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TARGETED INTRAOPERATIVE RADIOTHERAPY (TARGIT) YIELDS VERY
LOW RECURRENCE RATES WHEN GIVEN AS A BOOST
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Purpose: Patients undergoing breast-conserving surgery were offered boost radiotherapy with targeted intra-
operative radiotherapy (TARGIT) using the Intrabeam system to test the feasibility, safety, and efficacy of the
new approach.
Methods and Materials: We treated 302 cancers in 301 unselected patients. This was not a low-risk group.
One-third of patients (98/301) were younger than 51 years of age. More than half of the tumors (172, 57%) were
between 1 cm and 2 cm, and one-fifth (62, 21%) were >2 cm; 29% (86) had a Grade 3 tumor and, in 29% (87),
axillary lymph nodes contained metastasis. After primary surgery, 20 Gy was delivered intraoperatively to the
surface of the tumor bed, followed by external-beam radiotherapy (EBRT), but excluding the usual boost.
Results: The treatment was well tolerated. The follow-up ranged from 3 to 80 months (164 and 90 patients
completed 2 and 3 years follow-up, respectively). Four patients (1.3%) had local recurrence. The Kaplan-Meier
estimate of local recurrence is 2.6% (SE � 1.7) at 5 years. This compares favorably with the 4.3% recurrence
rate in boosted patients from the EORTC boost study, in which only 8.1% patients were node-positive, as
opposed to 29% in our series.
Conclusion: Targeted intraoperative radiotherapy combined with EBRT results in a low local recurrence rate.
This could be attributed to both accurate targeting and timeliness of the treatment. These data support the need
for a randomized trial to test whether the TARGIT boost is superior to conventional external boost, especially
in high-risk women. © 2006 Elsevier Inc.

Breast cancer, Targeted intraoperative radiotherapy (TARGIT), Boost, Recurrence rate, Breast-conserving

surgery.
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INTRODUCTION

arly local recurrences after breast-conserving surgery and
ostoperative radiotherapy for breast cancer most com-
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only occur in the vicinity of the primary tumor bed (1). A
adiotherapy boost to the tumor bed is therefore part of
tandard treatment. However, accurate targeting of this
oost can be difficult because of deformation and positional
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hange of the postoperative breast, particularly because
here is often a considerable delay between surgery and ra-
iotherapy planning. A “geographical miss” occurs in 50–
0% of patients (2–4) and this may contribute toward a
roportion of local recurrences. Modern radiotherapy plan-
ing by computed tomography simulation, in which surgical
lips are outlined, may be able to reduce this. However, a
uch simpler and direct method may be to use intraopera-

ive radiotherapy.
We developed a novel technique of delivering intraoper-

tive therapeutic irradiation that we call targeted intraoper-
tive radiotherapy (TARGIT) (5, 6). With this technique,
sing the Intrabeam system, the target tissue—namely, the
umor bed—is wrapped around or conformed to the radio-
herapy source, which delivers radiotherapy from within the
reast, usually under the same anesthetic as the primary
urgery. The procedure can be performed in a standard
perating theater and adds 20 to 40 min to the operation
ime.

We are currently testing whether partial-breast irradiation,
sing this technique in selected patients, can replace con-
entional whole-breast external-beam radiotherapy (EBRT)
n a multicenter randomized trial (7, 8). Centers participat-
ng in this trial initially treated a series of pilot cases to test
he feasibility and safety of using the new technique of intra-
perative radiotherapy supplemented by standard EBRT in
atients with a high risk of local recurrence. This article
escribes the outcomes in relation to local recurrence,
mong the 301 consecutive patients in whom intraoperative
adiotherapy was used as a tumor bed boost.

METHODS AND MATERIALS

The study protocol was approved by the local ethics committee
n each center. Patients of any age suitable for breast-conserving
urgery were approached and consented to participate in the pilot
tudies at each of the five centers. Tumors were unifocal on
ammography up to 4 cm in diameter. There was no restriction by

umor type, tumor grade, receptor status, or axillary lymph node
nvolvement. Each patient had her breast-conserving surgery as per
ocal protocol—typically a wide local excision of the primary
umor and axillary surgery. Patients with incompletely excised
ositive margins or positive margins who had a re-excision or
astectomy (which effectively excised the tissues that were irra-

iated during intraoperative radiotherapy) were excluded from
urther analysis.

