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Background and purpose: A radical resection of locally advanced rectal cancer (LARC) or recurrent rectal
cancer (RRC) can be challenging. In case of increased risk of an R1 resection, intra-operative brachyther-
apy (IOBT) can be applied. We evaluated the clinical selection strategy for IOBT.
Materials and methods: Between February 2007 and May 2018, 132 LARC/RRC patients who were sched-
uled for surgery with IOBT standby, were evaluated. By intra-operative inspection of the resection margin
and MR imaging, it was determined whether a resection was presumed to be radical. Frozen sections
were taken on indication. In case of a suspected R1 resection, IOBT (1 � 10 Gy) was applied.
Histopathologic evaluation, treatment and toxicity data were collected from medical records.
Results: Tumour was resected in 122 patients. IOBT was given in 42 patients of whom 54.8% (n = 23) had
a histopathologically proven R1 resection. Of the 76 IOBT-omitted R0 resected patients, 17.1% (n = 13) had
a histopathologically proven R1 resection. In 4 IOBT-omitted patients, a clinical R1/2 resection was seen.
In total, correct clinical judgement occurred in 72.6% (n = 88) of patients. In LARC, 58.3% (n = 14) of
patients were overtreated (R0, with IOBT) and 10.9% (n = 5) were undertreated (R1, without IOBT). In
RRC, 26.5% (n = 9) of patients were undertreated.
Conclusion: In total, correct clinical judgement occurred in 72.6% (n = 88). However, in 26.5% (n = 9) RRC
patients, IOBT was unjustifiedly omitted. IOBT is accompanied by comparable and acceptable toxicity.
Therefore, we recommend IOBT to all RRC patients at risk of an R1 resection as their salvage treatment.
� 2021 The Author(s). Published by Elsevier B.V. Radiotherapy and Oncology 159 (2021) 91–97 This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
In the treatment of locally advanced rectal cancer (LARC) and
recurrent rectal cancer (RRC), radiotherapy with concurrent
chemotherapy followed by delayed surgery results in increased
local control (LC) [1–4]. By this multimodality treatment down-
staging occurs, which leads to a higher radical (R0) resection rate,
resulting in a more favourable prognosis [5–11]. However, a radical
resection may still be challenging [5,6,9,11–17].

Since local recurrence is associated with a poor quality of life
and severe morbidity [18], it is important to maximise local con-
trol. Therefore, intra-operative brachytherapy (IOBT) can be used
to give extra local therapy as resection margins may still be at risk
of undetectable residual disease (R1) [19,20]. In literature however,
there is yet no consensus if the addition of IOBT results in
improved LC, overall survival (OS) and disease-free survival (DFS)
in LARC and RRC patients [21,22]. A retrospective study demon-
strated improved LC, OS and DFS after intraoperative radiotherapy
(IORT) whereas two randomised trials failed to confirm these
advantages of IORT [22–24].

During IOBT, dose-limiting organs such as the small bowel are
kept out of the irradiation field, to decrease local toxicity [22,25].
In this way, the irradiation dose can be raised while optimising
the balance between the local anti-tumour effects and toxicity.
However, IOBT can be accompanied by severe side effects, such
as bleeding and neuropathy [5,20,26]. Also, there is no consensus
on the indication of IOBT/IORT. In some studies, all patients
received IOBT/IORT, while in others the decision making was based
on preoperative examinations, on microscopic or macroscopic
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remaining tumour (in which the definition of free resection margin
differed) or on frozen sections [11,13,21].

The potential complication risks of additional IOBT should be
weighed against the potential clinical benefits. Therefore, in our
study IOBT was performed if an irradical (R1) resection was sus-
pected based on the judgement of the surgeon and radiation oncol-
ogist. The primary aim of this study is to evaluate the accuracy of
this clinical selection strategy for IOBT, and the secondary objec-
tive is to assess its toxicity.
Materials and methods

Between February 2007 and May 2018, 132 patients with ade-
nocarcinoma of the rectum were evaluated and scheduled for
resection with IOBT standby. Our institutional ethical review com-
mittee approved this analysis (METc number: 2019/069).

