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IMPORTANCE Conventional adjuvant radiotherapy for breast cancer given daily for several
weeks is onerous and expensive. Some patients may be obliged to choose a mastectomy
instead, and some may forgo radiotherapy altogether. We proposed a clinical trial to test
whether radiotherapy could be safely limited to the tumor bed.

OBJECTIVE To determine whether delayed second-procedure targeted intraoperative
radiotherapy (TARGIT-IORT) is noninferior to whole-breast external beam radiotherapy
(EBRT) in terms of local control.

DESIGN, SETTING, AND PARTICIPANTS In this prospective, randomized (1:1 ratio) noninferiority
trial, 1153 patients aged 45 years or older with invasive ductal breast carcinoma smaller than
3.5 cm treated with breast conservation were enrolled from 28 centers in 9 countries. Data
were locked in on July 3, 2019.

INTERVENTIONS The TARGIT-A trial was started in March 2000; patients were randomized
after needle biopsy to receive TARGIT-IORT immediately after lumpectomy under the same
anesthetic vs EBRT and results have been shown to be noninferior. A parallel study, described
in this article, was initiated in 2004; patients who had their cancer excised were randomly
allocated using separate randomization tables to receive EBRT or delayed TARGIT-IORT given
as a second procedure by reopening the lumpectomy wound.

MAIN OUTCOMES AND MEASURES A noninferiority margin for local recurrence rate of 2.5% at 5
years, and long-term survival outcomes.

RESULTS Overall, 581 women (mean [SD] age, 63 [7] years) were randomized to delayed
TARGIT-IORT and 572 patients (mean [SD] age, 63 [8] years) were randomized to EBRT. Sixty
patients (5%) had tumors larger than 2 cm, or had positive nodes and only 32 (2.7%) were
younger than 50 years. Delayed TARGIT-IORT was not noninferior to EBRT. The local
recurrence rates at 5-year complete follow-up were: delayed TARGIT-IORT vs EBRT (23/581
[3.96%] vs 6/572 [1.05%], respectively; difference, 2.91%; upper 90% CI, 4.4%). With
long-term follow-up (median [IQR], 9.0 [7.5-10.5] years), there was no statistically significant
difference in local recurrence-free survival (HR, 0.75; 95% CI, 0.57-1.003; P = .052),
mastectomy-free survival (HR, 0.88; 95% CI, 0.65-1.18; P = .38), distant disease-free survival
(HR, 1.00; 95% CI, 0.72-1.39; P = .98), or overall survival (HR, 0.96; 95% CI, 0.68-1.35;
P = .80).

CONCLUSIONS AND RELEVANCE These long-term data show that despite an increase in the
number of local recurrences with delayed TARGIT-IORT, there was no statistically significant
decrease in mastectomy-free survival, distant disease-free survival, or overall survival.
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I n 2018, there were 2 million new cases of breast cancer di-
agnosed worldwide and 626 000 deaths.1 Most patients are
suitable for treatment with breast-conserving surgery and

adjuvant radiotherapy, rather than total mastectomy. The TAR-
GIT-A randomized clinical trial (accrual from 2000-2012) com-
pared risk-adapted TARGeted intraoperative radiotherapy
(TARGIT-IORT) during the initial surgical excision of the
cancer2-5 with conventional whole-breast external beam ra-
diotherapy (EBRT) over several weeks.2,6,7 The results of this
trial demonstrated noninferiority particularly when TARGIT-
IORT was delivered at the time of initial excision of cancer.

In 2004, 4 years after accrual began in the main TARGIT-A
trial, and at the request of potentially high-volume centers, we
sought and received additional ethics approval and opened a par-
allel study. This was previously referred to as “postpathology
stratum” and recruited 1153 patients using a separate random-
ization table. Patients were randomized after their initial sur-
gery to have either conventional fractionated whole-breast ra-
diotherapy (n = 572), or to undergo a further operation to deliver
delayed radiotherapy to the wound (n = 581) by reopening the
original incision. This trial was initiated mainly because of the
convenience of easier scheduling of delayed TARGIT-IORT in the
operation theater. A potential benefit was that the inclusion cri-

teria could be made more selective, choosing the patients with
better prognosis based on the full histopathologic results that
would be available after tumor excision. For example, the knowl-
edge of the microscopically measured tumor size, grade, and
nodal status could be used to select a much lower-risk patient
population before randomization.

