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Chapter 4

Evaluation of clinical and endoscopic 
toxicity after external beam radiotherapy 
and endorectal brachytherapy in elderly 
patients with rectal cancer treated in the 
HERBERT study

Eva C. Rijkmans, Baukelien van Triest, Remi A. Nout, Ellen M. Kerkhof, Jeroen Buijsen, Tom 
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ABSTRACT

Introduction
The HERBERT study evaluated a high-dose-rate endorectal brachytherapy boost (HDREBT) 
after EBRT in medically inoperable/elderly patients with rectal cancer. The response-rates 
are promising but not without risk of toxicity. The current analysis provides a comprehensive 
overview of patient reported, physician reported and endoscopically observed toxicity.

Material and Methods
A brachytherapy dose finding study was performed in 38 inoperable/elderly patients with 
T2-T4N0-1 rectal cancer. Patients received EBRT (13×3 Gy) followed by three weekly HDREBT 
applications (5-8 Gy). Toxicity was assessed via three methods: patient and physician (CTCAEv3) 
reported rectal symptoms and endoscopically. Wilcoxon signed rank test, paired t-test and 
Spearman’s correlation were used.

Results
Patient reported bowel symptoms showed a marked increase at the end of EBRT and two weeks 
after HDREBT. Acute grade 2 and 3 proctitis occurred in 68.4% and 13.2% respectively while 
late grade 2 and ≥ 3 proctitis occurred in 48% and 40%. Endoscopic evaluation mainly showed 
erythema and telangiectasia. In three patients frank haemorrhage or ulceration occurred. 
Most severe toxicity was observed 12-18 months after treatment.

Conclusion
For elderly patients with rectal cancer, definitive radiotherapy can provide good tumour response 
but has a substantial risk of toxicity. The potential benefit and risks of a HDREBT boost above 
EBRT alone must be further evaluated.

Chapter 474
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INTRODUCTION

Radiotherapy for rectal cancer is mainly used as preoperative treatment in combination with total 
mesorectal excision (TME) with the aim of reducing the risk of local recurrence. Although rectal 
cancer has been regarded as relatively radio-resistant, complete pathologic response after 
standard neoadjuvant chemoradiotherapy is observed in approximately 16%.1,2 In selected 
centres, with a dedicated watch and wait approach after chemoradiation, complete clinical 
response rates can be as high as 34-49% due to specific selection criteria.3,4 Dose response 
analyses indicate that higher complete response rates can be achieved with increased radiation 
doses in rectal cancer.5 As a result, there is increasing interest in organ preservation, avoiding 
radical TME-surgery altogether.
To increase the chance of a complete response, dose escalation is necessary. This can be achieved 
by combining external beam radiotherapy (EBRT) with either an EBRT boost or a more locally 
applied treatment like contact-X-ray or brachytherapy. The last two have been used for small 
T1/T2 tumours as definitive treatment 6-8 whereas an EBRT boost has mainly been investigated 
in the preoperative setting in more advanced tumours with the purpose of increasing radical 
resection rates and sphincter preservation.9 A combination of EBRT with either contact-X-ray or 
high dose rate endoluminal brachytherapy (HDREBT) boost has been offered to patients who 
were medically unfit for surgery as an alternative to palliative treatment.10-12 However, still little 
is known about the most optimal dose, and the toxicity profile of this combined external and 
internal radiotherapy approach.
The HERBERT study was designed to evaluate the feasibility of adding a HDREBT boost to external 
beam radiotherapy with the aim to provide durable local tumour control in elderly/medically 
inoperable patients with rectal cancer. Patients received 39 Gy EBRT in 13 fraction followed by 
three weekly HDREBT applications using a dose escalation design. The primary endpoint was 
acute dose limiting toxicity defined as physician reported proctitis grade 3 (CTCAEv3) within 
6 weeks after brachytherapy; secondary endpoints included response, survival and toxicity. 
Although the primary results showed promising response rates of almost 90% and a safe acute 
toxicity profile in dose levels ≤ 7 Gy per fraction, there was considerable late toxicity with 
approximately one-third of patients experiencing proctitis grade 3 during follow up.13 Little has 
been reported on toxicity of endorectal brachytherapy.  The aim of the current analysis is to 
provide a comprehensive overview of the observed toxicity in the HERBERT study using patient 
and physician reported clinical toxicity and endoscopically observed toxicity.
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MATERIAL AND METHODS

