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Case Report: Bilateral targeted
intraoperative radiotherapy: a
safe and effective alternative
for synchronous bilateral
breast cancer
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and Sheldon Feldman1*
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Center for Cancer Care, Bronx, NY, United States, 2Department of Radiation Oncology, Montefiore
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Background: The incidence of bilateral breast cancer (BBC) ranges from 1.4% to

11.8%. BBC irradiation is a challenge in current clinical practice due to the large

target volume that must be irradiated while minimizing the dose to critical

organs. Supine or prone breast techniques can be used, with the latter

providing better organ sparing; both, however, result in lengthy treatment

times. The use of Intra-operative radiotherapy (IORT) in breast cancer patients

who choose breast conservation has been highlighted in previous studies, but

there is a scarcity of literature analyzing the utility and applicability of IORT in

BBC. This case series aims to highlight the applicability of administering bilateral

IORT in patients with BBC.

Case reports: Five patients with bilateral early-stage breast cancer (or DCIS) were

treated with breast-conserving surgery followed by bilateral IORT. Of the 10

breast cancers, 8 were diagnosed as either DCIS or IDC, while the other 2 were

diagnosed as invasive lobular carcinoma and invasive carcinoma, respectively.

During surgery, all patients received bilateral IORT. Furthermore, 1 patient

received external beam radiation therapy after her final pathology revealed

grade 3 DCIS. The IORT procedure was well tolerated by all five patients, and

all patients received aromatase inhibitors as adjuvant therapy. Additionally, none

of these patients showed evidence of disease after a 36-month median

follow-up.

Conclusion: Our findings demonstrate the successful use of IORT for BCS in

patients with BBC. Furthermore, none of the patients in our study experienced

any complications, suggesting the feasibility of the use of IORT in BBC.

Considering the benefits of improved patient compliance and a reduced
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number of multiple visits, IORT may serve as an excellent patient-centered

alternative for BBC. Future studies are recommended to reinforce the

applicability of IORT in patients with BBC.
KEYWORDS

breast cancer, intraoperative radiotherapy, bilateral breast cancer, bilateral IORT,
TARGIT, IORT, bilateral breast irradiation
Introduction

Breast cancer is the most commonly diagnosed malignancy

among women across the United States (1). To date, breast cancer

surgery remains the only definitive treatment option. For many

years, mastectomy was perceived as the only treatment option, even

for early-stage breast cancer. However, after multiple studies

documented similar long-term outcomes in terms of locoregional

recurrence and survival, a more conservative surgical approach is

being used for small breast cancers. This has led to a transition from

surgical management with a mastectomy to a lumpectomy for early-

stage breast cancer. Breast-conserving surgery (BCS), followed by

adjuvant radiotherapy, has been shown to be as effective as

mastectomy in terms of oncological outcomes (2–4). This

paradigm shift applies not only to conservative surgical

approaches but also to patients undergoing radiation therapy after

BCS. Although the majority of the patients receive whole-breast

irradiation (WBI) following BCS, results from recent prospective

clinical trials have led to the increased application of partial breast

irradiation (PBI) in selected patients.

Intraoperative radiotherapy (IORT) is another radiation

modality for partial breast irradiation that has gained popularity

in recent years. The advantage of utilizing IORT is that it allows for

a single dose to be administered at the time of lumpectomy. The

inherent merits of normal tissue preservation and breast

conservation, as well as convenience, have led IORT to become a

popular treatment option for patients (5–8). Importantly, a study

conducted by the TARGIT group on 2298 patients found that

TARGIT-IORT was non-inferior to external beam radiation

therapy (EBRT), with a local recurrence rate of 2.11% for

TARGIT-IORT vs. 0.95% for EBRT (9).

Patients with primary breast cancer are more likely to develop

contralateral primary breast cancers, such as synchronous breast

cancer (SBC) or metachronous breast cancer (MBC) (10). The time

of diagnosis from primary cancer distinguishes both of these

contralateral cancers. SBC is diagnosed within 6 months of the

primary diagnosis, while MBC is diagnosed after 6 months (11, 12).

The incidence of patients diagnosed with BBC across various

studies ranges from 1.4% to 11.8% (13–18). The optimal surgical

management in patients with BBC is not well delineated. Patients

undergoing BCS for BBC may experience a challenging decision-

making process due to factors such as locoregional recurrence in

each primary cancer and bilateral breast irradiation. Despite the

lack of consensus, it has been proposed that therapy in BBC be
02
similar to the treatment strategy for unilateral breast cancer (19).

Furthermore, patients receiving bilateral breast irradiation for BBC

vs. unilateral breast cancer have shown similar outcomes (20).

However, the role of radiotherapy in patients older than 65 years

can be controversial. The PRIME II study conducted on patients

older than 65 years demonstrated deleterious effects on local

recurrence (9.8% vs. 0.9%) without significantly impacting the

overall survival (21). Therefore, a shared decision-making process

with patients who are made aware of the risks of standard

radiotherapy, as well as its omission, is required.

The use of IORT in BCS has been well demonstrated in previous

trials, but there is a paucity of literature highlighting its utility in

bilateral breast cancer (BBC). The non-inferior treatment approach

of IORT that allows for better critical organ sparing, fewer side-

effects and better patient compliance could potentially be a

treatment option for patients diagnosed with BBC. Thus, our case

series aims to highlight the applicability of administering bilateral

IORT in patients with BBC. Patients receiving IORT at our

institution are enrolled on a registry trial, with eligibility limited

to ER+ clinically node-negative invasive carcinomas up to 3.5cm in

maximal dimension as per the TARGIT-A criteria (22), and ER+

DCIS, grades 1-2, measuring up to 2.5cm, as per the ASTRO

consensus partial breast irradiation guidelines (23).
Case reports

Patient 1

A 58-year-old female presented with right breast calcifications

spanning 2cm on mammography. Subsequent MRI identified a

7mm left breast enhancing mass. Biopsy of both breasts

demonstrated clinical stage 0 Tis N0 grade 2, ER+, PR+ ductal

carcinoma in situ (DCIS). Wide local excision was performed on

each site, and the Intrabeam 600 system (Zeiss, Oberkochen,

Germany) delivered IORT sequentially. A 35-mm spherical

applicator delivered 20 Gy to the surgical margin during each

IORT treatment. No sentinel lymph node biopsy (SLNB) was

performed Table 1.