Figure 1. Flowchart and CONSORT Diagram

1153 Patients enrolled and randomized after excision of tumor

581 Randomized to delayed 
TARGIT-IORT delivered as a single dose to the
tumor bed with intrabeam to the reopened tumor
bed as a second procedure

572 Randomized to conventional radiotherapy
Standard fractionated EBRT over 3-6 weeks

Eligibility:
Age ≥45 years

Primary tumor already excised
Unifocal invasive ductal carcinoma preferably ≤3.5 cm, cN0-N1

(MRI not required)
Suitable for breast-conserving surgery

Flowchart outlining recruitment to trial of delayed TARGIT-IORT vs EBRTA

CONSORT diagramB

1153 Randomized

581 Randomized to delayed second-procedure TARGIT-IORT

2 Withdrawn from further follow-up

581 Included in analysis

12 Did not receive allocated treatment
2 Received EBRTb

0 Did not receive TARGIT-IORT or EBRT
10 Had a mastectomy

569 Received allocated treatment
538 Received delayed TARGIT-IORT
31 Received TARGIT-IORT plus EBRTc

572 Randomized to EBRT

6 Withdrawn from further follow-upa

572 Included in analysis

18 Did not receive allocated treatment
8 Received TARGIT-IORT and EBRTb

3 Did not receive TARGIT-IORT or EBRT
7 Had a mastectomy

554 Received allocated treatment
554 Received EBRT

EBRT indicates whole-breast external
beam radiotherapy; MRI, magnetic
resonance imaging; TARGIT-IORT,
targeted intraoperative radiotherapy.
A, Flowchart outlining recruitment to
trial of delayed TARGIT-IORT vs EBRT.
B, CONSORT diagram of participant
randomization.
a The difference in number

withdrawn was not statistically
significant (P = .15).

b As per protocol, 31 of 581 patients
(5.3 %) allocated to delayed
TARGIT-IORT received EBRT after
TARGIT-IORT.

c Two of 581 patients (0.3%)
allocated to delayed TARGIT-IORT
received EBRT and 8 of 572 (1.4%)
allocated EBRT received
TARGIT-IORT as well.

Key Points
Question For early breast cancer, is 5-year local control with
delayed second-procedure targeted intraoperative radiotherapy
(TARGIT-IORT) noninferior to whole-breast postoperative external
beam radiotherapy (EBRT), and how do long-term outcomes
compare?

Findings In this randomized clinical trial including 1153
participants, delayed second-procedure TARGIT-IORT was not
noninferior to EBRT at 5-year complete follow-up; however,
long-term (median 9 years) mastectomy-free survival, distant
disease-free survival, and overall survival were not different.

Meaning For early breast cancer, delayed second-procedure
single-dose TARGIT-IORT given by reopening the lumpectomy
wound had similar long-term mastectomy-free and overall survival
compared with EBRT despite higher local recurrence.
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This delayed procedure was performed at a median (IQR) of
37 (29-51) days after the initial excision as a second surgical pro-
cedure in the operation theater, rather than immediate intraop-
erativeradiotherapygivenduringtheinitialcanceroperation.This
article describes the long-term outcomes of this parallel study.

Methods
The TARGIT-A trial was a pragmatic, prospective, interna-
tional, multicenter, open label, randomized, phase 3 trial that
compared the policy of risk-adapted TARGIT-IORT vs the con-
ventional policy of whole-breast EBRT. The trial protocol (https://
njl-admin.nihr.ac.uk/document/download/2006598) and the
details of sample size calculations, the process of random
allocation, have been previously described.6,7 The trial protocol
is available in Supplement 1. The study received ethics approval
from the joint University College London and University College
London Hospital committees of ethics of human research.

