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Abstract

Breast cancer (BC) is a socially significant illness. Radiotherapy (RT) is an important part of the complex treatment of early
BC after a breast preserving surgery (BPS). Partial breast irradiation (PBI) has been established as a suitable treatment option
for appropriately selected women with early stage BC by numerous clinical trials dating back to the 1990s. Risk— adapted
single— dose targeted intraoperative radiotherapy during lumpectomy (TARGIT —~1ORT) is a method of PBI for early BC.

In this literary review, we will present the therapeutic capabilities of intraoperative radiotherapy (IORT) for early BC, the
necessary patients’selection, as well as the advantages and disadvantages of this combined with surgery radiotherapeutic
approach. IORT has potential efficacy advantages related to overall survival related to reduced cardiopulmonary radiation
doses, as well as prior to oncoplastic reconstruction to improve accuracy of adjuvant radiation delivery, or when used as a

boost in higher risk patients to improve tumor control.

The expected contributions from this research project are: 1) For the first time in Bulgaria to use IORT in the treatment
of early breast cancer.;2) Local control and early toxicity for patients receiving IORT in comparison with whole breast

irradiation with or without boost.

Keywords: Breast Cancer, Targeted Intraoperative Radiotherapy, Breast Preserving Surgery, Partial Breast Irradiation, Radiation

Therapy.

Introduction

Breast cancer (BC) is the most common malignant neoplasm
in women and the third cause of death in Europe [1]. This fact
determines BC as a socially significant illness. Breast-Preserving
Surgery (BPS) followed by postoperative whole breast external
beam radiotherapy (WBER) is now the standard of care for suitable
patients with early BC [2,3]. Currently the most commonly used
schedule for whole breast irradiation (WBI) after BPS is 45 to
50 Gy delivered over 5-6 weeks with 1.8-2 Gy daily fractions,
followed by an additional boost to the tumor bed of 10-16 Gy
over 1-2 weeks [4]. In a meta— analysis of randomized controlled
trials that began before the year 2000, 7.7% of women treated
with BCS and radiotherapy had locoregional recurrence within 10
years of diagnosis, compared with 25.1% in the BCS only arm [5].
Partial breast irradiation (PBI) has been established as a suitable
treatment option for appropriately selected women with early

stage BC by numerous clinical trials dating back to the 1990s [6].
TARGIT-A compared conventional WBRT (EBRT) to single dose
IORT (TARGIT) and enrolled 3,451 patients from 33 centers in 10
countries between the years 2000 and 2012. This study used a non-
inferiority statistical design which anticipated a 15% probability of
adverse pathologic features on final pathology leading to additional
WBRT after initial IORT [7]. In this literary review, we will
present the therapeutic capabilities of intraoperative radiotherapy
(IORT) for early BC, the necessary patients’ selection, as well as
the advantages and disadvantages of this combined with surgery
radiotherapeutic approach.

