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Breast conserving therapy remains one of the most

important advances in cancer management in the past cen-

tury, with multiple trials demonstrating its equivalence to

mastectomy with respect to long term cancer outcomes.1,2

Unfortunately, studies have documented that adjuvant radi-

ation therapy, a critical component of breast conserving

therapy, remains under utilized. Data suggest that treatment

duration (5–6.5 weeks) can frequently be attributed to this

finding.3 In light of this and secondary to the increasing costs

associated with breast cancer radiation therapy, shortened

courses of radiation therapy have been explored including

both hypofractionated whole breast irradiation (WBI) and

accelerated partial breast irradiation (APBI) that shorten

treatment duration to three and one week, respectively.

Prospective randomized trials evaluating these techniques

have been promising, demonstrating equivalence to tradi-

tional WBI with respect to clinical outcomes, toxicities, and

breast cosmesis.4,5

Intraoperative radiation therapy (IORT) represents an

alternative to these techniques that delivers treatment at the

time of surgery as a single fraction of radiation (in the

majority of cases). Increasingly, IORT is being offered to

women with early-stage breast cancer as the definitive

radiation therapy modality following breast conserving

surgery. What is concerning is that these patients are being

offered this, as yet, unproven therapy off-protocol with

insufficient data to support its safety and efficacy compared

with WBI or alternative techniques (APBI or hypofrac-

tionated WBI). This is unfortunate as radiation therapy in

breast cancer represents an area of research that has

undergone progress in the past five decades through sys-

tematic evidence-based treatment paradigm evolution;

breast conserving therapy was verified via multiple ran-

domized trials demonstrating comparable outcomes to

mastectomy, and postmastectomy radiation therapy simi-

larly demonstrated a survival benefit in several trials before

wide-scale incorporation into treatment paradigms.1,2,6

Therefore, the rapid introduction of IORT is concerning as

these steps have not been taken prior to wide-scale utili-

zation, leading to a potential for higher rates of local

recurrence or increased toxicity.

It should be noted that two large randomized trials have

been performed to evaluate the role of IORT in early-stage

breast cancer compared with WBI, the current standard of

care. The targeted intraoperative radiotherapy (TARGIT)

trial was a randomized noninferiority trial that included

3,451 women enrolled in 10 countries between 2000 and

2012. Patients were randomized to IORT (delivered at the

same time as surgery or as a separate procedure) or WBI;

however, 21 % of the prepathology IORT patients received

WBI because of predefined factors including lobular carci-

noma in situ, extensive intraductal component,

lymphovascular space invasion, node positivity, or other

factors specific to each institution. IORT was delivered

using a 50-kv X-ray source to deliver 20 Gy to the surface of

the excision cavity (5 Gy at 1 cm). While initial data with

short follow-up (median follow-up \2 years) and limited

events (n = 11) was promising, a recent update found that

IORT, even with WBI supplementation in one-fifth of the
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IORT cohort, was associated with inferior local control at

5 years (3.3 vs. 1.3 %, p = 0.04).7,8

A second randomized trial from Milan randomized

1,186 patients to IORT or WBI. This trial used IORT

delivered with electrons (21 Gy delivered to the 90 %

isodose line). Importantly, WBI was not offered to any

patients in the IORT cohort. With 6 years of follow-up,

IORT was associated with an increased rate of local

recurrences (5.3 vs. 0.7 %, p \ 0.001) and true recurrences

(3.2 vs. 0.7 %, p = 0.0002) as well.9 Based on two large

randomized trials showing an increase in local recurrence,

it is inconceivable that IORT should be offered off-proto-

col, even in patients with low-risk disease.

Beyond clinical data, there are significant concerns

regarding the radiobiology and physics regarding current

IORT techniques. When examining the IORT using a

50-kv X-ray source, it should recognized that while the

dose at the surface is 20 Gy, at 1 cm the dose is roughly

only 5 Gy as a single dose; contrast this with a typical

APBI plan that delivers 3.4 Gy at 1 cm over 10 fractions

and it is not surprising that higher rates of local recurrence

were noted in randomized trials using 50-kv X-rays.10 In

contrast, the electron (ELIOT) technique delivers 21 Gy to

the 90 % isodose line, a larger dose to the cavity than

offered by the 50-kv technique or APBI, raising concerns

regarding treatment toxicity that have already been noted

with regard to fat necrosis.9 Also, in light of the electron

IORT trial omitting WBI regardless of pathological factors

(surgical margin, nodal status, etc.), it is unlikely that this

technique provides appropriate dose for those requiring

regional nodal irradiation or more extensive breast volumes

treated. Another major limitation of IORT is a lack of

image guidance; there is an inability to identify and doc-

ument where dose is delivered with respect to the excision

cavity as well as the organs at risk including the skin and

chest wall. This limits the ability to document the quality of

treatment or in cases where re-treatment is needed to

identify previously delivered dose to organs at risk.

Extrapolation from data supporting APBI is often used as

a justification for the use of IORT. However, it should be

noted that this extrapolation is not based on progressive

logic. APBI initially defined its target and dose delivery

based on in-breast failure patterns, pathologic studies,

radiobiologic dose calculations and known brachytherapy

dose delivery techniques with image guidance confirming

dose delivery. Multiple successful single institutional

studies and a large registry study set the stage for many

phase III studies that are only now beginning to reach a

maturity level where outcome can be determined and sev-

eral societies have now defined a conservative group of

patients that are identified as appropriate for off-protocol

treatment with APBI. The selection criteria outlined is

based on a large group of women treated with similar

treatment designed based on the basic principles of target

delineation and dose delivery upon which APBI was first

established; IORT is a clear departure from those of APBI

in both target definition and delineation as well as pre-

scription dose and dose delivery. Although IORT may

prove to have some advantages, it is illogical to extrapolate

the APBI experience for off protocol use of IORT. If those

promoting IORT abandon the pursuit of continued on-study

use in exchange for commercial benefit of rapid introduc-

tion into widespread use, there is risk that assumptions upon

which the use of this technique are founded are wrong and

the potential benefit of this treatment approach will be lost.

Finally, it should be noted that recent studies have dem-

onstrated the feasibility of delivering APBI over 2 days

with a dose based on whole breast and partial breast studies.

Future studies will be needed to further evaluate this,

offering patients a shortened course based on much stronger

data than that currently available supporting IORT.11

In light of increasing costs associated with radiation ther-

apy delivery, advocates of IORT have cited a potential in cost

savings associated with the implementation of IORT.12,13

However, it should be noted that while IORT may represent a

cost savings when using absolute costs, when factoring in the

higher rates of local recurrence noted in randomized trials and

the costs associated with treatment of these recurrences, the

initial bargain that IORT represent may fade away.

In summary, IORT represents a promising area of

investigation but should not be considered a standard of

care in the management of early-stage breast cancer in light

of (1) clinical data from randomized trials documenting

inferior outcomes to WBI, (2) a failure to adhere to stan-

dard radiobiological principles used in breast cancer, and

(3) a lack of standardized protocols for delivery. Moving

forward, we support the continued study of the concept but

feel that it should remain as a technique under investigation

and not advertised as a new standard in the management of

early-stage breast cancer or used off-protocol until clinical

data support it.
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