Participants
Women were eligible to participate in the delayed TARGIT-
IORT trial if their breast cancer was already excised. They needed
to be aged 45 years or older with unifocal breast cancer on ex-
amination and conventional imaging. Pragmatically, we permit-
ted individual centers to prespecify the final postoperative his-
topathologic criteria that would make patients eligible for
randomization and these were prespecified in the center’s treat-
ment policy document. Because most centers specified criteria
for eligibility: aged 50 years or older, grade 1 or 2 disease, and
uninvolved nodes, only 5% of patients in the trial had any ad-
verse prognostic criteria. All patients gave informed written con-
sent and needed to be available for regular follow-up for at least
10 years. Follow-up clinical examination was at least every 6
months for the first 5 years and annually thereafter, including a
mammogram once per year. Random allocation was in a 1:1 ra-
tio, to receive either single-dose delayed TARGIT-IORT or EBRT
as per standard schedules over several weeks, with randomiza-
tion blocks stratified by center. The flow diagram and CON-
SORT diagram are given in Figure 1A and B.

The concept and the delayed TARGIT-IORT technique have
been described previously3-5,8-11 and enabled these patients to
have their radiotherapy in 1 sitting, albeit by undergoing a sec-
ond procedure, usually under a general anesthetic.12 Radia-
tion was given over 20 to 50 minutes delivering 20 Gy to the
surface of the tumor bed attenuating to 5 to 7 Gy at 1-cm depth.

The patients in the conventional arm underwent stan-
dard EBRT, which always included fractionated whole-breast
radiotherapy for 3 to 6 weeks, with or without an EBRT tu-
mor bed boost, as determined by local criteria prespecified by
the collaborating center.

Statistical Analysis
The statistical analysis plan (Supplement 1) was signed off on
by the chair of the independent steering committee and an in-
dependent senior statistician before the unblinded data were
sent to the trial statistician for the current analysis. It speci-
fied the primary outcome as local recurrence-free survival. This

Table 1. Patient and Tumor Characteristics

Characteristic

No. (%)a

P
valueb

Delayed TARGIT-IORT
(n = 581)

EBRT
(n = 572)

Age, y

≤50 30 (5.2) 23 (4.02)

.54
51-60 166 (28.6) 171 (29.9)

61-70 302 (52.0) 284 (49.7)

>70 83 (14.3) 94 (16.4)

Pathologic tumor size, mm

≤10 294 (51.0) 290 (51.8)

.79
11-20 249 (43.2) 243 (43.4)

>20 33 (5.7) 27 (4.8)

Unknown 5 (0.9) 12 (2.1)

Grade

1 305 (56.5) 339 (63.8)

.06
2 204 (37.8) 159 (29.9)

3 31 (5.7) 33 (6.2)

Unknown 41 (7.1) 41 (7.2)

Margin

Free 539 (92.9) 520 (92.4)

.46
DCIS only 16 (2.8) 18 (3.2)

Invasive 25 (4.3) 25 (4.5)

Unknown 1 (0.2) 9 (1.6)

Lymphovascular invasion

Absent 536 (94.7) 533 (96.6)

.13Present 30 (5.3) 19 (3.4)

Unknown 15 (2.6) 20 (3.5)

Lymph nodes involved

0 543 (93.6) 537 (95.2)

.39
1-3 34 (5.9) 26 (4.6)

>3 3 (0.5) 1 (0.2)

Unknown 1 (0.2) 8 (1.4)

ER status

Positive 569 (98.3) 550 (97.9)

.62Negative 10 (1.7) 12 (2.1)

Unknown 2 (0.3) 10 (1.7)

PgR status

Positive 440 (81.8) 423 (82.0)

.94Negative 98 (18.2) 93 (18.0)

Unknown 43 (7.4) 56 (9.8)

ERBB2 status

Positive 30 (5.4) 33 (6.0)

.65Negative 526 (94.6) 515 (94.0)

Unknown 25 (4.3) 24 (4.2)

Method of presentation

Screen detected 420 (73.6) 395 (70.5)

.26Symptomatic 151 (26.4) 165 (29.5)

Unknown 10 (1.7) 12 (2.1)

Endocrine therapy

Received 336 (58.0) 334 (59.4)

.63Did not receive 243 (42.0) 228 (40.6)

Unknown 2 (0.3) 10 (1.8)

(continued)
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outcome, consistent with the DATECAN13 and STEEP14 guide-
lines, estimates the chance of a patient being alive without lo-
cal recurrence and therefore included local recurrence or death
as events, ie, patients who had died were not censored. The
other outcomes included mastectomy-free survival, distant dis-
ease-free survival, overall survival, breast cancer mortality and
non–breast cancer mortality. Statistical analysis was per-
formed using established methods, using STATA statistical soft-
ware (versions 15.0 and 16.0, STATA Corp) for data compila-
tion, validation, and analysis.13-15 Data analysis took place
between September 11, 2019 to January 15, 2020.

