
or oncologist or colorectal nurse. The cases are then dis-
cussed at the weekly Papillon group meeting. If the patients
are suitable for CXB, then further information about Papillon
and the clinic appointment date is sent out to the patient.
This is usually followed by either a telephone or video
consultation by the consultant in charge of the case [18].

CXB can be given in an outpatient setting but requires
three visits to the nearest Papillon treatment centre. The
patient signs the consent document when attending for
their first appointment while seeing the oncologist face to
face. By then, the patient will have received the informa-
tion documents about CXB and will have discussed with
the oncologist all the treatment options that are available
for their rectal cancer. Patient information about CXB is
available on the Clatterbridge Cancer Centre website [23]
or on the Papillon patients’ own information website
(papillonpatientsupport.com).

Patients have baseline checks by a radiographer who also
administers a microlax� enema to clear the bowel in
preparation for their treatment. Treatment can either be
administered in the lithotomy position (usually) or prone
knee chest (<5%) (Figure 1). Topical lignocaine gel and
rectogesic ointment is applied locally around the anus. A
rigid sigmoidoscope is then inserted gently to inspect the
tumour position, followed by a digital rectal examination.
Once the tumour has been located, the treatment applicator
size (30, 25 or 20 mm) is selected and inserted depending
rachytherapy in Early Rectal Cancer e Who, when and How? Clinical
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Table 4
Comparative outcomes from international contact X-ray brachy-
therapy centres

Reference N Complete
clinical
response

Local
regrowth

Organ
preservation

Gerard [11,26] 112
74

96%
86%

11%
10%

89%
96%

Sun Myint [5,6] 200
83

72%
64%

11%
11.3%

62%
61%

Dhadda [9] 49
89

NA
NA

12%
21%

NA
79%

Stewart [27] 105 71% 14% 71%
Van Triest 19 68% NA 88%
OPERA [11] 69 Arm A

72 Arm B
66%
94%

23% Arm A1
8% Arm B1

63% Arm A1
97% Arm B1
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on the size of the residual tumour. We aim for a treatment
margin of 5 mm around the tumour. At first fraction, an
applied dose of 30 Gy is delivered straight at the tumour.
The surface of the tumour, which is usually raised into the
treatment applicator, gets a much higher dose than 30 Gy. It
may not be possible to get a clear lateral margin at the start
of CXB treatment, but usually after the first fraction most
tumours (about 80%) regress and we can get a clear margin
before the second fraction in 2 weeks’ time. The tumour
shrinks in all directions centripetally in most cases. The
dose at depth is 60% at 5 mm (Figure 1), which is the
thickness of the rectal wall (cT1 and cT2). The third fraction
is delivered 4 weeks after the start of treatment. Before the
third fraction, there is normally hardly any visible or
palpable tumour seen or felt in a responsive tumour
(70e80%) (case study 1). Rarely, a fourth fraction of 20 Gy is
applied if there is a suspicious small residual tumour
(<20%) in patients who are not suitable for salvage surgery
or in the small number of patients (<10%) who adamantly
refuse any surgery. Anxious patients can have Entonox or
equivalent and Valium (5e10 mg) as pre-medication. Most
patients do not require any, apart from local anaesthetic.
Assessment after Treatment

The first assessment is carried out at 12 weeks following
the last treatment fraction. MRI and endoscopy are usually
carried out by the local referring team. It is important that
the patient is assessed by the same operator, as the findings
are not always easy and are often difficult to interpret. A
superficial ulcer can be seen inmost cases depending on the
size and stage of the original tumour (case study 1). It is
important not to biopsy this as the positive predictive value
of negative histology is of little clinical use and does not
help with the management of the case. This ulcer usually
heals in 3e6 months, but can sometimes take longer. If
there is local regrowth, an exophytic tumour can be seen
arising from the edge of the ulcer. This can easily be seen
and felt. A biopsy can then be carried out to establish the
diagnosis. In the OPERA trial, 22% of cases had ypT0 his-
tology after surgical salvage and it is important not to rush
in with surgery early if there is uncertainty about the local
regrowth status [23]. We suggest reviewing the case with
endoscopy at 6weeks and then again at 10e12weeks after a
repeat MRI scan. It is important to note that most local
regrowths were detected intraluminal (90%) by endoscopy
and not always on the MRI scan [24].
Results

Our experience at Clatterbridge showed that the cCR was
higher with early-stage cancers (cT1 or cT2) that are <3 cm
and up to 80% of patients remained cancer free at 2.7 years
[5,6]. Local regrowth was seen in 11e13% after achieving cCR
[5,6]. In patients who developed local regrowth, those who
are fit and agreeable for surgery can undergo salvage surgery,
with high R0 resection rates [7,25]. The KaplaneMeier
Please cite this article as: Sun Myint A et al., The Role of Contact X-Ray B
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estimates of disease-free survival for the whole group were
72% (95% confidence interval 66e78) at 2 years, 65% (95%
confidence interval 58e72) at 3 years and 53% (95% confi-
dence interval 44e62) at 5 years. This reflects that many
older patients with medical comorbidities died from non-
cancer related deaths. Of the 136 patients who remained
alive, 108 (79.4%) were colostomy-free [6]. Our results were
in concordance with many other single institution publica-
tions of their experiences with CXB [5,6,8e10] (Table 4).

