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ARGeted Intraoperative radioTherapy (TARGIT):
n Innovative Approach to Partial-Breast Irradiation

ayant S. Vaidya, MBBS MS DNB FRCS PhD,*,† Jeffrey S. Tobias, MD FRCP FRCR,*
ichael Baum, MD FRCS FRCR,*,‡ Frederik Wenz, MD,§ Uta Kraus-Tiefenbacher, MD,§

erek D’Souza, MSc,* Mohammed Keshtgar, FRCS PhD,* Samuele Massarut, MD,¶

asil Hilaris, MD FRCR,� Christobel Saunders, MBBS FRCS FRACS,** and David Joseph, MD,††

A revolution is challenging the dogma that local treatment for all patients with breast cancer treated with
breast conservation therapy must include postoperative radiotherapy delivered to the whole breast. Such
prolonged postoperative radiotherapy is a burden to patients and hospitals and forces many women to
chose mastectomy instead. Furthermore, for patients receiving chemotherapy, the start of conventional
radiotherapy may be delayed so long as to increase the risk of local relapse. These problems might be
eliminated if effective radiotherapy could be given as a single treatment intraoperatively, immediately after
the surgery. Local recurrence after breast-conserving surgery usually occurs in the portion of the breast
in the immediate proximity of the tumor, even when radiotherapy is omitted. Therefore, it should usually
be possible to restrict radiotherapy to only the area adjacent to the tumor in selected women. Based on
this premise, we have devised a new technique of partial breast irradiation, with the intention of
completing all local treatment in a single session. In this article, we elaborate on the rationale and on the
different methods of delivering intraoperative radiotherapy. If this approach is validated in ongoing
randomized trials, it could save time, money, and breasts.

Semin Radiat Oncol 15:84-91 © 2005 Elsevier Inc. All rights reserved.
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The current standard of care for patients with early-
stage operable breast cancer is to perform breast-con-

erving surgery (BCS) followed by a course of postoperative
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adiotherapy directed at the whole breast, which requires 3 to
weeks of daily treatment, usually given 5 times weekly. This

pproach, although “conservative” in name, is still “radical”
n its spirit; its intent is the same as that of the major extirpa-
ive surgery performed by William Halstead over 100 years
go. The paradigm of treating the whole breast has thus far
emained unchallenged and today we are faced with the irony
f offering radical local therapy to patients with smaller and
maller tumors.

Many patients and surgeons in many parts of the world still
refer mastectomy to breast-conserving therapy. Local cul-
ure, distance from radiotherapy facilities, the surgeon’s
hoice, and the patient’s preferences, not necessarily in that
rder, all dictate which operation is chosen. The perceived
eed for a prolonged course of postoperative radiotherapy is
major barrier against wider acceptance of breast-conserving

herapy for several reasons. It adds yet another tiresome
ourse of therapy for patients who may already be facing a 6-
o 9-month course of chemotherapy. Many women feel
bliged to choose mastectomy because they live too far away
rom a radiotherapy facility or have difficulty traveling to one.
ven many patients treated with BCS may not receive optimal

reatment because of living too far from a radiotherapy cen-
er. One study in the United States found that when the travel
istance was less than 10 miles, 82% of patients received
adiotherapy after BCS; when it was 50 to 75 miles, 69%

eceived it; and when it was more than 100 miles, only 42%
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Targeted intraoperative radiotherapy 85
eceived it.1 (The proportions of patients in these 3 groups
eceiving BCS including radiotherapy were 39%, 22%, and
4%, respectively.) Furthermore, in countries with scarce
adiotherapy resources, patients treated with BCS may wait a
rolonged time before beginning radiotherapy. A recent
tudy of 7,800 patients suggests that delaying the initiation of
onventional radiotherapy for 20 to 26 weeks after surgery
as associated with decreased survival.2 The delay imposed
y giving chemotherapy before radiotherapy might also in-
rease the risk of local recurrence. Finally, if giving a “boost”
ose
o the tumor bed is important, then inaccurate localization of
he tumor bed boosts resulting from non–image-guided
reatment planning that may still be a norm in many centers
eans that a portion of the target volume is missed in as
uch as 24% to 88% of cases.3,4 Such a “geographical miss”
ay account for a large proportion of local recurrences.

