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9. GENERAL DISCUSSION

In this thesis, radical radiotherapy for frail or elderly patients with rectal cancer is evaluated in 
the HERBERT study. The results demonstrate that a combination of external beam radiotherapy 
and high-dose-rate endorectal brachytherapy (HDREBT) is both feasible and effective in rectal 
cancer patients unfit to undergo surgery. The results show promising tumour responses with 
almost 90% overall response and 61% complete response. Severe late toxicity, however, was 
observed in 40% of evaluable patients, which is unacceptable. As the HERBERT study represents 
the initial experience with HDREBT in the Netherlands, the high rate of toxicity can partly be 
explained by a learning curve. As was shown by the results of the repeat CT side study, there 
is much room for improvement of the technique. With developments in both external beam 
radiotherapy techniques and brachytherapy techniques, toxicity can be substantially reduced. 
Optimising the HDREBT technique and development of image-guided adaptive brachytherapy 
(IGABT) concepts for rectal cancer will allow for increased target coverage while minimising dose 
to normal tissue. As there is increasing interest in organ preservation for rectal cancer, HDREBT 
could have great potential, not only in elderly, but also fit patients who wish to avoid surgery. 
In this general discussion, the HERBERT trial is compared to current literature on radical 
radiotherapy in elderly patients and a follow-up trial, the HERBERT II, is introduced. Furthermore, 
suggestions are made to improve the HDREBT technique for rectal cancer and a target concept 
for image-guided adaptive brachytherapy for rectal cancer is introduced. Finally, the potential 
role of HDREBT in neoadjuvant and definitive radiotherapy is described and the current status of 
primary organ preservation and several options for treatment intensification including HDREBT 
are discussed. 

9.1 Radical radiotherapy in elderly patients
The results of the HERBERT study are compared to three recently published cohort studies on 
radical radiotherapy in elderly patients with rectal cancer in Table 1.1-4 The studies by Gerard et 
al. and Myint et al. describe the use of contact X-ray (CXB) as a boost to chemoradiotherapy and 
the study by Garant et al. uses HDREBT after external beam radiotherapy alone. These studies 
show that dose escalation up to 90-100 Gy EQD2αβ10 is possible when using an intraluminal 
radiotherapy boost and is associated with a complete response rate between 61% and 86% in 
cT2-3 tumours. 
Compared to the other studies in Table 1, the complete response rate in the HERBERT study 
is relatively low and the regrowth rate high. More importantly, the toxicity was unacceptably 
high. These differences can be explained by differences in patient selection and technique. In the 
contact X-ray cohorts young patients refusing standard surgery were also included and concurrent 
chemotherapy was prescribed, which might increase the chance of a complete response. 
Possibly, elderly or frail patients could have increased risk of toxicity due to reduced regenerative 
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ability. Moreover, CXB requires a small residual tumour volume (< 5 cc) and only patients with a 
tumour < 5 cm (Gerard et al.) or a residual tumour volume < 3 cm (Myint et al.) were included.1-3 
Furthermore, the contralateral wall is spared during CXB by the rigid proctoscope resulting in a 
very small irradiated volume. In the HERBERT trial, tumours were larger with a median residual 
diameter of 3 cm and median brachytherapy clinical target volume (CTV) of 7 cc.
The cohort described by Garant et al. is more comparable to the HERBERT study with a median 
age of 81 and no use of chemotherapy.4 The prescribed HDREBT boost dose was higher with 
3×10 Gy instead of 3×7 Gy resulting in a total EQD2 of 91.7 Gy. The clinical complete response 
rate of 86% is very promising and superior to the 61% observed in the HERBERT study. While the 
prescribed dose was higher, the long-term complication rates were lower: 12.8% rectal bleeding, 
3.2% symptomatic ulceration, 2% proctitis and 1% perforation. Further, major low anterior 
resection syndrome (LARS) was seen in only 1 of 14 evaluable patients after two years.4 These 
differences might be explained by the extensive experience with the technique at the McGill 
University Health Centre and further developments in the HDREBT technique compared to 
the technique used in the HERBERT study. These include use of central shielding, an ipsilateral 
balloon to reduce the surface dose to < 200% (i.e. 20 Gy) and adaptive CT-based image-guided 
brachytherapy.5

Overall, these studies show very promising complete response rates and prove the concept of 
radical radiotherapy for rectal cancer. While the studies using contact X-ray show minimal toxicity 
of very high doses to a small volume (3×30 Gy surface dose to < 3 cm), the toxicity analyses 
described in Chapter 4 and 5 show the risk of a HDREBT boost to larger volumes. In the dose-
toxicity analyses described in Chapter 5, CTV D2cc and CTV volume were both strongly correlated 
with deep ulceration after brachytherapy. Improvements in brachytherapy technique, focussing 
on better target coverage in large tumours and reduction of very high dose regions, will likely 
result in improved tolerability. Further research on the risks and benefits of a brachytherapy 
boost is however warranted before implementing the use of a HDREBT boost as a standard 
treatment option for elderly patients. 