Follow-up

Most local tumour regrowth occurs in the first 2 years
after treatment and this is mainly in the first 12 months
[5,6,8,9]. During this period, patients should be followed up
closely with regular MRI scans and endoscopies every 3
months in the first year, followed by surveillance at 4
monthly intervals if there is no suspicion of residual disease
in the second year. Surveillance is continued 6 monthly in
the third year and annually up to 5 years. Published data
suggested that the risk of distant metastasis is low in pa-
tients who achieved a cCR or near cCR, at less than 8%, and
we therefore recommend computed tomography scans of
the thorax, abdomen and pelvis at 12 monthly intervals
only [6,7,13].
Discussion

There has been a paradigm shift in the management of
rectal cancer, especially for early-stage disease over the past
decade. There has recently been an increase in the ageing
population in Europe, and it is estimated that there will be
60 million people aged 85 years or older in 2033. The UK
population mirrors this, with three times the number of
older people alive compared with 1988. Surgical mortality
and morbidity are higher in older patients, with operative
mortality for rectal cancer being more than 15% for 80 years
plus patients at 12 months [28]. During the postoperative
period, older and more frail patients often need support in
rachytherapy in Early Rectal Cancer e Who, when and How? Clinical
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high dependency units or even intensive care units for
longer than less comorbid and younger patients. Due to
poor anal sphincter function, older patients also end up
with a higher rate of abdomino-perineal resections,
resulting in a permanent stoma. Moreover, there are pub-
lished data that 32% of Dukes A cancers had abdomino-
perineal excision of rectum [29]. In the modern era, with
many older patients keen to preserve their quality of life,
patients may find that this is not acceptable, and we need to
consider an alternative strategy to achieve an equivalent
cure rate but with less risk of mortality andmorbidity. If the
patient is not considered suitable for surgery, EBRT or SCRT
is usually offered, but residual tumour is detected in more
than 50% of patients even after 10 weeks [20,21]. Most of
these patients are not offered any further treatment other
than referral to palliative care for symptom control. Unfor-
tunately, many of these patients with early rectal cancer do
not develop metastatic disease [5,6,9] and can survive for
many years with residual cancer in the rectum causing
distressing pain leading to poor mobility, bleeding and foul
smelling discharge from the rectum and a poor quality of
life. Dose escalation with CXB can increase the chance of
higher cCRwith lower local regrowth rates. The randomised
phase III OPERA trial showed 97% organ preservation for
tumours <3 cm when CXB was offered prior to EBCRT [11].
Patients with residual tumour or regrowth after CXB can be
salvaged with surgery if they are suitable and agreeable for
surgery [7,25]. CXB treatment has been deemed cost-
effective and affordable by the National Health Service
[30,31]. The downside of CXB is the limited availability of
treatment facilities in the UK and Europe, which often
require patients to travel long distances if they do not live
near the available Papillon centres. The side-effects from
CXB are manageable and usually settle down after 12e18
months without the need for surgical intervention.
Bleeding is the main side-effect, but only 10% need argon
beam to control this. We need more CXB treatment centres
in the UK and Europe, so that patients who opt for a non-
surgical approach for their rectal cancer can undergo
treatment nearer home. Groupe Europ�een de Curieth�erapie
European Society for Radiotherapy and Oncology (GEC-
ESTRO) has recommended CXB as a boost for patients with
early rectal cancer [27]. We therefore need to change the
mindset of policy makers to allow an increase in the use of
CXB, especially in older comorbid patients with early rectal
cancer and also for fit operable patients who are keen to
avoid surgery.
Conclusion

CXB can be considered for patients with early rectal
cancer who are not suitable for surgery. For those patients
refusing surgery, the results from the OPERA trial provide
randomised trial evidence to discuss alternative treatment
options. The best outcomes can be expected if CXB can be
given as an initial treatment for early rectal cancers <3 cm
in diameter. For more advanced, larger (>3 cm) rectal
cancers in patients who are not suitable or refusing surgery,
Please cite this article as: Sun Myint A et al., The Role of Contact X-Ray B
Oncology, https://doi.org/10.1016/j.clon.2022.10.003
EBRT either by SCRT or long course, should be considered
first to downsize and downstage the tumour, followed by a
CXB boost for responders who have a residual tumour <3
cm. Patients with residual tumour or regrowth after CXB
can be salvaged with surgery, if they are suitable and
agreeable to this approach. We need more CXB centres in
the UK and Europe to address the current inequality of
service provision for older patients who are not suitable for
surgery. Patients should be given full information during
the consent discussion and offered all the treatment options
that are available, so that they can share in decision making
and be empowered to make treatment decisions of their
choice after proper fully informed consent. Complex and
difficult cases should be referred to centres that have more
clinical experience of this technique, so that the patient’s
chance of cure is not compromised.
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