The HERBERT study, designed as a phase I dose escalation study, was performed at the Leiden 
University Medical Center and the Netherlands Cancer Institute. Patients with histologically 
verified adenocarcinoma of the rectum, stage cT2-4N0-1M0-1, who were unfit for or refused 
surgical treatment were eligible. Details of the study design and methods have been described 
previously.13 The study was approved by the medical ethical committee in both centres and 
informed oral and written consent was obtained from all patients before treatment. The study 
was registered with the Dutch Central Committee on Research Involving Human Subjects; 
registration no. NL17037.031.07.14

Treatment
Patients were treated with 39 Gy EBRT, delivered in 13 fractions of 3 Gy, 4 days a week followed 
by three weekly HDREBT applications of 5-8 Gy per fraction. Details on EBRT and HDREBT were 
previously described.13 In brief, for HDREBT, a flexible applicator (Oncosmart®, Elekta, Veenendaal, 
The Netherlands) of 2 cm diameter, with 8 peripheral catheters and an inflatable semi-circular 
balloon, was used. The clinical target volume (CTV) was defined as residual macroscopic tumour 
or scarring after EBRT which was delineated on a planning-CT scan with the applicator in situ prior 
to the first brachytherapy application. The aim of treatment planning was complete coverage of 
the CTV by the 100% isodose. The 100% isodose was restricted to 2 cm from the applicator 
surface with no hotspots allowed in the surrounding organs. During the course of the study an 
additional constraint of 400% isodose within the applicator surface was added. HDREBT was 
performed using a microSelectron HDR afterloader (Elekta, Veenendaal, the Netherlands) with 
an Iridium-192 source. 

Endpoints
For this study, toxicity was assessed using three methods: patient reported symptoms as assessed 
with questionnaires, clinical proctitis scored by the treating physician according to NCI Common 
Toxicity Criteria of Adverse Events (CTCAE v3), and endoscopic images of the tumour site and the 
contralateral rectal wall.
Questionnaires were sent to all patients at 13 time points; at baseline, weekly during EBRT, two 
and four weeks after EBRT, weekly during HDREBT and two weeks, two months, six months and 
one year after brachytherapy. The used questionnaire is based on the symptoms mentioned in 
the RTOG/EORTC GU and GI toxicity scoring systems and has been previously used in studies 
on toxicity after radiotherapy for prostate cancer (Supplementary Figure S1).15,16 Symptoms 
concerning pain with stools, painful abdominal cramps/ urge, tenesmus, mucus discharge, faecal 
incontinence and bowel function as a general problem were scored in a four point Likert scale: 
1. no, not at all; 2. yes, a little; 3. yes, quite a bit; 4. yes, very much. Use of pads for incontinence 
or soiling and rectal blood loss were scored as: 1. no, not at all; 2. yes, 1-2 days a week; 
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3. yes, more than 2 days a week; 4. yes, every day. Additional questions on bowel function 
included; faecal consistency, frequency of stools per day and use of medication or dietary 
changes for bowel symptoms.
Clinical acute dose limiting toxicity (proctitis grade 3 CTCAEv3 within 6 weeks after brachytherapy) 
was prospectively scored. Additional proctitis scores (CTCAEv3) were collected retrospectively 
from patient charts. Proctitis grade 1: rectal discomfort, intervention not indicated, grade 2; 
symptoms not interfering with activities of daily living (ADL); medical intervention indicated, 
grade 3; stool incontinence or other symptoms interfering with ADL; operative intervention 
indicated, grade 4; Life threatening consequences (e.g., perforation).17 Scores were collected 
for all time points corresponding to the questionnaires and additionally yearly during further 
follow-up. The maximum score for each time point was used. The maximum score between 1 and 
3 months was assigned to time point 2 months, the maximum score between 3 and 9 months for 
time point 6 months, the maximum score between 9 and 18 months the time point of 1 year etc.
Late faecal incontinence, rectal bleeding and rectal pain were additionally scored as separate 
symptoms (CTCAEv3). Maximum score occurring more than 90 days after treatment was 
documented. Patients with progressive disease were excluded for late proctitis, incontinence, 
rectal bleeding and rectal pain.
Endoscopic assessment at tumour site was scored by C.M. and E.R. in a 5 point scale; 0. 
erythema/scarring; 1. superficial ulcer; 2. deep ulcer; 3. very deep ulcer; 4. evident tumour mass 
(see Figure 1A). Endoscopic toxicity at the contralateral wall was scored using the endoscopic 
proctitis assessment scale by Khan et al; 0. normal mucosa; 1. mild erythema; 2. diffuse erythema 
and punctate haemorrhage; 3. frank haemorrhage and 4. ulceration (see Figure 1B).18
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0. Normal mucosa 1. Mild erythema 2. Diffuse erythema
and punctate
haemorrhage 

