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bGynäkologische Abteilung, Landeskrankenhaus Bruck/Leoben, Austria

cLandesklinik für Radioonkologie und Radiotherapie, Landeskliniken Salzburg, Austria

Received 19 September 2001; received in revised form 6 February 2002; accepted 2 April 2002

Abstract

Conventional radiotherapy after breast-conserving therapy is confined to 50–55 Gy external beam radiation therapy (EBRT) to

the whole breast and 10–16 Gy external boost radiation to the tumour bed or brachytherapy to the tumour bed. Local recurrence
rate after breast-conserving surgery varies between 5 and 18%. External boost radiation can partially miss the tumour bed and
therefore can result in local failure. Intra-operative radiotherapy (IORT) as a high precision boost can prevent a ‘geographical

miss’. From October 1998 to December 2000, 156 patients with stage I and stage II breast cancer were operated upon in a dedicated
IORT facility. After local excision of the tumour, the tumour bed was temporarily approximated by sutures to bring the tissue in
the radiation planning target volume. A single dose of 9 Gy was applied to the 90% reference isodose with energies ranging from 4
to 15 MeV, using round applicator tubes 4–8 cm in diameter. After wound healing, the patients received additional 51–56 Gy EBRT

to the whole breast. No acute complications associated with IORT were observed. In 5 patients, a secondary mastectomy had to be
performed because of tumour multicentricity in the final pathological report or excessive intraductal component. 2 patients devel-
oped rib necroses. In 7 patients, wound healing problems occurred. After a mean follow-up of 18 months, no local recurrences were

observed. Cosmesis of the breast was very good and comparable to patients without IORT. Preliminary data suggest that IORT
given as a boost after breast-conserving surgery could be a reliable alternative to conventional postoperative fractionated boost
radiation by accurate dose delivery and avoiding geographical misses, by enabling smaller treatment volumes and complete skin-

sparing and by reducing postoperative radiation time by 7–14 days. # 2002 Published by Elsevier Science Ltd.
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1. Introduction

Surgery, adjuvant hormonal therapy, chemotherapy
and radiotherapy are the major elements of modern
breast cancer treatment. In 70–80% of breast cancer
patients, breast-conserving surgery is possible. In these
patients, adjuvant radiotherapy is a well established and
accepted therapeutic modality, although controversies
about the extent and duration of local radiation therapy
exist [1–6].
The standard radiotherapy after breast-conserving

surgery consists of 50–55 Gy external beam radiation

therapy (EBRT) to the whole breast after 4 weeks of
surgery, delivered in fractional doses of 1.7–2 Gy per
day for 5–6 weeks followed by an electron boost of 10–
16 Gy to the tumour bed.
In a number of patients (5–18%), local recurrence

occurs after this treatment. Patients without an electron
boost to the tumour bed have a higher local recurrence
rate than patients receiving a boost [7–9].
The exact application of the boost is a challenge for

the radiotherapist. Reference points for boost applica-
tion are the scar after surgery and clipping of the
tumour bed [10]. A partial geographical miss of the
tumour bed could be a reason for local failure [11].
Intra-operative radiotherapy (IORT) by direct applica-
tion of an electron boost under visualisation of the
tumour bed can avoid this geographical miss. A high
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single dose of electrons can be delivered to the tumour
bed by keeping normal tissue out of the radiation target
volume.
IORT is a well established radiation method for

tumours in the abdomen or intrathecal malignancies.
The first experiences with IORT in breast cancer were
reported in France and in the United States [12–14]. As
this kind of radiotherapy is confined to dedicated units
and affords close collaboration of surgeons and radio-
therapist, it is not yet well established in breast cancer
therapy. The advantage of IORT is to deliver one single
dose of electrons with varying energies to the tumour
bed after excision of the breast cancer while keeping the
skin and subcutaneous tissue out of the radiation target
volume and thus avoiding or reducing potential fibrous
scarring and teleangiectasies with the effect of better
cosmesis. IORT reduces the total radiation period for
1–2 weeks and contributes to patient comfort and
reduces costs.

2. Patients and methods

Between October 1998 and December 2000, all
patients in whom breast-conserving surgery was prob-
able or possible were eligible for this study. 156 patients
were included in this prospective study. Four patients
had bilateral breast cancer, so a total of 160 intra-
operative radiotherapy procedures were performed.
Mean age of patients was 57.7 years, ranging from 23.6
to 86.5 years. 8 patients had received neoadjuvant
chemotherapy.
In 106/160 procedures (66.3%) a T1 tumour was pre-

sent, in 53/160 procedures (33.1%) a T2 tumour and in
1 patient a T3 tumour was present. In 99/160 proce-
dures (61.9%), nodal status was negative and in 61/160
procedures (38.1%), the nodal status was positive. Most
patients had invasive ductal carcinoma, only a few had
invasive lobular or mixed type carcinoma. 32 patients
had concomitant ductal carcinoma in situ, 3 patients
had concomitant lobular carcinoma in situ.
In all patients, the diagnosis of breast cancer was

