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ABSTRACT

Background. Two prospective, randomized trials, TAR-
GIT-A and ELIOT, have shown intraoperative radiation
therapy to be a safe alternative, with a low-risk of local
recurrence, compared with whole breast radiation therapy,
following breast-conserving surgery, for selected low-risk
patients. We report the first 1000 tumors treated with this
modality at our facility.

Methods. A total of 1000 distinct breast cancers in 984
patients (16 bilateral) were treated with breast conserving
surgery and X-ray IORT from June 2010 to August 2017.
Patients were enrolled in an IORT registry trial. Local
recurrence was the primary endpoint.

Results. There have been 28 ipsilateral local recurrences,
ten DCIS and 18 invasive. Four local recurrences were
within the IORT field, 13 outside of the IORT field but
within the same quadrant as the index cancer, and 11 were
new cancers in different quadrants. There have been four
regional nodal recurrences and one distant recurrence.
There have been no breast cancer related deaths and 14
non-breast cancer deaths. With a median follow-up of
36 months, Kaplan—-Meier analysis projects 3.9% of
patients will recur locally at 4 years. This includes all
ipsilateral events in all quadrants.

Conclusions. The local, regional, and distant recurrence
rates observed in this trial were comparable to those of the
prospective randomized TARGIT-A and ELIOT trials. The
low complication rates previously reported by our group as
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well as the low recurrence rates reported in this study
support the cautious use and continued study of X-ray
IORT in women with low-risk breast cancer.

Intraoperative radiation therapy (IORT) is a form of
accelerated partial breast irradiation (APBI) in which
radiation therapy is delivered, in a single dose, directly to
the tumor bed during surgery.' IORT allows radiation to be
delivered precisely to the area where recurrence is most
likely while simultaneously reducing compliance issues,
radiation exposure to normal tissues, and radiation-induced
toxicity.” IORT has been designed to reduce radiation-in-
duced complications associated with whole breast
radiotherapy (WBRT) without compromising oncologic or
cosmetic outcomes.” If final histopathology reveals poor
prognostic findings, WBRT can be added. IORT then
becomes the boost. IORT given initially does not eliminate
the potential use of excision and WBRT should there be a
local recurrence in the future. Two prospective randomized
trials, TARGIT-A and ELIOT, suggest that IORT is a safe
alternative to WBRT for selected low-risk patients.*®

Minimal data are available about the clinical effective-
ness of X-ray IORT using the Xoft® Axxent® Electronic
Brachytherapy (eBx®) System®. We report our first 1000
tumors treated using this modality.

METHODS AND MATERIALS

Patient Population

A total of 984 patients with 1000 unifocal breast tumors
(16 bilateral) and a pathologic diagnosis of invasive ductal
carcinoma, invasive lobular carcinoma, ductal carcinoma
in situ (DCIS), or any combination of these diagnoses were
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accrued to a prospective IORT registry trial between June
2010 and August 2017 at Hoag Memorial Hospital Pres-
byterian (Newport Beach, CA). The trial protocol was
approved by an institutional review board and met the
guidelines of their responsible governmental agency.
Patients ranged from 40 to 92 years of age.

Protocol Requirements

Prior to treatment, all patients were at least 40 years old
and had tumor spans < 30 mm in greatest extent as
determined by mammography, ultrasonography and con-
trast-enhanced MRI, unless contraindicated. Final tumor
extent was determined by the pathologist using serial sec-
tioning and included all tumor foci. All patients with
invasive breast cancer were required to have histopatho-
logically negative axillary lymph nodes.

Eligibility Criteria

To be eligible for IORT as the sole adjuvant radiation
therapy, final histopathology had to confirm tumor
extent < 30 mm, tumor margins > 2 mm for both inva-
sive and noninvasive disease, no extensive lymphovascular
invasion, and negative axillary lymph nodes. Isolated
tumor cells (NOi +) were acceptable. Patients that deviated
from one or more protocol requirements were referred for
additional surgery (re-excision or mastectomy) and/or
WBRT with IORT becoming the boost. If a positive lymph
node was discovered intraoperatively, IORT was not per-
formed. These patients were not included in this analysis
(N =41).