3. Frank haemorrhage 4. Ulcera�on 

0. Erythema/scarring 1. Superficial ulcer 2. Deep ulcer 3. Very deep ulcer 4. Evident tumour 

A: Endoscopic toxicity at tumour site

B: Endoscopic toxicity at contralateral wall

Figure 1. Endoscopic assessment at tumour site (A) and contralateral wall (B).
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Endoscopic assessment was done at baseline, prior to brachytherapy, 2 and 6 months after 
brachytherapy and yearly during follow-up. For correlation of CTCAE with endoscopic toxicity, 
the CTCAE score at time of endoscopy was used.

Statistical analyses
Statistical analyses were performed with SPSS version 23.0 (IBM, Armonk, NY) and R version 
3.3.2 (R Foundation, Vienna, Austria). Median follow-up was calculated using the Kaplan-
Meier method. Time was calculated from start of EBRT to last date of clinical follow-up. 
Descriptive statistics were used for reporting of observed toxicity. Wilcoxon’s signed rank test 
and paired t-test were used for evaluation of patient reported outcomes at different time 
points. Correlation of patient reported bowel symptoms, proctitis (CTCAEv3) and endoscopic 
toxicity was assessed using Spearman’s correlation. Patient level bootstrapping was applied to 
correct for multiple measurements per patient. For correlation with CTCAE proctitis with patient 
reported symptoms a scale was used including questions concerning painful defecation, cramps, 
tenesmus, mucus, incontinence, blood loss and bowel function as a general problem (Cronbach’s 
alfa = 0.83). To correct for multiple testing, a p-value of < 0.01 was considered significant.
Patients who did not receive HDREBT were censored for all analyses from six weeks after EBRT. 
Patients with stable disease (SD) or progression (PD) were censored for late toxicity (≥ 90 days 
after brachytherapy), starting one month prior to documented SD or PD. For acute toxicity and 
endoscopic toxicity no censoring was applied for SD or PD.

RESULTS

In total, 38 patients entered the study of whom 35 completed treatment. Two patients did not 
receive brachytherapy (1 patient choice; 1 ulcer after EBRT) and one patient died one week after 
the first BT application due to cardiac arrest. Baseline characteristics are provided in Table 1. 
Median duration of clinical follow-up was 22 months (IQ range 11-37); while at time of database 
closure (January 2017) seven patients were still alive with a median follow-up of 43.7 months 
(range 38.8-107.4). Available toxicity scores for patient reported, physician reported toxicity and 
endoscopic assessment per time point are illustrated in Supplementary Figure S2. 