IORT and surgery were uneventful. The histology of the left

breast revealed pathological Stage 0 Tis N0 grade 3 DCIS spanning 3

cm with focal necrosis and a rare focus early microinvasion that

could not be ruled out. The tumor was fully removed with clear

margins. The tumor was ER/PR positive but Her-2 negative. The
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right breast histology showed papillomas with florid usual ductal

hyperplasia and sclerosis with no residual DCIS. As her final

pathology showed a grade 3 left breast tumor, she received

adjuvant aromatase inhibitor and 40 Gy EBRT in 15 fractions.

The measured absorbed dose resulting from the Zeiss

INTRABEAM IORT system radiation on the skin surface was

1.49 (1.32-1.69) Gy for the right breast and 1.19 (1.07-1.34) Gy

for the left breast, using the same methodology described previously

by our group (24) Table 2.
Patient 2

A 72-year-old female, a former smoker, presented with bilateral

masses in her breast diagnosed on a screening mammogram.

Subsequent ultrasound showed right breast 2:00-3:00 axis 0.5 x

0.4 x 0.4 hypoechoic mass, and the left breast demonstrated a mass
Frontiers in Oncology 03
at 10:00 axis measuring 1.2 x 1.6 x 1.7. A stereotactic biopsy of the

right breast revealed grade 1-2 well-differentiated invasive ductal

carcinoma (IDC) with DCIS. The left breast demonstrated IDC with

a hyalinized sclerosing lesion. Both the tumors were diagnosed as

clinical stage 1 T1 N0 M0 and tumor markers in both breasts were

ER +, PR +, and Her-2 negative. Wide local excision was performed

on each breast, and two separate IORT treatments were delivered

sequentially. Each IORT treatment utilized a 35-mm diameter

spherical applicator, delivering a dose of 20 Gy Table 1. The

measured absorbed dose from the Intrabeam IORT system

radiation on the skin surface was 1.73 (1.53-1.97) Gy for the right

breast and 2.27 (2.01-2.59) Gy for the left breast Table 2.

The surgery and IORT were both uneventful. Histology of the

right breast confirmed the presence of IDC measuring 6 mm with

DCIS grade 2, stage 1a T1b N0 M0. The left breast was diagnosed

with stage 1b T1c N0 M0 grade 1 IDC measuring 17 mm in the

greatest dimension. Both the tumors had clear margins on final
TABLE 2 Dose reported is for the closest skin bridge measurement (applicator to skin distance) as determined using ultrasound measurements
localization measuring the 4 cardinal positions of superior, medial, inferior, lateral and has been determined using the validated model presented in
Brodin et al. (24) 95% confidence interval is shown in parenthesis.

Patient Right Breast
Closest Skin bridge

distance
(mm)

Dose to Skin Right
Breast (Gy)

Left Breast
Closest Skin bridge

distance
(mm)

Dose to Skin Left
Breast
(Gy)

Patient 1 15.3 1.49 (1.32-1.69) 17.4 1.19 (1.07-1.34)

Patient 2 14.1 1.73 (1.53-1.97) 12.2 2.27 (2.01-2.59)

Patient 3 16.6 1.29 (1.15-1.46) 16.5 1.30 (1.16-1.47)

Patient 4 7.2 5.48 (4.99-6.03) 9.5 3.57 (3.19-4.01)

Patient 5 14.2 1.71 (1.51-1.95) 14.3 1.68 (1.49-1.92)
TABLE 1 Summary of patient data.

Patient Age
(years)

Final
Pathology

For
Right/Left

Side

Pathological
Size (mm)

For
Right/Left

Side

Size of the
Tumor

Resected
(cm)
For

Right/Left
Side

Applicator
Size (mm) for
Right/Left

Side

Additional
Radiation

with
External
Beam

Complications Adjuvant
Therapy

1. 58 Ductal
Hyperplasia/

DCIS

NA~/30 4.8 x 4.5 x 11/
3.5 x 3.3 x 1.5

35/35 Yes No Aromatase
Inhibitor

+
EBRT+

2. 72 IDC + DCIS/
IDC

6/17 6.1 x 3.7 x 2.3/5
x 4.2 x 2

35/35 No No Aromatase
Inhibitor

3. 73 IDC/ILC 15 x 8/16 5.5 x 4.3 x 1.5/7
x 3.7 x 0.9

30/35 No No Aromatase
Inhibitor

4. 69 IDC/IDC 3 x 2/8 x 7 x 6 4.1 x 3.2 x 1.1/4
x 3 x 1

30/35 No No Aromatase
Inhibitor

5. 77 Invasive
carcinoma*/

ILC

12/30 5.8 x 3.8 x 2/5.5
x 4.9 x 2.8

40/45 No No Aromatase
Inhibitor
*Admixed ductal & lobular features.
~ Not Available.
+ External Beam Radiation Therapy.
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histology. The patient received an aromatase inhibitor for

adjuvant therapy.
Patient 3

A 73-year-old female with a PMHx of uterine cancer presented

following an abnormal mammogram which revealed a 1.7 cm mass

at the 3:00 axis and a 7 mm retro-areolar mass in the right breast, as

well as calcifications in the left breast at the 4:00 axis. Subsequent

ultrasound-guided biopsy demonstrated clinical stage 1a T1, N0,

M0 right breast IDC moderately differentiated ER+, PR-, Her-2

negative at 3:00 axis. The retro-areolar mass was diagnosed as

fibroadenoma. The left breast biopsy revealed invasive lobular

carcinoma (ILC) at 5:00-6:00 axis ER+, PR+, and Her-2 negative

with clinical stage 1a T1 N0 M0.