Procedure

All patients underwent breast-conserving surgery and
received IORT to the tumor bed. IORT consisted of 20 Gy
delivered to the balloon surface using the Xoft® Axxent
Electronic Brachytherapy (eBx®) System (Xoft, San Jose,
CA, USA, a subsidiary of iCAD, Inc). The system delivers
50-kV X-ray radiation using a balloon applicator. Balloon
sizes where chosen that best filled the excision cavity (75%
3-4 cm, 23% 4-5 cm, 2% 5-6 cm). Following IORT bal-
loon placement, skin to balloon distance was measured
with ultrasound. The minimum allowable distance for
treatment was 8 mm. IORT was delivered to 947 tumors
during the initial surgical procedure. Fifty-three patients
underwent IORT during a separate delayed surgical pro-
cedure (26 patients  elected  reexcision  for
margins < 1 mm, 15 patients simply decided to have IORT
after their initial excision, and 12 patients were referred
from outside hospitals for IORT after their initial excision).

Data Collection and Analysis

Demographics and clinical information were collected
during enrollment. Complication, recurrence, and outcome
data were collected at 1 week, 1 month, 6 months, 1 year,
and yearly thereafter. The primary endpoint was local
recurrence. Kaplan—-Meier analyses were used to estimate
local recurrence probabilities. Curves were compared using
the log-rank test.

RESULTS
General Demographics

A total of 1000 breast cancers were treated with X-ray
IORT. The cohort characteristics are shown in Table 1.
The median follow-up was 36 months. Seventy-eight per-
cent of tumors were invasive; 21% were pure DCIS; 94%
of tumors were estrogen receptor (ER)-positive, and 83%
were progesterone receptor (PR)-positive. 555 of 786
(71%) invasive tumors were luminal A, using immuno-
histochemical surrogates. Using 2017 American Society
for Radiation Oncology (ASTRO) criteria, 415 tumors
were suitable for APBI.’

Side Effects

Side effects were minimal as reported in a previous
publication.'” In this series, 54 patients (5.4%) experienced
grade 2 or 3 fibrosis or hyperpigmentation. Thirteen (1.3%)
patients experienced minor wound healing problems, most
likely related to oncoplastic surgery rather than IORT, and
12 (1.2%) patients experienced wound infections. There
were no late toxicities. All side effects were seen within the
first year.

Tumors that did not Deviate from Protocol
Requirements

A total of 695 tumors did not deviate from any protocol
criteria and met all study criteria after final histopathology
examination. Of these, 693 were treated with IORT as their
only form of local treatment; 2 of these patients elected to
add WBRT to their IORT, despite meeting all study
criteria.

Tumors that did Deviate from Protocol Criteria

Protocol deviations and treatment following deviations
are summarized in Table 2.

305 tumors deviated from one or more trial require-
ments; 143 of these patients declined additional local
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TABLE 1 Characteristics of IORT trial cohort

TABLE 2 Protocol deviations and treatment

Variable

N (%)

N

Tumor types and nuclear grades

DCIS

Grade 1

Grade 2

Grade 3

Infiltrating ductal

Grade 1

Grade 2

Grade 3

Infiltrating lobular

Grade 1

Grade 2

Grade 3

Median/mean follow-up (range)
Median/mean age (range)
Median tumor span

Estrogen receptor positive
Progesterone receptor positive

HER-2/neu positive (invasive tumors
only)

Immediate versus delayed treatment
Immediate

Delayed

2017 ASTRO APBI categories
Suitable

Cautionary

Unsuitable

Luminal A (invasive tumors only)

1000

Tumor types and nuclear
grades

214/1000 (21%)
32/214

128/214

54/214

710/1000 (71%)
70/710

552/710

88/710

76/1000 (8%)
19/76

53/76

4/76

36/35 mo. (1-93)
65/64 yr. (40-92)
16.0 mm (1-77)
944 (94%)

831 (83%)
32/786 (4%)

947 (95%)
53 (5%)

415 (42%)
354 (35%)
231 (23%)
555/786 (71%)

treatment, bringing the total number of tumors treated with
IORT alone to 836 (693 + 143). Of the 162 remaining
patients (305-143) with protocol deviations, 109 received
WBRT, 9 underwent reexcision followed by WBRT, 27
underwent reexcision alone, and 17 elected mastectomies.
Local treatment and the number of recurrences in each
treatment group are summarized in Table 3. Because 2
patients without protocol deviations added WBRT, the total
number of patients receiving excision plus WBRT is 111.