Patient reported symptoms
A clear increase of patient reported bowel symptoms at the end of EBRT and 2 weeks after 
HDREBT was found (see Figure 2A). In addition, mean stool frequency increased from 3.2 per day 
at baseline to 7.7 in the third week of EBRT (p<0.001), and from 2.8 per day prior to HDREBT to 5.8 
two weeks after HDREBT (p = 0.03). Six weeks after EBRT and two months after BT all symptoms 
were not significantly different from baseline. Scores of individual questions are provided in 
Supplementary Figure S1. 
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Table 1. Baseline characteristics
Total    N=38 100%
Age (median range) 83 (57-94)
Gender

Male 21 55.3%
Female 17 44.7%

WHO
WHO 0 4 11.8%
WHO 1 15 44.1%
WHO 2 15 44.1%

Co-morbidities
Cardiovascular co-morbidity 27 71.1%
Pulmonary co-morbidity 12 31.6%
Anticoagulant use 25 65.8%
Incontinence 18 47.4%

cTNM classification
cT2N0M0 22 57.9%
cT2N1M0 1 2.6%
cT3N0M0 5 13.2%
cT3N1M0 8 21.1%
cT3N2M0 2 5.3%

Distance from anal verge
0-5 cm 19 50.0%
5-10 cm 13 34.2%
10-15 cm 6 15.8%

HDREBT treatment parameters median range
CTV volume (cm3) 7.1 (2.0-25.0)
CTV thickness (cm) 1.0 (0.4-3.0)
CTV length (cm) 3.1 (1.8-6.4)
CTV D90 (Gy) 7.1 (1.8-9.8)
Contralateral wall D2cc (Gy) 8.0 (3.7-14.2)
Anus D2cc (Gy) 1.2 (0.0-4.4)

Abbreviations: WHO, World Health Organisation performance status; HDREBT, High-dose rate endorectal 
brachytherapy; CTV, clinical target volume.
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Physician reported toxicity
Physician reported toxicity is displayed in Table 2. Acute proctitis was correlated with late proctitis. 
In patients with grade 1 acute proctitis no severe late proctitis was reported, whereas in 6 out of 
16 patients with acute grade 2 and in 3 out of 4 patients with acute grade 3 proctitis severe late 
proctitis occurred (Spearman’s correlation = 0.43; 95%CI 0.05-0.70). Twelve patients received a 
clinical intervention for proctitis; 8 sucralfate enema/ mesalazine, 2 argon plasma coagulation and 
6 blood transfusion. Rectal blood loss was in all cases associated with anticoagulants. There was 
no association between tumour distance to the anal verge and proctitis or incontinence. 
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Figure 2. Patient reported bowel symptoms (A) and comparison of bowel symptoms with CTCAEv3 (B). 
*	 Symptoms increased significantly from baseline to third week of EBRT (p<0.01). 
#	 Symptoms increased significantly from start of brachytherapy to 2 weeks after brachytherapy (p<0.01). Spearman’s 

correlation between the first and second peak showed a trend for incontinence (ρ=0.56; 95% CI 0.01-0.83, p=0.03).
Abbreviations: B; Baseline; E1-3, EBRT week 1-3; BT1-3, Brachytherapy 1-3; w, weeks; m, months; y, years.
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Cumulative incidence of proctitis at 1 year was 89% for grade 2 or higher and 23% for grade 3 
and 4 (see Figure 3A). Prevalence of proctitis at different time points is illustrated in Figure 3B. 
Most severe toxicity was observed 1 year after treatment. Details concerning severe late proctitis 
(CTCAEv3) were previously reported (see Chapter 3 or Supplementary Table S1).13 

Clinical and endoscopic toxicity in the HERBERT study 81

Table 2. Physician reported toxicity
Proctitis (CTCAEv3) n %

Acute proctitis < 90 Days* 38
No toxicity 0 0.0%
Grade 1 7 18.4%
Grade 2 26 68.4%
Grade 3 5 13.2%
Grade 4 0 0.0%

Late proctitis > 90 Days* 25
No toxicity 0 0.0%
Grade 1 3 12.0%
Grade 2 12 48.0%
Grade 3 9 36.0%
Grade 4 1 4.0%

Late toxicity > 90 Days^ 25
Incontinence for stools/mucus*

No toxicity 7 28.0%
Grade 1 4 16.0%
Grade 2 12 48.0%
Grade 3 1 4.0%
Missing 1 4.0%