Subsequently, both the breast received IORT treatment after

bilateral tumor excision with bilateral SLNB. IORT for the right

breast used a 30-mm spherical applicator to deliver 20 Gy over 24

minutes. The left breast IORT treatment used a 35mm applicator to

deliver 20 Gy to the surgical margin for 17 minutes Table 1. The

measured absorbed dose from the Intrabeam IORT system

radiation on the skin surface was 1.29 (1.15-1.46) Gy for the right

breast and 1.30 (1.16-1.47) Gy for the left breast Table 2.

The surgery and IORT were uneventful. Histology of the right

breast established a 15 x 8 mm grade 2 IDC with clear margins. The

left breast had grade 2 ILC with a maximum size of 16 mm. Both

tumors were stage 1a T1 N0 M0 with clear margins on biopsy.

Adjuvant treatment with an aromatase inhibitor was initiated.
Patient 4

A 69-year-old female presented with a 7 mm mass in her left

12:00 axis and microcalcifications in her right outer quadrant on

mammogram. The left breast biopsy revealed IDC ER+, PR+, and

Her-2 negative, clinical stage 1a T1 N0 M0 and the right breast

microcalcifications were clinical stage 0 Tis N0 ER+ DCIS and

atypical ductal hyperplasia.

A bilateral breast lumpectomy with left-sided IORT and SLNB

was performed. A 35-mm applicator delivered 20 Gy in 17 minutes.

Both surgery and IORT were uneventful. The measured absorbed

dose from the Intrabeam IORT system radiation on the skin surface

was 5.48 (4.99-6.03) Gy for the right breast and 3.57 (3.19-4.01) Gy

for the left breast Table 2. The pathology of the left breast revealed

grade 1 IDC forming an 8 x 7 x 6 mm mass, while the right breast

had IDC spanning 3 x 2 mm with grade 2 DCIS. Both tumors were

stage 1a T1 N0 M0, ER+PR+, and Her-2 negative and had clear

margins. Following the diagnosis of IDC, SLNB and IORT of the

right breast was performed. A 30-mm spherical applicator was

inserted into the tumor bed and delivered 20 Gy over 24 minutes

through the previous incision Table 1. The SLNB resulted in right-

side negative nodes. Adjuvant treatment with an aromatase

inhibitor was initiated.
Frontiers in Oncology 04
Patient 5

A 77-year-old female, a former smoker, presented with a left

breast mass, and a subsequent mammogram revealed bilateral

masses. Following this, a left breast ultrasound revealed a 2.9 cm

mass at 11:00 o’clock and a 1.2 cm right breast mass at 9:00-10:00.

Biopsy of the left breast showed poorly differentiated IDC ER+, PR-,

and Her-2 negative clinical stage 2 T2 N0 M0 whereas the right

breast revealed stage 1 T1 N0 M0 grade 2 invasive carcinoma with

mixed ductal and lobular features, ER+, PR+, and Her-2 negative.

Bilateral breast lumpectomy, SLNB, and IORT were all

performed. In the right lumpectomy cavity, IORT with a 40-mm

spherical applicator delivered 20 Gy for 24 minutes, while in the left

cavity, it delivered 20 Gy over 34 minutes Table 1. The measured

absorbed dose from the Intrabeam IORT system radiation on the

skin surface was 1.71 (1.51-1.95) Gy for the right breast and 1.68

(1.49-1.92) Gy for the left breast Table 2.

Both the surgery and IORT were uneventful. Pathology

demonstrated a grade 3 stage T2 N0 M0 ER+, PR-, Her-2

negative invasive carcinoma with ductal and lobular features

spanning 30 mm in the left breast. In contrast, the right breast

had grade 2 stage T1 N0 M0 ER+, PR+, Her-2 negative ILC with

lobular carcinoma in situ spanning 12 mm. Both the tumors had

clear margins on final pathology. Adjuvant chemotherapy included

TC (Taxotere/Cytoxan) every 3 weeks for 4 cycles and an aromatase

inhibitor. At present, she has no evidence of disease on follow-up.

Dosimetry demonstrating the prescription and depth dose for

one of the applicators is illustrated in Figure 1.
Discussion

IORT is a form of accelerated partial breast irradiation (APBI)

that allows for a single high dose of radiation to be delivered directly

to the surgical margins shortly after tumor excision. The use of low

energy 50kVp photons minimizes scatter and radiation exposure to

nearby critical organs due to the steep dose fall-off past the

applicator surface; for instance, for a 30 mm applicator, the dose

5mm away from the applicator surface reduces to 49% of the

prescriptions dose, while for a distance of 10 mm away from the

applicator surfaces it reduces to 28% of the prescription dose (6, 25,

26). This approach to APBI bears similarities to intra-operative

electron radiotherapy (IOERT) and balloon-based brachytherapy

where IOERT delivers high-energy electrons, with energies reaching

up to 12 MeV, to administer radiation treatment (27). Meanwhile,

balloon brachytherapy, particularly MammoSite utilizes Ir-192 at a

high dose rate to precisely deliver the prescribed radiation dose (28).

Traditionally, adjuvant WBI following BCS has been shown to

significantly decrease the risk of local recurrence and improve

overall survival (29). Furthermore, an additional boost of 10 to 20

Gy to the tumor bed in selected patients has demonstrated a further

reduction in the tumor recurrence rate (30, 31). Additionally, there

has been a notable shift in the delivery of EBRT with the emergence

of hypofractionated radiotherapy, as exemplified in the FAST-
frontiersin.org
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FORWARD trial (32). This pivotal randomized controlled phase 3

trial spanned 97 hospitals and included 4,096 patients where they

found that implementation of radiotherapy with 26 Gy in five

fractions over 1 week is non-inferior to the standard of 40 Gy in 15

fractions over 3 weeks. Despite these advancements, reliable and

accurate identification of the tumor bed can be a challenge in the

adjuvant setting. It has been shown that the use of the scar and

underlying tissue to delineate the boost volume during adjuvant

external beam radiation can lead to a partial miss of the CT-defined

lumpectomy cavity as determined by surgical clips (33). While, as

demonstrated by Coles et al. (34), the use of titanium clips placed in

the tumor bed at the time of breast-conserving surgery provides an

accurate and reliable method of tumor bed localization, there is still

the possibility of inadequately defining the lumpectomy cavity due

to post-surgical changes that might lead to either a boost volume

that is too small or too large. IORT has the advantage of targeting

the lumpectomy cavity intraoperatively, thereby reducing the

chance of any inaccuracies in its localization. This is especially

relevant for patients undergoing WBI after oncoplastic

reconstruction, in whom tissue rearrangement makes accurate

localization nearly impossible (35).