Discussion

Prospective and multicenter studies have shown equivalent
treatment outcomes in early BC (stage I-II) after mastectomy
with axillary lymph dissection and after BPS with volume of
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lumpectomy, axillary dissection, and postoperative radiotherapy
(RT) [8-11]. In well selected early breast cancer patients
accelerated partial breast irradiation (APBI) has demonstrated
in many large, randomized studies no differences in ipsilateral
recurrence or survival with accelerated partial-breast irradiation
vs whole-breast irradiation after breast-conserving surgery among
women with early-stage breast cancer. APBI was associated with
less toxicity and better cosmesis outcomes [12-14]. According
to ASTRO APBI was initially suitable for patients older than 60
years, in the absence of a BRCA1/2 mutation, estrogen receptor
positive tumors in stage I/pT1NO, with clean resection lines (RO
resection), and those without multifocal spread in the breast.
Invasive intraductal carcinoma without Extensive Intraductal
Component (EIC) and without Lobular Carcinoma In Situ (LCIS)
is subject to this radiation approach [15]. They later revisited
their statement and now consider suitable patients older than 50
years and patients with low or intermediate grade DCIS [16].
WBER after BPS is not recommended for patients >70 years of
age, pT1NO estrogen-positive invasive carcinoma with negative
resection margins. After this selection, the missing postoperative
RT does not worsen the disease-free and overall survival [17-19].
If RT is delivered intraoperatively, it would avoid a temporal miss
and enable the shortest possible interval between surgical resection
of the cancer and accurate delivery of RT [20]. Consequently,
because the definitive RT treatment can be completed at the
time of the surgery or shortly afterwards in a single session with
targeted intraoperative RT, two of the patients’ major concerns are
immediately addressed, and perhaps fewer patients should feel
obliged to choose mastectomy over BPS either because they live
far away from a RT facility or to avoid prolonging their treatment
[21]. APBI with low-energy photons from a miniature X-ray
machine is undergoing a randomized clinical trial (Targeted Intra-
Operative Radiation Therapy [TARGIT]) in a selected subgroup
of patients treated with BPS [22]. Although new validated
hypofractionated schedules have been explored to shorten
treatment, the delivery of WBI remains long lasting from three
to six weeks, and may affect women’s quality of life, whether in
active young or in older patients [23-25]. The TARGIT randomized
trial with the Intrabeam system is enrolling patients in centers in
the UK, Europe, the USA, and Australia. The trial is designed to
test the hypothesis that the strategy of targeted intraoperative RT
in patients eligible for breast-conserving therapy with a facility
to add WBRT in patients at high risk of recurrence elsewhere
in the breast is equivalent to standard postoperative RT [26].
There are two recently published large prospective randomized
controlled trials comparing post-lumpectomy standard WBRT to
IORT, one using electrons and one using 50kV photons, which
have shown low-local recurrence rates for IORT with acceptable
toxicity and excellent overall survival outcomes [6]. Risk—
adapted single— dose targeted intraoperative radiotherapy during
lumpectomy (TARGIT —IORT) is a method of PBI for early breast
cancer. Most patients (80%) receiving TARGIT— IORT during
their lumpectomy complete their local treatment entirely during
this single session, under the same anesthetic. Supplemental

WBRT is only recommended for a minority of patients (20%) if
unexpected prespecified tumor related factors such as invasive
lobular cancer and positive margins are found postoperatively [7].
Peter D. Sasieni and Elinor J. Sawyer/2020 argue that the evidence
remains insufficient for use of intraoperative radiotherapy (IORT)
in women with early stage breast cancer outside of a clinical trial,
as the recently reported TARGIT-A trial does not provide sufficient
evidence to conclude that IORT is superior to no RT [27]. However,
most patients with conventional ‘high risk’ features were treated
without supplemental WBRT, including four— fifths of those with
grade 3 or ER— negative disease, and two— thirds of node positive
cases [7]. While the RT with TARGIT—IORT is given from within
the breast with minimum additional dissection of the breast, the
ELIOT technique requires the breast tissue to be dissected off
the skin and the chest wall and brought together for irradiation
from outside the breast [28]. Compared to other APBI techniques,
IORT with electrons (ELIOT) offers the most homogeneous dose
distribution, with an average dose inside the target volume closest
to the prescribed dose (29). There are several other trials of PBI that
use various techniques, including the ELIOT [28], NSABP-B39,
GEC ESTRO, and Hungarian trials [30].

Relative Biological Effectiveness

It is well known that the relative biological effectiveness
(RBE=Dx/D) of photons increases with decreasing energy,
explained by a decrease in energy of secondary electrons with
an increase in linear energy transfer (31,32) A published review
summarized RBEs for 10% cell survival established using different
systems and tumor cell types for low energy X-rays (10-240kV)
to range from 1.1 and 1.7 [32,33]. Herskind C. et al./2008 have
employed a linear-quadratic formula to model the RBE of 50kV
X-rays modeled as an equivalent to a fractionated dose of 2 Gy
(EQD?2) as a function of depth, with the probability of local control
estimated from clinical dose response data. The model calculations
show that, for a cohort of patients, the increase in local control in
the high-dose region near the applicator partly compensates the
reduction of local control at greater distances. Thus a “sphere of
equivalence” exists within which the risk of recurrence is equal
to that after external fractionated radiotherapy [22]. Mathematical
models of radiotherapy suggest that a smaller number of well
targeted doses of radiotherapy are probably more effective than
fractionated radiotherapy, which accords with the results of the
START trial [34,35]. Intraoperative radiotherapy (IORT) is the
only APBI technique that favors the performance of surgery and
radiotherapy in the same day, offering a radiobiological advantage,
minimizing the risk of repopulation of residual cancer clonogen
cells before and during radiotherapy delivery; moreover, it is very
convenient for the patients [36]. The biologically equivalent dose
(BED) for an alpha/beta of 4 in the linear-quadratic model for
a prescribed single dose of 10Gy is isoeffective to about 24 in
2 Gy fractions [6]. The Intrabeam device provides a point source
of low energy x-rays (50 kV maximum) at the tip of a 32 mm
diameter tube that is placed at the center of a spherical tumor bed
applicator [2]. Systems. that use soft X-rays have a small high
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physical dose region and thereby offer an advantage over systems
that use electrons to deliver a uniform dose of radiation: a high
physical dose delivered over a small region would increase acute
tumor effects while reducing damage to healthy tissue and long-
term toxic effects [26].