Rectal pain*
No toxicity 17 68.0%
Grade 1 2 8.0%
Grade 2 4 16.0%
Grade 3 2 8.0%

Rectal bleeding*
No toxicity 5 20.0%
Grade 1 7 28.0%
Grade 2 7 28.0%
Grade 3 6 24.0%

Treatment for proctitis* 12 48.0%
Sucralfate/ mesalazine 8 32.0%
APC 2 8.0%
Blood transfusion 6 24.0%

* maximum score;  ^ all symptoms are involved in the proctitis score but were also assessed separately.
Abbreviations: APC, Argon plasma coagulation.
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Toxicity at contralateral wall Toxicity at contralateral wall 

Proctitis CTCAE Proctitis CTCAE 

No at risk* 
Khan 1,2,3,4 35 27 15 9 7 2 2 2 2 
Khan 2,3,4 36 29 20 15 11 6 6 6 5 
Khan 3,4 37 32 27 24 19 14 12 11 8 
Khan 4 37 32 27 24 19 15 14 11 8 

No at risk* 
Grade 1,2,3,4 10 1 0 
Grade 2,3,4 26 13 6 4 4 4 3 2 2 
Grade 3,4 38 36 30 29 24 23 22 20 18 

A 

C D 

B 

Figure 3. Procti ti s (CTCAEv3) and endoscopic evaluati on at the contralateral bowel wall.
(A) Cumulati ve incidence of procti ti s CTCAEv3 (baseline symptoms included). (B) Prevalence of procti ti s (CTCAEv3). 
(C) Cumulati ve incidence of endoscopic toxicity at the contralateral wall. (D) Prevalence of endoscopic toxicity at 
the contralateral wall.
* Pati ents who have experienced toxicity in there category are no longer at risk. Each category has a specifi c no at risk. 
Khan 1 = Mild erythema; Khan 2 = Diff use erythema and punctate haemorrhage; Khan 3 = Frank Haemorrhage; 
Khan 4 = ulcerati on.
Abbreviati ons: B, Baseline; E1-3, EBRT week 1-3; BT1-3, Brachytherapy 1-3; w, weeks; m, months; y, years.
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Endoscopic toxicity
Cumulati ve incidence and prevalence of endoscopic toxicity of the contralateral wall is shown 
in Figure 3CD. Aft er EBRT alone, 86% of pati ents had a normal mucosa at the contralateral 
wall. Two months aft er HDREBT 46% of pati ents had a normal mucosa, 27% of pati ents showed 
mild erythema and 27% had diff use erythema and punctate haemorrhage of the contralateral 
wall. Cumulati ve incidence of Khan’s classifi cati on 2 or higher was 54% 1 year aft er treatment. 
Maximum Khan’s classifi cati on during follow-up was mild in 12 pati ents (normal n = 4, mild 
erythema n = 8), moderate in 16 (diff use erythema and punctate haemorrhage) and severe 
in three pati ents. One pati ent showed frank haemorrhage aft er 12 months and two pati ents 
developed an ulcer at 13 and 18 months. 
In pati ents with progressive disease, endoscopic fi ndings usually showed an ulcerati ve regrowth 
categorised as deep ulcerati on, which progressed to evident tumour over ti me. Therefore, we 
scored maximum endoscopic late toxicity at the tumour site in pati ents with a complete or 
parti al response to treatment. Toxicity at tumour site was mild in 16/28 pati ents (normal n = 1; 
erythema/scarring n = 3; superfi cial ulcer n = 12) and more severe in 12/28 pati ents (deep ulcer n 
= 10 and very deep ulcer n = 2). Of the pati ents with a deep ulcer, seven were scored as a parti al 
response and fi ve as a complete response at the ti me of the endoscopy.

