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Abstract
Breast cancer is the most common type of malignancy 
in females. Advances in systemic therapies and ra-
diotherapy (RT) provided long survival rates in breast 
cancer patients. RT has a major role in the manage-
ment of breast cancer. During the past 15 years several 
developments took place in the field of imaging and 
irradiation techniques, intensity modulated RT, hypo-
fractionation and partial-breast irradiation. Currently, 
improvements in the RT technology allow us a subse-
quent decrease in the treatment-related complications 
such as fibrosis and long-term cardiac toxicity while im-
proving the loco-regional control rates and cosmetic re-
sults. Thus, it is crucial that modern radiotherapy tech-
niques should be carried out with maximum care and 
efficiency. Several randomized trials provided evidence 
for the feasibility of modern radiotherapy techniques in 
the management of breast cancer. However, the role of 
modern radiotherapy techniques in the management of 
breast cancer will continue to be defined by the mature 
results of randomized trials. Current review will pro-
vide an up-to-date evidence based data on the role of 
modern radiotherapy techniques in the management of 
breast cancer.
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Core tip: Several randomized trials provided evidence 
for the feasibility of modern radiotherapy techniques in 
the management of breast cancer. Current review will 
provide an up-to-date evidence based data on the role 
of modern radiotherapy techniques in the management 
of breast cancer. 
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INTRODUCTION
Radiotherapy (RT) has a major role in the management 
of  breast cancer for many years. It significantly reduces 
the risk of  loco-regional recurrences after surgery by 
at least 70%[1]. RT has been shown to improve overall 
survival both for early stage breast cancer after breast-
conserving surgery (BCS) and locally advanced disease 
after mastectomy[1]. However, its use is usually limited by 
late toxicity. In patients with a long life expectancy, only 
modern RT techniques could obtain survival benefit that 
is mostly dependent on the radiation dose to the cardiac 
structures[1-4].

During the past 15 years, several developments took 
place such as imaging and irradiation techniques, hypo-
fractionation and partial-breast irradiation (PBI). Im-
provements in the RT technology now frequently allow 
us a subsequent decrease in treatment-related complica-
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tions such as fibrosis and long-term cardiac toxicity while 
improving the loco-regional control rates and cosmetic 
results[5-7]. Computed tomography (CT) simulators, 
modern-day linear accelerators, three-dimensional (3D) 
planning techniques and treatment verification modalities 
provides improved targeting and smaller irradiated vol-
umes of  normal tissue.

Depending on the type of  surgery and pathology 
reports, traditionally, conventional two-dimensional (2D) 
beams were used for whole-breast or chest wall irradia-
tion[8]. The first important challenging step in the RT 
technique came with the introduction of  the CT-based 
treatment planning and 3D conformal RT (3DCRT) 
that provides us precise target volume definition, dose 
distribution calculation, and virtual simulation. Optimal 
shielding of  organs at risk (OARs), including the heart, 
lungs, brachial plexus, esophagus, trachea, thyroid, and 
spinal cord decreased normal tissue exposure. Addition-
ally, more homogeneous dose distribution in the clinical 
target volume could be obtained. 

INTENSITY MODULATED 
RADIOTHERAPY
Intensity modulated RT (IMRT) is an advanced form 
of  3DCRT that became increasingly available for breast 
cancer. Several important studies has been carried out 
on the use of  IMRT for breast cancer patients requiring 

complex breast treatments[9]. Patients with larger breasts 
are more likely to have dose inhomogeneities and most 
likely to benefit from IMRT. It can also be the best al-
ternative for left-sided breast cancers to decrease cardiac 
dose, re-irradiation, contralateral breast irradiation, PBI, 
and deeply seated tumor bed irradiation.

The modulation of  beam intensities could be deter-
mined by allowing sculpting the dose to fit a patient’s 
anatomy. The major goal for IMRT technique is provid-
ing more homogenous dose distribution throughout the 
breast and concave structures such as the chest wall[10,11]. 
This technology also allows better conformality of  dose 
to the target and better sparing of  OARs compared to 
non-IMRT plans[7,10,12-17]. However it has some drawbacks, 
including decrease in surface build up dose which could 
adversely affect local control and increase risk for sec-
ondary malignancies[18-20].

For each individual case, adequate coverage of  the pri-
mary tumor site and most of  the breast can be achieved 
by changing the gantry angle, the collimator angle, or 
shaping [with small cardiac blocks or multileaf  collimator 
(MLC) leaves] the borders of  the medial and/or lateral 
tangential fields while the heart and lung can be excluded 
from the high dose region at the same time. The normal 
tissue anatomy, the location of  the primary tumor bed, 
and the contour of  the breast should be taken into con-
sideration when applying treatment field modifications 
for each individual patient. Forward planning by using the 
“field-in-field” technique provides excellent dose homo-
geneity in the irradiated areas. Thus, it is the most widely 
used technique in breast IMRT[10,21] (Figure 1). There 
are also other methods, including forward-planned step-
and-shoot breast IMRT, and an inversely planned breast 
IMRT technique, which can all improve dose homogene-
ity (Figure 2). 

IMRT planning should be performed based on 3D 
visualization of  contours delineated on planning CT im-
ages. Proper patient positioning, immobilization, target 
localization, and management of  breathing-related mo-
tion are essential for IMRT due to sharp dose gradient 
changes[22]. Also, sophisticated technical resources and 
longer period of  time are required both for planning 
and quality assurance tests. In addition, radiation delivery 
turns out to be more complex. It requires specialized 
software to automate the process to reduce treatment 
time and the risk of  delivery error. As a result of  longer 
beam-on time, whole body and contralateral breast doses 
may increase.