Advantages and disadvantages of IORT

Among the different methods, IORT offers the advantage of a very
precise delineation of tumor bed, which is identified under visual
control, solving the problem of potential geographic miss [4].
Since the skin and the subcutaneous tissue can be placed outside
of the irradiated volume, any changes in breast appearance are not
expected even in superficial tumors, leading to a better cosmesis
[37]. The advantages of IORT for PBI include: direct visualization
of the target tissue ensuring treatment of the high-risk tissue and
eliminating the risk of marginal miss; the use of a single dose
coordinated with the necessary surgical excision; favorable toxicity
profiles; patient convenience and cost savings; radiobiological
and tumor microenvironment conditions which lead to enhanced
tumor control. There is no time for tumor repopulation. IORT
immediately after the removal of the tumor modifies the cytokines
like oncostatin-M, leptin and IL-1f in the wound fluids (38,39).
Wound fluids from IORT-treated patients significantly inhibit
mammary mesenchymal stromal cells proliferation in comparison
to wound fluids of non-irradiated patients. Single high dose of
radiation can also simulate T cells and their infiltration around the
remaining tumor cells [40]. The main disadvantage of IORT is the
lack of final pathologic information on the tumor size, histology,
margins, and nodal status [6]. IORT and other PBI techniques
are likely to be more widely adopted in the future because they
improve patient convenience by offering an accelerated course of
treatment [41].

Patient selection for IORT

In applying the modality of risk-adapted RT, the key to success
is grounded on selecting patients at low risk of harboring occult
microscopic disease at distance from tumor bed, in order to
ensure an annual rate of LR lower than 1% [4]. Patient selection
is important when recommending IORT, as the final pathology is
not available at the time of treatment, so to avoid the potential
use of subsequent WBI, careful pre-operative, and intraoperative
assessment can help ensure that high-risk features such as positive
margins or positive sentinel nodes are minimized [6]. The ASTRO
and GEC-ESTRO guidelines for APBI could be used as references
when selecting suitable patients for IORT [42-45]. Among the
TARGIT-A patients randomized pre-surgery, EBRT was given
in addition to IORT if post-surgery histopathological analysis
suggested the patient had a high risk of local recurrence (<1 mm
tumor-free margin, >25% in situ component, or lobular carcinoma;
and at some centers the presence of a grade 3 tumor, positive
lymph nodes or lymphovascular invasion) [46]. In univariate
analysis performed in the ELIOT study, tumor size, number of
positive lymph nodes, proliferative index (Ki-67), young age,
LVI, overexpression of HER2 and ER negative status, increased

the risk of LR. In multivariate analysis age under 50 years, tumor
size greater than 2 cm, remained independent predictors of local
relapse [47]. Multivariate analysis in the ELIOT trial found that
some factors doubled the risk of IORT, including a tumor size
greater than 2cm, the presence of 4 or more positive lymph nodes,
a poorly differentiated tumor, and a triple-negative subtype [48].
The NSABP B39/RTOG 0143 [49], which randomizes women
between conventional WBI versus three APBI techniques, closed
the accrual to low-risk group in 2007, and now is enrolling patients
defined at high-risk (age >50, 1-3 nodes positive, ER negative)
[4]. The patient’s selection for IORT was carried out in two stages:
1/The first preclinical step for the tumor size (at clinical and
radiological examination) and for other specific features evident
from mammography, ultrasound, and magnetic resonance imaging;
breast size, site of the tumor; 2/The second decisional step was
during the surgery, soon after primary breast tumor excision. The
histological examination of frozen specimen sections provides
additional data for suitability of IORT delivery: histology not
lobular without extensive intraductal carcinoma (EIC), not ductal
carcinoma in situ (DCIS), negative margins of resection (at least 5
mm free margins) and negative node status [36].