Correlati on of diff erent toxicity scoring methods
Procti ti s (CTCAEv3) and pati ent reported symptoms show a similar patt ern over ti me 
(see Figure 2B). Spearman’s correlati on of procti ti s with the pati ent reported bowel symptom 
scale was 0.37 (95% CI 0.23-0.50). The relati on between clinical procti ti s (CTCAEv3) and 
endoscopic toxicity is displayed in Table 3 (Spearman’s correlati on = 0.37, 95% CI 0.18-0.56). 
Clinical procti ti s score was higher than the Khan’s classifi cati on in 36.8% and lower in 24.6% of 
measurements. No correlati on was found between procti ti s (CTCAEv3) and endoscopic toxicity 
at the tumour site.
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Table 3. Relati on between clinical procti ti s and endoscopic toxicity
Toxicity at the contralateral wall Procti ti s (CTCAEv3) at ti me of endoscopy

No toxicity Grade 1 Grade 2 Grade 3
0. Normal mucosa 24 15 12 1
1. Mild erythema 8 9 9 1
2. Diff use erythema and punctate haemorrhage 4 8 11 4
3. Frank haemorrhage 1 0 4 0
4. Ulcerati on 0 0 2 1
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DISCUSSION

The current analysis of the HERBERT study provides a detailed insight in the observed toxicity after 
EBRT and HDREBT for rectal cancer in elderly patients. The patient reported outcomes show a very 
clear pattern with increased symptoms at the end of EBRT and after HDREBT, resolving within weeks 
after treatment. During HDREBT bowel symptoms were mild and the severity of bowel symptoms 
after HDREBT did not exceed symptoms scores after EBRT. The proctitis (CTCAEv3) scores show that 
the majority of patients experience moderate to severe proctitis during follow-up.  
Endoscopic toxicity ranged from only scarring at the tumour site with normal mucosa at the 
contralateral wall to severe ulceration of the entire circumference. Most severe endoscopic 
toxicity was observed between 12 and 18 months after treatment. 
The rectal toxicity observed during EBRT shows a very predictable pattern comparable to other 
reports in the literature. A prospective cohort study on palliative radiotherapy for rectal cancer 
(13×3 Gy) also showed increased rectal toxicity at the end of EBRT reducing below baseline 6 and 
12 weeks after EBRT.19 The main question for this study is however how the addition of a HDREBT 
boost affects both acute and late clinical and endoscopic toxicity. 
Limited data is available on toxicity after HDREBT for rectal cancer. The only prospective study 
was described by Appelt et al. and evaluated chemoradiotherapy with a HDREBT boost in a 
non-surgical treatment approach for patients with T2-3 rectal cancer.20 Patient and physician 
reported toxicity was prospectively scored. Occurrence of rectal bleeding was comparable to 
the current study and was reported by 78% of patients and was most severe 12 months after 
treatment. Faecal incontinence was most common 6 months after treatment (40% of patients) 
and reduced to baseline levels with approximately 30% of patients reporting incontinence at 
one year. This appears less than our population, but can possibly be explained by the fact that 
we reported the total incidence of incontinence and our population consisted of more elderly 
patients with a higher prevalence of incontinence at baseline (53%).
A retrospective series of 52 patients, from the Mount Vernon Cancer Centre in the UK, treated 
with either definitive HDREBT or a combination of chemoradiotherapy with a HDREBT boost, 
describes limited acute toxicity and 8% late toxicity; 3 rectal ulcers, 2 strictures (occurring 3 and 
21 months after treatment) and a colovesical fistula. While other symptoms associated with 
proctitis were not documented as late toxicity, a reported median symptom response of three 
months suggests that most patients did experience late proctitis-related symptoms.12,21

An alternative to HDREBT is contact X-ray therapy, which is most suitable for smaller, superficial 
tumours, but has been combined with EBRT in larger tumours. In series without EBRT, toxicity 
involves mild to moderate late haemorrhaging proctitis in 17-51% and severe haemorrhaging/
ulceration in 0-3%. 8,22-24 The largest series of contact X-ray with EBRT consists of 120 patients 
and is reported by Gerard et al. In this series, 58% of patients received an additional interstitial 
Iridium boost. Rectal bleeding from radiation induced telangiectasia was observed in 50-70% 
although blood transfusion was exceptional and rectal bleeding diminished after 2-4 years.10 
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Ulceration occurred at the tumour site in 33% of patients with a T3 tumour, but most of these 
ulcers healed within 3-10 months.
Regretfully, no dose response data are available for proctitis in rectal cancer, but a dose-effect 
correlation for rectal morbidity has been well established in patients with prostate or cervical 
cancer.25-27 While high doses are needed for maximum tumour control,5 it is clearly not without 
risk. It must however also be considered that after standard treatment for rectal cancer consisting 
of radiotherapy and TME surgery, late morbidity is also a well-known problem. Forty-six percent 
of patients experienced major low anterior resection syndrome up to 14 years after treatment 
in the TME trial. The Polish trial comparing 5×5 Gy with chemoradiation described late anorectal 
function impairment in approximately two-thirds of patients.28-30