The use of WBI has been linked to a number of adverse effects,

the most significant of which is non-breast cancer-related mortality

(9). WBI has demonstrated an increased risk of secondary cancers

and heart disease (36–38). A study of 134 breast cancer patients, 90

of whom underwent WBI, found a rate ratio of 2.10 (95% CI, 1.48 to

2.98; P = 0.001) for lung cancer incidence over ≥ 10 years (36).

Moreover, WBI has been linked to a variety of heart diseases,

including ischemic heart disease, myocardial infarction, valvular

disease, coronary stenosis, pericarditis, and other cardiac

abnormalities (36–38). Due to skin toxicity and fibrosis, WBI can

worsen cosmetic outcomes, especially when boosting the tumor bed

(39). In contrast, IORT significantly reduces non-breast cancer-
Frontiers in Oncology 05
related mortality rate (45 vs. 74 events for TARGIT-IORT and

EBRT, respectively, hazard ratio 0.59; 95% CI, 0.40 to 0.86;

P=0.005), including the cardiovascular causes (9). Additionally, in

smokers, IORT may reduce the risk of secondary lung cancers that

are frequently associated with EBRT. Both Patient 2 and Patient 5 in

our study were former smokers but developed no complications

during their respective follow-up periods. In terms of toxicities and

complications, the TARGIT-A trial randomized 3451 patients to

WBI (1730) or IORT (1721). While wound-related complications

were similar between groups, IORT had significantly less grade 3 or

4 toxicity and better cosmesis than WBI (22, 40). IORT has also

reported better breast-related quality of life and overall quality of

life (41, 42). Moreover, IORT can lead to higher patient compliance

owing to shorter treatment duration and fewer visits, which may

overall lead to a better patient experience (43). Therefore, IORT

may be a prudent choice of treatment, particularly in patients with

BBC, where there may be a two-fold risk of toxicities and

poor cosmesis.

Although previous studies have evaluated the utility of IORT in

patients with breast cancer, fewer have elucidated its use in BBC

(44–46). Silverstein et al. (44) investigated tumor recurrence and

survival rates in 1367 patients who received IORT ± WBI, 33 of

whom had BBC. In this study, IORT was delivered using the Xoft

Axxent Electronic Brachytherapy System® (Xoft, San Jose, CA,

USA, a subsidiary of iCAD, Inc.) following intraoperative balloon

placement, a different technique to the Intrabeam system. A total of

60 patients undergoing IORT alone had ipsilateral local recurrence,

and their Kaplan-Meier probability of any event over a 5-year

follow-up for 1175 patients who received only IORT was 5.98%. A

study by Kaiser et al. (46) evaluated the use of intraoperative

electron radiation therapy as a boost followed by WBI in breast

cancer patients with stages I-III. They included 827 patients in their

study over a 10-year period, with 9 patients with BBC. They
FIGURE 1

The upper panel of the figure shows the plan parameters used. The left most panel shows the applicator specific information such as applicator size
and serial number, the middle panel shows the treatment beam parameters such as beam energy, beam current, and that the calibration mode used,
the right most panel shows the prescription dose and at what distance from the applicator surface that dose is prescribed to along with the
treatment time and dose rate at depth to deliver the prescribed dose. The bottom panel shows a semi-log plot of the dose versus distance from the
applicator surface. The blue cross shows that the dose 10 mm away from the applicator deceases to 4.84 Gy for a prescription dose of 20 Gy at the
applicator surface.
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reported that 21 (2.7%) developed local recurrence, 107 (14%) died,

and 106 (14%) developed metastases. While all of these studies

included BBC patients as candidates for IORT, none of them

specifically highlighted the outcomes of IORT in patients with

BBC without WBI. However, our case series illustrates that IORT

is a safe and effective treatment option in BBC.

Synchronous BBC irradiation represents a challenge in the

current clinical practice due to the large target volume being

required for the breast and the contrasting need to minimize the

dose to critical organs such as the heart and lungs, and often the

esophagus and spinal cord if the supraclavicular nodes require

treatment. BBC is a rare disease, and clinical guidelines for BBC

irradiation are lacking because, historically, bilateral breast

irradiation was only performed in 0.4%-5.5% of patients (17, 47–

52). Numerous studies have highlighted the detrimental effects of

WBI, but very few have analyzed its outcome in bilateral breast

irradiation (53). Rochefordiere et al. (53) reported the outcomes of

bilateral WBI in 149 patients who encountered treatment-related

complications such as brachial plexopathy, myelitis, various cardiac

complications, and rib fractures. However, the majority of the

complications can be attributed to the fact that 60% of the

patients in their study underwent axillary lymph node dissection.

After two years, 48 of 51 patients were assessed for cosmetic

outcomes. The study found that 77% (37 patients) had acceptable

cosmesis, 15% (7 patients) had fair, and 8% (4 patients) had poor

(53). Although recent technological advancements have improved

WBI, APBI has been shown to outperform in terms of cosmesis in

most, but not all studies (54–59) A study by Rodriguez et al. (54)

compared WBI to APBI and observed that with APBI, grade 2 acute

dermatitis was reduced from 62.7% to 17.4%, as were radiation

doses to vital organs (P <.01). Cosmetic outcomes were reported to

be excellent/good in more than 75% and 84% of patients in the

APBI and WBI arms, respectively. Similarly, Yadav et al. (59) found

that WBI and APBI were associated with 15% and 8% of acute grade

≥2 dermatitis, respectively. Moreover, patients in the APBI arm had

a 5% induration rate and a 3% fibrosis rate (59). According to

Polgar et al. (55) 2.2% of patients with APBI had grade 3 fibrosis

and 7% had grade 2 induration. Another study by the same group

found that APBI had 77.6% excellent/good cosmesis and WBI

62.9% (56). In contrast, the RAPID trial (57) found that when

compared to standard WBI, APBI resulted in an increase in adverse

rates from 17% to 29% (P<.001) over three years, with increased late

radiation toxicity. Furthermore, NSABP B-39/RTOG 0413 reported

poor clinical outcomes with APBI versus WBI, emphasizing 10-year

grade 3 toxicity of 7.1% in the WBI arm and 9.6% in the APBI

arm (58).

