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Over the past few decades the major change
in the surgical management of early breast
cancer has been the shift towards minimally

invasive approaches. These include breast
conservation surgery (BCS) and sentinel lymph
node (SLN) biopsy. BCS was introduced to reduce
the physical and psychological consequences of
removing the whole breast.
Postoperative radiotherapy to the whole breast

with boost to the tumour bed is regarded as an
essential adjunct to BCS and cannot be safely
omitted. There is overwhelming evidence to
support that this approach decreases the risk of
local recurrence and improves survival [1]. The aim
of radiotherapy is to selectively kill any residual
tumour cells without damaging normal cells. This is
achieved by generating free radicals, which cause
single or double stranded breaks in the cell’s DNA.
Considering that tumour cells have less ability to
repair DNA damage than normal cells and are more
frequently in the radiosensitive part of the cell
cycle, they are most vulnerable to the effects of
radiation therapy.
It is important to remember that whole breast

radiotherapy is not without risk. Although
treatment regimens have become safer with careful
planning using computed tomography and
treatment delivery using tangential fields, healthy
tissues such as the heart, ribs and lungs do receive
a small but significant dose of radiation.
Other issues with whole breast radiotherapy

include the time constraint of between three and
seven weeks of daily visits to hospital, which is a
great inconvenience for patients. The radiotherapy
equipment is expensive to purchase and to run, and
requires installation in a shielded building.
Moreover, geographic miss (delivery of radiotherapy
to a wrong site) is possible during boost

radiotherapy especially following oncoplastic breast
procedures where the incision can be some distance
away from the original site of tumour in the
majority of cases. Cosmesis can also be impaired by
the short- or long-term radiotoxicity. Finally, the
resultant delay in radiotherapy in order to
accommodate chemotherapy might compromise
local control [2]. A delay of over six weeks has been
shown to significantly increase the risk of
recurrence at five years[3].
The results of many clinical trials and

observational studies have demonstrated that
around 90% of local recurrences after BCS, occur
within the same quadrant of the breast that
harboured the primary tumour (index quadrant).
This observation raises the question of whether
whole breast radiotherapy is necessary and whether
radiotherapy to the index quadrant of the breast
alone would be sufficient for the management of
breast cancer patients [4-6].
This has led to the growing interest in

accelerated partial breast irradiation (APBI),
which aims to decrease the volume of breast
treated and increase the daily fraction size of
radiation. There are several APBI techniques
available which include linac-based intensity-
modulated radiotherapy, multicatheter interstitial
brachytherapy, balloon-based APBI using the
MammoSiteTM brachytherapy applicator (Hologic,
Inc, MA, USA), a newly developed modified form
of balloon-based brachytherapy called Xoft Axxent
Electronic BrachytherapyTM (Xoft, Inc, CA, USA),
intra-operative radiotherapy using a mobile linear
accelerator in the operating theatre
(http://www.intraopmedical.com/) and the novel
technique of targeted intra-operative radiotherapy
using IntrabeamTM (Carl Zeiss Surgical,
Oberkochen, Germany).
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The quest for the optimal treatment for early breast cancer has come
a long way and we are set for the next revolution in management of
breast cancer; moving from radical whole breast radiotherapy to a

targeted partial breast irradiation.
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Targeted Intra-operative
Radiotherapy (TARGIT):
The technique of Intra-operative
Radiotherapy (IORT) using INTRABEAMTM

termed TARGIT, was pioneered in the
United Kingdom at University College
London and allows the patient to receive a
single fraction of radiotherapy during the
same anaesthetic, as soon as the primary
tumour is excised.
INTRABEAMTM is a mobile, miniature x-

ray generator powered by a 12-volt supply.
Accelerated electrons strike a gold target at
the tip of a 10 cm long drift tube with a
diameter of 3mm, resulting in the
emission of low-energy x-rays (50 kV) in
an isotropic dose distribution around the
tip. The irradiated tissue is kept at a fixed,
known distance from the source by
spherical applicators to ensure a more
uniform dose distribution. The tip of the
electron drift tube sits precisely at the
epicentre of a spherical plastic applicator,
the size of which is chosen to fit the cavity
after the breast cancer is excised. Using
this method, the walls of the tumour
cavity are irradiated to a biologically
effective dose (20 Gy to the tissue in
contact with the applicator) that rapidly

attenuates over a distance of a few
centimetres. As a result, surrounding
healthy tissue is spared and the device can
be used in an unmodified operating
theatre.
With regards to the mechanism of

action of this approach, in a study of
analysis of the wound fluid after breast
conserving surgery for breast cancer, it
has been found that wound fluid (taken
from the drain over the first 24h after
BCS without TARGIT) stimulated
proliferation, migration, and invasion of
breast cancer cell lines; however, the
stimulatory effect almost completely
disappeared when fluids from TARGIT-
treated patients were used. This was due
to an alteration in the molecular
composition and biological activity of the
wound fluid [7]. The other possible
explanation is the timeliness of this
approach by delivering radiotherapy
soon after the primary tumour is excised.
The safety and tolerability of the