obtained preoperatively by core needle biopsy. If
patients were eligible for breast-conserving surgery,
surgery was planned in the dedicated IORT facility
(special unit with linear accelerator in the operating
theatre).
In the first step, sentinel lymph node biopsy was per-

formed and was followed by axillary lymph node dis-
section if the SLN was positive in the frozen section. If
the SLN was negative, no axillary lymph node dissec-
tion was done. In 71 patients, SLN biopsy without
axillary lymph node dissection was performed.
In the second step, the tumour was excised and if the

margins were grossly clear by intra-operative patholo-
gical evaluation, the tissue surrounding the excision

cavity was mobilised and temporarily approximated by
sutures, to bring the tumour surrounding tissue in the
radiation planning target volume. If the margins were
not clear or were closer than 3 mm, re-excision prior to
IORT was performed. After this, the tissue depth was
measured by intra-operative sonography and by a
scaled metallic probe for depth dose prescription. Then
the applicator tubes were placed by the surgeon together
with the radiotherapist under visual control so that the
whole tumour bed and surrounding tissue of approxi-
mately 2–4 cm (according to the applicator tube size)
were in the radiation target volume. The skin was com-
pletely spared from the radiation field. Different appli-
cator tubes with diameters ranging from 4 to 8 cm and
lengths from 15 to 25 cm with bevel angles from 0 to 45�

were available. After insertion and fixing of the appli-
cator tube, the patient was positioned under the linear
accelerator and laser-guided ‘air-docked’ to the linear
accelerator (Philipps Electra SL 18) in our dedicated
unit. A single dose of 9 Gy was then applied to the 90%
reference isodose with energies ranging from 4 to 15
MeV according to the tissue depth (mean depth 19 mm,
range 6–39 mm).
After IORT, the applicator tube and the approxima-

tion sutures were removed, the breast was reconstructed
and drained and the skin was closed.
After wound healing, patients with invasive ductal

carcinoma received an additional 51 Gy/6 weeks
(30�1.7 Gy equivalent 52.2–54 Gy ICRU) external
beam radiation therapy (EBRT) to the whole breast,
patients with invasive lobular carcinoma received an
additional 56 Gy (33�1.7 Gy equivalent 57–58.8 Gy
ICRU) to the whole breast. The beginning of the EBRT
treatment depended on the adjuvant therapy given, for
patients with adjuvant hormonal therapy it was started
3–4 weeks after surgery and for patients with post-
operative chemotherapy it was started between 4 and 14
weeks, depending on the chemotherapy scheme.
The duration of IORT depended on the applicator

tube size and on the tissue depth and electron energies
used and lasted only a few minutes. The whole proce-
dure prolonged surgery for approximately 15 to 20
min.
108/156 patients (69.2%) received adjuvant hormonal

therapy, 32/156 patients (20.5%) received postoperative
chemotherapy, 10/156 patients (6.4%) had combined
chemotherapy and hormonal therapy and only 6/156
patients (3.8%) had no adjuvant systemic treatment.

3. Results

3.1. Perioperative complications

In 7 patients (4.4%), early wound healing problems
occurred. 2 of these patients developed a haematoma
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requiring reoperation. 2 patients developed an abscess
and two other patients developed a fistula, 1 patient had
a wound healing problem in the axilla.
5 patients had to undergo a secondary mastectomy: 2

because of multicentricity in the final pathological
report, 2 patients because of concomitant extensive
intraductal carcinoma and 1 patient developed a fistula
in the breast after a wound healing problem and under-
went a secondary mastectomy and reconstruction with a
tram-flap.
In 7 patients, secondary re-excision had to be per-

formed because of close or unclear margins of con-
comitant intraductal carcinoma in the final pathological
report.

3.2. Long-term complications

In 1 patient, abscess incision had to be performed 6
months after the IORT. 2 patients developed rib necro-
ses, 1 required rib resection.

3.3. Local recurrence

After a mean follow-up period of 18 months (mini-
mum 8 months, maximum 35 months), no local recur-
rences occurred. The cosmetic result was excellent
except for the patients with wound healing problems
and/or secondary surgery.