Local Relapse

From our prospective study included 341 women with early BC
(stage I-1IT) after BPS with a volume of quadrantectomy or sectoral
resection, axillary lymph dissection and after completion of WBI
with or without external Boost (RT in the tumor bed), we reported
5 significant pathohistological risk factors associated with local
recurrence (LR)-G3, pNI1, tumor necrosis, lymphatic vascular
infiltration, and tumor metaplasia [3,50]. Young age (about
45 years or younger) is thought to be a risk factor for LR after
breast-conserving therapy [51]. Age proved to be one of the most
important predictive parameters for LR [52]. Many observational
studies and randomized clinical trials have shown that more than
90% of recurrent disease occurring in the breast is within the index
quadrant [53-59], which is by contrast with the findings of three-
dimensional analysis of mastectomy specimens that show that 63%
of breasts harbor occult cancer foci, with 80% of these situated
remote from the index quadrant [60,61]. There is evidence that LR
is facilitated by a local field defect: morphologically normal cells
that surround breast-cancer tissue shows a loss of heterozygosity,
which is in many cases identical to that of the primary tumor [62].
There are various techniques for applying an IORT for the purpose
of local radiotherapy in the tumor bed during operation. Linear
accelerators, brachytherapy or novel mobile devices generating
fast electrons or low-energy x-rays (50 kV) are used for IORT [63].
Besides applying IORT as a boost, Vaidya et al. showed that IORT
as a sole treatment in a low risk collective (women with primary
unifocal ductal invasive breast cancer, aged 45 years or older)
is non inferior to an EBRT regarding local recurrence [2,26,64].
The local recurrence rate in the TARGIT— IORT group was not
significantly different from that in the external beam radiotherapy
group (1°2% vs 0°95%, p=0+41 at 4 years) [2].
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Clinical Results and Observations

Two large randomized trials, the TARGIT A trial establishing 50 kV
IORT and ELIOT establishing electron based IOERT, both have
published excellent results regarding local control and acceptable
toxicity [2,19,36]. The Intrabeam® system (Carl Zeiss Meditec,
Dublin, CA, USA) uses a 50kV photon beam mobile X-ray unit
that has been in clinical use since 1999 [65,66]. This system
delivers low-energy photons (maximum 50 kV) at the tip of a 3.2
mm diameter tube. Spherical applicators of various sizes cover the
tube and are placed in the tumor bed. Radiation is subsequently
administered in the operating room over 20-35 minutes. The
surface of the applicator receives 20 Gy and absorbed dose rapidly
attenuates to 5-7 Gy at 1 cm depth [41]. Data from TARGIT-A have
been reported as two separate trials: one in women randomized
prior to surgery (46) and a second in women randomized post-
surgery for whom a second operation was required to deliver
IORT [5]. In the original TARGIT-A publication, all clinically
significant complications occurred in 3.3% or fewer patients,
including hematoma or seroma requiring intervention, infection,
wound healing, or any grade 3 toxicity, and were similar between
IORT and WBRT arms [67]. Complications at 6 months showed
no difference between arms for any wound-related complications,
with fewer grade 3-4 skin toxicities after IORT. Keshtgar reported
cosmesis up to 4years after IORT on a TARGIT-A subprotocol
as assessed by photograph-analyzing software. IORT patients
were about twice as likely to have excellent or good cosmetic
scores as WBRT treated patients. A higher rate of radiographic
fat necrosis was noted after IORT (56%) than after conventional
WBRT (24%), and more scar calcifications as well [68]. Sperk et
al./2012 reports a lack of difference between IORT+ WBRT versus
WBRT with respect to fibrosis, breast edema, lymphedema, pain,
or hyperpigmentation [69].

Aspects for our Dissertation Project Related to an
Intraoperative Raying of an Early BC

The expected contributions from this research project include
the introduction of IORT for the first time in Bulgaria and that
the method can be safe and effective treatment for well selected
Bulgarian breast cancer patients [70]. We will analyze the first 100
IORT patients treated in our center between 2015 and 2021 and
compare them with control group of patients treated with WBI
in our institute during the same time interval. We will evaluate
the early side effects and tumor control in both the control the
experimental group. All patients have tumor been evaluated by
mammography, ultrasonography, and contrast enhanced MRI,
unless contraindicated. In our center we consider patients suitable
for IORT if preoperatively and intraoperatively they meet the GEC-
ESTRO low risk group criteria: including patients ageing at least
50 years with unicentric, unifocal, pT1-2 (<or=30 mm) pNO, non-
lobular invasive breast cancer without the presence of an extensive
intraductal component (EIC) and lympho-vascular invasion (LVI)
and with negative surgical margins of at least 2mm. The IORT
is delivered through the Intrabeam device (Carl Zeiss Meditec,
Oberkochen, Germany) in a single treatment under the same