Rationale for the HERBERT II study
In frail elderly patients with rectal cancer, unfit for standard surgery, the main aim of treatment 
should be to maximise tumour control while maintaining quality of life. While definitive 
radiotherapy is a possible curative option in cT2-3 tumours as illustrated by the cohort studies in 
Table 1, it is still associated with moderate to severe toxicity reducing quality of life in patients 
with a limited life expectancy. Palliative radiotherapy focussed on durable symptom control 
is currently still considered the standard of care in inoperable patients and the value of an 
endoluminal brachytherapy boost should be further evaluated in a randomised phase III trial.
The HERBERT II study will be performed to evaluate the added value of an intraluminal 
brachytherapy boost after external beam radiotherapy in cT2-3N0-1 rectal cancer patients, who 
are unfit for surgery.6 An important part of the study is a geriatric assessment which is aimed at 
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selection of patients who are deemed medically inoperable but in whom radical treatment is 
desirable. Initial screening on functional and cognitive status will be done using the Geriatric-8 7 
and the six-item cognitive impairment test.8 In case of abnormalities, patients will be referred for 
a comprehensive geriatric assessment. Treatment options, including the HERBERT II study, will 
then be discussed in a shared decision-making process.
The treatment schedule of the HERBERT II study is illustrated in Figure 1. Patients will receive 
13×3 Gy external beam radiotherapy and, after response assessment, patients will be randomised 
to either a brachytherapy boost or further follow-up. The primary endpoint will be clinical 
complete response at six months after brachytherapy. Secondary endpoints include health-
related quality of life, acute and late patient- and physician-reported toxicity and freedom from 
regrowth and overall survival at two years. 

9.2 Optimising HDR endorectal brachytherapy
To improve the outcome of HDREBT, further optimisation of the technique is needed, with the 
aim of improving target coverage while minimising dose to normal tissue. In Chapter 6, the 
benefit of CT-based adaptive brachytherapy was shown and this is now considered standard of 
care.9,10 Several aspects of HDREBT can however be further improved, working towards an image-
guided adaptive brachytherapy workflow: 

1.	 Imaging  
2.	 Target definition 
3.	 Dose prescription
4.	 Shielding of normal tissue 
5.	 Position verification 
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Figure 1. HERBERT II trial schedule.
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9.2.1 Imaging
Soft tissue contrast on CT is poor and although a diagnostic MRI, endoscopy images and clips were 
used to aid in CTV delineation in the HERBERT study, there was still a high level of uncertainty. 
The residual tumour volume is best evaluated using a combination of digital rectal examination 
(DRE), endoscopy and MRI.11-13 Information of DRE and endoscopy at time of diagnosis and at 
time of brachytherapy is essential and can be summarised in a clinical drawing (see Figure 2).10 
Additional use of MRI has the potential to reduce interobserver variability and target volume 
compared to CT-based delineation.14,15 T2-weighted MRI is currently considered the standard in 
evaluation of rectal cancer.11 Functional imaging such as diffusion-weighted MRI and FDG-PET are 
helpful in identifying pathologic areas but might result in smaller volumes and are less reliable in 
geometric accuracy.16,17

To allow for MRI evaluation after EBRT and MRI-guided brachytherapy, MRI compatible markers 
are needed. The clips used in the HERBERT study are not MRI compatible and gold fiducials were 
therefore tested as an alternative in the REMARK study. Visibility analyses selected the T1 3D GRE 
MRI sequence as the best sequence for marker detection and the Gold Anchor as the preferred 
marker because of superior visibility.18 The use of MRI for HDR endorectal brachytherapy was 
evaluated in the OPPER-BT trial. Intermediate risk rectal cancer patients were treated with 
neoadjuvant HDREBT (4×6.5 Gy on four consecutive days), followed by total mesorectal excision. 
The benefit of MRI-guided delineation is clearly illustrated in Figure 3. Better discrimination 
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Clinical drawing rectal cancer

Figure 2. Clinical drawing for IGABT in rectal cancer.*

* Reprint with permission of Elsevier from: Nout RA, Devic S, Niazi T, Wyse J, Boutros M, Pelsser V, et al. 
“CT-based adaptive high-dose-rate endorectal brachytherapy in the preoperative treatment of locally advanced 
rectal cancer: Technical and practical aspects.”Brachytherapy. 2016;15(4):477-84, Copyright Elsevier (2016).
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Figure 3. Example of MRI and planning CT of a patient in the OPPER-BT trial. 
(A) Planning CT. (B) Planning MRI. (C) Planning CT with CTV delineation and dose distribution. The fluid could be 
excluded from the CTV due to superior soft tissue contrast of MRI.

Applicator

Tumour

Balloon

Fluid

Fluid + Tumour

ApplicatorBalloon

50 %
100 %

400 %
150 %

25 %

CTV

A

B

C

EvaRijkmans - Booklet v1.21.indd   161EvaRijkmans - Booklet v1.21.indd   161 21-4-2021   11:39:3521-4-2021   11:39:35



between fluid, faeces and tumour will allow for increased accuracy in delineation and therefore 
reduction in the total irradiated volume, increasing conformity and limiting toxicity. The trial has 
been closed prematurely because of poor inclusion, most likely due to organ-sparing alternative 
treatment options in these patients. However, the MR-guided brachytherapy workflow is very 
promising and will be further developed in the HERBERT II trial. 