Staging was performed using endoscopy with biopsies, CT-scan
of thorax/abdomen and (DW-)MRI-scan. Treatment policy was dis-
cussed in a multidisciplinary rectal cancer expert board. If patients
were radiotherapy naïve, they received 50.0–50.4 Gy (2.0–1.8 Gy/
fraction daily) using a 3- or 4-field technique. Previously irradiated
patients were re-irradiated with 30.0–30.6 Gy (2.0–1.8 Gy/fraction
daily) using a 3- or 4-field technique [27]. Target volume for irra-
diation and re-irradiation was the tumour and suspected lymph
nodes with margin, combined with the following lymph node
regions: internal iliac regions, obturatorius regions, mesorectum
and presacral area. Radiotherapy in LARC and RRC patients was
usually combined with twice-daily capecitabine 825 mg/m2. In
case of distant metastasis, patients were treated according to the
M1-regimen (5x5 Gy daily followed by six cycles of CAPOX-B)
[28]. Patients were restaged approximately six weeks after neoad-
juvant treatment and scheduled for surgery 8–12 weeks after com-
pletion of the neoadjuvant therapy. Low anterior resection (LAR),
(extra levator) abdominoperineal resection (APR), anterior-,
posterior- or total exenteration were performed. In some cases,
the distal sacrum was resected.

IOBT was standby during the resection if inadequate resection
margins were expected. During surgery, the surgeon, in collabora-
tion with the radiation oncologist, determined the radicality of the
resection by means of observation and palpation of the resection
margin combined with information obtained from the preopera-
tive MRI. In case of a clinically (expected) R1 resection, IOBT was
performed. In case of an R0 or R2 resection, multiple irradical
resection planes or a hemodynamically unstable patient, IOBT
was omitted. Frozen sections were not mandatory.

Our IOBT procedure largely corresponds to the procedure
described by Deurloo et al. [29]. In preparation of the IOBT proce-
dure, library plans were prepared, which are optimized at the ref-
erence depth of the complete target area except for the dwell
positions at the angular points. During surgery, the size of the
irradical resection was determined, into which the flexible intraop-
erative template (FIT) was placed. A FIT is a 5 mm thick flexible sil-
icone template which contains parallel catheters spaced 1 cm
apart. The FIT could be cut into the desired geometry. Because of
the flexibility of the FIT, the FIT could be placed in the most optimal
position in which the FIT is well aligned with the target volume. To
define the target area, the FIT was placed at the tissue surface area,
which was marked by clips. The treatment plans were selected
from the library and a dose of 10 Gy was specified at the reference
depth at 1 cm from the surface of the FIT. The total duration of the
intraoperative irradiation was 10–20 minutes. Appendix A demon-
strated the adjustment and placement of the FIT. The specimen
was fixed for 24 hours in formalin. The radicality of the resection
was defined according to guidelines; R0: free surgical margins
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(>1mm), R1: microscopically involved margins (�1mm) and R2:
macroscopically involved margins [30].

Acute side-effects, within 30 days after surgery, and late side-
effects, within 90 days after surgery, were retrospectively classified
according to Clavien-Dindo [31] and the Common Terminology Cri-
teria for Adverse Events version 5 [32], based on the reports of the
treated physician.
Statistics