anaesthetic as the primary surgery and is the only radiotherapy
for most patients. Radiation is delivered from a point source of
50 kV energy x rays at the center of a spherical applicator over
20-50 minutes (Figure 1/A,B). The appropriately sized (1.5-5 cm
diameter) applicator is surgically positioned in the tumor bed so
that breast tissues at risk of local recurrence receive the prescribed
dose while skin and other organs are protected (Figure 2/A,B). The
surface of the tumor bed typically receives 20 Gy that attenuates to
5-7 Gy at 1 cm depth. If after the release of the pathologist’s final
report any patient is no longer found in the low risk group, she
is offered postoperative whole breast irradiation (50 Gy in 2 Gy
fractions) without additional boosting.

Figure 1: Radiation is delivered from a point source of 50 kV
energy x rays at the center of a spherical applicator over 20-50
minutes.

Figure 2: The appropriately sized (1.5-5 cm diameter) applicator
is surgically positioned in the tumor bed so that breast tissues at
risk of local recurrence receive the prescribed dose while skin and
other organs are protected.

Conclusion

When considering use of IORT techniques for partial breast
treatment after lumpectomy, it is recommended to select patients
who fall into the low-risk categories among published guidelines,
using the “suitable” or “good risk” criteria for patients who are
general candidates for APBI [6]. IORT has potential efficacy
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advantages related to overall

survival related to reduced

cardiopulmonary radiation doses, as well as prior to oncoplastic
reconstruction to improve accuracy of adjuvant radiation delivery,
or when used as a boost in higher risk patients to improve tumor
control. An additional advantage of the procedure is reduced
therapeutic times, which is not comparable to the five weeks, that
are necessary for the WBI after a PBS.

References

1.

10.

11.

12.

Ruano-Ravina A, Cantero-Munoz P, Eraso Urien A (2011)
Efficacy and safety of intraoperative radiotherapy in breast
cancer: a systematic review. Cancer Lett 313:15-25.

Jayant S Vaidya, David J Joseph, Jeffrey S Tobias, et al.
(2010) Targeted intraoperative radiotherapy versus whole
breast radiotherapy for breast cancer (TARGIT-A trial): an
international, prospective, randomised, non-inferiority phase
3 trial. Lancet 376:91-102.

Marinova L, Petrova K and Evgeniev N (2021) Radiotherapy
after Breast-Preserving Surgery for Early Breast Cancer-
Basic Principles and Our Experience. Austin J Med Oncol
8(1):1058.

Orecchia R and Leonardi MC (2011) Intraoperative radiation
therapy: Is it a standard now? Breast 20(3): S111-115.

Early Breast Cancer Trialists’ Collaborative. et al. (2011)
Effect of radiotherapy after breast-conserving surgery on
10-year recurrence and 15-year breast cancer death: meta-
analysis of individual patient data for 10,801 women in 17
randomised trials. Lancet 378:1707-1716.

Eleanor ER. Harris, William Small, Jr. (2017) Intraoperative
Radiotherapy for Breast Cancer. Front Oncol 7: 317.

Vaidya JS, Wenz F, Bulsara M, et al. (2014) 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 383:603-613.

8.Clarke M, Collins R, Darby S, et al. (2005) Effects of
radiotherapy and of differences in the extend of surgery for
early breast cancer on local recurrence and 15 years of survival:
an overview of the randomized trials. Lancet 366:2087-2106.
Fisher B, Anderson S, Bryant J, et al. (2002) Twenty-year
follow-up of a randomized study comparing total mastectomy,
lumpectomy, and lumpectomy plus irradiation for the
treatment of invasive breast cancer. N Engl J Med 347:1233-
1241.

Veronesi U, Cascinelli N, Mariani L, et al. (2002) Twenty-year
follow-up of a randomized study comparing breast conserving
surgery with radical mastectomy for early breast cancer. N
Engl J Med 347:1227-1232.

Arriagada R, Le MG, Rochard F, Contesso G (1996)
Conservative treatment versus mastectomy in early breast
cancer: patterns of failure with 15 years of followup data.
Institut Gustave-Roussy Breast Cancer Group. J Clin Oncol
14:1558-1564.

Meattini I, Marrazzo L, Saieva C, et al. (2020) Accelerated

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Partial-Breast Irradiation Compared with Whole-Breast
Irradiation for Early Breast Cancer: Long-Term Results of
the Randomized Phase 111 APBI-IMRT-Florence Trial. J Clin
Oncol 38(35):4175-4183.