Image-guided RT (IGRT) is required to precise local-
ization of  both target and normal tissues during planning 
and treatment procedure. The main advantage of  IGRT 
is that it allows more accurate targeting in breast cancer 
by providing correct target volume delineation, obtaining 
simulation images, and set-up correction using images 
with the patient in the treatment position immediately 
prior to or during the treatment. A variety of  imaging 
methods are used: (1) gantry-mounted systems [MV-
electronic portal imaging device (EPID), kV/MV cone 
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Figure 1 BEV shaped forward-planned intensity modulated radiotherapy 
(IMRT) (field-in field technique). Open tangential fields (A and C). DRR show-
ing the multileaf collimator segments closing the volumes receiving ≥ 110% of 
the prescribed dose (B and D).



beam CT, MV systems-tomotherapy]; (2) room-mounted 
systems; and (3) non-ionizing systems (ultrasound, video-
based systems)[23]. Besides, breath-holding techniques (us-
ing “active breathing control” devices or unassisted) and 
respiratory gating can effectively limit motion and de-
crease the dose to the heart and lungs, especially in cases 
in which the tumor bed is very close to the heart[24-26].

There are several IMRT techniques; dynamic or static 
MLC based IMRT, arc therapy, tomotherapy, and topo-
therapy[27,28]. Radiation is delivered to the patient as gan-
try rotates continuously around the patient in intensity 
modulated arc therapy. In tomotherapy, there is a helical 
radiation delivery that continues during treatment couch 
movement and binary MLC motion creates fluency. 
Topotherapy is performed with static gantry while as the 
patient translates through the treatment field instead of  
rotational delivery[28]. 

TREATMENT OUTCOMES AND TOXICITY 
AFTER IMRT
IMRT has changed our RT practice and it is used for pal-
liative and curative indications throughout several tumor 
types. The highest level of  evidence by using IMRT exists 
particularly for breast and nasopharyngeal carcinomas[29]. 
Although the clinical outcome of  IMRT in breast cancers 
came mainly from retrospective studies, it has been as-
sessed in three prospective randomized studies[30-33] (Table 
1). The primary aim of  these studies was to investigate 
treatment-induced toxicity and patients’ quality of  life 

(QOL). They showed that IMRT increased the dose ho-
mogeneity and decreased the frequency and severity of  
toxicity in early-stage breast cancer after BCS. However, 
larger sample size and longer follow-up is required to see 
long-term clinical outcomes and evaluate for late deleteri-
ous effects. 

There is only one randomized study of  treatment effi-
cacy comparing IMRT and non-IMRT[33]. Mukesh et al[33] 
reported 5-year results of  815 patients randomized to ei-
ther standard wedged-based tangential fields or forward-
planned IMRT. In this study, there was no statistically 
significant difference in 5-year loco-regional recurrence 
(2.56% and 1.35%) or overall survival (92.5% and 91.7%) 
rates. Additionally, there has been two reported trial de-
signed to investigate breast cancer-related outcomes, the 
retrospective cohort study (n = 240) by McDonald et al[34] 
and the prospective cohort study (n = 332) by Morganti 
et al[35]. Findings did not show a statistically significant 
differences between IMRT and non-IMRT techniques 
for breast cancer related outcomes like survival, disease-
specific survival and freedom from contralateral breast 
cancer recurrence. 

Conventional RT causes acute skin toxicity, specifi-
cally moist desquamation in 30%-50% of  patients[36,37]. 
An inhomogeneous dose distribution and consequential 
hot spots of  whole breast irradiation increases the rate 
of  acute and late skin toxicity including erythema, edema, 
desquamation, pain, telengiectasia and fibrosis, and ef-
fects negatively cosmetic results and patient’s QOL[32,38,39]. 
Large breast size and dose inhomogeneities > 10% as-
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Figure 2 Treatment fields and dose distribution of inverse-planned intensity modulated radiotherapy: Axial section (A), dose-volume histogram (B), coro-
nal section (C) and sagittal section (D). 
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Grade 2 toxicity for dermatitis (41% vs 85%, P < 0.001), 
breast edema (1% vs 28%, P < 0.001), and hyperpigmen-
tation (5% vs 50%, P < 0.001), compared with patients 
treated with conventional wedge-based plans (2D RT)[42]. 
In patients with larger breasts (≥ 1600 cm3, n = 64), use 
of  IMRT was associated with a statistically significant 
decrease in ≥ Grade 2 acute breast edema (0% vs 36%, 
P < 0.001), and hyperpigmentation (3% vs 41%, P = 
0.001), and chronic long-term edema (3% vs 30%, P = 
0.007) compared with conventional wedge-based plans. 
McDonald et al[34] reported cohort analysis on long-term 
outcomes of  IMRT (n = 121) with conventional RT (3D 
RT) (n = 124)[34]. Median dose to the whole breast was 
50 Gy, and median total dose to the tumor cavity was 60 
Gy for both IMRT and conventional RT patient groups. 
IMRT resulted in reduced Grade 2 or 3 dermatitis com-
pared with conventional RT (39% vs 52%, P = 0.047) at 
median 6.3 years of  follow-up. Pignol et al[30] reported 
the first multicenter randomized trial demonstrating a 
successful reduction an acute radiation skin toxicity us-
ing IMRT[30]. Three hundred and fifty-eight patients 

sociated with a poorer clinical outcomes[40-42]. IMRT sig-
nificantly improved dose homogeneity with a median of  
0.1% of  the treatment volume receiving ≥ 110% of  the 
prescribed dose vs 10% with conventional wedge-based 
breast RT[10,11]. Therefore, IMRT has been established as 
an effective treatment for adjuvant RT after BCS with 
a decrease in moderate or severe skin reaction of  up to 
44% and better cosmetic results as compared with the 
standard wedged tangential field techniques[30-32,34,42,43].

