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HDR brachytherapy for anal cancer
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Abstract: The challenge of treating anal cancer is to preserve the anal sphincter function while giving high
doses to the tumor and sparing the organ at risk. For that reason there has been a shift from radical surgical
treatment with colostomy to conservative treatment. Radiotherapy combined with chemotherapy has an
important role in the treatment of anal cancer patients. New techniques as intensity modulated radiotherapy
(IMRT) have shown reduced acute toxicity and high rates of local control in combination with chemotherapy
compared to conventional 3-D radiotherapy. Not only external beam radio-chemotherapy treatment (EBRT)
is an established method for primary treatment of anal cancer, brachytherapy (BT) is also an approved method.
BT is well known for boost irradiation in combination with EBRT (+/- chemotherapy). Because of technical
developments like modern image based 3D treatment planning and the possibility of intensity modulation in
brachytherapy (IMBT), BT today has even more therapeutic potential than it had in the era of linear sources.
The combination of external beam radiotherapy (EBRT) and BT allows the clinician to deliver higher doses

to the tumor and to reduce dose to the normal issue. Improvements in local control and reductions in toxicity

therefore become possible. Various BT techniques and their results are discussed in this work.
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Introduction

Anal cancer is a rare disease. Only 1-2% of all gastrointestinal
tumors are anal cancer (1). In former times surgery
with abdominoperineal resection (APR) followed by
colostomy was the first choice of treatment. APR leads to
a local control rate after 5 years of 40-75% (2-4). Over
the last decades a treatment shift from radical surgery to
conservative treatment has occurred. In the beginning of
the 1970s, Nigro introduced a novel combined modality
treatment (5). In the following years several studies
showed the effectiveness of combined radio chemotherapy
using EBRT with 5-FU and Mitomycin C (MMC) (5).
Conventional 3-D conformal 3DCRT) treatment planning
showed a high local control rate. Nowadays intensity
modulated radiotherapy (IMRT) should be used for
improved treatment results and reduction in toxicity (6-10).
But not only EBRT alone is an accepted treatment method,
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brachytherapy (BT) also has an important role as local
dose escalation (boost) in the treatment of anal cancer.
Due to the physical and biological advantages BT allows
to the physician to apply higher doses direct in the tumor
or tumor bed with less toxicity. At the beginning BT target
volume definition was based on the clinical findings. Since
the introduction of transrectal ultrasound (TRUS) as well of
magnetic resonance imaging (MRI), image based implants
are possible, resulting in a high precision therapy (9). The
different BT methods, limitations and results are discussed
in this work.

Principles of BT

At the beginning of the modern BT era most BT implants
have been carried out manually. At first catheters, hollow
needles or applicators were inserted into the palpable
tumor. Later on, BT sources were manually introduced into
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Figure 1 Pretreatment and local control 24 months after treatment.

the previously implanted applicator. Up-to-date remote
afterloading machines are now in use. A single miniaturized
source connected to a steel wire moves step by step through
the applicator, steered by an individual computer program
to achieve the calculated volume dose distribution. An
advantage as the steep dose fall-off around the source
makes it possible to individually increase the tumor dose
and to spare the surrounding normal tissue. Short overall
treatment time (OTT) also makes BT attractive for
patients. The most frequently applied BT methods are
high-dose-rate (HDR) BT, low-dose-rate (LDR) or pulsed-
dose-rate (PDR) BT. These methods are characterized
by the different dose rates delivered by the radiation
sources (LDR/PDR: 0.5-1 Gy/h; HDR: >12 Gy/h).
The isotope Iridium-192 (Ir192) is commonly used for
remote afterloading procedures. Application forms are
contact BT, intracavitary-, intraluminal- and endovascular
implantations as well interstitial BT. Interstitial BT is an
invasive procedure and requires local or general anesthesia.
The use of image guided and adapted BT allows a better
target volume definition and improves the quality of
implants.