Despite the lack of consensus, the use of IORT for BBC is a

promising option for these patients. TARGIT-IORT as a form of

APBI has shown superiority in terms of quality of life and better

patient-reported outcomes for cosmesis, breast-related quality of

life, and breast pain (41, 42, 60, 61). Keshtegar et al. (60), examined

frontal digital breast photos taken before TARGIT-IORT or EBRT

and annually for up to 5 years. They calculated a composite score

based on symmetry, color, and scar using a software and found that

patients in the TARGIT-IORT group had a higher chance of an

excellent/good outcome than those in the EBRT group at year 1 (OR
Frontiers in Oncology 06
2.07, 95% CI 1.12-3.85, p = 0.021) and year 2 (OR 2.11, 95% CI 1.0-

4.45, p = 0.05) (60). Additionally, Andersen et al. (61) conducted a

study comparing persistent pain after IORT vs. WBI and observed

that 33.9% of patients in the EBRT group reported persistent pain in

the breast area, side of the chest, axilla, or arm, compared to 24.6%

in the IORT group (P = 0.11). Similarly, the use of IORT in patients

with BBC yielded positive results in our study. Elderly patients, such

as patients 2, 3, 4, and 5, in our study, may have benefited from

surgery and endocrine therapy while avoiding radiation treatment

(62). However, the decision to administer radiotherapy to these

patients was influenced by the findings of the Cancer and Leukemia

Group B (CALGB) 9343 trial, which demonstrated that combining

radiation therapy with endocrine therapy resulted in improved

locoregional recurrence prevention in women aged ≥ 70 years

(63). Furthermore, the PRIME II study conducted a randomized

trial involving 1,326 patients with non-metastatic hormone

receptor-positive breast cancer who were all at least 65 years old,

had BCS, and were receiving adjuvant hormone therapy (21). Their

findings revealed a significantly higher rate of local recurrence after

10 years in patients who did not receive radiation therapy compared

to those who did (9.8% vs. 0.9%), supporting our decision to include

radiotherapy in our patient’s treatment plan. Furthermore, none of

the 5 patients experienced any acute or chronic toxicities following

BCS and bilateral IORT, including Patient 1, who received EBRT

after a pathology grade 3 diagnosis, as per TARGIT-A protocol (9).

While ASTRO considers the application of partial breast

radiotherapy in ER+ lower-grade in situ disease (23), however, to

the best of the authors’ knowledge, no studies have been published

highlighting the utility on Zeiss Intrabeam system (50 Kv) in DCIS

management. Additionally, all of the patients in our study tolerated

the IORT well and, after a 36-months median follow-up, developed

no local recurrence confirmed via mammography. As the number

of breast cancer cases increases, there may be a higher probability of

encountering BBC; thus, future studies are required to further

evaluate the utility of IORT vs. WBI for BBC in order to establish

new guidelines.

Our study has several limitations. First, our study has a small

sample size. Second, the study’s short follow-up period limited our

ability to capture the long-term effects and outcomes of bilateral

IORT. Moreover, the retrospective nature of the study introduces

inherent limitations. Finally, our study lacked quality-of-life

measurements, a cosmesis scale, and patient-reported outcomes,

which could have provided a more comprehensive understanding of

the treatment effects.
Conclusion

Our findings demonstrate the successful use of IORT for BCS in

patients with BBC. Furthermore, none of the patients in our study

experienced any complications, suggesting the feasibility of the use

of IORT in BBC. Considering the benefits of improved patient

compliance and a reduced number of multiple visits, IORT may

serve as an excellent patient-centered alternative for BBC. Future

studies are recommended to reinforce the applicability of IORT in

patients with BBC.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1276766
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Bhimani et al. 10.3389/fonc.2023.1276766
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

Institutional IRB does not require ethical approval for case

reports. The studies were conducted in accordance with the local

legislation and institutional requirements. The participants

provided their written informed consent to participate in this

study. Written informed consent was obtained from the

individual(s) for the publication of any potentially identifiable

images or data included in this article.
Author contributions

FB: Data curation, Formal Analysis, Investigation, Software,

Writing – original draft, Writing – review & editing. MM:

Conceptualization, Investigation, Methodology, Supervision,

Writing – review & editing. AG: Conceptualization, Methodology,

Supervision, Writing – review & editing. JP: Data curation,

Investigation, Writing – review & editing. AS: Data curation,

Investigation, Methodology, Validation, Writing – review &

editing. AB: Data curation, Investigation, Methodology, Software,

Writing – review & editing. WT: Conceptualization, Data curation,

Investigation, Methodology, Resources, Supervision, Validation,
Frontiers in Oncology 07
Writing – review & editing. JF: Conceptualization, Data curation,

Investigation, Methodology, Writing – review & editing. KM: Data

curation, Investigation, Methodology, Writing – review & editing.

SF: Conceptualization, Investigation, Project administration,

Resources, Supervision, Validation, Visualization, Writing –

review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. American Cancer Society. Cancer Facts & Figures 2021. Atlanta: American Cancer
Society (2021). Available at: https://www.cancer.org/research/cancer-facts-statistics/all-
cancer-facts-figures/cancer-facts-figures-2021.html.

2. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, et al.
Twenty-year follow-up of a randomized trial comparing total mastectomy,
lumpectomy, and lumpectomy plus irradiation for the treatment of invasive breast
cancer. N Engl J Med (2002) 347(16):1233–41. doi: 10.1056/NEJMoa022152

3. Christiansen P, Carstensen SL, Ejlertsen B, Kroman N, Offersen B, Bodilsen A,
et al. Breast conserving surgery versus mastectomy: overall and relative survival-a
population based study by the Danish Breast Cancer Cooperative Group (DBCG). Acta
Oncol (2018) 57(1):19–25. doi: 10.1080/0284186X.2017.1403042

4. Blichert-Toft M, Nielsen M, Düring M, Møller S, Rank F, Overgaard M, et al.
Long-term results of breast conserving surgery vs. mastectomy for early stage invasive
breast cancer: 20-year follow-up of the Danish randomized DBCG-82TM protocol.
Acta Oncol (2008) 47(4):672–81. doi: 10.1080/02841860801971439

5. Skandarajah AR, Lynch AC, Mackay JR, Ngan S, Heriot AG. The role of
intraoperative radiotherapy in solid tumors. Ann Surg Oncol (2009) 16(3):735–44.
doi: 10.1245/s10434-008-0287-2

6. Vaidya JS, Tobias JS, Baum M, Keshtgar M, Joseph D, Wenz F, et al.
Intraoperative radiotherapy for breast cancer. Lancet Oncol (2004) 5(3):165–73. doi:
10.1016/S1470-2045(04)01412-3

7. Alvarado MD, Conolly J, Park C, Sakata T, Mohan AJ, Harrison BL, et al. Patient
preferences regarding intraoperative versus external beam radiotherapy following
breast-conserving surgery. Breast Cancer Res Treat (2014) 143(1):135–40. doi:
10.1007/s10549-013-2782-9

8. Tang A, Cohan CM, Beattie G, Cureton EL, Svahn JD, Lyon LL, et al. Patients older 65
years with early breast cancer prefer intraoperative radiation as a locoregional treatment
choice. Ann Surg Oncol (2021) 28(9):5158–63. doi: 10.1245/s10434-021-09618-3

9. Vaidya JS, Bulsara M, Baum M, Wenz F, Massarut S, Pigorsch S, et al. Long term
survival and local control outcomes from single dose targeted intraoperative
radiotherapy during lumpectomy (TARGIT-IORT) for early breast cancer: TARGIT-
A randomised clinical trial. BMJ (2020) 370:m2836. doi: 10.1136/bmj.m2836

10. Lu W, Schaapveld M, Jansen L, Bagherzadegan E, Sahinovic MM, Baas PC, et al.
The value of surveillance mammography of the contralateral breast in patients with a
history of breast cancer. Eur J Cancer (2009) 45(17):3000–7. doi: 10.1016/
j.ejca.2009.08.007

11. Schmid SM, Pfefferkorn C, Myrick ME, Viehl CT, Obermann E, Schötzau A,
et al. Prognosis of early-stage synchronous bilateral invasive breast cancer. Eur J Surg
Oncol (2011) 37(7):623–8. doi: 10.1016/j.ejso.2011.05.006

12. Samant RS, Olivotto IA, Jackson JS, Mates D. Diagnosis of metachronous
contralateral breast cancer. Breast J (2001) 7(6):405–10. doi: 10.1046/j.1524-
4741.2001.07605.x

13. Basco VE, Coldman AJ, Elwood JM, Young ME. Radiation dose and second
breast cancer. Br J Cancer (1985) 52(3):319–25. doi: 10.1038/bjc.1985.196

14. Beller FK, Nienhaus H, Niedner W, Holzgreve W. Bilateral breast cancer: the
frequency of undiagnosed cancers. Am J Obstet Gynecol (1986) 155(2):247–55. doi:
10.1016/0002-9378(86)90799-4

15. Bernstein JL, Thompson WD, Risch N, Holford TR. Risk factors predicting the
incidence of second primary breast cancer among women diagnosed with a first
primary breast cancer. Am J Epidemiol (1992) 136(8):925–36. doi: 10.1093/
oxfordjournals.aje.a116565

16. Engin K. Prognostic factors in bilateral breast cancer. Neoplasma (1994) 41
(6):353–7.

17. Healey EA, Cook EF, Orav EJ, Schnitt SJ, Connolly JL, Harris JR. Contralateral
breast cancer: clinical characteristics and impact on prognosis. J Clin Oncol (1993) 11
(8):1545–52. doi: 10.1200/JCO.1993.11.8.1545

18. Schell SR, Montague ED, Spanos WJ, Tapley ND, Fletcher GH, Oswald MJ.
Bilateral breast cancer in patients with initial stage I and II disease. Cancer (1982) 50
( 6 ) : 1 1 9 1– 4 . d o i : 1 0 . 1 0 0 2 / 1 0 9 7 - 0 1 4 2 ( 1 9 8 2 0 9 1 5 ) 5 0 : 6 < 1 1 9 1 : : A ID -
CNCR2820500628>3.0.CO;2-F
frontiersin.org

https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2021.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2021.html
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1080/0284186X.2017.1403042
https://doi.org/10.1080/02841860801971439
https://doi.org/10.1245/s10434-008-0287-2
https://doi.org/10.1016/S1470-2045(04)01412-3
https://doi.org/10.1007/s10549-013-2782-9
https://doi.org/10.1245/s10434-021-09618-3
https://doi.org/10.1136/bmj.m2836
https://doi.org/10.1016/j.ejca.2009.08.007
https://doi.org/10.1016/j.ejca.2009.08.007
https://doi.org/10.1016/j.ejso.2011.05.006
https://doi.org/10.1046/j.1524-4741.2001.07605.x
https://doi.org/10.1046/j.1524-4741.2001.07605.x
https://doi.org/10.1038/bjc.1985.196
https://doi.org/10.1016/0002-9378(86)90799-4
https://doi.org/10.1093/oxfordjournals.aje.a116565
https://doi.org/10.1093/oxfordjournals.aje.a116565
https://doi.org/10.1200/JCO.1993.11.8.1545
https://doi.org/10.1002/1097-0142(19820915)50:6%3C1191::AID-CNCR2820500628%3E3.0.CO;2-F
https://doi.org/10.1002/1097-0142(19820915)50:6%3C1191::AID-CNCR2820500628%3E3.0.CO;2-F
https://doi.org/10.3389/fonc.2023.1276766
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Bhimani et al. 10.3389/fonc.2023.1276766
19. Jobsen JJ, van der Palen J, Ong F, Meerwaldt JH. Synchronous, bilateral breast
cancer: prognostic value and incidence. Breast (2003) 12(2):83–8. doi: 10.1016/S0960-
9776(02)00278-3

