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Abstract

Purpose: To investigate the dosimetric results and first clinical experiences with a new designed balloon applicator
with adjustable catheters for endoluminal brachytherapy for patients with locally advanced rectal cancer not under-
going surgery.

Material and methods: The applicator consists of an inflatable rectal balloon with six attached Foley catheters
used as guidance for the inserted brachytherapy plastic needles. The construction of the applicator and the dosimetric
profile in terms of representative dose points in 0, 2, 5, 10 mm ipsilaterally and in 0 mm contralaterally are described.
The first clinical outcomes in three patients are reported.

Results: For all three patients, a reproducible dose gradient was achieved. The surface dose on the target side
was 204 £ 19% of the normalized dose in 5 mm (100%) tissue depth, and 143 + 8% in 2 mm and 64 + 3% in 10 mm tissue
depth, while the surface dose on the contra-lateral side was 20 + 8%. After radiochemotherapy with 50 Gy external beam
radiotherapy and concomitant administration of capecitabine, a HDR brachytherapy boost in 2-3 fractions of 7-10 Gy
each was delivered. All patients achieved a clinical complete response 3 month after the treatment, and no major tox-

icity was observed.

Conclusion: The use of the applicator was clinically feasible, and resulted in a stable and reproducible dose distri-

bution. First clinical results are promising,.
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Purpose

Conservative treatment of locally advanced rectal
cancer is currently receiving an increasing investigation,
as surgery may significantly impair both short-term and
long-term quality of life results. Whereas for T1 and T2
cancers, excellent results can be achieved using contact
X-ray radiotherapy alone with 90% local tumor control
rates [1], only 12-20% complete remissions are observed
in more advanced tumors after standard preoperative
radiochemotherapy with 45-50 Gy [2]. However, in these
well-responding patients, local tumor control and cancer-
specific survival do not appear to be inferior to patients
undergoing preoperative radiochemotherapy and sur-
gery [3]. To increase the response to radiochemotherapy,
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a local boost can be considered. A recent dose-response
analysis revealed that a dose of 92 Gy would be required
for a 50% tumor control rate [4]. Besides contact X-ray ra-
diotherapy, high-dose-rate brachytherapy (HDR-BT) has
been described as a boost technique [5,6,7]. The steep dose
gradient of HDR-BT qualifies for localized, highly focused
treatments of small volumes. However, an appropriately
focused applicator system with asymmetrical dose distri-
bution is required to achieve a therapeutic benefit with
this dosimetric profile. In the following, we describe the
design, technical and dosimetric characteristics of an in-
house developed applicator allowing asymmetrical dose
distribution, we report on the feasibility of its use, and
present some preliminary clinical results.
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Material and methods
Patients and treatment

Three patients with locally advanced rectal cancer
were treated in 2014 and 2015 at the Department of Ra-
diation Oncology of the Medical University of Vienna
with primary radiochemotherapy and image-guided bra-
chytherapy. Patient 1 was 65 years old with a T2 N1 ade-
nocarcinoma of the distal rectum. Patient 2 was 82 years
old and had a T3 NO adenocarcinoma of the distal rectum.
Patient 3 was 86 years old with a T3 N1 adenocarcino-
ma of the distal rectum. All patients were treated with
3D conformal external beam radiotherapy (EBRT) up to
50 Gy with 2 Gy per fraction. Target volume delineation
for EBRT was based on the recommendations by Roels
et al. [8]. Concomitant chemotherapy with capecitabine
1,650 mg/m?> was administered daily during EBRT.
Patient 1 was treated initially in preoperative intent, but
the patient then refused surgery, whereas patients 2 and
3 were considered upfront as medically unfit for surgery.
Figure 1 shows the local tumor extension on T2-weight-
ed magnetic resonance imaging (MRI) for patient 3:
(A) before radiochemotherapy, and (B) at week 3 during
radiochemotherapy. After radiochemotherapy, all three
patients received an endorectal HDR-BT boost. The CTV
at brachytherapy was defined based on the tumor exten-
sion at diagnosis, but adapted according to the thickness
of the rectal wall at the time of brachytherapy.