Anal cancer BT limitations

In order to preserve the sphincter function there are some
limitations for the use of BT in anal cancer. Not more than
the half of the circumference should be implanted. The
maximum longitudinal length should be not more than 5 cm.
The thickness of the tumor usually should not extend 10 mm
(Figure 14,B) (11).

Methods

All interstitial implants are performed under local or
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general anesthesia in lithotomy position. Before the
imaging era palpation was the only method to define the
target. By digital examination the extent of the tumor
was analyzed and hollow steel needles implanted parallel
with an interspacing of 1-1.5 cm (Figure 2). Single plane
or double plane implants are used depending on the
tumor thickness. A ring template is often used for a better
guidance of the needle. The needles are placed 1-2 cm
beyond the longitudinal extent of the tumor and should
cover the whole circumference of the tumor (11). Image
based implants become possible by the use of TRUS,
computed tomography (CT) or MRI. Of these, implants are
most easily done by TRUS. The image guided implantation
represents the same procedure that is used for interstitial
implant of prostate cancer. Under ultrasound control the
needles are implanted directly into the tumor or tumor bed
and real time treatment planning is possible. Imaging allows
for control of the dose distribution and ensures that the
whole tumor is covered by the reference isodose (9,12,13).
By using an anal obturator or dilator, the dose to the healthy
side of the anal canal be limited (Figure 34, B).

CT or MRI based implants are possible alternatives, but
limited by high technical effort, or by MRI-suitable equipment
and lack of real time treatment planning (Figure 3).

Another option is the intraluminal BT. A shielded cylinder
is placed in the anal canal under endoscopy view. The
treatment planning is then performed based on MRI (14).

Treatment results

LD-BT is well covered in the literature. Papillion ez a/.
published the results of 221 patients (pts) with epidermoid
anal cancer. Two months after radio chemotherapy (5-FU
and MMC) an interstitial boost using a minimum dose of
15-20 Gy was given in 15-28 hours. The anal preservation
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rate was 61% and the 5-year survival rate was 65%. In more
than 90% of the surviving patients, normal anal function
could be preserved (12,14,15). Berger er al. report in a
retrospective analysis of 69 pts treated with 40 Gy EBRT
followed by 20 Gy interstitial LDR-BT 6 weeks after EBRT
the CR was 81% (16). After 5 years the local control rate
was 59% and the colostomy rate was 33%. Forty-five pts
received a 5-FU-MMC based chemotherapy (13). In the
CORS-03 study 162 pts had been analyzed regarding the
boost strategy. After a EBRT of 45 Gy 76 pts received an
EBRT boost with a mean dose of 18.3 Gy (range, 8-25 Gy)
and 86 pts underwent a LDR boost with 17.4 Gy (range,
10-25 Gy). The local recurrence rate after 5 years was
33% for the EBRT arm and 12% for the BT arm (17).
In a subgroup analysis of the CORS-03 trial, 99 pts with
lymph node metastases (67 pts perirectal, 32 pts ilic and/
or inguinal) after 45 Gy EBRT, 49 pts had an EBRT boost
with 18.8 Gy (range, 14-25 Gy) and 50 pts had a BT boost
with 17.2 Gy (range, 10-25 Gy). Eighteen pts suffered from
a local recurrence in the anal canal. The 5-year cumulative
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rate of local recurrence (CRLR) was 11% for the BT arm
and 32% for the EBRT arm. The 5-year overall survival
(OS) was 75.5% and 73.3% for the BT group and the
EBRT group (18), suggesting that nodal involvement is not
a contraindication to BT boost. Another study published in
2007 compared an EBRT boost versus a BT boost, 37 pts.
After EBRT of 45 Gy, 37 pts received an EBRT boost of
14.4 Gy in 8 fractions and 47 pts were treated with 14 Gy
in 7 fractions within 3 days. The authors didn’t find any
difference in cause specific survival (CSS) and OS for all
patients after 10 years. The local failure rate at 5 years was
10.3% (BT boost) and 15.4% (EBRT boost). A subgroup
analysis showed for localized stage I-II tumors a local
control of 100% for the BT arm (19).