9.2.2 Target definition
The target definition for external beam radiotherapy in rectal cancer is mainly related to the 
risk of lymphatic spread based on the initial tumour stage. A consensus paper published in 
2016 provides recommendations for elective lymph node areas to be included in the external 
beam radiotherapy fields of intermediate and high risk rectal cancer.19 With the introduction of 
radiotherapy in low risk tumours in organ-preservation studies, the size of the radiotherapy fields 
have been adjusted accordingly and include only the mesorectum.20,21

The target definition for a brachytherapy boost is related to the primary tumour and requires 
differentiation between macroscopic and microscopic spread around the macroscopic tumour. 
Currently, widespread accepted definitions and terminology for target volumes in brachytherapy 
for rectal cancer are lacking. In order to understand and compare results obtained and to perform 
future multicentre research, this is of utmost importance.
Differences between rectal brachytherapy modalities challenge the development of robust target 
definitions. In CXB, usually no imaging is performed and most HDR-brachytherapy applications 
are still CT-based which, as stated above, provides poor soft tissue contrast. 
With the implementation of MRI, the tumour can be better visualised, which allows for 
development of image-guided adaptive brachytherapy (IGABT). This concept has been developed 
by the Gynaecological GEC-ESTRO group in cervical and recently also vaginal cancer, and has been 
adopted in ICRU-89.22-25 These adaptive target concepts differentiate between target volumes 
at time of diagnosis (initial) and following response assessment during treatment (residual). 
Based on the expected cancer cell densities (decreasing with distance from the gross tumour 
volume (GTV)) and routes of microscopic tumour extension, different target volumes can be 
defined. In this paragraph, suggestions are made for a target concept for IGABT for rectal cancer 
(see Table 2). 

Suggested target concept for IGABT in rectal cancer
Gross tumour volume for the primary tumour (GTV-T) is defined as macroscopic disease assessed 
through digital rectal examination, endoscopy and available imaging modalities. The initial GTV 
at diagnosis (GTV-Tinit) will change during treatment and at every brachytherapy application a 
residual GTV (GTV-Tres) is defined. The clinical target volume is divided into CTV-T for direct spread 
of the primary tumour and CTV-N for potential lymph node spread. In IGABT, the CTV-T is further 
divided into three risk categories: high risk CTV-T, intermediate risk CTV-T and low risk CTV-T.  
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The high risk CTV (CTV-THR) is the area at highest risk of recurrence and the highest tumour cell 
density. It is suggested to include the GTV-Tres and all areas with residual mucosal abnormalities 
on endoscopy and abnormal signal intensity on MRI. In rectal cancer, usually a hypointense scar 
is seen on the T2 weighted image.11 If brachytherapy is the first treatment modality, CTV-THR 

resembles the GTV-Tinit at the first fraction.
The intermediate risk (CTV-TIR) includes the CTV-THR with margins to include areas with significant 
potential for direct microscopic extension. This area is dependant of initial tumour extension 
(stage) and regression to EBRT. Lateral margins should include the submucosal microscopic 
spread within the rectal wall, and deep margins the microscopic spread into the mesorectum. 
Currently there is insufficient evidence to support an exact evidence-based margin for mesorectal 
spread, but it is advised to minimally include the initial tumour extension (GTV-Tinit) into the 
CTV-TIR, taking previous unaffected anatomical boundaries into account. 
Several surgical studies do provide some evidence for the lateral microscopic extension. A study 
by Smith et al. showed that the lateral microscopic extension within the rectal wall was largely 
dependent on ypT-stage. They observed microscopic tumour spread lateral to the residual 
mucosal abnormalities in 32 of 45 (71%) patients. In ypT1 tumours the median spread was 0 mm 
and maximally 4 mm, in ypT2 tumours median spread was 2.5 mm and maximally 9 mm and in 
ypT3 tumours the median spread was 4 and maximally 9 mm. All ypT2/3 tumours were originally 
staged as cT3.26 A meta-analysis including four studies evaluating microscopic intramural 
extension after neoadjuvant chemoradiotherapy also confirmed the relation between ypT-stage 
and lateral microscopic extension. Interestingly, there was a large group with no microscopic 
tumour extension (80%). The remaining 20% showed lateral extension between 1-10 mm, with 
one outlier to 20 mm. The authors conclude that a GTV to CTV margin of 5.5 mm would be 
sufficient to encompass all microscopic tumour extension in 95% of patients after neoadjuvant 
treatment.27 
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Table 2. Suggested target volumes for image-guided adaptive brachytherapy in rectal cancer
Target Definition Description

GTV-Tinit The initial gross macroscopic tumour 
volume at time of diagnosis.  

The volume should be assessed using the information of DRE and 
endoscopy (clinical drawing) and the T2 weighted MRI. Areas with 
diffusion restriction should always be included in the GTV-Tinit.

GTV-Tres The gross macroscopic tumour volume 
at time of diagnosis as described by 
DRE, endoscopy and MRI.