Proportions were compared with chi-square tests and continu-
ous parameters, depending on the distribution of the data, with T-
test or Mann-Whitney U test. All tests were two-tailed, and p-
values � 0.05 were considered statistically significant. The positive
predictive value (PPV) was calculated as the number of R1/2 resec-
tions at histopathological evaluation divided by the number of
clinically suspected R1/2 resections during surgery. Sensitivity
was calculated as the number of R1 frozen sections divided by
the number of R1 resections at histopathological evaluation.
Patients were followed-up until five years after surgery. Median
follow-up was calculated from the date of surgery until censoring.
The overall survival was calculated from the date of surgery until
the last follow-up or death using the Kaplan-Meier method. Statis-
tical analyses were performed using SPSS version 23 (IBM, Armonk,
New York, USA). The overall survival figure was conducted by R
version 4.0.2.
Results

In total, 132 patients were scheduled for surgery with IOBT
standby. Patients’ characteristics are shown in Table 1. IOBT was
performed in 42 patients. The IOBT-performed group (n = 42) con-
sisted of 24 LARC, and 18 RRC patients and the IOBT-omitted group
(n = 90) of 46 LARC and 44 RRC patients including ten patients by
whom the tumour was not resected (Appendix B). Of the patients
with recurrent rectal cancer, 12 patients had actually recurrent sig-
moid carcinoma located at the colorectal anastomosis in the pelvis.

Of the LARC patients (n = 70), 84.3% received 50.0/50.4 Gy
(n = 59). In 96.6% of patients concomitant chemotherapy was given
(n = 57). Concomitant chemotherapy was omitted in two patients
(3.4%) because of thrombopenia (n = 1) and respiratory infection
(n = 1). In one patient (1.4%), chemoradiotherapy was prematurely
stopped because of extreme anxiety regarding the treatment which
did not resolve by medication. Nine patients (12.9%) received 5x5
Gy radiotherapy, of which six patients (66.7%) were treated accord-
ing to the M1-regimen. One patient (1.4%) was treated with
30.6 Gy and concomitant capecitabine because of prior radiother-
apy for a bladder tumour. Of the RRC patients (n = 62), 58.1%
(n = 36) were re-irradiated with a total dose of 30.0/30.6 Gy and
97.2% (n = 35) of them also received concomitant chemotherapy.
In total, 24 radiotherapy naïve RRC patients (38.7%) received
long-course radiotherapy, and 95.8% (n = 23) received concomitant
chemotherapy. Concomitant chemotherapy was omitted because
of gastrointestinal toxicity during chemotherapy for the primary
tumour (n = 2). In total, two patients (3.2%) were treated with
5x5 Gy, of which one patient according to the M1 regimen.

The median interval between last neoadjuvant therapy and sur-
gery for LARC was 13 weeks (interquartile range (IQR) 10–
17 weeks) and for RRC 12 weeks (IQR 9–15 weeks). All LARC
patients (n = 70) and 90.3% of the RRC patients (n = 56) underwent
surgery (Appendix B). Reasons to omit surgery were: tumour pro-
gression with no curative options (n = 4) and patient refusal (n = 2).
During the resection, four RRC cases were irresectable and there-
fore not eligible for IOBT, leaving 122 patients in the analysis
(Appendix B). In 42 patients IOBT was given during the resection.



Table 1
Patient and preoperative treatment characteristics.

IOBT performed (n = 42) IOBT omitted (n = 90)

LARC (n = 24) RRC (n = 18) LARC (n = 46) RRC (n = 44)

Gender
Male 18 (75.0) 13 (72.2) 27 (58.7) 24 (54.5)
Female 6 (25.0) 5 (27.8) 19 (41.3) 20 (45.5)
Age in years (mean, range)