20. Fung MC, Schultz DJ, Solin LJ. Early-stage bilateral breast cancer treated with
breast-conserving surgery and definitive irradiation: the University of Pennsylvania
experience. Int J Radiat Oncol Biol Phys (1997) 38(5):959–67. doi: 10.1016/S0360-3016
(97)00133-8

21. Kunkler IH, Williams LJ, Jack WJ, Cameron DA, Dixon JMinvestigators PI.
Breast-conserving surgery with or without irradiation in women aged 65 years or older
with early breast cancer (PRIME II): a randomised controlled trial. Lancet Oncol (2015)
16(3):266–73. doi: 10.1016/S1470-2045(14)71221-5

22. Vaidya JS, Wenz F, Bulsara M, Tobias JS, Joseph DJ, Keshtgar M, et al. Risk-
adapted targeted intraoperative radiotherapy versus whole-breast radiotherapy for breast
cancer: 5-year results for local control and overall survival from the TARGIT-A
randomised trial. Lancet (2014) 383(9917):603–13. doi: 10.1016/S0140-6736(13)61950-9

23. Correa C, Harris EE, Leonardi MC, Smith BD, Taghian AG, Thompson AM,
et al. Accelerated Partial Breast Irradiation: Executive summary for the update of an
ASTRO Evidence-Based Consensus Statement. Pract Radiat Oncol (2017) 7(2):73–9.
doi: 10.1016/j.prro.2016.09.007

24. Brodin NP, Mehta KJ, Basavatia A, Goddard LC, Fox JL, Feldman SM, et al. A
skin dose prediction model based on in vivo dosimetry and ultrasound skin bridge
measurements during intraoperative breast radiation therapy. Brachytherapy (2019) 18
(5):720–6. doi: 10.1016/j.brachy.2019.05.012

25. Rollins KE, Lobo DN. Intraoperative goal-directed fluid therapy in elective major
abdominal surgery: A meta-analysis of randomized controlled trials. Ann Surg (2016)
263(3):465–76. doi: 10.1097/SLA.0000000000001366

26. Chen Y, Goenka A, Sharma A, Wang L, Cao Y, Jamshidi A. SU-F-T-654:
pacemaker dose estimate using optically stimulated luminescent dosimeter for left
breast intraoperative radiation therapy. Med Phys (2016) 43(6Part23):3614–. doi:
10.1118/1.4956839

27. Fastner G, Gaisberger C, Kaiser J, Scherer P, Ciabattoni A, Petoukhova A, et al.
ESTRO IORT Task Force/ACROP recommendations for intraoperative radiation
therapy with electrons (IOERT) in breast cancer. Radiother Oncol (2020) 149:150–7.
doi: 10.1016/j.radonc.2020.04.059

28. Njeh CF, Saunders MW, Langton CM. Accelerated Partial Breast Irradiation
(APBI): A review of available techniques. Radiat Oncol (2010) 5:90. doi: 10.1186/1748-
717X-5-90

29. Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans V, et al. Effects of
radiotherapy and of differences in the extent of surgery for early breast cancer on local
recurrence and 15-year survival: an overview of the randomised trials. Lancet (2005)
366(9503):2087–106. doi: 10.1016/S0140-6736(05)67887-7

30. Bartelink H, Horiot JC, Poortmans PM, Struikmans H, Van den Bogaert W,
Fourquet A, et al. Impact of a higher radiation dose on local control and survival in
breast-conserving therapy of early breast cancer: 10-year results of the randomized
boost versus no boost EORTC 22881-10882 trial. J Clin Oncol (2007) 25(22):3259–65.
doi: 10.1200/JCO.2007.11.4991

31. Antonini N, Jones H, Horiot JC, Poortmans P, Struikmans H, Van den Bogaert
W, et al. Effect of age and radiation dose on local control after breast conserving
treatment: EORTC trial 22881-10882. Radiother Oncol (2007) 82(3):265–71. doi:
10.1016/j.radonc.2006.09.014

32. Murray Brunt A, Haviland JS, Wheatley DA, Sydenham MA, Alhasso A,
Bloomfield DJ, et al. Hypofractionated breast radiotherapy for 1 week versus 3 weeks
(FAST-Forward): 5-year efficacy and late normal tissue effects results from a
multicentre, non-inferiority, randomised, phase 3 trial. Lancet (2020) 395
(10237):1613–26. doi: 10.1016/S0140-6736(20)30932-6

33. Benda RK, Yasuda G, Sethi A, Gabram SG, Hinerman RW, Mendenhall NP.
Breast boost: are we missing the target? Cancer (2003) 97(4):905–9. doi: 10.1002/
cncr.11142

34. Coles CE, Wilson CB, Cumming J, Benson JR, Forouhi P, Wilkinson JS, et al.
Titanium clip placement to allow accurate tumour bed localisation following breast
conserving surgery: audit on behalf of the IMPORT Trial Management Group. Eur J
Surg Oncol (2009) 35(6):578–82. doi: 10.1016/j.ejso.2008.09.005

35. Herskind C, Steil V, Kraus-Tiefenbacher U, Wenz F. Radiobiological aspects of
intraoperative radiotherapy (IORT) with isotropic low-energy X rays for early-stage
breast cancer. Radiat Res (2005) 163(2):208–15. doi: 10.1667/rr3292