The volume should be assessed using the information of DRE and 
endoscopy (clinical drawing) and the T2 weighted MRI. Areas with 
diffusion restriction should always be included in the GTV-Tres.

CTV-THR The high risk CTV includes the GTV-Tres 
and if present the fibrotic scar 

This includes the GTV-Tres and surrounding areas with hypo-
isointense signal intensity on T2-weighted MRI (fibrotic scarring) 
occurring within the initial tumour extension in the rectal wall, and 
possible ‘grey zones’ in the mesorectum within the initial tumour 
extension.

CTV-TIR The intermediate risk CTV should 
include all areas with significant 
microscopic tumour extension. 

This should minimally include a 0.5 cm lateral safety margin 
around the CTV-THR, and in addition should include the original 
tumour extension at diagnosis (GTV-Tinit), taking previous 
unaffected anatomical borders into account.
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These large differences in lateral microscopic extension can be explained by different patterns 
of tumour response: shrinkage, fragmentation and mucin pool formation (see Figure 4).28 
Inclusion of the GTV-Tinit will account for microscopic spread in both fragmentation and mucin 
pool formation patterns, but might not be necessary in tumours that show a shrinkage regression 
pattern. Further research is necessary to assess if these regression patterns can be identified on 
MRI or endoscopy. 
A clear translation from these data into exact margin prescriptions for CTV-TIR is difficult, but a 
safety margin from CTV-THR to CTV-TIR of 5 mm seems reasonable.
Areas at low risk of microscopic spread are referred to as the low risk CTV (CTV-TLR). 
Areas at risk of lymph node spread are referred to as CTV-N. These CTVs can either be treated with 
(chemo)radiotherapy or surgery or both. A mesorectal excision after neoadjuvant brachytherapy 
is an example of surgical treatment of the CTV-TLR and CTV-N. 

Chapter 9164

Figure 4. Schematic representation of response patterns. Adapted from Nagtegaal et al. 2020. 28,29

A shows the tumour at diagnosis and B-D show different regression patterns. Residual GTV is shown in black and 
initial GTV in grey. 
(A)  Tumour at diagnosis (initial GTV).
(B)  Tumour shrinkage scenario.
(C)  Mucin pool formation (blue). 
(D) Tumour fragmentation scenario in which scattered groups of tumour cells spread throughout the whole fibrotic 
area.
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Target definitions for brachytherapy alone in cT1 tumours
The target definition as described above can be used in patients with cT1-4 rectal cancer in 
combination with EBRT. In low risk cT1 rectal cancer, the risk of lymph node metastasis is very 
low and standard treatment is local excision. Alternatively, these patients could be treated 
with brachytherapy alone. Extensive experience is described with contact X-ray by professor 
Papillon and professor Gerard in the era prior to local excision.30,31 Because the risk of distant 
microscopic spread and lymph node spread is very low in these patients, the CTV-TLR and CTV-N 
are disregarded and the tumour is treated locally (as with local excision). The CTV-THR is equal to 
the GTV-Tinit at the first fraction, and resembles the definition in Table 2 in the following fractions. 
The CTV-TIR should resemble the lateral microscopic tumour spread. A Japanese study showed 
that in stage I tumours, distal intramural spread is very rare and occurs only in 2.7%.32 A review 
on microscopic spread in pT2 tumours showed no microscopic spread in 90.2% of patients and a 
spread of > 5 mm in only 4.7% of patients. It can be assumed that the risk in cT1 tumours is very 
low and probably no margin is needed in the majority of patients, but for now a safety margin of 
5 mm is suggested to avoid potential undertreatment (see Table 2).
Finally, this is a suggested target concept, which should be discussed in a broader context allowing 
adoption by a larger number of centres to allow prospective clinical validation in such a setting.

9.2.3 Dose prescription
Currently, a wide variety of treatment schedules are used for an intraluminal boost after 
(chemo)radiotherapy. Dose prescription for the boost is usually performed at a fixed distance 
from the applicator surface (0 cm, 0.5 cm or 1.0 cm) or the radial margin of the delineated 
CTV (see Figure 3).1,4,33-37 As dose prescription at a fixed distance will lead to overtreatment 
in superficial tumours and undertreatment in large tumours, prescription to the delineated 
CTV volume is preferred. However, prescribing to a delineated volume will also result in large 
differences in total irradiated volumes between patients with large and small tumours. Use of 
uniform terminology and reporting of the volumes of CTVs will allow for comparison between 
studies. In addition, registration of DVH parameters such as D98 and D90 and equivalent 
cumulative doses (EQD2α/β10) rather than physical doses will allow for dose-response analyses. 
Based on the results of the studies presented in Table 1 and a study on dose-response in patients 
with locally advanced tumours, an EQD2α/β10 of at least 90 Gy for the CTV-THR is suggested, but 
needs confirmation in larger prospective trials.1-4,38 For microscopic tumour included in the 
CTV-TIR, an EQD2α/β10 of 60 Gy is usually assumed to be sufficient.25,39 

