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Introduction

In many clinical situations, the radiation dose which can be
safely delivered to the tumour is limited by normal tissues in
close proximity to the tumour volume. On the other hand, the
likelihood of obtaining local control improves with increasing
irradiation doses. If microscopical residual disease persists
after gross tumour resection, the external beam radiotherapy
doses necessary to achieve local control are higher than 60 Gy
in 1.8-2 Gy fractions. Dose requirements would even be high-
er if gross residual disease remains after maximal resection,
but with dose requirements >60 Gy the radiation tolerance of
numerous organs and structures would be exceeded.

Single high radiation doses can also be given by intraoperative
radiotherapy (IORT). First experiences with IORT before or
after combined external beam radiotherapy were gained dur-
ing the 1960ies in Japan and the 1970ies in the United States,
as a preferred treatment alternative for patients with locally
advanced malignancies. This treatment method is now used in
specialised centres for gastrointestinal tumour entities and sar-
comas [1-3]. By direct visualisation, the tumour bed can be
treated by a high single dose, while sparing the normal tissue
as a result of mobilization or shielding.

IORT, as a multidisciplinary therapy, requires a well-coordi-
nated cooperation between the involved anaesthesia, surgery
and radiotherapy staff. Most of the technical problems can be
overcome with dedicated or semi-dedicated IORT facilities,
which can be built as specialized operating rooms with inte-
grated accelerators in order to avoid patient transportation
and sterility problems. However, the dedicated IORT facility
in an operating room (OR) is quite expensive and the OR has
to be fitted for proper shielding.

New technologies try to improve the availability of IORT not
only from the perspective of cost-effective alternatives. By
using mobile machines, IORT can even be given in different

ORs by moving the mobile accelerators to the OR table, in-
stead of transporting the patient to the accelerator. New tech-
nologies include mobile intraoperative brachytherapy (HDR-)
units, mobile electron facilities, e.g. Mobetron (Siemens AG,
Munich, Germany) and Novac-7 (Hitesys SPA, Aprilia, Italy),
and the miniature x-ray source Intrabeam™ (Carl Zeiss,
Oberkochen, Germany). Since the beginning of 2002, this
novel mobile x-ray system has been used for IORT in our
institution.

This report includes our first experiences using the system and
describes 6 cases of patients with in-breast tumour recurrences
after breast-conserving surgery and radiotherapy, who were
treated with local excision and IORT.

Patients and Methods

The miniature x-ray source (PRS-400, Photoelectron Corporation, Massa-
chusetts, USA and Carl Zeiss), which is small and light-weight (1.8 kg), is
combined with a balanced floor stand with 6 degrees of freedom to gain
access to target sites throughout the body. This flexibility enables radia-
tion therapy in any operating theatre in any direction. Due to low-energy
x-rays no special shielding is required, and the treatment can be carried
out in unmodified operating rooms.

Before each use of the Intrabeam system, a standardized quality assur-
ance program has to be used to ensure the homogenous dose distribution
and dose rate. Intrabeam has a miniature x-ray source with a probe with
10 cm in length and 3.2 mm in diameter. At its end the accelerated elec-
trons strike a gold target resulting in an isotropic x-ray distribution
around the tip (fig. 1). Specialized spherical applicators ranging from 1.5
to 5.0 cm in diameter are available. On the applicator surface a homoge-
neous dose distribution isotropic to all surfaces of the tumour cavity can
be precisely applied. After surgical tumour removal the tumour bed is as-
sessed and the appropriate applicator is placed inside the tumour cavity.
Intrabeam is then completey wrapped up in a sterile plastic cover with a
hole for the sterile applicator to pass through. A purse-string suture is
made within the mobilized breast tissue, in order to bring the target tissue
in close contact to the applicators surface. With this technique, the mobi-
lized pliable tissue around the tumour cavity can be conformed to the x-
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ray-source. If the tumour is on the left side, a sterilized 0.5 cm perspex
plate is put on the chest wall to protect the heart and the coronary vessels.
After the purse string is tightened around the applicator, the skin is evert-
ed by one or two distractors to avoid that skin tissue is less than 1 cm
from the applicators surface. Before starting the therapy the treatment
field is covered with a tungsten sheet for radiation shielding.

The x-ray system produces low-energy photons (30-50 keV) that are at-
tenuated rapidly within the tissue. Because of their low energy, the x-rays’
depth-dose falls off rapidly with minimal exposure of surrounding tissue
(e.g. lung tissue) in breast irradiation. The treatment times depend on the
chosen applicator size and dose (10-20 Gy), and varies between 2 and 50
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Fig. 1. The miniature x-ray source PRS400 consists of an electron accele-
rator with a gold target at the end of the probe. The probe is designed to
provide an intense source of x-rays at the tip. The electrons are accelera-
ted to the desired energy level and focused down the probe to strike the
gold target resulting in an isotropic distribution of radiation around the
tip of the probe.