ew Thinking
e have described5 the interesting distribution of the loca-

ion of recurrence in the breast with respect to site of the
rimary tumor; over 91% are in the same quadrant.6-12 Bar-
elink and colleagues reported that only 56% of local recur-
ences occur in the original tumor bed.13 However, an addi-
ional 27% recurred diffusely throughout the breast,
ncluding the tumor bed. Thus, although apparently 29% of
ecurrences appeared outside the index quadrant, we would
rgue that this is an artifact because of intensive mammo-
raphic follow-up that might have unearthed subclinical oc-
ult tumors in other quadrants of unproven clinical signifi-
ance. For instance the findings of 3-dimensional whole-
rgan analysis of mastectomy specimens, reveals that 63% of
reasts harbored occult cancer foci, of which 80% were sit-
ated remotely from the index quadrant.14 It therefore ap-
ears that these widespread and occult multifocal/multicen-
ric cancers in other quadrants of the breast remain dormant
or a long time and have a low risk of giving rise to clinically
etectable tumors. This is corroborated by the fact that au-
opsy studies have shown a considerably higher frequency of
umors in examined breasts (20% in young women, with a
edian age of 39 years, and 33% in women between ages 50

nd 55) than the frequency of clinical breast cancer in the
opulation.15

We have proposed that local recurrence is a result of the
ynamic interaction between the intramammary milieu, the
ystemic hormonal milieu, background genetic instability in
he normal breast tissue surrounding the tumor, and specific
umor factors.5,16 We have also suggested that perhaps the
ffect of radiotherapy on the breast stroma is more important
han previously supposed.5 This is based on the finding that
ocal recurrence generally occurs in the index quadrant,
hether or not radiotherapy was given and irrespective of
argin status.6,11,17 Of the trials that have tested the effect of

adiotherapy after BCS, the NSABP-B06,18 Ontario,19 Swed-
sh,20 and Scottish21 trials had less extensive surgery com-
ared with the Milan III trial.12 The recurrence rate in the

ontrol arm of the Milan III trial was lower (15%) than in the a
ther trials (24%-39%), albeit at the cost of worse cosmetic
utcome. Nevertheless, patients treated with radiotherapy in
he Milan trial had an even smaller risk of local recurrence
3%), with radiotherapy having roughly the same propor-
ional effect in reducing local failure as it did in the other
rials. If local recurrence were caused by residual disease
nly, then radiotherapy should have resulted in a much
arger proportional reduction in those patients with less ex-
ensive surgery; this observation suggests that radiotherapy
ay have an effect on the soil, rather than the seed. If radio-

herapy has such a dual effect (inhibiting the growth of ge-
etically unstable cells around the primary tumor and mak-

ng the whole-breast tissue less conducive to growth), then its
ction would overlap with that of systemic therapies that
educe estrogen concentration in the breast (such as aro-
atase inhibitors or ovarian suppression). Thus, radiother-

py to the tissues surrounding the primary tumor might be all
hat is necessary in patients receiving systemic therapy. Such
n approach may solve many of the problems associated with
onventional postoperative radiotherapy discussed previ-
usly, and could increase the rates of BCS, allowing many
ore women with breast cancer to conserve their breast.5

ailored Treatment
rradiation of the index quadrant alone (without whole-
reast irradiation) has been tested before. The results of the
hristie Hospital trial (performed in Manchester, United
ingdom) are in fact, encouraging.22 Seven hundred eight
atients were randomized to receive either standard wide-
eld radiotherapy or limited-field radiotherapy (an 8 � 8 cm
lectron field directed to the index quadrant). Overall, there
as a higher recurrence rate in the limited-field arm. How-

ver, a single-field size was used for all patients on this arm,
rrespective of the tumor size or other characteristics, and this
ould have resulted in several instances of “geographical
iss.” When the results were analyzed according to the type

f the primary tumor, it was found that limited-field radio-
herapy was inadequate only for patients with infiltrating
obular cancers or cancers with an extensive intraductal com-
onent. For the 504 patients with infiltrating duct carci-
oma, there was no significant difference in the rates of local
ecurrence rates between the 2 arms.

ndex Quadrant
rradiation With Conventional
rachytherapy Techniques

nterstitial brachytherapy using catheters and radioactive
ources has been used to treat the index quadrant in selected
atients with small infiltrating duct cancers with uninvolved
odes. The results as described earlier in this issue have been
xcellent; the local recurrence rates of these series are be-
ween 0% and 4% at 2 to 5 years of follow-up.5 Early results
f a randomized trial (30-month follow-up) have found this

pproach to give local control equivalent to that achieved



w
t
p
a
f
t
t

I
S
s
t
q
S
t
s
a

t
m
w
p
t
T
t
S
C
I
s
c

R
o
L
I
f
a
w
C
t
c
l
i
d
s
c
g
S
g
s
e
1
t
d

F
x
online).