There are eight studies reported on acute radia-
tion toxicity of  IMRT[30,34,35,42-44]. Vicini et al[10] reported 
a prospective trial of  breast IMRT and demonstrated a 
reduction in acute skin reactions. Similarly, Freedman et 
al[43] reported the results of  a matched-pair analysis of  
131 patients treated using either breast IMRT (n = 73) or 
standard wedge-based RT (N = 58). This study found a 
significant reduction in the rate of  acute desquamation 
using IMRT compared with the wedge-based treatment. 
Harsolia et al[42] reported toxicity results of  172 patients at 
a median follow-up of  4.7 years, and demonstrated that 
the use of  IMRT resulted in significantly less acute ≥ 
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Table 1  Randomized phase III trials of intensity modulated radiation therapy for breast cancer

Ref.           N FU (mo)                     End-points   IMRT Non IMRT P value Outcomes 
reported

IMRT 2D RT

Donovan et al[32], 2007 150 156 N/A Distribution of any change in breast 
appearance between the presence or 
absence of doses > 105%

OR, 2.6; 
95%CI: 1.1-6

   0.03 DC, LAE, QOL

Photographic assessment of any change 
in breast appearance at 1, 2 and 5 yr

OR, 1.7; 
95%CI; 1.2-2.5

   0.008

P h y s i c i a n  a s s e s s m e n t  o f  b r e a s t 
induration at 5-yr, %
Centre of the breast 21 32    0.02
Pectoral fold 22 29    0.006
İnframammary fold 17 24    0.009
Boost site 37 61 < 0.001

Pignol et al[30], 2008 170 161 N/A Acute skin toxicity (Gr 3-4), % 27.1 36.7    0.06 DC, AAE, QOL
Moist desquamation (all breast), % 31.2 47.8    0.002
Moist desquamation
(inframammary crease), %

26.5 43.5    0.001

Pain (Gr 2-4), %
Barnett et al[31], 2012 411 404 241 Photographic assessment of breast

shrinkage at 2 yr
OR, 1.51; 95%CI: 0.83-1.58    0.41 AAE, LAE, QOL

Acute toxicity (Gr ≥ 2) OR, 1.00; 95%CI: 0.76-1.34    0.97
Telangiectasia OR, 1.68; 95%CI: 1.13-2.50    0.009
Moderate or poor overall cosmesis 
(good baseline surgical cosmesis)

OR, 0.63; 95%CI: 0.39-1.03    0.061

Patient reported
Breast pain, % 46.7 37.3    0.98
Oversensitivity, % 47.1 35    0.43

Mukesh et al[33], 2013 228 237 601 Photographic assessment of breast
shrinkage at 5 yr

OR, 0.79; 95%CI: 0.55-1.14    0.21 LAE, TRO

Teleangiectasia OR, 0.58; 95%CI: 0.36-0.92    0.021
Overall cosmesis OR, 0.68; 95%CI: 0.48-0.96    0.027
Breast edema OR, 0.74; 95%CI: 0.48-1.15    0.18
Tumor bed induration OR, 0.76; 95%CI: 0.54-1.06    0.11
Pigmentation OR, 0.80; 95%CI: 0.46-1.38    0.42
5-yr overall survival, % 91.7 92.5    0.88
5-yr locoregional recurrence, %   1.35   2.56    0.36

1Minimum average follow-up. IMRT: Intensity modulated radiotherapy; 2D RT: Two dimensional radiotherapy; N: Number of patients; FU: Follow-up; DC: 
Dosimetry characteristics;  AAE: Acute adverse effects; LAE: Late adverse effects; TRO: Treatment related outcomes; QOL: Quality of life; Gr: Grade; N/A: 
Not available; NS: Not significant. 
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were randomized to forward-planned IMRT or standard 
conventional wedge technique after complete excision of  
an early-stage breast cancer. IMRT significantly reduced 
the occurrence of  moist desquamation anywhere in the 
breast and in the inframammary fold, with an absolute 
reduction of  16.6% (P = 0.002) and 17% (P = 0.001), 
respectively. Smaller breast size (P < 0.001) and use of  
IMRT (P = 0.003) strongly associated with a decreased 
risk of  moist desquamation. Despite no statistically sig-
nificant difference in the QOL or pain between the two 
treatment arms, there was a highly significant correlation 
between the development of  moist desquamation and 
grade 2 to 3 pain score (P < 0.0001), a decrease in the 
global health status scale (P = 0.0019), and an increase in 
the breast symptoms scale (P = 0.0028). The retrospec-
tive cohort study reported by Morganti et al[35] found 
that all skin-related acute toxicity reduced when standard 
3D wedges were compared to simplified step and shoot 
IMRT technique (P < 0.05), despite with a lower total 
dose in the IMRT group[35]. Only the retrospective cohort 
study by Freedman et al[44] reported on the proportion of  
treatment time with acute dermatitis, finding a significant 
benefit for IMRT compared with conventional wedged-
based plans (18% vs 71%, P < 0.0001)[44]. In that trial, 405 
patients treated with conventional RT and 399 patients 
treated with IMRT. A subgroup analysis demonstrated 
that the time spent with radiation induced Grade 2-3 
dermatitis was decreased in IMRT for all patients regard-
less of  breast size (all P < 0.05). Barnett et al[31] reported 
the randomized trial demonstrating no significant differ-
ences were found in the incidence of  any acute toxicity 
and development of  any photographically assessed breast 
shrinkage between the IMRT or standard RT groups 
[odds ratio (OR), 1.51; 95% confidence interval (CI): 
0.83-1.58; P = 0.41][31].

The decrease in acute toxicity achieved with IMRT 
translates into a decrease in late toxicity. There are two 
randomized trials showing a beneficial effect of  forward-
planned IMRT on late toxicity[31-33]. The first prospec-
tive randomized clinical trial testing the role of  forward-
planned IMRT in terms of  5 year outcome for adverse 
effects was reported by Donovan et al[32]. They random-
ized 306 patients after BCS to standard 2D wedge-based 
RT or to IMRT (either IMRT with “step-and-shoot” 
fields or a physical 3D compensator). All were treated 
with a dose of  50 Gy in 25 fractions followed by a 10-Gy 
boost with electrons. Forward-planned IMRT significant-
ly decreased dose inhomogeneity (≥ 105% of  the pre-
scribed dose) comparing standard 2D wedge-based plans 
(19% vs 92%). Results of  treatment were evaluated using 
photographic assessment performed before RT and at 1, 
2, and 5 years follow-up. The standard arm patients were 
1.7 times more likely to have a change in breast appear-
ance than the IMRT arm patients after adjustment for the 
year of  photographic assessment (95%CI: 1.2-2.5, P = 
0.008). However, there were no significant differences in 
outcome between randomized groups in any of  the self-
assessed parameters, including breast pain, discomfort, 