Intraoperative radiotherapy using the Intrabeam system was
elivered to the tumor bed immediately after surgical excision during
he same anesthesia, as previously described (6). In 9 patients in
he Australian cohort, intraoperative radiotherapy was delivered as

second operation within a few weeks (median 4.9 weeks) for
ogistical reasons. The radiation dose received by the tumor bed
as between 18–20 Gy at the surface of the applicator and 5–7 Gy

t 1 cm into the surrounding tissues. In the U.K., American,
ustralian, and Italian patients, the dose prescription was 5 Gy at
cm, effectively delivering 18–20 Gy to the applicator surface

epending on the size of the applicator. In Germany, because of
ocal regulations, the dose was prescribed as 20 Gy, which effec-

ively delivered between 5–7 Gy at 1 cm, again depending on the d
ize of the applicator. The additional time required for setup and
elivery of intraoperative radiotherapy was between 30–50 min,
epending on the size of the applicator. After completion of
adiotherapy and wound closure, patients were discharged home
ccording to local practice.

All patients received the planned EBRT (typically 45–50 Gy in
5 fractions over 5 weeks) to the whole breast, delivered as per
ocal protocol. If adjuvant chemotherapy was given, EBRT fol-
owed. Patients were followed up with at least a 6-monthly clinical
xamination and an annual mammogram.

RESULTS

Between July 1998 and Aug 2005, 321 patients partici-
ated in this pilot study; 20 patients were excluded. One
atient had multiple diffuse margin involvement and de-
lined further surgery, 1 patient had bilateral prophylactic
astectomy (at her request), and 18 patients had further

urgery for involved margins: 13 mastectomy and 5 re-
xcision. Thus, the total evaluable patients included in this
tudy are 301. One patient had bilateral cancers treated,
aking the total number of cancers equal to 302. Seven

atients with focally positive margins who did not have a
e-excision were not excluded.

The median age was 57 years (range, 28 – 83 years).
ne-third (98/301) were younger than 51 years. Only
1% of tumors (64) were �1 cm in size. More than half of
he tumors (172, 57%) were between 1–2 cm; 21% (62)
ere �2 cm (Fig. 1a); 22% (68) tumors were Grade 1; 49%

148) were Grade 2; and 29% (86) were Grade 3. Eighty-
even patients (29%) patients had involved axillary lymph
odes (Fig. 1b).
The range of follow-up is 3 to 80 months and reflects the

taggered starting of the study at the five centers. One
undred sixty-four patients have completed 2-year follow-
p, 90 patients have completed 3-year, and 28 patients have
ompleted 5-year follow-up.

Figure 2 gives a Kaplan-Meier plot of recurrences. The
-year actuarial recurrence rate is 2.6% (SE � 1.7). Four
atients had ipsilateral breast tumor recurrence at 10, 32, 40,
nd 77 months’ follow-up and Table 1 gives the details.
one of the patients who had focally involved margins and
ere not re-excised had a recurrence. Five patients (1.7%)

Fig. 1. Pathological tumor size and nodal status.
ied from nonbreast cancer causes. Two of these were from
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ung cancer at the ages of 57 and 70 years, two were from
eart disease at 70 and 79 years, and one died of indeter-
inate cause. Five patients (1.7%) died from metastatic

reast cancer. The sites of metastasis were the pleura, brain,
ung, liver, and liver plus brain.