Planning aims for organs at risk 
There are no reliable data to suggest evidence-based constraints in CXB or HDREBT treatment 
planning for rectal cancer.40 In rectal cancer brachytherapy, the main organ at risk is the rectal 
wall, which overlaps with the clinical target volume. The CTV is therefore a target, but also an 
organ at risk. In contact X-ray, a surface dose of 3×30 Gy on the tumour after different schedules 
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of (chemo)radiotherapy (13×3 Gy/ 5×5 Gy/ 25×1.8-2 Gy) appears safe.41 Series on contact therapy 
after local excision however have used a lower dose of 3×20 Gy or 2×15 Gy combined with CRT. 
Both schedules appear safe and it can therefore be assumed that 3×20 Gy surface dose is well 
tolerated in a small area < 3 cm.42 In HDREBT, a constraint of 3×20 Gy on the surface is used in the 
study by Garant et al. and is associated with acceptable toxicity. From the HERBERT study, a CTV 
D2cc < 14 Gy/fraction is advised to minimise the risk of deep ulceration.
Organs at risk outside of the clinical target volume are the rectal wall surrounding the CTV (normal 
rectal wall), anal canal, the vagina and low-lying bowel loops. In the HERBERT study, no hotspots 
were allowed in the surrounding organs (D0.1cc < 100%) and no toxicity of the anal canal, vagina 
or small bowel was observed. The observed toxicity of the normal rectal wall illustrates the need 
for shielding, and reducing the dose as much as possible without compromising target coverage 
is currently advised. For the anal canal, dose constraints are needed to avoid painful ulceration 
in very low tumours. From experience in anal brachytherapy, a boost dose of 4×4 Gy interstitial 
brachytherapy seems safe after a dose of 45 Gy (EBRT+BT EQD2α/β3 = 65.6 Gy).43 In the HERBERT I 
study, the EQD2α/β3 did not exceed 66 Gy and no anal toxicity was observed. From these data 
it can be assumed that a cumulative EQD2α/β3 D2cc of < 66 Gy for the anal canal will be safe in 
IGABT for rectal cancer. For all other organs at risk, constraints from experience in gynaecological 
cancer can be applied.39,44 However, registration of DVH parameters is advised to allow for dose-
response analyses specifically for rectal cancer.

9.2.4 Shielding of normal tissue
In the HERBERT study, deep ulceration was seen in patients with very high surface dose at the 
tumour site. Due to the inverse-square law, dose reduction can be achieved by increasing the 
distance from the source to the organ at risk. This has led to the introduction of an ipsilateral 
semi-circular balloon. The surface dose and D2cc of the CTV can thereby be reduced while 
maintaining adequate tumour coverage. A volume of 20-30 cc is usually sufficient. Figure 5 
illustrates reduction of the surface dose by use of an ipsilateral balloon.
Filling of the contralateral balloon will reduce the risk of telangiectasia and erythema of the 
normal rectal wall. Filling is limited by the comfort of the patient and a volume of 40-80 cc can 
usually be achieved.5

In addition, reduction of dose to the contralateral rectal wall can be achieved by shielding. 
Several studies performed at the medical physics unit of McGill University have evaluated the 
dosimetric effect of a lead or tungsten rod in the central canal. Unfortunately, such shielding 
effects cannot be calculated in the most commonly used TG-43 planning systems. However, 
when only three channels are used, the dose at the side of the tumour is unaffected while the 
dose to the contralateral wall is reduced by an average of 24% (see Figure 6).5,45,46
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Figure 5. Simulation of the effect of an ipsilateral balloon on surface dose. 100% isodose is prescribed at 1 cm from 
the applicator/balloon surface. Surface dose is 450% without filling of the ipsilateral balloon and 275% after filling 
of the ipsilateral balloon with 20 cc contrast enhanced NaCl. The contralateral balloon is filled with 40 cc. 

Figure 6. Absolute isodose distributions around the flexible multichannel applicator with sources loaded into three 
channels without (a) and with (b) tungsten shielding.* 

* Reprint with permission of Elsevier from: Devic S, Bekerat H, Garant A, Vuong T. “Optimization of HDRBT boost 
dose delivery for patients with rectal cancer.” Brachytherapy. 2019;18(4):559-63. Copyright Elsevier (2019). 
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Shielding possibilities of alternative applicators.
Several alternative applicators can be considered for HDREBT. Rigid cylinders and balloon-type 
applicators are currently in use and provide specific advantages and disadvantages compared to 
the flexible multichannel applicator.47 Rigid cylinders with a central canal have a lower surface 
dose due to the increased distance from the source to the mucosa and shielding of 25-75% of 
the circumference allows for increased sparing of the contralateral rectal wall. Optimisation with 
one channel is however very limited and use of shielding induces a risk of shielding a part of the 
tumour in case of rotation of the rectal wall. Without shielding, the dose to the contralateral wall 
will be unacceptably high and a multichannel applicator is therefore preferred. 
Balloon-type applicators use the concept of increasing the distance to the normal tissue by use 
of a balloon.33,48 When both contralateral and ipsilateral balloons are used with a multichannel 
applicator this will have a similar effect. The advantage of the multichannel applicator is that the 
reconstruction of the source channels is more straightforward.
Two other applicator types are under development: The Flower applicator and a shielded 
dynamic/grooved applicator. The Flower applicator is an initiation of the MAASTRO clinic in the 
Netherlands.49 It aims to mimic the dose distribution of contact X-ray therapy with an HDR iridium 
afterloader. The advantages and disadvantages of CXB compared with HDREBT therefore apply. 
The difference with CXB is the increased treatment time (13 min vs. 3 min), which introduces 
possible issues with intrafraction movement of the rectal wall. However, if online position 
verification can be achieved, this method will be a good alternative to CXB or HDREBT with a 
multichannel applicator in small tumours. 
The shielded dynamic/grooved applicator is being developed by the physics group of the McGill 
University in Canada.50,51 Two prototypes evaluate the use of a robot which steers the source 
to the correct positions in a fully shielded applicator and a fully shielded rigid applicator with 
multiple grooves for the sources. In theory, both applicators show increased sparing of normal 
tissue, but no reports on clinical testing have been published so far. Possible clinical limitations 
are the rigidity of the applicator, position verification and substantial increase in treatment time. 