86 J.S. Vaidya et al.
ith whole-breast radiotherapy.23 However, such treatment
ypically delivers 5 to 10 fractions over 4 to 5 days in the
ostoperative period. This makes the technique, logistics,
nd patient perspective regarding brachytherapy techniques
undamentally and conceptually different from intraopera-
ive radiotherapy, which is delivered in a single session at the
ime of primary surgery.

ntraoperative Radiotherapy
everal attempts have been made to irradiate the breast in a
ingle session intraoperatively. Older intraoperative radio-
herapy (IORT) devices were technically cumbersome or re-
uired custom-built specially shielded operating rooms.
ome institutions performed IORT by transporting the pa-
ient from the operating room to the radiotherapy unit during
urgery. These limitations have hampered the widespread
doption of IORT.

The technology of miniaturization that has permeated
he modern world today has enabled the development of
obile IORT devices. The first device to be used for IORT
as the Intrabeam, developed by the Photoelectron Cor-
oration (Lexington, MA), which is currently manufac-
ured by Carl Zeiss AG (Oberkochen, Germany) (Fig. 1).
wo mobile linear accelerators have also been developed:

he Mobetron System (Oncology Care Systems Group of
iemens Medical Systems, Intraop Medical Inc, Santa
lara, CA) and the Novac 7 System (Hitesys SPA, Aprilia,

taly24,25). Some characteristics of these machines are de-
cribed in Table 1. For the remainder of this article, we will
oncentrate on the Intrabeam system.

adiobiological Aspects
f the Intrabeam System

arge single radiotherapy doses, such as those given by the
ntrabeam device (eg, a dose of 20 Gy at the applicator sur-
ace and 5-6 Gy at 1 cm from the applicator in tissue), should
lways be used with caution. This is especially important
hen treating late-reacting tissues like breast, brain, or liver.
ell survival curves of such tissues after single-dose irradia-

ion typically show an increased cell kill at higher doses,
ompared with acutely reacting tissues, which have a shal-
ower cell survival curve. There is now abundant clinical
nformation about the effects and side effects of high single
oses. Radiosurgery doses of 20 to 25 Gy are sufficient to
terilize macroscopic brain metastases with a very low risk of
ausing brain necrosis or functional damage when the dose is
iven to a small volume.26-28 Long-term follow-up of large
wedish29 and Dutch30 rectal cancer trials in which 25 Gy
iven in 5 fractions was prescribed to the pelvis has not
hown unacceptable toxicity. Thus, severe long-term side
ffects would not be expected after administration of 5 Gy to

cm of breast tissue surrounding an excision cavity, al-
hough caution should be exercised when giving high single

oses to skin and ribs.31
igure 1 (A) The Intrabeam electron generator, accelerator, and
-ray source and (B) applicators. (Color version of figure is available
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Targeted intraoperative radiotherapy 87
A detailed analysis of the radiobiological aspects specific
o the Intrabeam system requires consideration of the in-
reased relative biologic efficiency (RBE) of the low-energy
-rays, a steep dose dependency of RBE, and the rate of
amage repair during radiotherapy delivery (30-50 min-
tes.) Brenner and coworkers32 have estimated an RBE of
bout 1.5 for this type of low-energy x-rays. For a com-
lete modeling of RBE, the introduction of the Lea-Catch-
ide time factor is important.33 Using this equation, an
BE of 1.0 at the applicator surface, of 1.5 at 10 mm, and
bout 2.0 at 25 mm can be estimated, with the exact value
epending on the size of the applicator. The risk of side
ffects can also be calculated, although there are insuffi-
ient data as to the impact of the volume of treatment to
nclude this as a factor. (However, because the treatment
olume is small for IORT, the risk of side effects will
robably be lower than that calculated from this model.)
ecause the TD50/5 (Tolerence Dose– dose at which there is
50% chance of complications at 5 years) for pneumonitis