The Kiel Group published the results of the first 50 pts
treated with a TRUS-guided interstitial HDR-boost in
2005. After an EBRT dose of 45 Gy a dose of 2x4 Gy was
applied within 6 weeks after EBRT. The 5-year OS was
74% and the disease specific survival DSS was 82%. Ninety
two percent of the pts demonstrated a CR after finishing
the treatment. Only three pts had an incomplete or
absence tumor response (9). An updated analysis from Kiel
described 104 pts with a mean follow up of 10 years. Local
control was 89% (93/104) and OS was 93% (96/104). In a
subgroup analysis the authors analyzed the pts regarding to
pre-planned TRUS—guided implants versus real-time—
planning implants. The CSS was 91.5% for the real-time
planned group and 86% for the pre-planned group (20).

Toxicity

Only a few data are available comparing the acute and late
toxicity of EBRT and BT boost. In a subgroup analysis of a

retrospective single-institution study, Ochler-Jaenne ez al.

Figure 3 Treatment plan with isodose lines covering the PT'V.
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analyzed pre-planned TRUS—guided implants versus
real-time—planning implants (19). Severe diarrhea was
seen in two patients treated with BT boost and in three
patients treated with EBRT boost. Chronic proctitis grade
>2 was seen in 19% (BT boost) vs. 32% (EBRT boost)
and incontinence grades I, II in 18% (BT boost) vs. 28%
(EBRT boost). The analysis of Saarilathi er 4/. compared
IMRT verus 3D CRT. Thirteen of twenty-two patients in
the IMRT group experienced grade II GI toxicity. In the
3D CRT group, 22/39 had a grade II and 12/39 had a grade
T GI toxicity. For the perineal mucosa and skin 4/20 in the
IMRT group and 7/39 in the 3D CRT group had a grade
I reaction and 16/20 and 32/39 respectively compared to
those having received it by HDR BT (n=20). Nine cases of
grade II proctitis (23% overall) were observed, seven in the
external radiotherapy group and two in the HDR group
respectively (21). The long term results from Oblak ez 4.
showed in the majority of the cases (58.2% of patients)
grades III, IV radio dermatitis was the predominant
acute toxicity. Grades III, IV late toxicity included late
anal stenosis in 3.8%, chronic ulceration in 2.5% and
incontinence in 8.8%. Those patients treated with a BT
boost instead of an EBRT Boost had less toxicity; however,
the difference was statistically non-significant (22). Doniec
et al. reported three pts (6%) with a late incontinence as
the only late radiotherapy related toxicity. Two of them
underwent colostomy (12).

Time schedule of combined EBRT + BT boost

The OTT and the time gap between EBRT and BT boost
are prognostic factors for the local control rate. If the time
gap between EBRT and Boost is >37.5 days the local control
is less than compared to the pts with a <37.5 days gap (22,23).
In the CORS-03 Hannoun-Levy showed the influence
of OTT. If the OTT is >80 days the local control rate is
not influenced by the boost technique. But if the OTT is
shortened to <80 days local control is increased significantly
using the BT boost instead an EBRT boost (17).

Conclusions

Definitive combined radio chemotherapy is the current
standard for function preservation treatment of anal
cancer. IMRT techniques should be used instead of 3D
treatment. If the tumor is eligible for BT, image guidance
is recommended in BT target definition and to guide
the implantation procedure. In the hand of experienced
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personnel a HDR BT boost is safe, maximally individualized
and represents an effective method with high quality
assurance (QA) potential of the procedure. Limitations
for BT are large tumors with an extension of more than
5 c¢m and/or more of the half of the circumference. In the
majority of cases anal cancer BT is performed 2-3 weeks
after EBRT using 2 fractions of 4-6 Gy each. Time
constraints needs to be followed to reach the maximal
potential of this elegant type of treatment delivery.
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