9.2.5 Position verification
Displacement of the applicator in between CT scanning and irradiation is a realistic risk in patients 
who will be transferred between imaging modalities and the treatment couch. This is currently 
overcome by correcting for depth and rotation, based on orthogonal X-rays in the brachytherapy 
suite.10,52 An in-room 3D imaging modality will prevent transfers, whereas rapid replanning based 
on the latest image will be possible. Ideally, the imaging modality would be an MRI, given the 
superior soft tissue characteristics as compared to CT scanning. However, given the logistical 
challenges of an MRI-based brachytherapy procedure and current need for a CT for applicator 
reconstruction, most institutes opt for CT-based. At present, an MRI-compatible afterloader is 
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being developed in UMCU.53 In addition, in our group MRI-based applicator reconstruction is 
being investigated. Given these developments, an MRI-only workflow will probably be available 
within 3-5 years from now.

9.3 The role of HDREBT in curative treatment of rectal cancer 
HDREBT can also be used as an alternative to neoadjuvant CRT, as has been demonstrated at 
the McGill University Hospital in Canada over the last two decades.54 The obvious advantage of 
neoadjuvant HDREBT compared to neoadjuvant CRT is the reduction in irradiated volume and, as 
a consequence, in associated toxicity. Concerns of inferior oncological outcome due to insufficient 
dose to the elective lymph nodes are contradicted by the excellent local control. In a cohort 
of 483 patients with cT3/lowT2 tumours, only 4.8% local recurrences occurred after 4×6.5 Gy 
(daily) HDREBT with delayed surgery.55 A comparison of patients with cT3 tumours treated with 
neoadjuvant HDREBT in Canada and patients with cT3 tumours treated with neoadjuvant (C)RT 
in the Netherlands showed no significant differences in oncological outcome.56 
The Correct trial is currently investigating both modalities in a randomised fashion and results 
are expected in 2021.57 Comparable to the RAPIDO trial, this trial also implements the concept 
of total neoadjuvant treatment and prescribes full dose chemotherapy prior to TME surgery. 
In the RAPIDO trial, 5×5 Gy (SCRT) followed by 6-9 cycles of CAPOX/FOLFOX4 resulted in a higher 
compliance to chemotherapy and a reduced risk of locoregional and distant failure at three 
years.58,59 Acute preoperative toxicity ≥ grade 3 was however increased from 25% with standard 
chemoradiotherapy to 48% in the experimental arm.58 Replacing neoadjuvant SCRT (5×5 Gy) with 
HDREBT (4×6.5 Gy) might improve tolerability of total neoadjuvant treatment. 
HDREBT has also been evaluated as a boost strategy in addition to standard neoadjuvant 
chemoradiotherapy in locally advanced rectal cancer. A randomised trial reported by Jakobsen et 
al, showed an increase in major pathologic response from 29% to 44% after addition of 2×5 Gy 
HDREBT in patients with a cT3/4 tumour, but this did not translate into increased progression 
free or overall survival. It was therefore concluded that a HDREBT boost currently is not advised 
in neoadjuvant treatment of locally advanced rectal cancer.35,60 
However, if the aim of intensifying neoadjuvant treatment is to increase the chance of a watch-
and-wait strategy, a HDREBT boost has been shown to be very effective in a phase II study by 
Appelt et al.34 Fit patients with a cT2/3N0 tumour received a HDREBT boost of 5 Gy after high 
dose chemoradiotherapy (60 Gy). This resulted in a complete response rate of 78% and after a 
median follow-up of 23 months, 60% had successful organ preservation. Long-term follow-up 
showed excellent quality of life and local symptom scores.61 
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9.4 Organ preservation for rectal cancer
Shared decision making is the new standard in oncological care. In rectal cancer, a large group 
of patients have a clear desire for alternative treatment strategies to avoid a permanent stoma. 
In addition, the improved functional outcomes after a successful organ-preservation approach 
compared to neoadjuvant chemoradiotherapy followed by surgery further increases the interest 
in organ preservation.61-64 Several options, such as intensifying radiotherapy or chemotherapy 
and selection of patients with earlier stages, are being explored to increase the chance of 
achieving a complete response. The downside of treatment intensification is the increased 
risk of toxicity in patients who do not achieve a complete response and require a completion 
TME. The GRECCAR-2 study clearly demonstrated that salvage TME after CRT and local excision 
is associated with increased morbidity compared to TME alone.65 Moreover, the CARTS study 
reminded us that, although rare, chemoradiotherapy can even cause mortality itself.66 While 
some patients therefore still prefer standard surgery, approximately 50% of patients are willing 
to risk extra toxicity in order to have a chance of organ preservation.63,64,67 Careful discussions of 
the advantages and disadvantages of organ preservation strategies should therefore be standard 
practice. 