62 [33–79] 60 [41–72] 63 [35–83] 67 [36–80]
Histology tumour
Adenocarcinoma 24 (100.0) 14 (77.8) 46 (100.0) 27 (61.4)
Neuroendocrine 0 (0.0) 1 (5.6) 0 (0.0) 1 (2.3)
Mucinous 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3)
Unknown 0 (0.0) 3 (16.7) 0 (0.0) 15 (34.1)
cT- and N-stage
cT3N0 2 (8.3) 10 (55.6) 1 (7.7) 17 (38.6)
cT3N+ 6 (25.0) 1 (5.6) 18 (39.1) 8 (18.2)
cT4N0 4 (16.7) 5 (27.8) 5 (10.9) 12 (27.3)
cT4N+ 12 (50.0) 2 (11.1) 22 (47.8) 7 (15.9)
cM-stage
cM0 22 (91.7) 14 (77.8) 42 (91.3) 34 (77.3)
cM1 2 (8.3) 4 (22.2) 4 (8.7) 10 (22.7)
Location cM-stage
Liver 1 (50.0) 0 (0.0) 4 (57.1) 6 (60.0)
Pulmonary 0 (0.0) 3 (75.0) 2 (28.6) 1 (10.0)
Lymphatic 1 (50.0) 0 (0.0) 1 (14.3) 2 (20.0)
Peritoneum 0 (0.0) 0 (0.0) 0 (0.0) 1 (10.0)
Oligometastasisa 0 (0.0) 1 (25.0) 0 (0.0) 0 (0.0)

Data is presented as n (%).
IOBT intra-operative brachytherapy; LARC locally advanced rectal cancer; RRC recurrent rectal cancer.

a symphysis pubis.
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The location of IOBT was lateral pelvic sidewall in 54.8% (n = 23)
and pre-sacral in 45.2% (n = 19) of patients (table 2). An APR was
significantly more often performed in IOBT-omitted patients.

Histopathological characteristics are listed in Table 2, Figs. 1A
and 1B. In total, 34.4% (n = 42) patients received IOBT. Of these
patients, IOBT was given in 41 (97,6%) because of clinical suspicion
of an R1 resection, in the other patient who underwent IOBT the
resection was clinically judged as R0; however, the frozen section
showed an R1 resection. In the final histopathological evaluation
23 (54.8%) R1 and 19 (45.2%) R0 resections were found. In total,
overtreatment with IOBT occurred in 19 patients; 14 out of 24
(58.3%) LARC and 5 out of 18 (27.8%) RRC patients. In the remaining
80 patients (65.6%), IOBT was omitted. In 76 patients (95.0%), an R0
resection was suspected during surgery. At histopathological eval-
uation, 63 resections (82.9%) were R0 and 13 resections (17.1%)
were R1. Because of a negative frozen section, three times (3.8%)
IOBT was omitted while an R1 resection was suspected. Once
(1.3%), an R2 resection was accomplished. In conclusion,
undertreatment occurred in 5 out of 46 (10.9%) LARC patients
and 9 out of 34 (26.5%) RRC patients.

In the total patient group (n = 122), the PPV of the clinical eval-
uation was 53.3%. In case of LARC and RRC, the PPV was 44.4% and
66.7%, respectively. Frozen sections were taken in 44 patients
(36.1%) and were accomplished with a low sensitivity of 61.1%.
The sensitivity and specificity of frozen sections in LARC patients
(n = 18) was 40.0% and 76.9% and in RRC patients (n = 26) 69.2%
and 91.6%, respectively.

One patient (0.8%) died within 30 days. This patient died of
acute pulmonary haemorrhage 15 days after surgery with
unknown origin as cause of death. No grade IV toxicity occurred.
Although not significant, acute pain grade I-II occurred numerically
twice as often in patients who underwent IOBT (p = 0.06). In total,
4.8% and 2.5% of the acute pain grade I-II were neuropathic in the
IOBT-performed and IOBT-omitted group, respectively (p = 0.51).
Although also not significant, acute gastrointestinal toxicity grade
III was more reported by patients in whom IOBT was omitted
93
(p = 0.029). In conclusion, there were no significant differences in
acute and late toxicity between these groups (Table 3).