Vicini FA, Cecchini RS, White JR, et al. (2019) Long-term
primary results of accelerated partial breast irradiation
after breast-conserving surgery for ecarly-stage breast
cancer: a randomised, phase 3, equivalence trial. Lancet
394(10215):2155-2164.

Whelan TJ, Julian JA, Berrang TS, et al. (2019) RAPID
Trial Investigators. External beam accelerated partial breast
irradiation versus whole breast irradiation after breast
conserving surgery in women with ductal carcinoma in situ
and node-negative breast cancer (RAPID): a randomised
controlled trial. Lancet 394(10215):2165-2172

Smith BD, Arthur DW, Buchholz TA, et al. (2009) Accelerated
partial breast irradiation consensus statement from the
American Society for Radiation Oncology (ASTRO). Int J
Radiat Oncol Biol Phys 74:987-1001.

William Small Jr, Tarita O Thomas, Michael Alvarado et al.
(2017) Commentary on “Accelerated partial breast irradiation
consensus statement: Update of an ASTRO Evidence-Based
Consensus Statement”. Pract Radiat Oncol 7:¢159-e163.
Hughes KS, Schnaper LA, Berry D, et al. (2004) Lumpectomy
plus tamoxifen with or without irradiation in woman 70
years of age or older with early breast cancer. N Engl J] Med
351:971-977.

Hughes KS, Schnaper LA, Cirrincione C, et al. (2010)
Lumpectomy plus tamoxifen with or without irradiation in
woman 70 years of age or older with early breast cancer. J
Clin Oncol 28.

Fyles AW, McCready DR, Manchul LA, et al. (2004)
Tamoxifen with or without breast irradiation in woman 50
years of age or older with early breast cancer. N Engl J] Med
351:963-970.

Vaidya JS (2007) Partial breast irradiation using targeted
intraoperative radiotherapy (Targit). Nat Clin Pract Oncol
4:384-385.

Athas WF, Adams-Cameron M, Hunt WC, et al. (2000) Travel
distance to radiation therapy and receipt of radiotherapy
following breast-conserving surgery. J Natl Cancer Inst
92:269-271.

Herskind C, Griebel J, Kraus-Tiefenbacher U, Wenz F (2008)
Sphere of equivalence-a novel target volume concept for
intraoperative radiotherapy using low-energy X rays. Int J
Radiat Oncol Biol Phys 72:1575-1581.

START Trialists’ Group, Bentzen SM, Agrawal RK, Aird
EG, Barrett JM, Barrett-Lee PJ, et al. (2008) The UK
Standardisation of Breast Radiotherapy (START) Trial A of
radiotherapy hypofractionation for treatment of early breast
cancer: A randomised trial. Lancet Oncol 9:331-341.

START Trialists’ Group Bentzen SM, Agrawal RK, Aird
EG, Barrett JM, Barrett-Lee PJ, et al. (2008) The UK
Standardisation of Breast Radiotherapy (START) Trial B of

Med Clin Res, 2022

www.medclinres.org

Volume 7 | Issue 1|5



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

radiotherapy hypofractionation for treatment of early breast
cancer: a randomised trial. START Trialists’ Group. Lancet
371(9618):1098-1107.

Whelan TJ, Pignol JP, Levine MN, et al. (2010) Long-term
results of hypofractionated radiation therapy for breast cancer.
N Engl J Med 362:513-520.

Vaidya JS, Tobias JS, Baum M, et al. (2004) Intraoperative
radiotherapy for breast cancer. Lancet Oncol 5: 165-173.
Peter D. Sasieni and Elinor J. Sawyer (2020) Intraoperative
radiotherapy for early breast cancer-insufficient evidence to
change practice. Nat Rev Clin Oncol 21:1-2.

28. Orecchia R, Ciocca M, Lazzari R, et al. (2003)
Intraoperative radiation therapy with electrons (ELIOT) in
early-stage breast cancer. Breast 12:483-490.

Nairz O, Deutschmann H, Kopp M, et al. (2006) A dosimetric
comparison of [ORT techniques in limited-stage breast cancer.
Strahlenther Onkol 182:342-348.

Polgar C, Fodor J, Major T, et al. (2007) Breast-conserving
treatment with partial or whole breast irradiation for low-risk
invasive breast carcinoma-5-year results of a randomized
trial. Int J Radiat Oncol Biol Phys 69: 694-702.

ICRU. (1986) The quality factor in radiation protection. ICRU
Report 40.