DISCUSSION

This study demonstrates that radiotherapy targeted to the
umor bed, when it is most accessible at the time of surgery
or the cancer, is associated with a low rate of local disease
ecurrence: 2.6% in actuarial terms at 5 years. The patient
opulation in this series is representative of patients suitable
or breast-conserving therapy (with T1 � 78% and T2 �

24120
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Fig. 2. Kaplan-Meier plot of

Table 1. Accrual and rec

Accrual

nited Kingdom July 1998 (1)
Sept 1998 (1)
March 1999–March 2000 (20)
Nov–Dec 2004 (2)

nited States May 2000 to Dec 2002

ustralia Aug 2001 to Oct 2003
(No accrual between Dec 2001–March

2002 and July–Nov 2002)
ermany Feb 2002–Aug 2005

taly Sept 2002–Dec 2004
otal
Abbreviation: DCIS � ductal carcinoma in situ.
1%, Gr1 � 22%, Gr2 � 48.8%, Gr3 � 28.7%, and 29%
ode-positive). Approximately one-third (98/301) of these
atients were younger than 51 years, and 7 patients had
ocally involved margins but did not have further surgery.

Furthermore, of the 4 patients with recurrences, two were
econd primary lesions in a separate quadrant irradiated as
art of whole-breast EBRT and one was a multifocal diffuse
ecurrence, leaving one that could be interpreted as a “true”
umor bed recurrence among 301 patients, a focus of ductal
arcinoma in situ.

Acute toxicity was rare and has been previously docu-
ented for the German (9), Australian (10), and U.K. co-

orts (5, 11). Of note, there was no problem with wound
ealing, even in patients who needed to have subsequent

8472604836

llow up (months)

rrence free survival

90         57           28           12             0 

8.7        97.4          97.4         97.4        83.5 

.96         3.3            3.3           3.3         25.5 

ecurrence (LR) free survival.

es at individual centers.

of cancers Recurrences

24 2 cases:
Both new primary lesions outside the index

quadrant at 40 m and 77 m

50 1 case:
A focus of DCIS in the scar at 32 mo

31 0 cases

85 1 case:
Diffuse recurrence including skin at 10 mo—died

soon after
112 0 cases
302 4 cases (1.3%)
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urgery in the form of re-excision or mastectomy for dif-
usely positive margins. The cosmetic outcome of a small
ubset of these patients has been analyzed and was found
o be satisfactory (12).

Compared with other methods of partial-breast irradia-
ion, the combination of TARGIT with EBRT is feasible,
roviding a well-targeted boost dose that may not be
chieved even with the most sophisticated 3D planning.
urthermore, it does not require any additional sessions. It
nsures excellent conformation and dosimetry and reduces
he risk of a “geographical miss,” justifying the term intra-
perative conformal brachytherapy (13).
We believe that the low early local recurrence rate in the

resent series has been achieved because of outstandingly
ccurate and timely targeting of the tumor bed. This may be
elated both to the proximity of the radiation source but also
o the timing of radiotherapy immediately after surgery,
hen the wound (tumor bed) may otherwise form a fertile
ilieu for cancer cells (14). This latter may outweigh any

heoretical disadvantages of “splitting” the radiotherapy
ourse. A mathematical model comparing radiotherapy
trategies (15) (TARGIT vs. EBRT) has suggested that
ARGIT may achieve better local control. The single high
ose delivered to the tissues immediately surrounding the
umor may eliminate not only residual cancer cells, but also

utative cancer cells (which harbor loss of heterozygosity a
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The estimated 5-year recurrence rate of 2.6% that has
een achieved in this series compares well with the recur-
ence rate of 4.3% in the EORTC study (16). In the EORTC
tudy, it was found that the boost mainly has benefit under
he age of 51. In this age group, our series had a recurrence
ate of 3.85% compared with 6.9% in the EORTC study
16). The low recurrence rate in our series was achieved
espite having poorer prognosis tumors: 29% of patients in
ur series had lymph node metastasis, compared with only
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We realize that, although 90 patients have been followed
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ncouraged by the 95% confidence limits of the estimated
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each a high level in this relatively high-risk population.

The time is ripe for a randomized trial to test whether the
onventional external boost should be replaced by TAR-
IT, especially in high-risk women. We are planning to

ommence this superiority study—TARGIT-B (Boost)—to
un in parallel with the ongoing TARGIT-A (Alone) equiv-

lence trial.
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