36. Taylor C, Correa C, Duane FK, Aznar MC, Anderson SJ, Bergh J, et al.
Estimating the risks of breast cancer radiotherapy: evidence from modern radiation
doses to the lungs and heart and from previous randomized trials. J Clin Oncol (2017)
35(15):1641–9. doi: 10.1200/JCO.2016.72.0722

37. Wennstig AK, Garmo H, Wadsten L, Lagerqvist B, Fredriksson I, Holmberg L,
et al. Risk of coronary stenosis after adjuvant radiotherapy for breast cancer.
Strahlenther Onkol. Germany: Springer/Springer Nature (2022). doi: 10.1007/
s00066-022-01927-0

38. McGale P, Darby SC, Hall P, Adolfsson J, Bengtsson NO, Bennet AM, et al.
Incidence of heart disease in 35,000 women treated with radiotherapy for breast cancer
in Denmark and Sweden. Radiother Oncol (2011) 100(2):167–75. doi: 10.1016/
j.radonc.2011.06.016

39. Bartelink H, Maingon P, Poortmans P, Weltens C, Fourquet A, Jager J, et al.
Whole-breast irradiation with or without a boost for patients treated with breast-
Frontiers in Oncology 08
conserving surgery for early breast cancer: 20-year follow-up of a randomised phase 3
trial. Lancet Oncol (2015) 16(1):47–56. doi: 10.1016/S1470-2045(14)71156-8

40. Corica T, Nowak AK, Saunders CM, Bulsara MK, Taylor M, Williams NR, et al.
Cosmetic outcome as rated by patients, doctors, nurses and BCCT.core software
assessed over 5 years in a subset of patients in the TARGIT-A Trial. Radiat Oncol
(2018) 13(1):68. doi: 10.1186/s13014-018-0998-x

41. Corica T, Nowak AK, Saunders CM, Bulsara M, Taylor M, Vaidya JS, et al.
Cosmesis and breast-related quality of life outcomes after intraoperative radiation
therapy for early breast cancer: A substudy of the TARGIT-A trial. Int J Radiat Oncol
Biol Phys (2016) 96(1):55–64. doi: 10.1016/j.ijrobp.2016.04.024

42. Welzel G, Boch A, Sperk E, Hofmann F, Kraus-Tiefenbacher U, Gerhardt A,
et al. Radiation-related quality of life parameters after targeted intraoperative
radiotherapy versus whole breast radiotherapy in patients with breast cancer: results
from the randomized phase III trial TARGIT-A. Radiat Oncol (2013) 8:9. doi: 10.1186/
1748-717X-8-9

43. Coombs NJ, Coombs JM, Vaidya UJ, Singer J, Bulsara M, Tobias JS, et al.
Environmental and social benefits of the targeted intraoperative radiotherapy for breast
cancer: data from UK TARGIT-A trial centres and two UK NHS hospitals offering
TARGIT IORT. BMJ Open (2016) 6(5):e010703. doi: 10.1136/bmjopen-2015-010703

44. Silverstein MJ, Epstein MS, Chen P, Lin K, Khan S, Snyder L, et al. Recurrence
and survival rates for 1400 early breast tumors treated with intraoperative radiation
therapy (IORT). Ann Surg Oncol (2022) 29(6):3726–36. doi: 10.1245/s10434-021-
11295-1

45. Broman K, SunW, Zhou JM, Fridley B, Diaz R, Laronga C. Outcomes of selective
whole breast irradiation following lumpectomy with intraoperative radiation therapy
for hormone receptor positive breast cancer. Am J Surg (2019) 218(4):749–54. doi:
10.1016/j.amjsurg.2019.07.011

46. Kaiser J, Kronberger C, Moder A, Kopp P, Wallner M, Reitsamer R, et al.
Intraoperative tumor bed boost with electrons in breast cancer of clinical stages I
through III: updated 10-year results. Int J Radiat Oncol Biol Phys (2018) 102(1):92–101.
doi: 10.1016/j.ijrobp.2018.05.028

47. Bedwinek JM, Brady L, Perez CA, Goodman R, Kramer S, Grundy G. Irradiation
as the primary management of stage I and II adenocarcinoma of the breast: analysis of
the RTOG breast registry. Cancer Clin Trials (1980) 3(1):11–8.

48. Chu AM, Cope O, Russo R, Lew R. Patterns of local-regional recurrence and
results in Stages I and II breast cancer treated by irradiation following limited surgery.
Update Am J Clin Oncol (1984) 7(3):221–9. doi: 10.1097/00000421-198406000-00006

49. Fowble BL, Solin LJ, Schultz DJ, Goodman RL. Ten year results of conservative
surgery and irradiation for stage I and II breast cancer. Int J Radiat Oncol Biol Phys
(1991) 21(2):269–77. doi: 10.1016/0360-3016(91)90771-U

50. Gollamudi SV, Gelman RS, Peiro G, Schneider LJ, Schnitt SJ, Recht A, et al.
Breast-conserving therapy for stage I-II synchronous bilateral breast carcinoma. Cancer
(1997) 79(7):1362–9. doi: 10.1002/(SICI)1097-0142(19970401)79:7<1362::AID-
CNCR14>3.0.CO;2-Y

51. Sardi A, Facundus EC, Eckholdt GJ, McKinnon WM, Skenderis BS, Bolton JS.
Management of cancer of the opposite breast following breast preservation. Int Surg
(1992) 77(4):289–92.

52. van Limbergen E, van den Bogaert W, van der Schueren E, Rijnders A. Tumor
excision and radiotherapy as primary treatment of breast cancer. Analysis of patient
and treatment parameters and local control. Radiother Oncol (1987) 8(1):1–9. doi:
10.1016/s0167-8140(87)80016-6

53. de la Rochefordiere A, Asselain B, Scholl S, Campana F, Ucla L, Vilcoq JR, et al.
Simultaneous bilateral breast carcinomas: a retrospective review of 149 cases. Int J
Radiat Oncol Biol Phys (1994) 30(1):35–41. doi: 10.1016/0360-3016(94)90516-9
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