Brenner DJ, Leu C, Beatty J, Shefer R (1999) Clinical relative
biological effectiveness of low energy X-rays emitted by
miniature X-ray devices. Phys Med Biol 44:323-333.

Nikjoo H, Lindborg L (2010) RBE of low energy electrons
and photons. Phys Med Biol 55:R65-109.

Enderling H, Chaplain MA, Anderson AR, Vaidya JS (2007)
A mathematical model of breast cancer development, local
treatment and recurrence. J Theor Biol 246:245-259.

The START Trialists’ Group (2008) The UK Standardisation
of Breast Radiotherapy (START) Trial A of radiotherapy
hypofractionation for treatment of early breast cancer: a
randomised trial. Lancet Oncol 9:331-341.

M. Guenci, A Fozza, G. Timon et al. (2012) A Two-step
Selection of Breast Cancer Patients Candidates for Exclusive
IORT with Electrons: A Mono-institutional Experience.
Anticancer research 32:1533-1536.

Orecchia R, Ivaldi GB, Leonardi MC (2009) Integrated breast
conservation and intraoperative radiotherapy. Breast 18
(3):S98-S102.

Zaleska K, Suchorska WM, Przybyla A, Murawa D (2016)
Effect of surgical wound fluids after intraoperative electron
radiotherapy on the cancer stem cell phenotype in a panel of
human breast cancer cell lines. Oncol Lett 12:3707-3714.
Wuhrer A, Uhlig S, Tuschy B, et al. (2021) Wound Fluid
from Breast Cancer Patients Undergoing Intraoperative
Radiotherapy Exhibits an Altered Cytokine Profile and
Impairs Mesenchymal Stromal Cell Function. Cancers (Basel)
13(9):2140.

Kaur P, Asea A (2012) Radiation-induced effects and the
immune system in cancer. Front. Oncol 2:1-10.

Harriet B. Eldredge-Hindy, Anne L. Rosenberg, and Nicole

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

L. Simone. (2014) Intraoperative Radiotherapy for Breast
Cancer: The Lasting Effects of a Fleeting Treatment. Int J
Breast Cancer 2014:1-12.

Smith BD, Arthur DW, Buchholz TA, et al. (2009) Accelerated
partialbreast irradiation consensus statement from the
American Society for Radiation Oncology (ASTRO). Int J
Radiat Oncol Biol Phys 74:987-1001.

Leonardi MC, Maisonneuve P, Mastropasqua MG, et al.
(2012) How dothe ASTRO consensus statement guidelines
for the application of accelerated partial breast irradiation
fit intraoperative radiotherapy? A retrospective analysis of
patients treated at the European Institute of Oncology. Int J
Radiat Oncol Biol Phys 83:806-813.

Leonardi MC, Maisonneuve P, Mastropasqua MG, et al. (2013)
Accelerated partial breast irradiation with intraoperative
electrons: using GEC-ESTRO recommendations as guidance
for patient selection. Radiother Oncol 106: 21-27.

Polgar C, Van Limbergen E, Potter R, et al. (2010) Patient
selection for accelerated partial-breast irradiation (APBI)
after breast-conserving surgery: recommendations of the
Groupe Europeen de Curietherapie European Society for
Therapeutic Radiology and Oncology (GECESTRO) breast
cancer working group based on clinical evidence. Radiother
Oncol 94:264-273.

Vaidya JS, Bulsara M, Baum M, et al. (2020) 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 370:m2836.

Veronesi U, Orecchia R, Luini A, et al. (2010) Intraoperative
radiotherapy during breast conserving surgery: a study on
1,822 cases treated with electrons. Breast Cancer Res Treat
124:141-151.

Veronesi U, Orecchia R, Maisonneuve P, et al. (2013)
Intraoperative radiotherapy versus external radiotherapy
for early breast cancer (ELIOT): a randomised controlled
equivalence trial. Lancet Oncol 14:1269-1277.
http://www.rtog.org/Clinical Trials/Protocol Table.aspx.

Lena Petkova Marinova. (2000) Radiation therapy after
conservative surgery for early breast cancer. Dissertation for
awarding the educational and scientific degree “Doctor” 2000.
Harrold EV, Turner BC, Matloff ET, et al. (1998) Local
recurrence in the conservatively treated breast cancer patient:
a correlation with age and family history. Cancer J Sci Am
4:302-307.

Antonini N, Jones H, Horiot JC, et al. (2007) Effect of age
and radiation dose on local control after breast conserving
treatment: EORTC trial 22881-10882. Radiother Oncol
82:265-271.