9.4.1 Challenges in organ preservation
Selection of patients is one of the most important challenges in organ preservation. 
Although volume and stage are important factors, large tumours may be very radiosensitive, 
whereas small tumours might exhibit intrinsic radioresistance. Many studies are currently 
investigating the potential use of biomarkers and radiomics in prediction of good responders.68-70 
Clinical implementation of these markers will help in patient selection for organ preservation. 
Another important challenge is response assessment. The current gold standard for response 
assessment is based on three diagnostic modalities: Digital Rectal Examination (DRE), white light 
endoscopy and multiparametric MRI.12,13 
Criteria for a clinical complete response (cCR) are: 

1.	 DRE: absence of any palpable tumour or irregularity.
2.	 Endoscopy: flat scar, whitening of the mucosa with or without telangiectasia. 
3.	 MRI: normalised rectal wall or homogeneous fibrosis without diffusion restriction.

A combination of these three factors is associated with a chance of a true complete response 
of 98%.12,13 Very few patients however present with the perfect complete response, but still 
might have a pathologic complete response.12,71,72 From surgical studies it is clear that a longer 
waiting period increases the pCR rate and that response can be ongoing for several weeks 
and maybe months. In patients with minor residual abnormalities (near complete response), 
a watch-and-wait strategy can be discussed and reassessment every 6-8 weeks is advised to 
evaluate if there is an ongoing response.11,73,74 In case of residual abnormalities after several 
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evaluations, a completion TME is advised. Data from salvage surgery however show that still 
approximately 20% of salvage resections show a pCR.3,12,71,72,75-77 Response assessment after an 
intraluminal radiotherapy boost is possibly even more difficult than after EBRT alone because 
ulceration will be observed more frequently.78 Techniques to diagnose a complete response 
therefore have to be improved to avoid unnecessary TME surgery with possible long-term 
morbidity. Use of big-data and radiomics could reduce the variability between radiologists and 
increase the positive predictive value of multiparametric MRI.69 Another promising technique is 
the use of fluorescence during endoscopy. A novel EpCAM-targeting agent seems promising for 
the detection of rectal cancer, and could potentially be combined with white light endoscopy 
during response assessment.79,80 

9.4.2 Treatment intensification 
Early stages, currently treated with surgery alone, might be treated with (chemo)radiotherapy 
with standard doses, but to increase the chance of a complete response in more advanced stages, 
intensification of treatment is required in the majority of patients. Moderate radiotherapy dose 
escalation to the tumour and lymph nodes can be achieved with a simultaneous integrated 
boost using intensity modulated or volumetric arc radiotherapy.34,61,81 While approximately 20% 
will achieve a complete response after moderate dose escalation, additional treatment of the 
residual tumour will be necessary in most patients.81 Local excision, CXB, HDREBT and stereotactic 
radiotherapy are all possible options.

Local excision
Developments in endoscopic and transanal surgical techniques for early rectal cancer have made 
local excision very attractive and a widely available option. Several phase 2 studies evaluated 
the use of local excision after (chemo)radiotherapy in cT2-3 tumours.82-85 The main advantage 
compared to other strategies is that response is confirmed by pathology. Further, in tumours 
which respond poorly to radiotherapy, a change in treatment modality may be logical and, in 
these patients, local excision could be preferred to HDREBT. The main disadvantages, however, 
are the need for general anaesthesia, a very high rate of severe acute toxicity including pain, and 
the risk of an incomplete resection or ypT2-3 stage requiring a completion TME. 66,82

Contact X-ray
Contact X-ray, delivers a very high dose to the rectal mucosa by use of an X-ray tube with 50kV 
which is guided through a rigid rectoscope. Its use is limited by the availability of the contact X-ray 
machine, size of the tumour (< 3 cm) and accessibility of the tumour with rigid proctoscopy.86 
When all these requirements are met, contact X-ray is preferred to local excision, HDREBT or 
EBRT because of a favourable toxicity profile due to the small irradiated volume. 
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HDREBT
As described in this thesis, high-dose-rate endorectal brachytherapy can achieve a very high dose 
without the limitations of CXB. In small tumours, however, it does result in a larger irradiated 
volume than CXB. Patients with a large residual tumour are therefore good candidates for a 
HDREBT boost. The use of image-guided HDREBT will enable adjustment of the dose distribution 
on the residual tumour volume, preventing over or under treatment. No anaesthesia is required 
and treatment is well tolerated. 