hardness, body image, or QOL as measured by EORTC 
QLQ C30 and BR23 modules. The highest levels of  dose 
inhomogeneity in the 2D RT were seen in the upper and 
lower third of  the breast. This suggested that dose inho-
mogeneity in the breast increases late adverse events. The 
second one designed to investigate the effect of  forward-
planned IMRT on the incidence of  late radiation toxic-
ity reported by Barnett et al[31] from Cambridge. In their 
study, 815 patients with early stage breast cancer were 
randomized to either standard wedged-based tangential 
fields or forward-planned IMRT. Patients were random-
ized if  ≥ 2 cm3 receiving > 107% of  prescribed dose. In 
this study, breast dosimetry was significantly improved 
with the forward-planned IMRT. All patients were treated 
to a dose of  40 Gy in 15 fractions. The patients in the 
standard RT group were more likely to develop telangi-
ectasia than those in the IMRT group at early follow-up 
of  only 2 years after RT completion (OR, 1.68; 95%CI: 
1.13-2.40; P = 0.009). In patients who had good baseline 
surgical cosmesis, those randomized to IMRT were less 
likely to deteriorate to a moderate or poor overall cos-
mesis than those in the standard RT group (OR, 0.63; 
95% CI: 0.39-1.03, P = 0.061). Recently, Mukesh et al[33] 
reported 5-year results of  this study[33]. On univariate 
analysis, patients receiving IMRT had superior overall 
cosmesis (OR, 0.68; 95%CI: 0.48 to 0.96; P = 0.027) and 
reduced skin telangiectasia (OR, 0.58; 95%CI: 0.36 to 0.92; 
P = 0.021) as compared with patients receiving standard 
RT arm. However, no significant difference was observed 
in the development of  photographically assessed breast 
shrinkage or clinically assessed breast edema, tumor bed 
induration, or pigmentation. On multivariate analysis, 
use of  IMRT was significantly associated with improved 
overall cosmesis (OR, 0.65; 95%CI: 0.44 to 0.98; P = 
0.038) and decreased risk of  skin telangiectasia (OR, 0.57; 
95%CI; 0.34 to 0.95; P = 0.031). Large breast volume, 
poorer baseline surgical cosmesis, and tumor bed boost 
were also associated with suboptimal overall cosmesis 
on multivariate analysis. Patients with moderate to poor 
baseline surgical cosmesis more frequently developed 
suboptimal final cosmesis, tumor bed induration, and 
photographically assessed breast shrinkage at 5 years in 
the study. 

Late toxicity results have been reported in only 
two retrospective cohort studies and one prospective 
study[34,42,45]. The study by Harsolia et al[42] (n = 172) 
showed a significant difference between IMRT and con-
ventional wedged-based plans in favor of  IMRT for ≥ 
Grade 2 breast edema (1% vs 25%, P < 0.001), with no 
differences in hyperpigmentation, fat necrosis, indura-
tion/fibrosis or overall cosmetic score[42]. The study by 
McDonald et al[34] (n = 240) found a trend towards a 
reduction in lymphedema rates (0% vs 4%, P = 0.06), 
with no differences in the reported occurrence of  radia-
tion pneumonitis, fat necrosis or second malignancies[34]. 
Freedman et al[45] reported the 5-year results of  a phase Ⅱ 
study of  IMRT. Seventy-five patients were treated with 
simultaneous integrated boost (SIB)-IMRT; the whole 
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breast received 2.25 Gy per fraction for a total of  45 Gy 
and the tumor bed received 2.8 Gy per fraction for a 
total of  56 Gy in 20 treatments over four weeks. After a 
median follow-up of  69 mo, the 5-year rate of  local re-
currence was 2.7%. There were no significant differences 
over time in patient-reported cosmesis, pain and arm 
function and physician-reported cosmesis through the 
5-year period of  the study.

ACCELERATED PARTIAL BREAST 
IRRADIATION
Multiple prospective randomized trials have demonstrat-
ed that BCS followed by whole breast RT (WBRT) as a 
standard treatment approach in early stage breast can-
cer[46-51]. A large meta-analysis showed that a reduction in 
ipsilateral breast tumor recurrence (IBTR) translated into 
a survival benefit of  5.4% after 15 years in early stage 
breast cancer patients treated with BCS[1]. This treatment 
allows preservation of  the breast with equivalent survival 
to mastectomy. In WBRT, entire breast is treated with a 
standard fractionation, which consists of  45-50 Gy, daily 
Monday to Friday over a 5- to 6-wk period. Despite being 
well tolerated and good cosmetic results, some patients 
does not receive WBRT due to long treatment duration, 
limited geographical access, and cost of  the treatment[52]. 
To address some of  these issues accelerated partial breast 
irradiation (APBI) has gained popularity in selected pa-
tients. However, more data are needed about the use of  
different methods of  APBI defining the optimal patient 
selection criteria, technique, dose and fractionation, side 
effects, and long-term outcomes.

APBI is a reasonable alternative to WBRT in patients 
with BCS who have more favorable tumor characteristics. 
Published studies indicated that 70%-90% of  IBTRs 
after breast conservation therapy occurred at or in close 
proximity to the lumpectomy cavity[49,50,53]. Multiple phase 
Ⅱ and several phase Ⅲ trials confirmed that APBI may 
offer equivalent local control to WBRT with shorten-
ing conventional treatment duration from 5 to 6 wk to 
a single fraction or few days (1-3 wk). In APBI, only the 
lumpectomy cavity treated with a limited margin for po-
tential microscopic spread. Potential advantages of  APBI 
include shorter treatment interval, improved cosmesis 
due to the decreased volume of  breast tissue treated, 
decreased heart and lung volume, and reduced cost 
compared with standard fractionation[54]. Additionally, 
decreased volume allows acceleration and hypofraction-
ation which might be has some theoretical radiobiological 
advantages. 