In the original protocol, noninferiority was specified as
being achieved if the difference in 5-year local recurrence rate
did not cross a stringent margin of 2.5%. However, we have ap-
plied an even more rigorous criterion since 2013: that the up-
per 90% CI of the absolute difference in the binomial propor-
tions of local recurrence rate at 5-year complete follow up
should not cross 2.5% in absolute terms.

Kaplan-Meier graphs were displayed as recommended by
Pocock et al,16 who recommend that the x-axis of these graphs
should be extended until 10% to 20% of patients are at risk of
an event. The log-rank test was used to compare the differ-
ence between survival functions and to obtain P values.

Main Outcomes and Measures
The cause of death was specified by the center. If the cause was
specified as a non–breast cancer event and no distant disease was
recorded, itwasdefinedasanon–breastcancerdeath.If thedeath
was recorded by the center to be related to breast cancer, or as
per convention, if breast cancer was present at the time of death,
or if the cause of death was recorded as unknown or uncertain,
it was presumed to be a breast cancer death.

Figure 1B shows the CONSORT diagram, which describes the
treatment received in each of the randomized arms. The refer-
ence date for completeness was May 2, 2018, 8 years after the
first data lock. A patient was considered as having complete fol-
low-up if they were seen for the specified duration of follow-
up, had died, or had withdrawn from the trial. As the last pa-
tient was randomized in 2012, the statistical analysis plan
specified that the 5-year follow-up would be considered com-
plete if 95% of patients had complete follow-up. It also speci-

fied that 10-year follow-up would be considered complete if the
patient had at least 10 years of follow-up, had been seen within
1 year of the reference date, or had died or withdrawn; the 10-
yearfollow-upwouldbeconsideredcompleteifthiswasachieved
by 90% of patients. Because there was no specific trial funding
for individual centers, return of follow-up relied on individual
investigators and their teams’ efforts, enthused by the trial-
center team. The trial statistician and the chief investigator pro-
duced reports of completeness of follow up using blinded data-
bases on a regular basis. As recommended by the independent
steeringcommittee,thedatabasewasunblindedforanalysisonce
the prespecified goals for completeness of follow up were
achieved. The reference date for analysis was 3 July 2019, so that
all events up until 2 July 2019 were included for analysis. The
chief investigator/corresponding author and the trial statisti-
cian (J.S.V. and Ma.B.) had access to all data sent by the trial cen-
ter for analysis; all authors were responsible for the decision to
submit the article. Since the last analysis, the trial oversight has
been provided by an independent steering committee, ap-
pointed by the Health Technology Assessment program of the
National Institute of Health Research, Department of Health,
United Kingdom.

Results
Overall, 581 women were randomized to delayed TARGIT-
IORT and 572 to EBRT. The patient and tumor characteristics
are given in Table 1 and were well matched between the ran-
domization arms. Most patients were estrogen receptor posi-
tive (1119 [98%]), ERBB2 negative (1041 [94%]); 670 patients
(58%) received endocrine therapy, and 40 (3.5%) received che-
motherapy. The completeness of follow-up is demonstrated
in Figure 2.

At 5-year complete follow-up, the local recurrence rates
were TARGIT-IORT, 23 (including 3 DCIS) of 581 (3.96%) vs
EBRT, 6 (including 2 DCIS) of 572 (1.05%), giving a difference
of 2.9% with its upper 90% CI of 4.4, which crossed the non-
inferiority margin of 2.5%.

Kaplan-Meier estimates and log-rank P values for de-
layed TARGIT-IORT vs EBRT are given in Table 2 and Figure 3.
The median follow-up was 9 years and the differences be-
tween delayed TARGIT-IORT and EBRT were not statistically
significant for local recurrence-free survival, invasive local re-
currence-free survival, mastectomy-free survival, distant dis-
ease-free survival, breast cancer mortality, non–breast can-
cer mortality, and overall survival. No patients had uncontrolled
local recurrence at the time of death.