Stereotactic radiotherapy
Developments in precision in external beam radiotherapy with the use of MR-guided radiotherapy 
allows for dose escalation to the tumour with external beam radiotherapy.87,88 The rectal boost 
trial evaluated dose escalation up to 65 Gy and showed that toxicity was acceptable.89 To be 
able to achieve doses as high as 90 Gy EQD2, however, stereotactic radiotherapy techniques are 
required, which are currently not available for rectal cancer. Online MR-guided radiotherapy with 
an MRI-linac may facilitate the development of these techniques.88 The main challenges will be 
sparing of the contralateral wall and compensation for intrafraction mobility. It remains to be 
determined whether similar high dose distributions can be achieved as in HDREBT or CXB. 

9.4.3 Ongoing studies for primary organ preservation
Primary organ preservation is associated with possible increased toxicity and is therefore 
only advised within clinical trials. Table 3 shows a list of ongoing studies on primary organ 
preservation.90-99 
Most trials focus on early stage rectal cancer. Use of chemotherapy is mainly seen in studies 
from the US, Canada, Germany, China and France, whereas intensification of radiotherapy is 
more common in the UK, France, Denmark and the Netherlands. Almost all studies opt for local 
excision for small residual disease. Only one study currently uses an intraluminal radiotherapy 
boost (the OPERA trial). Local excision, HDREBT, CXB or an external beam radiotherapy boost are 
however all possible treatment options for residual disease and have specific advantages and 
disadvantages. Therefore, all these methods should be evaluated in future organ-preservation 
studies. 
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Table 3. Ongoing primary organ preservation-studies
Study Country Stage Treatment arms Primary outcome Accrual

Standard Experimental

Single arm trials

GI-11690 US cT1-3N0 (cT1 
high risk/T3 
low risk)

NA FOLFOX 6x + LE 
+ CRT

Successful Local 
excision (R0)

2018-2022

NEO91 US/
Canada

cT1-T3bN0 
(high risk 
excl.)

NA FOLFOX 6x /
CAPOX 4x + LE

3 yr. 
Organ preservation

2017-2020

NOM low risk rectal 
cancer92

China cT2-3bN0-1 NA CRT (concurrent 
CAPOX) ± LE

3 yr. 
Organ preservation 

2016-2019

CAO/ARO/AIO-1693 Germany cT1-2N+/
cT3N0

NA CRT (3x 5FU/
OX) + CT (3x 
FOLFOX)

cCR rate 2018-2020

NO-CUT94 Italy cT3-4 N0/ 
cT1-4, N1-3

NA CAPOX + CRT Distant Relapse-Free 
Survival

2018-2022

Randomised trials

TESAR95 NL ypT1,2, 
intermediate 
risk after LE

TME CRT (45 Gy) ± LE 3 yr. Local recurrence 2015-2022

STAR-TREC Phase II96 NL/UK/
Denmark

cT2-3N0 TME CRT (45 Gy) /
SCRT ± LE

Accrual rate 2017-?

STAR-TREC Phase III96 NL/UK/
Denmark

cT2-3N0 TME CRT (45 Gy) /
SCRT ± LE

Organ preservation 2020-?

OPERA97 UK/
France/
Denmark

cT2-3bN0-1 
(< 8 mm)

CRT (45 Gy) 
EBRT(9 Gy) 
± LE

CRT (45 Gy) XCB 
(90 Gy) ± LE

3 yr. 
Organ preservation 

2015-?

GRECCAR1298 France cT2-3bN0-1 
(< 8 mm)

CRT (50 Gy) 
+ LE

Folfirinox 4x + 
CRT (50 Gy) + LE

1 yr. 
Organ preservation + 
absence of stoma 

2016-2023

Watchful Waiting 3 
Trial99

Denmark cT1-3 CRT (50.4 
Gy)

CRT (50.4 Gy + 
SIB 62 Gy)

2 yr. 
Organ preservation

2020-?

Studies published online at clinicaltrials.gov in April 2020. Search terms: “organ preservation” and “rectal cancer”.
Abbreviations: NA, not applicable; cCR, clinical complete response; CRT, standard 5FU/capecitabin based 
chemoradiotherapy; yr., year; TME, total mesorectal excision; LE, Local excision; FOLFOX, 5FU+Folinic acid+ 
Oxaliplatin; CAPOX, Capecitabin + oxaliplatin; Folfirinox, 5Fu + Folinic acid + Irinotecan + Oxaliplatin.
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CONCLUSION

In conclusion, HDREBT is a very promising technique for treatment in rectal cancer. 
Neoadjuvant HDREBT will likely improve quality of life without compromising oncological 
outcome in patients who prefer or are in need of surgical treatment. In organ preservation, a 
HDREBT boost can be applied in both fit and frail patients and allows for dose escalation to 
90 Gy EQD2. Technical developments in image (MRI) guided adaptive brachytherapy provide the 
opportunity to increase treatment efficacy and limit the risk of toxicity. International consensus 
on image-guided adaptive brachytherapy concepts and training programs for brachytherapy 
teams are needed to facilitate a more widespread implementation of HDREBT for rectal cancer. 
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