4. Discussion

At this time, postoperative EBRT to the whole breast
followed by an external boost to the tumour bed by
means of brachytherapy or electrons is the post-
operative treatment of choice for breast cancer patients
in most radiooncological centres. Addition of boost
irradiation can significantly reduce the risk of local fail-
ure [7–9,15]. Bartelink and colleagues [7] showed, in the
European Organization for Research and Treatment of
Cancer (EORTC) boost versus non-boost trial, a sig-
nificant reduction in the local failure rate in the boost
group. After a mean follow-up of 5.1 years in 5318
patients given 50 Gy EBRT to the whole breast, this
study demonstrated that the addition of a 16 Gy boost

could significantly reduce the local failure rate. 182
patients in the non-boost group and 109 patients in the
boost group developed local recurrences (P=0.0001).
Romestaing and colleagues [9] published similar results
after a mean follow-up of 5 years in 1042 patients com-
paring 50 Gy EBRT plus 10 Gy boost versus non-boost.
Local failure rate was 3.6% versus 4.5% in the boost
versus non-boost group (P=0.044).
Despite boost radiation, the majority of local recur-

rences appear in close vicinity to the former primary
tumour [16]. A partial geographical miss of the tumour
bed could be a reason for this local failure. The target
volume for external boost irradiation can be extended,
but extension of the boost area leads to a high rate of
late reactions in normal tissue such as fibroses and tele-
angiectases and worsens the cosmetic result.
IORT is a new alternative for boost application in

breast cancer patients. The advantage of IORT is the
high precision of the boost application directly to the
tumour bed and complete sparing of the skin. A geo-
graphical miss is unlikely by direct visualisation of the
tumour bed and by placing the applicator directly to
the target tissue volume. High homogeneity of the
dose application and the small treatment volumes are
further advantages compared with an external boost
application.
In a dedicated unit, surgical procedure is prolonged

by IORT for 15–20 min, but the postoperative radiation
period is shortened by 7–14 days.
The complication rate appears low, although we

experienced two rib necroses. For this reason, we do not
use higher single doses than 9–10 Gy IORT. In our unit,
all patients received a single dose of 9 Gy IORT to the
90% reference isodose and postoperative EBRT.
According to the linear-quadratic model [17,18], we do
not believe that higher single IORT doses than 10 Gy
are a good choice, as acute and late reactions in normal
tissue are severe. Calculation of the biological equiva-
lent dose of a single IORT-dose to fractionated EBRT-
dose can be done using the linear-quadratic model (a/b-
model). With this model from Barendson and Dale [17],
the calculation of the equivalent dose for acute reactions
on the tumour and the normal tissue and the late reac-
tions on the normal tissue is possible. According to this
model, the application of a single 10 Gy IORT-dose

Table 1

Equivalent dose for acute and late reactions

IORT single dose Equivalent dose for acute

reaction fractionated in 2 Gy (a/b=10)
Equivalent dose for late reaction

fractionated in 2 Gy (a/b=3)

8 Gy 12 Gy (�1.5) 18 Gy (�2.2)

10 Gy 17 Gy (�1.7) 26 Gy (�2.6)

12 Gy 22 Gy (�1.8) 36 Gy (�3.0)

15 Gy 31 Gy (�2.1) 54 Gy (�3.6)

IORT, intra-operative radiotherapy.
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corresponds to the biological equivalent of a 17 Gy
fractionated dose with respect to the acute reactions on
the tumour and the normal tissue, but corresponds to the
biological equivalent of a 26 Gy fractionated dose with
respect to the late reactions on the normal tissue. That
means that a single dose of 10 Gy IORT has a 1.7�
isoeffect on the tumour and normal tissue in the acute
reaction and a 2.6� isoeffect on the normal tissue in the
late reaction comparedwith fractionated EBRT (Table 1).
The application of a higher single IORT-dose leads to
an increasing discrepancy between the acute reaction on
the tumour and the late reaction on the normal tissue.
Other groups use IORT as a single radiotherapeutic

procedure without EBRT. Gatzemeier and colleagues
[19] from the Milan group treated 8 patients with 17 Gy
IORT, 6 patients with 19 Gy IORT and 33 patients with
21 Gy IORT single dose. These patients did not receive
any EBRT. In our opinion, this approach bears the
danger of higher local recurrence rates and longer follow-
up periods may show side-effects in the normal tissues.

References

1. Blichert-Toft M, Rose C, Andersen JA, et al. Danish randomized

trial comparing breast conservation therapy with mastectomy: six

years of life-table analysis. J Natl Cancer Inst Monogr 1992, 11,

19–25.

2. Clark RM, Whelan T, Levine M, et al. Randomized clinical trial

of irradiation following lumpectomy and axillary dissection for

node-negative breast cancer: an update. J Natl Cancer Inst 1996,

88, 1659–1664.

3. Fisher B, Anderson S, Redmond CK, et al. Reanalysis and results

after 12 years of follow-up in a randomized clinical trial com-

paring total mastectomy with lumpectomy with or without irra-

diation in the treatment of breast cancer. N Engl J Med 1995,

333, 1456–1461.

4. Fisher B, Bauer M, Margolese R, et al. Five-year results of a

randomized trial comparing total mastectomy and segmental

mastectomy with or without radiation in the treatment of breast

cancer. N Engl J Med 1985, 312, 665–673.

5. Forrest AP, Stewart HJ, Evering D, et al. Randomized controlled

trial of conservation therapy for breast cancer: 6 year analysis of

the Scottish trial. Lancet 1996, 348, 708–713.

6. Liljegren G, Holmberg L, Bergh J, et-al. and the Uppsala-Örebro
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