The median follow-up was 35.3 months (interquartile range
19.6–51.8). Regardless of radicality, the overall survival three years
after surgery was 80.2% in the IOBT-omitted LARC and RRC patients
(n = 80) and 68.6% in the IOBT-performed LARC and RRC patients
(n = 42) (p = 0.007) (Appendix C).
Discussion

This is the first study which evaluates the clinical selection
strategy for IOBT in LARC and RRC patients. This study demon-
strates that in the vast majority (89.1%) of LARC patients, the
judgement of the surgeon in collaboration with the radiation
oncologist to omit IOBT was correct. However, in RRC, the clinical
judgment on the radicality of the resection was correct in only
69.2% of patients. An R1 resection was diagnosed in 26.5% of
IOBT-omitted patients. Overall, 17.5% of the total group of patients
with IOBT standby were undertreated (IOBT-omitted in R1
resection).

In our study, only patients with a clinically suspected R1 resec-
tion received IOBT. We demonstrated corresponding PPVs of 53.3%,
44.4% and 66.7% in the total patient group, LARC and RRC patients,
respectively. A high PPV indicates that when a tumour was clini-
cally predicted as R1/2, this was usually true. To the best of our
knowledge, no other studies are determining PPV of the clinical
selection strategy. Comparable to our research, there are two other
studies in which not all patients received IOBT [11,13]. In these
studies, R0 based on frozen section analysis was used for
decision-making. However, frozen sections can provide false nega-
tive diagnosis and are time-consuming [33,34]. In the current
study, we sampled for frozen sections in 36.1% of cases and
reached a low sensitivity of 61.1%. In RRC patients frozen sections
were taken more often (in 61.1% and 44.1% in the IOBT-performed
and IOBT-omitted, respectively). This suggests that the resection in



Table 2
Surgical and pathology characteristics.

IOBT performed (n = 42) IOBT omitted IOBT omitted (n = 80)

LARC (n = 24) RRC (n = 18) LARC (n = 46) RRC (n = 34)

Type of resection
LAR 6 (25.0) 2 (11.1) 16 (34.8) 4 (11.8)
APR 8 (33.3) 3 (16.7) 22 (47.8) 14 (41.2)
Anterior exenteration 1 (4.2) 3 (16.7) 2 (4.3) 0 (0.0)
Posterior exenteration 0 (0.0) 0 (0.0) 0 (0.0) 3 (8.8)
Total exenteration 9 (37.5) 5 (27.8) 6 (13.0) 7 (20.6)
Local excision 0 (0.0) 5 (27.8) 0 (0.0) 6 (17.6)
Location IOBT
Sacral 13 (54.2) 6 (33.3)
Pelvic bone 11 (45.8) 12 (66.7)
IOBT planes
1 plane 22 (91.7) 18 (100.0)
2 planes 2 (8.3) 0 (0.0)
Radicality of surgery
(clinical judgement)
R0 (>1 mm) 0 (0.0) 1 (5.6) 43 (93.5) 33 (97.1)
R1 (�1 mm) 24 (100.0) 17 (94.4) 2 (4.3) 1 (2.9)
R2 (irradical) 0 (0.0) 0 (0.0) 1 (2.2) 0 (0.0)
Radicality of frozen section
R0 (>1 mm) 4 (16.7) 1 (5.6) 9 (19.6) 15 (44.1)
R1 (�1 mm) 5 (20.8) 10 (55.6) 0 (0.0) 0 (0.0)
R2 (irradical) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
No frozen section taken 15 (62.5) 7 (38.9) 37 (80.4) 19 (55.9)
Radicality of pathology
R0 (>1 mm) 14 (58.3) 5 (27.8) 40 (87.0) 25 (73.5)
R1 (�1 mm) 10 (41.7) 13 (72.2) 5 (10.9) *9 (26.5)
R2 (irradical) 0 (0.0) 0 (0.0) 1 (2.2) 0 (0.0)
Overall judgement
Correct judgement 10 (41.7) 13 (27.8) 40 (87.0) 25 (73.5)
Overtreatmenta 14 (58.3) 5 (72.2) - –
Undertreatmentb – – 5 (10.9) 9 (26.5)