Applicator

The applicator consists of an inflatable endorectal bal-
loon (RectalPro 75, QLRAD Inc, Miami, Florida, USA) and
six attached Foley catheters with 14 F diameter (Folysil,
Coloplast, Humlebaek, Denmark). Shortened front ends
of the Foley catheters with a length of 20 cm are fixed to
each other as well as to the endorectal balloon. They are

therapy, and (B) in week 3 during radiochemotherapy

fixed at the tip of the catheters (in the axis of the endorectal
balloon through the existing holes) and at the level of the
buckling of the endorectal balloon. 24 cm plastic needles
(OncoSmart ProGuide, Elekta, Stockholm, Sweden) with
6 F diameter are inserted into the lumen of each Foley
catheter and are used as the brachytherapy applicators.
The endorectal balloon can be inflated up to 60 ml, which
results in 4.0-4.5 cm balloon diameter. The Foley catheters,
with the brachytherapy applicators inside, are attached at
the less inflatable side of the balloon (treatment area), and
the more inflatable side of the balloon is used as a spac-
er towards the contralateral non-involved rectal wall.
This construction results in an asymmetric arrangement of
the brachytherapy source channels, which allows deliver-
ing a high dose to the target area while keeping the dose
relatively low on the contra-lateral side of the rectum. Fig-
ure 2 shows the applicator in two different views.

Applicator commissioning, reconstruction,
and treatment planning

Before clinical use, the fully mounted applicator was
commissioned using a phantom computed tomography
(CT) study. Therefore, autoradiography of the applicator
was performed to define the offset (distance from the vis-
ible applicator tips to the first dwell positions) and the
appropriate indexer length for the afterloader. A dummy
wire was inserted into each plastic needle to visualize the
first source position. When the needles were properly in-
serted into the Foley catheters, the offset according to our
equipment and configuration was 8 mm when an indexer
length of 1,407 mm for each channel was selected.

For the reconstruction of the applicator, CT images
with a slice thickness of 2 mm were used and each cath-
eter was digitized. The average distance between cathe-
ters was 9.0 + 0.4 mm with an active length of 4 + 1 cm.
The dose was normalized at 5 mm tissue depth, while
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Fig. 2. Two views of the inflatable multi-channel rectal applicator for rectal brachytherapy (A) with inflated balloon, and (B) the
configuration of the channels inside the shortened Foley catheters

additional dose points were defined at 0 mm (surface of
the applicator 2 mm from the source), 2 mm, 5 mm, and
10 mm on the target side and on the applicator surface
contra-laterally. Geometric optimization with a minor
manual adjustment of dwell times was mainly performed
to shape the dose according to the geometry and patients’
target volumes.

In addition, a CTV encompassing the area of tu-
mor extension at time of diagnosis and the thickness
of the rectal wall at the time of brachytherapy was ret-
rospectively delineated for dose-volume-histogram
evaluation (Figure 3). Oncentra Brachytherapy 4.5.2
(Elekta, Stockholm, Sweden) was used for treatment
planning.

Fig. 3. Computed tomography images of patient 3 with inflated applicator in situ showing the dose distribution in transverse

(A and B) and coronal view (C and D)
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Results
Clinical results

Patient 1 and patient 2 achieved complete endoscopic
remission after EBRT and chemotherapy, whereas rec-
toscopy in patient 3 revealed residual tumor (Figure 4).
Gross target volume (GTV) at diagnosis and clinical tar-
get volume (CTV) at brachytherapy were, respectively,
2.7 ecm® and 2.2 cm® (45% involvement of the circumfer-
ence of the rectum) in patient 1, 12.8 cm® and 2.8 cm?
(45% involvement of the circumference) in patient 2, and
42.7 cm® and 18.0 cm® (60% involvement of circumference)
in patient 3. Positioning of the applicator was well-toler-
ated by the patients who did not require any anesthesia.
The fully mounted deflated applicator was inserted into
the rectum according to the required rotation and inser-
tion depth, and inflated up to 40-60 ml based on the pa-
tient’s tolerance. By inflating the balloon, the catheters
were pressed against the rectal wall. The position of the
applicator was checked with CT imaging and adjusted if
necessary. After CT-based treatment planning with the
inflated applicator in situ (see above), the treatment was
applied without any complications and the applicator
was removed directly after. The overall procedure in-
cluding rectoscopy was performed within approximately
1-2 hours as an out-patient treatment.

All three patients showed complete clinical remission
after treatment. Currently, all the patients are alive with
no evidence of disease. Patient 1 developed a superficial
ulceration causing pain one year after treatment, which
was treated conservatively. Patient 3 developed minor
rectal bleedings. None of the patients required colostomy
after radiotherapy.