Discussion
The TARGIT-A trial was originally conceived because of the
clinicopathologic observation that local recurrence after breast-
conserving surgery occurs predominantly in the index
quadrant,17,18 despite the fact that more than 60% of patients
suitable for breast conserving surgery are known to have mi-
croscopic foci of the disease outside the index quadrant.17-19

Table 1. Patient and Tumor Characteristics (continued)

Characteristic

No. (%)a

P
valueb

Delayed TARGIT-IORT
(n = 581)

EBRT
(n = 572)

Chemotherapy

Received 26 (4.5) 14 (2.5)

.07Did not receive 553 (95.5) 546 (97.5)

Unknown 2 (0.3) 12 (2.1)

Abbreviations: DCIS, ductal carcinoma in situ; EBRT, whole-breast external
beam radiotherapy; ER, estrogen receptor; PgR, progesterone receptor;
TARGIT-IORT, targeted intraoperative radiotherapy.
a For percentage calculation, the denominator for unknown percentages is the

total number randomized (581 and 572) and the denominator for each
category is the total number of known cases.

b P values are given for differences between TARGIT-IORT and EBRT, calculated
using a χ2 test for known values.
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Table 2. Twelve-Year Kaplan-Meier Estimates of Outcomes Measures for TARGIT-IORT vs EBRT

Outcomes

Delayed TARGIT-IORT (n = 581) EBRT (n = 572) Significance test for the full follow-up

Events
Kaplan-Meier estimates
(95% CI) Events

Kaplan-Meier estimates
(95% CI) HR (95% CI)

P value
for log rank

Local recurrence-free survivala

Estimate 0.75 (0.57-1.003) .052
5-y 41 92.87 (90.44-94.70) 19 96.63 (94.77-97.84)
10-y 98 80.16 (76.19-83.54) 72 84.36 (80.51-87.51)
12-y 106 75.30 (70.13-79.72) 79 78.38 (72.32-83.27)

Invasive local recurrence-free survivala

Estimate 0.75 (0.56-1.002) .051
5-y 38 93.39 (91.03-95.15) 17 96.99 (95.20-98.12)
10-y 95 80.68 (76.73-84.02) 68 85.15 (81.35-88.23)
12-y 103 75.87 (70.72-80.24) 75 79.23 (73.23-84.04)

Mastectomy-free survivala

Estimate 0.88 (0.65-1.18) .38
5-y 39 93.24 (90.87-95.02) 23 95.93 (93.93-97.27)
10-y 82 83.79 (80.14-86.83) 75 83.82 (79.94-87.01)
12-y 92 77.80 (72.57-82.16) 79 80.44 (75.16-84.71)

Distant disease-free survivala

Estimate 1.00 (0.72-1.39) .98
5-y 26 95.49 (93.44-96.90) 18 96.80 (94.97-97.97)
10-y 62 87.50 (84.13-90.19) 62 86.91 (83.37 89.74)
12-y 71 81.98 (76.91-86.04) 67 82.18 (76.44-86.65)

Overall survival
Estimate 0.96 (0.68-1.35) .80

5-y 19 96.70 (94.87-97.88) 13 97.69 (96.06-98.65)
10-y 56 88.62 (85.35-91.19) 56 87.77 (84.22-90.56)
12-y 65 83.13 (78.11-87.10) 59 84.72 (79.52-88.70)

Breast cancer mortality
Estimate 0.81 (0.43-1.52) .50

5-y 9 1.58 (0.82-3.01) 4 0.72 (0.27-1.90)
10-y 20 3.79 (2.45-5.83) 16 3.50 (2.11-5.77)
12-y 21 4.39 (2.77-6.93) 17 4.63 (2.52-8.43)

Mortality from other causes
Estimate 1.02 (0.68-1.55) .89

5-y 10 1.75 (0.95-3.23) 9 1.60 (0.84-3.06)
10-y 36 7.90 (5.69-10.90) 40 9.05 (6.62-12.31)
12-y 44 13.05 (9.35-18.05) 42 11.17 (7.78-15.88)

Abbreviations: EBRT, whole-breast external beam radiotherapy; HR, hazard ratio; TARGIT-IORT, targeted intraoperative radiotherapy.
a Each of these survival measures include death as an event.