Recurrences

There were 28 local recurrences. Eighteen were inva-
sive; ten were pure DCIS. Seventeen of 28 (58%) local
recurrences were in the same quadrant as the index cancer.
Four of these were within the IORT field, and 13 were
outside the IORT field but within the same quadrant as the
index cancer. Eleven local recurrences were in quadrants

390 in 305 Tumors
171/305 (56%)
145/305 (48%)
35/305 (11%)
37/305 (12%)
2/305 (0.7%)

Protocol deviations

Margin < 2 mm

Tumor size > 30 mm

Positive lymph nodes

Extensive LVI

Multicentric

Treatment after protocol deviations
Reexcision alone

Reexcision + WBRT

WBRT alone

Mastectomy

No additional local treatment (IORT only)

27/305 (9%)
9/305 (3%)
109/305 (36%)
17/305 (5%)
143/305 (47%)

different from the index cancer and were thought to be new
cancers. Average time to local recurrence was 28 (range
7-55) months. It was 31 months for same quadrant recur-
rences and 23 months for different quadrant recurrences.

Two patients with local recurrences had axillary
metastases at the time of local recurrence. Two additional
patients presented with axillary metastases without having
had a local recurrence. All four patients with axillary
recurrence received IORT only as their initial local treat-
ment. One of these patients also developed metastatic
disease in a cervical lymph node. Another patient with a
local recurrence had metastases to two vertebrae. Overall,
there were 28 local recurrences, 4 regional nodal recur-
rences, and 1 patient with bone metastases (33 events)
among 30 patients.

Table 4 shows the 4-year probability of local recurrence
for a range of different study subsets. For the entire cohort
of 1000 tumors, the Kaplan—-Meier probability of a local
recurrence at 4 years was 3.9% (Fig. 1). This includes all
recurrences (invasive and DCIS) in all quadrants. If the
analysis is limited to patients with 2 years or more of
follow-up (n = 652) and all 28 local recurrences are
included, the 4-year probability of local recurrence
increases only 0.4 to 4.3%. The median follow-up for this
subgroup increases to 44 months.

When DCIS is not considered as an endpoint, the
probability of local invasive recurrence in any quadrant at
4 years decreases to 2.6%. When same quadrant invasive
recurrences are considered as the endpoint, the probability
of local invasive recurrence at 4 years decreases even more
to 2.0%.

We compared tumors that received IORT as their only
local treatment with those that received IORT followed by
WBRT. There were 26 local recurrences among 836
tumors that received IORT only and 1 local recurrence
among 111 tumors that received IORT plus WBRT. The
probability of local recurrence at 4 years was 4.3% for
IORT only versus 1.0% for IORT plus WBRT (p = 0.21).
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TABLE 3 Treatment groups

and local recurrences within Treatment N Local recurrences
each group IORT alone 836 26
7 patients deviated from protocol requirements
(1 LVI, 3 size, 3 margins)
IORT + WBRT 111 1

IORT + reexcision + WBRT
IORT + reexcision

IORT + mastectomy

Total

9 0

27 1
17 0
1000 28

There was a significant difference in local recurrence
probability for luminal A invasive cancers versus nonlu-
minal A invasive tumors. There were 11 local recurrences
among 555 luminal A and 11 among 231 nonluminal A.
The probability of local recurrence at 4 years was 3.0% for
luminal A tumors versus 6.8% for nonluminal A
(p = 0.04). The remaining six recurrences developed from
noninvasive index lesions whose initial biologic subtype
was unknown.

There have been no breast cancer-related deaths. Four-
teen patients, ranging in age from 53 to 94 years, have died
from non-breast cancer causes. Three of these patients
experienced a local recurrence without metastatic disease.