A consensus group by American Society for Radiation 
Oncology (ASTRO) and the European GEC-ESTRO 
Cancer Working Group developed guidelines for patient 
selection to APBI on the basis of  a variety of  clinical and 
pathologic factors (Table 2)[55,56]. These guidelines catego-
rized patients into three groups: Low-risk or suitable, in-
termediate-risk or cautionary group, and high risk or un-

suitable group. ASTRO defined suitable group which was 
include patients age ≥ 60 years, without BRCA mutation, 
T1 (≤ 2), > 2 mm surgical margins, no lymphovascular 
space invasion, ER positive, unicentric, invasive ductal 
or other favorable histology, no extensive intraductal 
component, and lymph node negative optimally as part 
of  a clinical trial. Application of  APBI to intermediate 
or cautionary group is considered acceptable only in the 
context of  prospective clinical trials[57]. It is compatible 
with GEC-ESTRO recommendations except that tumor 
size (T1-2; ≤ 3 cm) and age (≥ 50 years).

Modalities for APBI include brachytherapy; interstitial 
brachytherapy (multi-catheter interstitial implant), intra-
cavitary brachytherapy [one balloon catheter (MammoSite
®), multiple balloon catheter (Contura®), hybrid BRT 
(SAVI®)], intraoperative RT (IORT); intraoperative elec-
trons (Liac®, Mobetron®, or Novac-7®;3-10 MeV) or low 
energy X-rays (Intrabeam®; 50 kV), external beam RT; 
3DCRT and IMRT.

Multicatheter interstitial brachytherapy
The most mature follow-up and experience of  all APBI 
technique is multicatheter interstitial brachytherapy (MIB) 
which is commonly used as a boost treatment[55-58]. It is 
an invasive approach that multiple interstitial catheters (up 
to 20) are placed surrounding the tumor bed at the time 
of  surgery or postoperatively under ultrasound guidance. 
The number of  the catheters may vary according to the 
size and the shape of  the target volume. After catheter 
placement, tumor bed plus a 1-2 cm margin is treated 
with LDR, HDR or PDR devices. Radioactive sources 
are inserted temporarily into the catheter during treat-
ment and then removed. Most commonly used regimen 
is 34 Gy in 10 fractions (twice daily) over 5 d. This mo-
dality only performed at a few institutions because of  the 
specialized training required, costly equipment, and more 
complex technical support needed for the procedure. It 
is well tolerated but dose heterogeneity within the target 
volume can potentially lead to fat necrosis and subcuta-
neous toxicity[59]. Acute complications include pain and 
infection. Often oral antibiotic treatment is required and 
rarely requires removal of  the catheters.

Intracavitary brachytherapy: Intracavitary brachythera-
py is the most common form of  brachytherapy for APBI 
because of  the less invasive, simple, and requires less 
experience. It can be applied with a single-lumen (Mam-
moSite®) or multilumen (Contura®) balloon catheter, and 
elliptically shaped cluster of  catheters such as SAVI®[60]. 
It can be inserted into the lumpectomy cavity either at 
the time of  surgery or postoperatively using ultrasound 
guidance[61]. The balloon is then filled with saline, and 
an HDR radioactive source (commonly 192Ir) is inserted. 
After the balloon is inflated, it should be symmetric and 
conform to the cavity. Dose is usually prescribed to 1 
cm from the balloon surface. The minimum distance be-
tween the balloon and the skin/chest wall should be ≥ 5 
mm, with a shorter distance leading to a poorer cosmesis. 
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Therefore, this technique may not be suitable for small 
breast size. The most commonly used regimen is 3.4 Gy 
per fraction, given twice daily, total of  34 Gy over 5 con-
secutive days[58]. Potential advantage of  this technique is 
that final pathology is known. Multi-lumen balloon cath-
eters are more suitable for irregularly shaped lumpectomy 
cavities[62]. The morbidity rates were significantly higher 
in patients treated with intracavitary brachytherapy with 
reported infection rates of  9.5% and seroma formation 
of  26.8% than IORT which were 1.3% and 12.9%, re-
spectively[63,64]. Fat necrosis was observed less compared 
to interstitial brachytherapy[65,66].

External beam radiotherapy: The newest of  the three 
major techniques with the most amounts of  ongoing ran-
domized studies is APBI with 3DCRT or IMRT. Potential 
advantages include noninvasiveness, knowledge of  final pa-
thology, a more homogenous dose distribution, widespread 
availability, less user experience, less seroma formation and 
infection. Additionally irregular cavities can be treated with-
out concern for distance from the skin[55,67]. The most com-
mon regimen is 38.5 Gy in 10 fractions given twice daily 
over 5 d. Shortcomings are the delivering more radiation to 
uninvolved quadrants of  the breast and critical organs com-
pared to other forms of  APBI, short follow-up, uncertainty 
regarding the optimal dose and fractionation, and patient 
set-up requirement before each fraction. 

Intra-operative radiotherapy: The least prevalent 

technique is IORT using electrons (Liac®, Mobetron®, or 
Novac-7®; 3-10 MeV) or low energy X-rays (Intrabeam®; 50 
kV). This technique is most commonly used in Europe 
and firstly used as a boost treatment. Most commonly 
applied after quadrantectomy and sentinel lymph node 
biopsy. A single fraction treatment can be delivered with 
either electrons (21 Gy in one fraction) or low energy 
photons (20 Gy in one fraction) immediately after sur-
gery in the operating room[68]. Direct visualization of  
the operative bed before treatment delivery reduces the 
likelihood of  missing the target. This modality allows 
shielding of  the skin. The potential disadvantages include 
increased operating times, the lack of  final pathological 
result before delivering the RT, technical expertise and 
limited availability of  this technique. Long-term radiobio-
logical and cosmetic effects of  such a single high fraction 
dose to the breast are largely unknown; however, an ac-
ceptable toxicity is achieved based on a randomized trial 
and a large, nonrandomized cohort studies[63,69]. The risk 
of  toxicity was low: 1.3% infections, 12.9% seroma for-
mation, and 4.2% fat necrosis[63].