Dosimetric results

For all three patients, a similar dose gradient was
achieved. The surface dose on the target side was 204 +
19% of the normalized dose at 5 mm (100%) tissue depth,
143 + 8% at 2 mm, and 64 + 3% at 10 mm, while the sur-
face dose on the contra-lateral side was only a tenth of

T -

the dose to the target side, resulting in 20 + 8%. The ac-
tive length was 3 cm for patient 1, 4 cm for patient 2, and
5 cm for patient 3, with resulting TRAKSs (total refer-
ence air kerma) of 0.19 c¢Gy/Im, 0.27 c¢Gy/Im, and
0.39 cGy/1m, respectively. While the dose prescriptions
for patient 1 and patient 2 were 7 Gy at 5 mm for 2 and
3 fractions, respectively, patient 3 was treated with 10 Gy
at 5 mm for 3 fractions. The Dy, doses of the retrospective-
ly delineated CTV were 7.5 Gy (EQD, - equivalent dose
at 2 Gy), 12.2 Gy (EQD,), and 12.2 Gy (EQD,) per frac-
tion for patients 1, 2, and 3, respectively. In total (EBRT
+ all brachytherapy fractions), doses of 65 Gy (EQD,),
87 Gy (EQD,), and 87 Gy (EQD,) were delivered to
the Dy, of the CTV of patients 1, 2, and 3, respectively.
Figure 3 shows the dose distribution of patient 3 in coro-
nal and transverse views.

Discussion

Dose escalation to the tumor beyond the standard 45-
50 Gy radiochemotherapy can be considered in cases of
conservative treatment of locally advanced rectal cancer.
Data, mainly from Lyon/Nice and Clatterbridge, indi-
cate high local tumor control and survival rates for ad-
vanced tumors if an additional boost is applied [5,9,10].
Contact X-rays or brachytherapy currently appear to be
the only effective and safe ways to reach the presumably
required high doses of > 90 Gy [4]. Here, we described
our experiences with our own applicator for adaptive
image-guided endorectal HDR-BT. The applicator was
designed to provide a high dose to the target volume,
while simultaneously sparing the non-involved circum-
ference of the rectum. This was enabled by adding an
inflatable balloon as a spacer to the guiding tubes for
the plastic needles. This configuration provides a steep
dose gradient in the target volume, and substantially re-
duces the dose to the contralateral side. Jakobsen et al.
[11] reported the use of a 20 mm cylinder as an applica-
tor including additional shields. With this approach, an
asymmetric dose profile can be achieved as well - ap-
proximately 30% of the prescribed dose reaches the con-

Fig. 4. Rectoscopy of patient 3: (A) before brachytherapy showing residual tumor (black arrows), and (B) three months after

brachytherapy showing complete endoscopic remission (two computed tomography markers in situ)
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tralateral side behind the shields [12]. However, a cylin-
der only allows for limited adjustments according to the
individual anatomy. The fixation of the cranio-caudal
applicator position in relation to the target, and the addi-
tional need for an advanced dose calculation algorithm
to include shielding material into the dose calculation,
raises some practical challenges. While the Novi Sad ap-
plicator uses a similar principle as our applicator, with
an inflatable balloon allowing for a better fixation and
asymmetric dose distribution, our applicator appears to
provide a better dose ratio between target and not-in-
volved rectal circumference.

Our applicator could be easily inserted and was well-
tolerated by the patients. Image-guided treatment plan-
ning was performed with CT, which allowed for further
dose optimization. The dose distribution was reproduc-
ible in all three patients with minor variations. The first
patient received a relatively low dose in two fractions of
7 Gy at 5 mm tissue depth, which was then increased to
three fractions of 10 Gy at 5 mm tissue depth in the third
patient. No major acute toxicity was observed. A com-
parison of the point dose parameters with the respective
DVH-parameters shows (as previously reported, e.g. for
cervical cancer [13]) substantial differences. Additional
research will be necessary to clarify the clinical relevance
of these differences.

Further dose escalation might be considered based
on results from the published series. With contact X-rays,
three fractions of 30 Gy surface dose are recommended as
a boost for advanced disease [14], while the optimal dose
schedule for HDR-BT is not clear. The Montreal group ap-
plies three fractions of 10 Gy at 10 mm from the applicator
surface (after 50.4 Gy EBRT), whereas the HERBERT trial
recommends three fractions of 7 Gy at 10 mm from the
applicator surface (after 39 Gy EBRT) [15].

Both contact X-rays and HDR-BT offers certain ad-
vantages in localized targeted treatment. While treatment
with contact X-rays has biological and dosimetric advan-
tages, and allows for direct sight of the tumor (“eye-guid-
ed treatment”), brachytherapy opens up the possibility
for three-dimensional image-guided treatment planning
and dose optimization and reporting. This allows a high-
er degree of freedom for individualized dose prescrip-
tion, respecting tissue depths and tumor volumes, includ-
ing bulkier and more infiltrative residual rectal tumors
than those applicable for contact X-rays [16].

Conclusion

The use of the applicator was clinically feasible, and
resulted in a stable and reproducible dose distribution.
First clinical results are promising.
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