Table 1. Treatment
time for 20 Gy at the
applicator surface

Applicator, mm Treatment time, min

min (table 1). After the treatment the applicator is removed and the
wound is closed as usual.

Based on clinical experience (stereotactic radiosurgery of brain, liver
and/or lung metastases) and radiobiologic modelling, the physical IORT
dose can be multiplied with a factor 2.5 to approximate biologic effects.
Furthermore, it is well established that the relative biological effectiveness
(RBE) of low-energy photons is larger compared with higher-energy x-
rays, due to the photoelectric absorption at low energies [4]. In addition,
radiobiological experiments, studying cell survival after treatment with
the x-ray source of the Intrabeam device, showed RBEs between 1.2 and
2.5[5].

Between February and October of 2002, 6 out of 40 patients treated by
IORT at our institution with the Intrabeam system were suffering from lo-
cally relapsed breast carcinoma. The recurrent disease was diagnosed
3-13 years after prior breast-conserving surgery (BCS), 5 out of 6 had
previous external beam radiotherapy with a median dose of 56 Gy (45-56
Gy). Median age of the patients was 65 (52-80), localisation and histology
was the same as the reference tumour: there were 3 ductal-invasive, 2 lob-
ular-invasive carcinomas and one adenoid-cystic carcinoma. For addition-
al patient data see table 2.

All 6 patients could be treated again by BCS in combination with IORT
to the tumour bed. All local relapses were completely resected micro-
scopically. Applicators were chosen depending on the size of the re-ex-
cised tumour cavity: 2 patients were treated with the 3.5 cm applicator, 1
with the 4 cm applicator, 2 with the 4.5 cm applicator and 1 with the 5 cm
applicator. Median dose to the applicator surface was 17.4 Gy (14.7-20.0
Gy). Median treament time was 27.8 min (18.6-35.9 min). One patient,
who had no whole-breast radiotherapy for the primary tumour, was addi-
tionally treated by 46 Gy external beam radiotherapy after complete
wound healing.

Results

IORT with the mobile Intrabeam device was feasible in all 6
cases without any technical problems. Due to the highly flexi-
ble floor stand, the fixation of the applicator was a very easy
and quick procedure and took only about 5-10 min. Including
treatment time the whole IORT procedure took about 25-45
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50 4382 after treatment. After a follow-up of 8 months no further local
relapse was observed.
Table 2. Patient
data for 6 patients Age Date pTNM of PT Localisation Size of Histology Dose of prior
treated by IORT for of PT relapse, cm EBRT, Gy
locally relapsed
carcinoma of the 53 1999 pT2N0(0/22)G2 left u/i 1.2 lobular-invasive 56
breast. 67 1999 pT1b(m)N2(6/25)G2 right u/o 0.8 ductal-invasive no EBRT
52 1995 pT1a(m)NO(0/13)G2 left u/o 0.2 adenoid-cystic 56
63 1993 pT1b(m)NO(0/16)G2 right u/o 0.8 ductal-invasive 56
80 1991 pT1cNO0(0/28)G2 left u/o 12 lobular-invasive 50
71 1989 pTINO(0/10)G1 right u/o 12 ductal-invasive 45

PT = Primary tumour, EBRT = external beam radiotherapy, u/i = upper/inner quadrant, u/o = upper/outer quadrant.
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Discussion

IORT is a treatment modality used only in specialized depart-
ments with dedicated facilities. So far the operating rooms
(ORs) had to have special shielding due to radiation exposure.
Another disadvantage of IORT devices was that the anes-
thetised patient had to be moved for treatment on the operat-
ing table to the accelerator. Within the last few years industry
has developed several mobile devices for IORT. Novac-7 and
Mobetron are mobile electron devices. They have electron
catchers on the bottom side and therefore need reduced radia-
tion shielding compared to conventional linear accelerators in
the OR. Treatment can be given with electrons with energies
between 3 and 9 MeV resulting in treatment depths up to 3
cm. Field sizes range from 5 to 7 cm in diameter. Because of
their weight and the need of radiation shielding, the mobile
IORT electron devices are usually restricted for treatment in a
dedicated OR.

The Intrabeam device uses soft x-rays, therefore minimal radi-
ation shielding is required. The setting can be used in any OR
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