Accelerated partial breast irradiation trials: Mul-
tiple modern phase Ⅱ studies regarding APBI have 
reported promising local control and excellent cosmetic 
results[57,70-77]. These studies showed 3%-6% of  patients 
with 5-year local recurrence rates and 56%-99% of  pa-
tients with good or excellent cosmesis. However, many 
Phase Ⅲ studies have not been completed and primary 
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Table 2  American Society for Radiation Oncology and GEC-ESTRO recommendations on patient selection criteria for Accelerated 
Partial Breast Irradiation

ASTRO GEC-ESTRO ASTRO GEC-ESTRO ASTRO GEC-ESTRO

Factor Suitable Low-risk Cautionary Intermediate-risk Unsuitable High-risk

Patient factors
  Age (yr) ≥ 60 > 50 50-59 40-50 < 50 < 40 
  BRCA1/2 mutation Not present Not defined Not present Not defined Present Not defined
Pathologic factors
  Tumor size (cm) ≤ 2 ≤ 3 2.1-3.0 ≤ 3 > 3 > 3 
  T stage T1 T1-2 T0 or T2 T1-2 T3-4 T2 (> 3 cm), T3-4
  Histology IDC or other 

favorable 
subtypes

IDC, mucinous, tubular, 
medullary and colloid 
carcinoma

ILC allowed ILC allowed Any Any

  Grade Any Any Any Any Any Any
  Pure DCIS Not allowed Not allowed ≤ 3 cm Allowed > 3 cm Any
  EIC Not allowed Not allowed ≤ 3 cm Not allowed > 3 cm Allowed
  Associated LCIS Allowed Allowed Allowed Allowed Allowed Allowed
  Multicentricity Unicentric Unicentric Unicentric Unicentric Multicentric Multicentric
  Multifocality Clinically 

unifocal ≤ 2 cm
Unifocal Clinically 

unifocal 2.1-3 cm
Multifocal (limited within 
2 cm of the index lesion)

Clinically 
multifocal, > 3 cm

Multifocal (> 2 cm 
from the index lesion)

  LVSI No Not allowed Limited/focal Not allowed Extensive Allowed
  ER status Positive Any Negative Any Any Any
  Surgical margins ≥ 2 mm ≥ 2 mm < 2 mm < 2 mm Positive Positive
Nodal factors
  N stage pN0 (i-, i+) pN0 pN0 (i-, i+) pN1mi, pN1a ≥ pN1 pNx, ≥ pN2a
  Nodal surgery SN biopsy or 

ALND
None performed

Neoadjuvant therapy Not allowed Not allowed Not allowed Not allowed If used If used

DCIS: Ductal carcinoma in situ; EIC: Extensive intraductal component; LCIS: Lobular carcinoma in situ; ASTRO: American Society for Radiation Oncology.
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outcome data of  the largest randomized trial of  WBRT vs 
APBI with the longest follow-up (NSABP B-39/RTOG 
0413) is not yet reported. Regarding the efficacy of  APBI 
in a higher risk population of  patients, this trial including 
patients with > 18 years of  age, DCIS, 1-3 positive lymph 
nodes, and ER negative tumors will provide valuable data 
on literature. This trial also allows comparison of  the ef-
ficacies and toxicities of  three most common techniques 
of  APBI: MammoSite®, MIB and 3DCRT.

So far, only 5 randomized controlled trials have pre-
sented the final results of  a completed trial[69,78-81] (Table 3). 
The first two published studies from the United Kingdom 
have important limitations including patient selection 
criteria and variety of  techniques[78,79]. At 8-year follow-
up, local recurrence was increased using APBI. However, 
surgical margins and axillary nodal status were not evalu-
ated and larger tumors (< 4 cm) were included in the 
Christie Hospital study[78]. Similarly, in the Yorkshire Hos-
pital trial, surgical margin status was not assessed[79]. After 
the publication of  these trials, there has been growing 
interest and published studies on APBI using more strict 
patient selection criteria and modern radiation technique. 
The first of  these studies was Hungarian trial compared 
WBRT with APBI using either HDR MIB or electrons in 
258 patients with early stage breast cancer[80]. At a median 
follow-up of  66 mo, the 5-year local recurrence rate was 
4.7% for APBI and 3.4% for WBRT arm (P = 0.50). Ex-
cellent to good cosmesis was noted in 77.6% and 62.9%, 
respectively (P = 0.009). There were no significant dif-
ferences in disease-free or overall survival. Since another 
study opened with the same patients group covering 
GEC-ESTRO trial, this study was stopped early. The sec-
ond completed randomized trial, the TARGIT-A trial (n 
= 2232), compared WBRT with single dose IORT with 
or without boost after BCS[69]. With a median follow-
up of  2 years, the estimated 4-year local recurrence rate 
was 1.2% for IORT group and 0.95% for WBRT group 
(P = 0.41). The incidence of  major toxicities were 3.9% 
and 3.3%, respectively (P = 0.44). Fourteen percent of  
patients received WBRT in addition to IORT according 
to the final pathology report. Five-year results of  this trial 
recently published[81]. Supplemental WBRT after IORT 
was applied in 15.2% of  patients who received IORT in 

the prepathology stratum. The 5-year risk for local recur-
rence in the conserved breast was 3.3% for IORT vs 1.3% 
for WBRT (P = 0.042). Overall, breast cancer mortal-
ity was similar between two groups (2.6% vs 1.9%, P = 
0.56) but there were significantly fewer non-breast cancer 
deaths with IORT (1.4% vs 3.5%, P = 0.0086). Grade 3-4 
skin complications were significantly reduced with IORT 
(P = 0.029). The last randomized trial was reported by 
Veronesi et al[82] in 2013. They randomized 1305 patients 
after BCS to WBRT or IORT with electrons (21 Gy). 
After a median follow-up of  5.8 years, 35 patients in the 
IORT group and four patients in the WBRT group had 
had an IBTR (P < 0.0001). Five-year overall survival did 
not differ between the groups (96.8% in the IORT vs 
96.9% in the WBRT, P = 0.59). Skin complications were 
significantly reduced with IORT (P = 0.0002). However, 
longer follow-up is required before routinely adopting 
these modern radiation techniques into clinical practice.