DISCUSSION

IORT as an alternative treatment option for low-risk
patients is based,on results of the prospectively randomized
TARGIT-A and ELIOT trials, both of which compared the
outcome of IORT to WBRT.>*®*!' ELIOT employed
megavoltage electrons while TARGIT-A employed low-
energy, X-ray IORT, similar to that utilized in our study.*®

Patients in the TARGIT-A trial received either 50-kV
X-ray IORT to a dose of 20 Gy at the surface of the tumor
bed or 50 Gy of WBRT plus or minus a boost, depending
on institutional preference.”>"''" When IORT patients had
poor prognostic factors on final histopathologic examina-
tion, they received an additional 50 Gy equivalent of
WBRT and the IORT dose was considered a radiation
boost.>>!! The addition of WBRT to higher-risk tumors
was termed “risk-adapted” and occurred in 15% of all
patients and 22% of pre-pathology patients. The 5-year
probability of recurrence for X-ray IORT versus WBRT in
the TARGIT-A Trial was 3.3 and 1.3% respectively
(p = 0.042).>>8

Kaplan—Meier analysis of the first 204 tumors treated at
our institution with X-ray IORT showed results similar to
TARGIT-A, predicting a 2.9% 4-year probability of local
recurrence.'? In the current study, we present recurrence

data for the first 1000 tumors treated with X-ray IORT. To
our knowledge, this is the largest single-institution report
of x-ray IORT recurrence data in the United States.

Most tumors in this trial were biologically favorable,
comparable to those included in the TARGIT-A trial.*”""'
Of all tumors, 94% were estrogen receptor (ER)-positive
and 83% were progesterone receptor (PR)-positive. Of the
invasive tumors, 96% were HER2/neu-negative and 71%
were luminal A. The majority of tumors in the current
study would be stage IA according to the new AJCC 8™
edition staging system.'?

We analyzed our data by 2017 ASTRO APBI recom-
mendations, comparing all possible combinations of
ASTRO subgroups (suitable, cautionary, and unsuitable).’
We found no significant difference in the probability of
local recurrence between any two subgroups or combina-
tions of subgroups. For example, there were 10 local
recurrences among 415 ASTRO suitable tumors compared
with 18 local recurrences among 585 not suitable tumors
(354 cautionary + 231 unsuitable). At 4 years, the proba-
bility of an ASTRO suitable tumor recurring locally was
3.3% compared with 4.4% for a nonsuitable tumor
(p = 0.62).

The 2017 ASTRO guidelines include ER among the
criteria to be considered for patients receiving APBL.” We
looked at hormone receptors as a predictor of the proba-
bility of local recurrence at 4 years (Table 4). While both
ER and PR receptor-negative patients recurred at a slightly
higher rate than receptor-positive patients, the differences
were not significant.

The 2017 ASTRO guidelines do not include biologic
subtyping in the determination of a patient’s suitability for
APBIL.° However, when luminal A invasive tumors were
compared with nonluminal A invasive tumors, there was a
significant difference. At 4 years, the probability of a
luminal A tumor recurring locally was 2.8% compared with
6.5% for a nonluminal A tumor (p = 0.04). These data
suggest that additional biologic subtyping may allow
refinement of the suitability guidelines for IORT.
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TABLE 4 Kaplan-Meier calculated 4-year probability of local recurrence for various study subgroups

N Local recurrences 4-year probability of local recurrence p value
Recurrence location and type
All tumors, All Recurrences 1000 28 3.9% -
All tumors, Invasive recurrences only 1000 18 2.6% —
All tumors, Same quadrant recurrences only 1000 17 2.6% -
All tumors, Same quadrant invasive recurrences only 1000 12 2.0% -
DCIS
DCIS tumors, All recurrences 214 6 3.0% -
Local treatment
IORT only, All recurrences 836 26 4.3% 0.21
IORT plus WBRT only, All Recurrences 111 1 1.0%
IORT only, Local invasive recurrences 836 17 2.9% -
IORT only, Same quadrant recurrences 836 11 2.0% -
Estrogen receptor
Positive 944 25 3.3% 0.19
Negative 56 3 7.3%
Progesterone receptor
Positive 831 21 3.7% 0.37
Negative 169 7 4.8%
Biologic subtype
Luminal A, Invasive only 555 11 3.0% 0.04
NOT luminal A, Invasive only 231 11 6.8%
ASTRO category
ASTRO suitable 415 10 3.3% 0.62
Not ASTRO suitable 585 18 4.4%
Hoag criteria
Met all Hoag criteria 695 19 3.1% 0.98
Violated > 1 Hoag criteria 305 9 5.7%

There have been 33 events among 30 patients: 28 local
recurrences, 4 regional nodal recurrences, and 1 patient
with bone metastases. No patient has died from breast
cancer. Seventeen of 28 (58%) local recurrences were in
the same quadrant as the original cancer. Four were within
the IORT field and were considered true IORT failures; 13
were outside the IORT field but in the same quadrant as the
index cancer and were considered marginal misses. Eleven
local recurrences were in quadrants different from the
index cancer.