s about 9 to 10 Gy, the thickness of the chest wall should
nsure that there is virtually no risk of pneumonitis. The
ame is true for the heart. Because the dose to the heart and
ungs during IORT is almost negligible, the mortality from
ardiac ischemia that has been observed in some trials
sing conventional radiation therapy trials should not be
een.34-37 The TD50/5 for subcutaneous fibrosis is in the
ange of 13 Gy. The risk of fibrosis shows a steep decrease
ith increasing distance from the applicator, reaching
early zero at about 5-mm tissue depth. The calculated

ow risk of toxicity is in good agreement with the available
linical data in 13 patients with a maximum follow-up of 4
ears.38

Another radiobiologic question of importance is
hether the tolerable dose is sufficient to prevent local

ecurrence. We have previously discussed the comparison
f how a single IORT treatment of 20 Gy compares with a
ourse of fractionated external-beam radiotherapy (EBRT)
f about 50 Gy.16 One advantage of IORT is that there is no
elay between tumor excision and treatment, so there is no

oss of efficacy because of tumor-cell proliferation before
tarting EBRT or during the EBRT course. The RBE of low
nergy x-rays for early-reacting tissues and tumor cells
alpha-beta ratio of 3 Gy) is higher than for late-reacting
issues (alpha-beta ratio of 10 Gy). As noted earlier, the

able 1 Some Characteristics Of Different Intraoperative Rad

Device Radiation Type

ntrabeam X-rays at 50 kVp Typical phy
at 0.5 cm
over 25-3
12 minute

obetron Electrons at 4-12 MeV 20-Gy phys
time is ab

ovac-7 Electrons at 4-12 MeV 20-Gy phys
time is ab
BE increases with distance from the applicator.33 Thus, s
ne can make a model suggesting that the surviving frac-
ion of tumor cells at the applicator surface will be 10�12

nd that 99% of the tumor cells 10 mm from the applicator
urface should be sterilized. Thus, the tissues immediately
ext to the applicator would receive a high physical dose
with a low therapeutic ratio), and those further away from
he applicator would receive a lower physical dose but
ith a high therapeutic ratio.39 This is an advantage of

ntrabeam over the systems using electrons to deliver a
niform dose or radiation because its small high (physi-
al)-dose region would be expected to increase tumor cell
illing while reducing normal tissue damage and long-
erm toxicity. In contrast, EBRT has a homogeneous dose
istribution, and therefore the spatial distribution of the
isk of recurrence depends only on the tumor cell density
which is highest close to the excision cavity). One may
herefore expect that there is a “sphere of equivalence”
round the excision cavity in which the risk of recurrence
or IORT is equivalent to EBRT.40 The radius of this sphere
epends on the details of the model and on the applicator
ize and is about 15 mm for the most often– used applica-
ors.

Another potential advantage or IORT using Intrabeam is
hat, because normal tissues can repair their damaged
NA within a few minutes but cancer cells or precancer-
us cells with poor DNA-repair machinery may be unable
o repair as quickly, such treatment (which is given over
5-35 minutes) may have a higher therapeutic index than
iving similar doses over 2 to 3 minutes. Laboratory ex-
eriments to test this hypothesis are underway.
We have previously described the in vivo evidence re-

arding the effectiveness and toxicity of the Intrabeam
ystem.5 Intrabeam induces both necrotic and apoptotic
ell death, in addition to rapid cell death through non-
poptotic pathways.41 Animal experiments have shown
ell-demarcated ablation in canine liver and kidney.42-44

e have shown its efficacy in ablating tumor tissue with a
ingle application of 6 to 12 minutes in a series of 3 breast
ancer patients with tumors from 1 to 2.5 cm in size who
ere too frail to have surgery, as shown on biopsy and

erial contrast-enhanced magnetic resonance imaging.45

hey were treated with the Intrabeam machine without
sing an applicator but only the sheathed radiograph
ource (Fig. 1A). (The tumor was localized using a digital

apy Systems

Dose
Weight of

Treatment Device

ose of 5 Gy at 1 cm or 10 Gy
Gy next to the applicator

utes. Setup time is about 10-

1.8 kg

ose in 4-5 minutes. Setup
0-30 minutes.

1275 kg

ose in 4-5 minutes. Setup
0-30 minutes.