With regard to cosmesis, the analysis of  all major 
studies shows conflicting data about the outcomes with 
APBI. Vicini et al[83] reported the long-term experience 
of  APBI with Mammosite A total of  1440 patients were 
treated. With a median follow-up of  4.5 years, 5-year lo-
cal recurrence rate was 3.8% and 91% of  patients had a 
good or excellent cosmetic result. The prospective study 
by Jagsi et al[84] reported an early closure of  an APBI 
study with IMRT. They showed unacceptable cosmesis 
in 7 of  34 patients with a median follow-up of  2.5 years. 
Toxicity of  3DCRT APBI was reported by Hepel et al[85] 
in accordance with the technique and dose-volume con-
straints of  the NSABP/RTOG 0413 protocol. At 15 
mo, grade 2-4 late toxicity was observed in 10% of  pa-
tients. The preliminary results of  the RAPID study was 
presented at American Society for Radiation Oncology 
(ASTRO) 2012 and showed that the toxicity with 3DCRT 
APBI (32%) was more severe than WBRT (19%) at 3 
years[86]. In another prospective study (n = 50), 54% of  
incidence of  moderate to severe fibrosis and 35% of  fat 
necrosis was seen with long-term follow-up after the use 
of  interstitial brachytherapy[65]. The total dose was signifi-
cantly correlated with the poor cosmetic results. Livi et 
al[87] detected significant improvements in acute grade 1-2 
skin toxicity, favoring APBI with IMRT over convention-
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Table 3  Prospective randomized phase Ⅲ trials of Accelerated Partial Breast Irradiation

Institution/trial Number of patients Inclusion criteria Control arm Experimental arm

National Institute of Oncology, 
Budapest, Hungary[80]

258 Wide local excision, > 40 yr, Tm ≤ 20 mm,
Invasive ductal carcinoma (non-lobular),
Node negative, Margin negative

WBRT (50 Gy 
in 25 fx)

(1) MIB (36.4 Gy in 7 fx) 
(2)Electrons (50 Gy in 25 fx)

European Institute of Oncology 
ELIOT[63,82]

1305 Quadrantectomy, ≥ 48 yr, Tm ≤ 2.5 cm,
Invasive carcinoma,
Node negative

WBRT (50 Gy 
in 25 fx) ± 10 
Gy boost

IORT (21 Gy in 1 fx, 
electrons up to 9 MeV)

TARGIT-A[69,81] 3451 Lumpectomy, ≥ 45 yr,
Invasive ductal carcinoma (non-lobular), Node 
negative

WBRT 40–56 
Gy ± 10–16 Gy 
boost

IORT (20 Gy in 1 fx,
 low-energy X-rays)

Tm: Tumor; WBRT: Whole breast radiotherapy; fx: Fraction; MIB: Multicatheter interstitial brachytherapy; IORT: Intraoperative radiotherapy; DCIS: Ductal 
carcinoma in situ; 3DCRT: Three dimensional conformal radiotherapy; Gy: Gray.
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ally fractionated WBRT. The preliminary results of  the 
NSABP B-39/RTOG 0413 trial also have been reported 
equivalence of  cosmesis to WBRT[88].

Veronesi et al[63] reported on 1822 patients treated 
with IORT (electron, 21 Gy) after quadrantectomy. With 
a mean follow-up of  36.1 mo, the local recurrence rate 
and the recurrence rate outside the treatment area were 
2.3% and 1.4%, respectively. Recently, ELIOT study was 
evaluated regarding GEC-ESTRO recommendations and 
local recurrence rates were reported[89]. They found that 
5-year local recurrence was 1.9% for good candidates, 
7.4% for possible candidates, and 7.7% for contraindica-
tion groups. It is clearly shows for this technique that ac-
curate patient selection is so important. In order to reach 
a conclusion that APBI is an acceptable alternative to 
WBRT, further studies with longer follow-up are needed. 
Until this date; when treating patients with APBI, con-
sensus guidelines should be considered.

HYPOFRACTIONATED WHOLE BREAST 
RADIOTHERAPY
Hypofractionated RT involves fewer treatments, delivers 
a higher dose per treatment, and shorter overall treatment 
time (approximately 5 wk) compared to conventional RT. 
The role of  hypofractionated WBRT after BCS has been 
clearly defined by four prospective randomized trials (Ta-
ble 4)[90-95]. The Royal Marsden Hospital and Sutton and 
Gloucestershire Oncology Centre trial randomizing pa-
tients in the same 5-wk length of  treatment between con-
ventional RT (50 Gy in 25 fractions) and hypofraction-
ated WBRT (39 Gy or 42.9 Gy in 13 fractions)[90,91]. There 
was a significant reduction in the rate of  local recurrence 
using hypofractionated WBRT (12.1% for 50 Gy, 14.8% 
for 39 Gy, and 9.6% for 42.9 Gy; P = 0.027). However, 

there was a statistically significant change in breast ap-
pearance with the largest daily fraction size to 42.9 Gy 
compared with 39 Gy and 50 Gy. START trials (A and 
B) reported the experience of  WBRT and hypofraction-
ation[92,93]. Trial A compared 50 Gy in 25 fractions, 41.6 
Gy in 13 fractions, or 39 Gy in 13 fractions within same 5 
wk length of  treatment[92]. Trial B compared 50 Gy in 25 
fractions over 5 wk vs 40 Gy in 15 fractions over 3 wk[93]. 
The 5-year local control, disease free survival, and overall 
survival with the hypofractionation arms similar to con-
ventional RT arm. Ten-year results of  these studies have 
been published recently and similar breast cancer related 
outcomes have been reported[94]. In trial A, moderate or 
marked breast induration, telangiectasia, and breast ede-
ma were significantly less common in the 39 Gy group 
than in the 50 Gy group. Normal tissue effects did not 
differ significantly between 41.6 Gy and 50 Gy groups. In 
trial B, breast shrinkage, telangiectasia, and breast edema 
were significantly less common in the 40 Gy group than 
in the 50 Gy group. Whelan et al[95] randomized 1234 pa-
tients to either 42.5 Gy in 16 fractions over 22 d vs 50 Gy 
in 25 fractions over 35 d. At 10 years, a non-significant 
trend was seen for a lower local recurrence in the hypo-
fractionated arm than in the conventional RT arm (6.2% 
and 6.7%, respectively). There were no differences in the 
survival, breast cancer mortality, and cosmetic outcomes. 
Additionally, ongoing UK FAST trial comparing 50 Gy in 
25 fractions vs 28.5 or 30 Gy in 5 once-weekly fractions 
of  5.7 or 6 Gy, respectively[96]. Preliminary results of  this 
study showed inferior outcome for the ultra short frac-
tionation regimen.