Data is presented as n (%).
IOBT intra-operative brachytherapy; LARC locally advanced rectal cancer; RRC recurrent rectal cancer; R0 clear resection margins; R1 � 1 mm resection margin between 0 and
1 mm; R2 macroscopic residual tumour.
*One patient was haemodynamically unstable during surgery; therefore it was not possible to perform IOBT.

a IOBT performed and at histopathological evaluation R0
b IOBT omitted and at histopathological evaluation R1

Fig. 1A. Surgical and histopathological resection margin of IOBT performed patients.
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RRC patients is more difficult to judge for radicality, and then a fro-
zen section could be useful. However, accurate clinical judgement
of resection margin for frozen section analysis is usually hampered
by fibrosis after previous resection or previous preoperative radio-
therapy [35]. Because of this, the more aggressive biological beha-
viour of RRC and most importantly, the resection which is beyond
94
normal anatomic surgical planes, could result in a higher risk of
positive resection margins (R1) [36–38]. However, the specificity
of a frozen section was only 50% in LARC patients in which an R0
resection was obtained and IOBT was performed (n = 9), respec-
tively (data not shown). Besides, the sensitivity and specifity of
all LARC patients in which a frozen section was takan was 40.0%



Table 3
Acute and late toxicity.

IOBT performed (n = 42) IOBT omitted (n = 80) p-value

Acute toxicity Grade 1-2a

Gastrointestinal
Infections
Nervous system
Pain
Sexual
Urinary
Vascular
Wound dehiscence

4
10
3
13
1
12
2
9

(9.5)
(23.8)
(7.1)
(31.0)
(2.4)
(28.6)
(4.8)
(21.4)

14
13
8
13
0
25
1
11

(17.5)
(16.3)
(10.0)
(16.3)
(0.0)
(31.3)
(1.3)
(13.8)

0.24
0.31
0.60
0.06
0.17
0.76
0.23
0.28

Acute toxicity Grade 3-4a, +

Gastrointestinal
Infections
Wound

1
3
3

(2.4)
(7.1)
(7.1)

9
3
2

(11.3)
(3.8)
(2.5)

0.09
0.41
0.22

Late toxicity Grade 1-2b

Infections
Pain
Wound

0
2
1

(0.0)
(4.8)
(2.4)

1
2
2

(1.3)
(2.5)
(2.5)

0.47
0.97
0.97

Late toxicity Grade 3-4b, +

Gastrointestinal
Infections
Vascular

1
1
1

(2.4)
(2.4)
(2.4)

3
0
0

(3.8)
(0.0)
(0.0)

0.69
0.17
0.17

IOBT intra-operative brachytherapy.
aaccording to Clavien Dindo.
baccording to Common Terminology of Criteria for Adverse Events version 5.
+no grade 4 toxicity occurred.

Fig. 1B. Surgical and histopathological resection margin of IOBT omitted patients in patients with a resected tumour only.
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and 76.9%, whereas the sensitivity and specifity was 69.2% and
91.6% in RRC patients respectively. In addition, in only 47.7% of
all LARC patients who received IOBT (n = 24) because of an R1
resection, were also scored as an R1 resection at histopathological
evaluation. Therefore, frozen sections should be omitted in LARC
patients.

Although not significant, acute pain grade I-II was reported
twice as often in patients who underwent IOBT reported
(p = 0.06). This may be explained by the fact that an extensive
resection was performed in this patient group. Furthermore, acute
nervous system toxicity grade I-II was comparable between the
groups and occurred in 7.1% and 10.0% in the IOBT-perfomed and
IOBT-omitted group, respectively. Neuropathy is a serious toxicity
[20]. In our study, nervous system toxicity and neuropathic pain
occurred only as grade 1–2 (in total: 11.9% (n = 5) in IOBT-
performed and 12.5% (n = 10) in IOBT-omitted patients). Haddock
et al. demonstrated comparable grade 1–2 neuropathy symptoms
of 12.4% of patients [20]. However, Haddock et al. used IORT
instead of IOBT, which is known for its homogeneous target and
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greater depth dose [39]. It seems that most acute pain grade I-II
was related to the extension of the resection and that this was
comparable between the groups (23.8% vs. 13.8% in the IOBT-
performed and IOBT-omitted group, respectively (p = 0.16), data
not shown). Since postoperative morbidity (grade � 3) is most
often related to the extent of the resection [40], it could be
expected that IOBT dependent complications might occure more
than 90 days after surgery.