Veronesi U, Luini A, Del Vecchio M, etal. (1993) Radiotherapy
after breastpreserving surgery in women with localized cancer
of the breast. N Engl J Med 328:1587-1591.

Boyages J, Recht A, Connolly JL, et al. (1990) Early breast
cancer: predictors of breast recurrence for patients treated

Med Clin Res, 2022

www.medclinres.org

Volume 7 | Issue 1 | 6



55.

56.

57.

58.

59.

60.

61.

62.

63.

with conservative surgery and radiation therapy. Radiother
Oncol 19:29-41.

Clark RM, Wilkinson RH, Mahoney LJ, et al. (1982) Breast
cancer: a 2lyear experience with conservative surgery and
radiation. Int J Radiat Oncol Biol Phys 8: 967-979.

Clark RM, McCulloch PB, Levine MN, et al. (1992)
Randomized clinical trial to assess the eff ectiveness of breast
irradiation following lumpectomy and axillary dissection for
node-negative breast cancer. J Natl Cancer Inst 84:683-689.
Schnitt SJ, Connolly JL, Harris JR, et al. (1984) Pathologic
predictors of early local recurrence in stage I and II breast
cancer treated by primary radiation therapy. Cancer 53:1049-
1057.

Kurtz JM, Jacquemier J, Torhorst J, et al. (1989) Conservation
therapy for breast cancers other than infi Itrating ductal
carcinoma. Cancer 63:1630-1635.

Fisher ER, Anderson S, Redmond C, Fisher B. (1992)
Ipsilateral breast tumor recurrence and survival following
lumpectomy and irradiation: pathological findings from
NSABP protocol B-06. Semin Surg Oncol 8: 161-166.
Vaidya JS, Vyas JJ, Chinoy RF, et al. (1996) Multicentricity of
breast cancer: whole-organ analysis and clinical implications.
Br J Cancer 74:820-824.

Baum M, Vaidya JS, Mittra 1 (1997) Multicentricity and
recurrence of breast cancer. Lancet 349:208.

Deng G, Lu Y, Zlotnikov G, et al. (1996) Loss of
heterozygosity in normal tissue adjacent to breast carcinomas.
Science274:2057-2059.

Blank E, Kraus-Tiefenbacher U, Welzel G, et al. (2010)
Single-center long-term follow-up after intraoperative

64.

65.

66.

67.

68.

69.

70.

radiotherapy as a boost during breast-conserving surgery
using low-kilovoltage x-rays. Ann Surg Oncol 17(3):352-358.
Vaidya JS, Tobias JS, Baum M, et al. (2005) Targeted
Intraoperative radiotherapy (TARGIT): an innovative
approach to partial-breast irradiation. Semin Radiat Oncol
15:84-91.
http://www.targit-research.org/clinics/intrabeam/about-
intrabeam/

Clinical Data for Carl Zeiss Meditec’s INTRABEAM Targeted
Intraoperative Radiotherapy System for Breast Cancer to Be
Presented at ASCO (2010) Ten-Year TARGIT-A International
Multicenter Study Investigates INTRABEAM Single-Dose
Partial Breast Irradiation Against Standard Three- to Six-
Week Whole Breast Irradiation. May 26, 2010:11:40.

Vaidya JS, Baum M, Saunde rs C, et al. (2020) Effect of
delayed targeted intraoperative radiotherapy vs whole-breast
radiotherapy on local recurrence and survival: long-term
results from the TARGIT-A randomized clinical trial in early
breast cancer. JAMA Oncol 6:¢200249

Keshtgar MR, Williams NR, Bulsara M, et al. (2013) Objective
assessment of cosmetic outcome after targeted intraoperative
radiotherapy in breast cancer: results from a randomised
controlled trial. Breast Cancer Res Treat 140(3):519-525.
Sperk E, Welzel G, Keller A, et al. (2012) Late radiation
toxicity after intraoperative radiotherapy (IORT) for breast
cancer: results from the randomized phase III trial TARGIT
A. Breast Cancer Res Treat 135:253-260.

Sedloev T, Gabrovski I, Usheva S, et al. (2016) Firs Case
Report of Intraoperative Radiotherapy (IORT) for Early
Breast Cancer in Bulgaria. Khirurgiia (Sofiia) 82(1):40-44.

Copyright: ©2022: Gabrovski I, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Med Clin Res, 2022

www.medclinres.org

Volume 7 | Issue 1|7