In a meta-analysis of  the START A and B trials and 
pilot study from the Ontario Clinical Oncology Group 
found no significant difference between the hypofraction-
ated WBRT and conventional RT for grade 3 tumors[97]. 
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Table 4  Prospective randomized phase III trials of whole breast radiotherapy vs conventional fractionation radiotherapy

Institution/trial   N Median 
F/U

Eligibility criteria Treatment arms Primary endpoint Secondary endpoint

Royal Marsden Hospital/
Sutton and Gloucestershire 
Oncology Centre[90,91] 

1410 5 yr1 Invasive breast cancer, T1-3N0-1M0, 
< 75 yr, BCS (complete macroscopic 
resection),Level Ⅱ/Ⅲ AD

50 Gy in 25 fx
39 Gy in 13 fx
42.9 Gy in 13 fx

Late changes in 
breast appearance

Palpable breast induration
Ipsilateral tumor recurrence

UK START A[92,94] 2236 9.3 yr Invasive breast cancer, T1-3aN0-1M0, 
> 18 yr, Clear tm margins (≥ 1 mm), 
No immediate surgical reconstruction, 
Available for follow-up

50 Gy in 25 fx
41.6 Gy in 13 fx 
39 Gy in 13 fx

Loco-regional 
tumor recurrence

Late normal tissue effects
QOL 

UK START B[93,94] 2215 9.9 yr Invasive breast cancer, T1-3aN0-1M0,> 
18 yr, Clear tm margins (≥ 1 mm),
No immediate surgical reconstruction, 
Available for follow-up

50 Gy in 25 fx
40 Gy in 15 fx

Loco-regional 
tumor recurrence  

Late normal tissue effects
QOL 

Ontario Clinical Oncology 
Group[95]

1234 12 yr Invasive breast cancer, BCS + Level Ⅰ
/Ⅱ AD,Tm ≤ 5 cm, Negative axillary 
nodes, Maximum width of breast tissue 
≤ 25 cm, No multicentric disease

50 Gy in 25 fx
42.5 Gy in 16 fx

Local recurrence Regional and distant 
recurrence
Second cancers
Breast cosmesis 
Late toxic effects of 
radiation

1Minimum follow-up. N: Number of patients; F/U: Follow-up; WBRT: Whole breast radiotherapy; RT: Radiotherapy; BCS: Breast conserving surgery; AD: 
Axillary dissection; fx: Fraction; Gy: Gray; UK START; United Kingdom Standardization of Breast Radiotherapy; QOL: Quality of life.
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Cochrane review comparing the major trials of  hypofrac-
tionated WBRT with conventional RT have shown that 
there is no difference in local recurrence rate (RR, 0.97; P 
= 0.78), breast appearance (RR, 1.17; P = 0.09), or 5-year 
survival (RR, 0.89; P = 0.16)[98]. However, acute skin tox-
icity was significantly lower with conventional RT (RR, 
0.21; P = 0.007).

Despite the successful outcomes of  hypofractionated 
WBRT, there are many unanswered questions regard-
ing this issue. Firstly, all of  these randomized studies did 
not have routine boost irradiation which was standard 
after WBRT for invasive breast cancer. Therefore, the 
optimal boost method after hypofractionated WBRT is 
still unknown. However, three phase Ⅰ-Ⅱ studies have 
reported favorable early local control and cosmesis of  hy-
pofractionated WBRT with a concurrent boost for early-
stage breast cancer[99-101]. Grade 3 or higher skin toxicity 
was not reported in these trials. Secondly, patients who 
underwent hypofractionated WBRT are often low risk 
patients, and have small breast size and small chest wall 
separation. Especially, application of  this technique to 
high risk patients whom required chemotherapy remains 
investigational until mature data from IMPORT and 
RTOG 1005 can provide efficacy and safety of  hypofrac-
tionated WBRT in this group. Finally, Coles et al[102] sug-
gested that hypofractionated WBRT should be applied to 
only right-sided breast cancer to reduce the RT doses per 
fraction received by the heart and coronary arteries.

Nowadays, the ASTRO has published guidelines for 
the implementation of  hypofractionated WBRT in early-
stage breast cancer[103]. Hypofractionated WBRT can be 
an acceptable treatment option outside of  a clinical trial 
including patients with pT1-2 tumors, N0 nodal disease, 
age > 50 years old, patients who do not receive che-
motherapy, and patients who do not require tumor bed 
boost.  

CONCLUSION
Currently, phase Ⅲ randomized trials demonstrated su-
periority of  IMRT over conventional techniques in terms 
of  both acute and late complications after breast con-
serving surgeries. Dosimetric trials showed that IMRT 
also improves breast and regional lymphatic coverage 
while decreasing radiation doses to heart, lungs, and con-
tralateral breast tissues compared to old-fashioned radio-
therapy techniques. 

Hypofractionated regimens such as APBI may im-
prove therapeutic index after breast conserving surgery. 
Furthermore, the duration of  therapy will be shorter, and 
the workload in radiotherapy department will be mini-
mized by those hypofractionated regimens. However, 
current standard of  care after breast conserving surgery 
is still whole breast irradiation, not APBI. The role of  hy-
pofractionated regimens will be defined by mature results 
of  both completed and ongoing randomized trials in the 
next decade.

Finally, it is noteworthy that quality assurance is cru-

cial for the application of  those challenging radiotherapy 
techniques. Even minor errors may result in catastrophic 
outcomes. Therefore, planning and implementing of  
modern radiotherapy techniques in breast cancer should 
be carried out with maximal care.
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