Figure 2. Actual Follow-up and Expected Follow-up for the Trial of Delayed Second-Procedure
TARGIT-IORT vs EBRT
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The delayed TARGIT-IORT approach was proposed mainly
for logistical reasons. It allowed better planning of operation
theaters as well as theoretically stricter selection of patients
with low-risk disease based on final histopathologic analysis
results. It also allowed using TARGIT-IORT in patients com-
ing to a cancer center after having had their cancer excised in
a smaller or remote hospital. Concordant with the results of
our 2013 analysis, with mature follow-up (5 years complete fol-
low-up with a median of 9 years) delayed TARGIT-IORT was
found not to be noninferior to EBRT in terms of local control,
with the upper 90% confidence limit of the 2.9% absolute dif-
ference in the 5-year local recurrence rate being 4.4%, which
is above our stringent 2.5% noninferiority margin.

This noninferiority margin of 2.5% was decided after con-
siderable thought,6 and is much more stringent than the 7% mar-
gin set in the in the ELIOT trial, the only other trial to our knowl-
edge of intraoperative radiotherapy.20 We believe that it is
important to consider how much the absolute differences seen
in the trial matter to the patient. When considering treatments
for patients with early breast cancer, local recurrence has been
given great importance because of the perceived risk of conse-
quent mastectomy, the danger of distant disease, and the po-

tentially lower survival. The long-term data show that there was
no impairment of mastectomy-free survival, distant disease-
free survival, or overall survival, up to 12 years from random-
ization (Figure 3). Moreover, quality of life studies have shown
that despite having a second procedure, the quality of life and
patient-reported outcomes, such as cosmesis, breast-related
quality of life, and breast pain, have been demonstrated to be
superior with TARGIT-IORT,21,22 and this approach is preferred
by patients even in the face of a hypothetically higher local re-
currence risk.23,24 These findings may mitigate some of the pa-
tient concerns, and results of further patient preference re-
search would help these discussions.

Limitations
The reasons for higher local recurrence with delayed second-
procedure TARGIT-IORT may be multifactorial. First, the propen-
sity of tumor recurrence in the index quadrant could be owing to
a tumor promoting effect of the microenvironment of the surgi-
cal wound,25-27 a risk that has been shown to be beneficially ma-
nipulated by TARGIT-IORT to the fresh tumor bed,25,27,28 but per-
haps not when TARGIT-IORT is given as a delayed second proce-
dure.Second,thesurgicalprocedureoflumpectomyhaschanged.

Figure 3. Twelve-Year Kaplan-Meier Curves Comparing Delayed Second-Procedure TARGIT-IORT vs EBRT
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Early on in the trial, the tissues around the tumor bed were often
notapproximatedafterlumpectomy,andthetumorbedremained
easily identifiable as a fluid-filled cavity at the time of the second
procedure, although some healing had already occurred and fi-
brosis was setting in by the time the delayed TARGIT-IORT was
delivered (median, 37 days later). A limitation of the study was
that we did not anticipate a change in surgical practice in later
years, such that the tumor bed was approximated after tumor ex-
cision rather than leaving a cavity. The resultant scarring could
have made it difficult to accurately locate the primary tumor bed.
Given the rapid attenuation of dose, with distance from the ap-
plicator surface, adequate dose may not have reached the origi-
nal tumor bed. Finally, one can also speculate that the additional
surgical trauma owing to the necessary second procedure in ev-
ery case of delayed TARGIT-IORT could stimulate residual can-
cercells.Notwithstandingthesetheoreticalreasons,thefinaljudg-
ments must be based on the long-term outcomes data.

Conclusions

Partial breast irradiation was heralded as a new standard29

at the time of the first publication of the TARGIT-A trial6 and
several other supporting clinical trials have since been pub-
l i s h e d : i n c l u d i n g t h e E L I O T t r i a l , 2 0 i n t e r s t i t i a l
wire-brachytherapy,30 and partial breast EBRT.31,32 Based on
the randomized evidence of immediate TARGIT-IORT,
which has been shown to be an effective alternative to
EBRT,6,7,33 it is clear that the preferred timing of using
TARGIT-IORT is immediately—during the initial surgical
excision of breast cancer. However, when immediate
TARGIT-IORT has not been possible, the long-term data pre-
sented in this article may help inform discussions by clini-
cians and patients who wish to avoid a prolonged postop-
erative course of EBRT.
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