X-ray IORT using a balloon catheter delivers a thera-
peutic dose to a sphere approximately 1 cm beyond the
excision site."* IORT cannot be expected to control the
development or progression of new or previously existing
cancers in other quadrants. It also cannot be expected to
control cancers in the same quadrant that are more than
1 cm from the balloon surface. If we consider only in-field
local recurrences, there have been only four true failures of

IORT in this series. It is possible that WBRT with a
standard boost would have controlled some, but not all, of
these out-of-field recurrences.

A total of 18 recurrences were invasive while 10 were
DCIS. If invasive recurrence is used as the endpoint rather
than all recurrences, the predicted 4-year probability of
local recurrence decreases from 3.9 to 2.6% (Table 4).
Because DCIS recurrences are not life-threatening and can
sometimes be treated with excision alone, perhaps they
should not be considered treatment failures, particularly if
the index tumor was invasive. This belief has generated the
development of three prospective, randomized trials that
are currently underway, in which patients with needle
biopsy-proven low- and intermediate-grade DCIS are ran-
domized to surveillance alone versus standard
treatment.'>~'” If we accept this concept and consider only
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FIG. 1 Kaplan-Meier analysis 10+
of the probability of local

recurrence. The local recurrence

probability at 4 years is

projected to be 3.9%. This g
includes all ipsilateral breast
tumor events, including those in
quadrants other than the index
cancer

Probability of Local Recurrence (%)

Number at risk 1000 830

invasive recurrences in the same quadrant as treatment
failures (n = 12), then the 4-year probability of a local
failure in our series decreases to 2.0%.

In the current study, 109 patients who deviated from the
trial protocol, plus 2 who did not deviate, subsequently
received WBRT. Nine additional patients underwent
reexcision and received WBRT, bringing the total number
of patients treated with WBRT to 120. Among this group,
there was only one local recurrence, and it was in a dif-
ferent quadrant from the index cancer. The fact that only 1
of 120 patients who received IORT plus WBRT has
recurred is encouraging. It supports the concept of utilizing
IORT as a planned boost during initial surgery. The 4-year
Kaplan—Meier probability of a local recurrence among 120
patients in this trial who received IORT plus WBRT was
only 0.9%, even though those patients violated one or more
protocol criteria and therefore had worse prognostic factors
and a higher probability of local recurrence than the
remainder of the cohort.

Evidence from the International Society of Intraopera-
tive Radiotherapy (ISIORT) European pooled analysis has
demonstrated breast tumor control rates of 99.2% at
73 months when using electron IORT as a boost to
WBRT.'® Favorable toxicity and cosmesis using IORT as a
boost treatment also was reported.'® The prospective
multicenter TARGIT-B, using X-ray IORT as a planned
boost, is currently underway.*

Whole breast radiation therapy is an integral part of
breast conservation. Multiple prospective and retrospective
trials have proven that it works, yielding survival rates

Years
652 498 280 119 35 10

equivalent to mastectomy but with far better cosmetic and
emotional results.”’ > The radiation component takes
expensive equipment and a high degree of medical exper-
tise, leading to a lack of availability in rural areas.”**
Many women with early breast cancer who are excellent
candidates for breast conservation find that they live too far
from a radiation therapy center to make the treatment
practical or they discover that 30-35 treatments are simply
too inconvenient and/or too costly.>**> This may lead to
unnecessary mastectomy and, in some cases, bilateral
mastectomies. This happens too frequently when excision
plus IORT could have been a simple, outpatient, 1-day, less
expensive, breast-conserving solution.

Data from our trial, which includes 1000 tumors, sug-
gest that X-ray IORT is a viable alternative to WBRT for a
select subset of low-risk women with early-stage breast
cancer. Additionally, biologic subtyping data may allow
refining suitability guidelines for IORT. The excellent
results achieved in patients who received WBRT after
IORT supports further exploration of IORT as a planned
boost to WBRT in higher-risk patients. IORT is profoundly
convenient. Its increased use would make breast conser-
vation available to many women who now must undergo
mastectomy, because standard WBRT is simply too costly,
too far away, or too unavailable.
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