TARGIT technique has been established in
a phase II study [8]. In this study 299
patients (with 300 cancers) underwent
breast conserving surgery and received a
single 20 Gy dose of radiotherapy during

surgery. In these patients, IORT replaced
the boost radiation and all patients
subsequently received standard whole
breast external beam radiotherapy. The
treatment was well tolerated by all
patients, and with median follow-up of
60.5 months (range: 10–120 months), the
five-year Kaplan Meier estimate for
ipsilateral recurrence was reported at
1.74% (standard error: 0.77). This
approach is going to be further evaluated
in a randomised controlled setting.
Subsequently in March 2000, an

international, randomised controlled trial
was launched comparing TARGIT versus
whole breast external beam radiotherapy
as a non-inferiority study with the
primary outcome of local recurrence. The
original recruitment goal of 2232
(powered to test noninferiority; hazard
ratio: <1.25) was reached in early 2010
[9]. 1113 patients were randomly
allocated to TARGIT and 1119 to external
beam radiotherapy. 14% of the TARGIT
group with poor prognostic factors also
received external beam radiotherapy in a
risk adaptive approach and in these
patients boost radiotherapy to the tumour
bed was omitted. At four years, there
were six local recurrences in the TARGIT
group and five in the external beam
radiotherapy group. The Kaplan-Meier
estimate of local recurrence in the
conserved breast at 4 years was 1.20%
(95% CI 0.53-2.71) after TARGIT
compared with 0.95% (0.39-2.31) in the
external beam radiotherapy group; the
difference between the groups was not
significant. The frequency of any
complications and major toxicity was
similar in the two groups and radiation
induced toxicity was lower in the TARGIT
group. The results of this study therefore
provides level 1 evidence that the single
dose of radiotherapy delivered at the time
of surgery using the TARGIT technique is
safe and for selected patients with early
breast cancer; it can be considered as an
alternative to external beam radiotherapy
delivered over several weeks.
Recruitment to the TARGIT Trial has

been extended primarily to allow
completion of sub-protocols. Initial results
from these sub-protocols are very
encouraging. A pilot of the cosmesis
subprotocol in 118 patients indicated a
superior cosmetic outcome in the first year
for those receiving TARGIT [10]. Results
from a pilot patient preference study of 58
patients confirmed that 54 (93%) of the
subjects would undergo TARGIT if it
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Figure 1: Targeted Intra-operative Radiotherapy in progress in an unmodified operating theatre.
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offered equivalent or some added risk
compared to EBRT [11].
A study of use of TARGIT technique in

80 patients with exceptional
circumstances who could not receive
standard external beam radiotherapy has
also been recently published [12]. This
group included previously irradiated
breasts, patients with scleroderma,
systemic lupus erythematosus, motor
neuron disease, Parkinson's disease,
ankylosing spondylitis, morbid obesity,
and cardiovascular or severe respiratory
disease. After a median follow-up of 38
months, only two local recurrences were
observed, which is an annual local
recurrence rate of 0.75% (95%
confidence interval, 0.09%-2.70%).
In summary, the evidence is

mounting for TARGIT to replace whole
breast external beam radiotherapy in
selected patients with early breast
cancer. The technique is relatively easy
to use, does not require shielding of the
operating theatre, and healthy tissues
are largely protected. Furthermore,
TARGIT is suitable for developing
countries – an unusual example where
a new health technology is more
affordable than the existing standard
and can optimise treatment and reduce
number of unnecessary mastectomies.
These results heavily influenced the

outcome of the recent St Gallen
consensus in 2011. In response to the
question, “Should partial breast
irradiation, including IORT, be applied
in selected patients including the
elderly?”, 87% of experts who were
present voted yes.
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Figure 2: Working towards personalised care in Breast Cancer using a risk adaptive approach.
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Concluding remarks
The management of breast cancer has
undergone evolutionary changes over the
years, from radical mastectomy to breast
conserving surgery and from radical
axillary dissection to targeted sentinel
node biopsy. The early results from the
TARGIT Trial provides level 1 evidence
that IORT is safe and can be offered in a
single fraction to a selected group of
patients with early breast cancer.
We are entering a new era of

personalised care in breast cancer
management using risk adaptive
approaches. Based on current evidence
and until national bodies such as NICE

issue guidance on it’s use, we propose that
TARGIT can safely be offered as a single
fraction in elderly women with early
breast cancer and in compelling special
circumstances where EBRT is not feasible
or possible. For the other patient groups
there is still an opportunity in entering
them into clinical trials (Figure 2).
The quest for the optimal treatment for

early breast cancer has come a long way
in the past 100 years and we are set for
the next revolution in management of
breast cancer; moving from radical whole
breast radiotherapy to a targeted partial
breast irradiation. Let’s watch the
space… n

     