To our knowledge, this is the first study which systematically evaluated endoscopic toxicity after 
HDREBT. The scoring method used is straightforward, and was described by Khan et al. in a study 
for prostate cancer.18 However, most data on endoscopic toxicity use the somewhat more complex 
Vienna Rectoscopy Score (VRS) limiting direct comparison of results.31 A review in prostate cancer 
patients, reporting the VRS, shows that 72% of patients have telangiectasia and 33% congested 
mucosa (oedema or erythema).32 This correlates with our results when “mild erythema” and 
“diffuse erythema and punctate haemorrhage” are grouped together (77%). Most severe toxicity 
was seen between one and two years after treatment which is consistent with our results.
While this study provides valuable insight in acute and late proctitis, it is subject to a number of 
limitations. The number of patients is small and follow-up information was limited in this elderly 
population. For late proctitis all patients with a partial or complete response were included in the 
analyses. Bowel symptoms could therefore partly originate from residual tumour in patients with 
a partial response. Also, high rates in co-morbidity and anticoagulant use might have influenced 
the rate of severe proctitis. Technical improvements to the brachytherapy application technique 
and use of repeated imaging will probably result in better tumour coverage with increased 
sparing of the normal rectal wall in future studies.33-35

Strengths of our study include the combination of three different scoring methods with reliable 
low grade toxicity provided by the patient reported outcome and correlation of late clinical 
proctitis with endoscopic findings. While this intensive follow-up schedule is not desirable 
outside a clinical trial, we advise to continue clinical follow-up (with endoscopic evaluation on 
indication) for at least 1.5 years because of the risk of late radiation proctitis. Although there is no 
consensus on the optimal treatment of radiation proctitis, a review by Vanneste et al. provides an 
overview of current conservative and invasive treatment options.36

For elderly patients with rectal cancer, definitive radiotherapy is an option with good tumour 
response rates but not without risk of severe toxicity. Increasing experience and future use of 
MRI and adaptive treatment for HDREBT will hopefully reduce the risk of toxicity and improve 
tumour response. The benefit of a HDREBT boost with regard to local control should be weighed 
against the increased risk of toxicity and must be further evaluated, ideally in a randomised 
setting between EBRT alone and EBRT with a HDREBT boost.
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Figure S1. Patient reported outcome: bowel symptoms.
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Figure S1. Patient reported outcome (continued): bowel symptoms.
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Figure S1. Patient reported outcome (continued): urinary symptoms.

EvaRijkmans - Booklet v1.21.indd   92EvaRijkmans - Booklet v1.21.indd   92 21-4-2021   11:39:2821-4-2021   11:39:28



Clinical and endoscopic toxicity in the HERBERT study 93

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

1. Did you experience pain during defeca�on?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

2. Did you experience painful cramps before or during 
urge for defeca�on?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

3. Did you experience rectal tenesmus?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

4. Did you have mucus in your stool?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

5. Did you experience uncontrolled loss of mucus or 
stool/faeces?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

6. Have you used pads for uncontrolled loss of mucus or 
stools?

every day >2 days a week 1-2 days a week No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

7. Did you have blood in stools?

every day >2 days a week 1-2 days a week No, not at all

8. How o�en did you open your bowels? … a day

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

9. What was the stool consistency like?

Hard Watery So�, not formed So�, s�ll formed Normal

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

10. Did you require a special diet to improve bowel 
movements? 

Yes No

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

11. Did you use laxa�ves? 

Yes No

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

12. Did you use medica�on to relieve diarrhoea?

Yes No

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

13. In general, was defeca�on a problem in the past 
week?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

14. Did you experience pain during urina�ng?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

15. Did you have difficulty urina�ng? 

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

16. Did you have a weak urinary stream? 

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

17. Did you lose urine uncontrolled?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

18. Have you used pads for uncontrolled loss of urine?

every day >2 days a week  1-2 days a week not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