Acute gastrointestinal toxicity grade III was numerically more
reported by IOBT-omitted patients (p = 0.09). All acute gastroin-
testinal toxicity, accept for anastomotic leakage, occurred in
patients who underwent an APR. The extensiveness of an APR is
probably associated with an increased risk of systemic inflamma-
tory response which may result in hypotension and therefore more
gastrointestinal toxicity. Possibly the small numbers contributes to
the numerical difference in gastrointestinal toxicity. Without clear
explanation, anastomotic leakage occurred in 14.7% of the patients
who underwent a LAR or anterior exenteration (data not shown).
The radiotherapy target volume in both groups was tumour with
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margin, the mesorectal area and presacral and internal iliac lymph
node region. So target volume, and therefore organs at risk, does
not explain the numerical difference in gastrointestinal toxicity.

We demonstrated a three-year overall survival of 68.6% and
80.2% in IOBT-performed and IOBT-omitted patients, respectively.
Since IOBT-omitted patients lived significantly longer, this sug-
gests that the clinical selection strategy went well. However, the
patient groups in our study are small and heterogeneous. Besides,
in 14 patients (17.5%) in who IOBT was omitted an R1 resection
was found at histopathological evaluation. So conclusions must
be drawn with caution. Besides, two randomised trials failed to
demonstrate a survival benefit of IOBT-performed patients as well
[22,23].

There are some limitations of the current study. IOBT is not
often performed in the Netherlands, therefore the numbers are
small. Besides, the patient population is heterogeneous. The CTCAE
scoring system is used retrospectively, which could have resulted
in underestimation of the toxicity. However, we believe that the
number of retrospectively scored toxicity is accurate, since toxicity
was asked at every follow-up moment. Though, toxicity results
should be interpreted with cautions.

In our study patients received 1x10 Gy IOBT only in case an
irradical resection was suspected. However, the accurate selection
of an expected irradical resection margins was difficult, resulting in
undertreatment (R1 resection and IOBT-omitted) in 17.5% (14/80)
of the patients. In the current study, the use of frozen sections
did not seem to improve the accuracy. Promising devices and
methods to improve detection of R1 marigins per-operatively
could be the use of bevacizumab-800CW by back-table and intra-
operative fluorescence-guided imaging, computer navigation-
assisted surgery or diffuse reflectance spectroscopy [41,42].

Conclusions

We demonstrated that correct clinical judgement to perform
IOBT occurred in 41.7% of LARC patients and 72.2% of RRC patients.
In IOBT-omitted patients, a correct clinical judgement was accom-
plished in 87.0% of LARC and 73.5% of RRC patients. Since only
10.9% of the LARC patients were undertreated, we can conclude
that the clinical selection strategy in LARC patients went well in
the vast majority of patients. However, 26.5% of RRC patients were
undertreated (IOBT-omitted and R1 resection at histopathology).
Moreover, patients who received IOBT had acceptable toxicity
and comparable toxicity to patients who did not receive IOBT.
Based on the current results, we recommend performing IOBT in
all RRC patients at risk of an R1 resection since in RRC it is often
their salvage treatment, and IOBT is accompanied by acceptable
toxicity. For RRC patients who are at risk of an R1 resection we
advise to referre this patient to a hospital which is able to perform
IOBT.
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