650 kg
iother

sical d
or 20

0 min
s.
ical d
out 2
ical d
out 2
tereotactic prone mammography table.)
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88 J.S. Vaidya et al.
he Intrabeam Machine
nd Surgical Technique

he Intrabeam machine contains a miniature electron gun
nd electron accelerator contained in an radiograph tube,
hich are powered by a 12-V power supply. “Soft” x-rays

50 kVp) are emitted from the point source. Tissue is kept
t a distance from the source by spherical applicators to
ive a more uniform dose. Depending on the size of the
urgical cavity, various sizes of applicator spheres are
vailable. The dose rate depends on the diameter of
he applicator and the energy of the beam, both of which
ay be varied to optimize the radiation treatment. For

xample, a dose of 5 Gy can be delivered in about 20
inutes at 1 cm from the margins of a 3.5-cm cavity.
he quick attenuation of the radiation minimizes the need

or radiation protection to the operating personnel.
sually the operating team leaves the room, but the anes-

hetist (and anyone else interested in observing the proce-
ure) sits behind a mobile lead shield that prevents expo-
ure.

The technique has been previously described in detail,46

nd an operative video is available from the authors via the
nternet. In the operating room, (Figure 2) wide local ex-
ision of the primary tumor is performed in the usual
anner, with a margin of normal breast tissue. After the

umpectomy, it is important to achieve complete hemosta-
is, because even a small amount of bleeding in the 20 to
5 minutes during which radiotherapy is being delivered
an distort the cavity enough to considerably change the

osimetry. Different size applicators are tried until one is t
ound that fits snugly within the cavity. A purse-string
uture needs to be skillfully placed; it must pass through
he breast parenchyma and appose it to the applicator
urface, but at the same time it must not bring the dermis
oo close to the applicator surface. Sometimes 2 purse-
tring sutures are required, one deeper and another more
uperficial. It is important to protect the skin, which
hould not be brought within 1 cm of the applicator sur-
ace. For the edges of the wound, 3 to 0 Prolene stitches
hat slightly retract the skin away from the applicator are
seful. For skin further away from the edge that cannot
e effectively retracted for the fear of reducing the dose
o target tissues, a customized piece of surgical
auze soaked in saline, 0.5- to 0.9-cm thick, can be in-
erted deep to the skin; this allows the dermis to be lifted
ff the applicator, whereas the breast tissue just deep to it
till receives radiotherapy. If necessary, the chest wall and
kin can be protected by radio-opaque tungsten-filled
olyurethane material. These thin rubber-like sheets are
upplied as caps that fit on the applicator or that can be cut
o size from a larger flat sheet on the operating table so as
o fit the area of pectoralis muscle that is exposed and does
ot need to be irradiated. These provide effective protec-
ion (95% shielding) to intrathoracic structures. Because
any patients undergo sentinel biopsy with immediate

ytological or histological evaluation performed (so that
omplete axillary clearance can be performed at the same
itting), IORT can often be delivered while the surgical
eam waits for this result without wasting operating room

Figure 2 The Intrabeam system with
the X-ray source in the breast wound
(inset) and the electron generator and
accelerator held in place by the artic-
ulated arm. The inset shows how the
target breast tissue wraps around the
applicator, giving true conformal ra-
diotherapy. (Color version of figure is
available online).
ime.
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Targeted intraoperative radiotherapy 89
linical Results and
ngoing Randomized Trials

ased on the hypothesis that irradiation of the index quad-
ant is sufficient, in July 1998, we introduced the technique
f targeted intraoperative radiotherapy (Targit) using the In-
rabeam device.47-49 In the pilot studies in the United King-
om, the United States, Australia, Germany, and Italy testing
he feasibility and safety of the technique, 227 patients un-
erwent Targit as a “boost” dose and also received whole-
reast EBRT; for 22 patients, Targit was the sole modality of
adiotherapy. The median follow-up is 22 months (maxi-
um, 72 months). Apart from 2 patients treated early in

hese studies, wound healing has been excellent. There were
local relapses: one was a second primary in a separate

uadrant at 42 months, and the other patient developed dif-
use involvement of the entire breast 2 months after surgery.
he cosmetic outcome was assessed formally by a surgeon
nd a nurse not involved in the trial in available patients
reated in the United Kingdom at a median follow-up of 42
onths.38 On a scale of 1 to 5 (with 5 being best), mean

cores for appearance, texture, and comfort of the breast
iven by these observers were 3.5, 2.7, and 3.7. The corre-
ponding scores given by the patient herself were 4, 3.1,
nd 3.5.