19 Did you have blood in urine?

every day >2 days a week  1-2 days a week not at all

0%

20%

40%

60%

80%

100%

B E1 E2 E3 E2w

E4w

BT 1

BT 2

BT 3

BT2w

BT2m

BT6m

BT1y

22. In general, was urina�on a problem in the past week?

Yes, very much Yes, quite a bit Yes, a bit No, not at all

20. How o�en did you urinate during the day? 21. How o�en did you urinate during the night?

mean
 
95% CI

mean
 
95% CI

mean
 
95% CI

Figure S1. Patient reported outcome (continued): urinary symptoms.
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Figure S2. Available toxicity scores for patient reported, physician reported and endoscopic toxicity.
Abbreviations: B, baseline; E1-3, EBRT week 1-3; BT1-3, brachytherapy 1-3; w, weeks; m, months; y, years; PROM, 
patient reported outcome measurement; CTCAEv3, common toxicology criteria for adverse events; FU, follow-up; 
SD, stable disease; PD, progressive disease; BT, brachytherapy.
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Table S1. Severe treatment-related late toxicity
Dose Severe late toxicity (> 90 days, maximum score) Proctitis 

grade 3  
< 6 wks

Response Time 
(months) 

*

Anti-
coagulant 

use 

5 Gy Grade 3: Proctitis limiting ADL yes PR 1^ Aceno-
coumarolSymptoms: Pain, frequency and fatigue

FU: PD at 7 months, proctitis grade 2.
8 Gy Grade 3: Rectal bleeding yes CR 1^ Carbasalate 

calciumSymptoms: Hospital admission at 1 month; blood 
transfusion at 5 months.
FU: PD at 9 months after HDREBT.

8 Gy Grade 3: Proctitis limiting ADL yes PR 1^ Carbasalate 
calciumSymptoms: Pain; opioids needed and rectal bleeding.

FU: Improvement at 7 months (gr 1-2 bleeding persisted)
5 Gy Grade 3: Proctitis limiting ADL no PR 2^ -

Symptoms: Pain and incontinence
FU: Salvage surgery at 8 months for PD.

7 Gy Grade 3: Rectal bleeding no PR 5 Phen- 
procoumonSymptoms: Blood transfusion at 5 months.

FU: PD with severe rectal bleeding at 10 months.
7 Gy Grade 3: Rectal bleeding no CR 6 Carbasalate 

calciumSymptoms: Blood transfusion at 6 months (Hb 3.1)
FU: Grade 1-2 proctitis

7 Gy Grade 3: Proctitis limiting ADL no CR 8 -
Symptoms: Urgency, frequency and tenesmus
Treatment: Multiple medical interventions.
FU: Gr 2 proctitis; PD at 21 months for which a palliative 
stoma

7 Gy Grade 4: Ulceration and rectocutaneous fistula no CR 12 -
Symptoms: Pain, fatigue, rectal bleeding (transfusion)
Treatment: Specialised wound care and HBOT.
FU: Slight improvement, but fistula persisted (gr 3)

7 Gy Grade 3: Rectal bleeding no CR 19 Phen- 
procoumonSymptoms: Blood transfusion at 19 months (Hb 3.5)

FU: Grade 1 rectal bleeding
8 Gy Grade 3: Rectal bleeding no CR 21 Phen- 

procoumonSymptoms: Blood transfusion at 21 months (possible 
interference of coecum tumour (Hb3.5).
FU: Grade 1-2 rectal bleeding

*All time points in this table were calculated from end of treatment.
^ Onset of grade 3 proctitis < 90 days, but symptoms persisted > 90 days.
Abbreviations: ADL, activities of daily living; CR, complete response; PR, partial response; PD, progressive disease; 
FU, follow-up.
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