The multicenter randomized trial “TARGIT” using the
ntrabeam system is now recruiting patients in the United
ingdom, Germany, Italy, the United States, and Austra-

ia.5,49,50 Patients are enrolled before tumor excision to
eceive either IORT or conventional whole-breast radio-
herapy. However, each center may decide that patients
andomized to IORT who are found to have certain patho-
ogic findings (eg, lobular carcinoma or an extensive intra-
uctal component) may subsequently receive whole-
reast irradiation in addition.
It is well recognized (as in every adjuvant situation) that

ostoperative whole-breast radiotherapy is an overtreatment
0% to 70% of the time because only 30% to 40% of patients
ill ever develop local recurrence after surgery alone. Our

pproach using IORT intends to refine the treatment of breast
ancer patients by introducing a risk-adapted strategy. For
xample, perhaps the elderly patient with a T1, grade 1 tu-
or should be treated with Targit only, whereas a young
atient with a T2, grade 3 tumor would benefit from having
more accurate boost using Targit in addition to whole-

reast radiotherapy. The TARGIT trial is testing exactly such
strategy. Hence, the TARGIT trial should not be mistaken

or a trial solely designed to compare intraoperative with
ostoperative radiotherapy, when actually it is testing 2 dif-
erent treatment approaches: the conventional “one size fits
ll” approach versus the new approach of tailored treatment.
ndpoints include local recurrence, cosmetic outcome, pa-

ient satisfaction, and cost analysis. The first patient was ran-
omized in March 2000, with an accrual goal of 2,232; it is
xpected that the first results of this trial will be available in
007.
The Milan trial using the Novac 7 has also been recruiting

ince November 2000 at a fast rate. Their preliminary results

re encouraging.51,52
t Is Cheaper as Well!
elivering IORT with the Intrabeam prolongs the primary
peration by 5 to 45 minutes (the shorter extra time when it
s performed in conjunction with immediate analysis of the
entinel lymph node). In addition, approximately 1 hour of a
adiotherapy physicist’s time is needed to prepare the device.
BRT requires about 9 man hours of planning, 6 hours of
adiotherapy-room time, and 30 to 60 hours of patient time.
f the cost of conventional radiotherapy were £2400, using
he most conservative estimates, then considering only the
6% saving of man hours, this novel technique would save
1800 per patient. If we assume that 25% of the 40,000
reast cancer patients diagnosed every year in the United
ingdom might be treated by BCS and IORT instead of con-
entional EBRT, the yearly savings for the National Health
ervice would be 18,000,000 pounds. This does not include
he substantial saving of expensive time on the linear accel-
rators, enabling a reduction in waiting lists and, most im-
ortantly, the saving of time, effort, and inconvenience for
atients. Thus, unlike most other “new” treatments, this one
ould be significantly less expensive than the current stan-
ard!

he Future Is in Sight
sing the Intrabeam device to deliver single-treatment IORT
as many advantages compared with other forms of radiation
herapy. With this elegant approach, the target, the pliable
reast tissue around the cavity of surgical excision, is “con-
ormed” to the radiation source. It avoids the need for using
edious techniques of interstitial radioisotope implantation
r expensive technology for complex computed tomogra-
hy–guided planning of conformal EBRT using linear accel-
rators. It eliminates the possibility of irradiating the wrong
ite and delivers radiotherapy at the earliest possible time
fter surgery. The quick attenuation of the radiation dose
rotects normal tissues and allows the treatment to be per-
ormed in unmodified operating rooms. Thus, in theory, the
iological effect and cosmetic outcome of breast-conserving
herapy could be improved.

As we have previously warned, we must not be attracted
o mere novelty and the convenience of the this new tech-
ology.5,16 Randomized clinical trials are essential to test
his revolutionary approach. We believe that the future for
ocal treatment of breast cancer is bright. The patient, the
urgeon, and the radiation oncologist will be able to
hoose from several well-tested approaches. This may
ean not just wider availability of breast-conserving ther-

py but also that small incremental benefits from targeted
nd tailored treatment could reduce morbidity and even
ortality.
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