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Controversies of radiotherapy in human epidermal growth factor receptor  
(HER)-2 positive breast cancer patients

Iveta Kolarovaa,b, Bohuslav Melichara,c,d, Jaroslav Vanasekb,e, Ales Ryskaf, Katerina Horackovab, Jiri Peteraa,d, Milan Vosmika,d,  
Igor Siraka,d, Martin Dolezelc,g

Tumor biology plays a crucial role in the systemic treatment, specifically in HER2-positive tumors. Distinct biological 
behavior of breast cancer subtypes is associated with different rates of locoregional recurrence (LRR). HER2- positive 
breast cancer patients treated with surgery in combination with radiation, without trastuzumab have poor outcome, 
including high LRR. The efficacy of radiotherapy in HER-2-positive breast cancer appears to be associated with the 
expression of estrogen receptors. In patients with HER-2-positive breast cancer, studies conducted before the introduc-
tion of trastuzumab indicated higher benefit of adjuvant radiation in patients with hormone receptor-positive tumors 
compared to patients with tumors not expressing hormone receptors. The introduction of agents targeting HER-2 has 
transformed the management of these patients, resulting in improved outcomes. The data of clinical studies show that 
the administration of trastuzumab as part of a multimodality approach (with radiation based on standard guidelines) 
results in improved outcomes, including lower locoregional recurrence. The risk of cardiac toxicity associated with 
radiation to the heart and administration of potential cardiotoxic trastuzumab is not clear. In patients treated con-
comitantly with regional lymph node irradiation and anti-HER-2 agents after prior anthracycline-based chemotherapy 
minimizing the dose to the myocardium, e.g. respiratory gating or proton beam radiotherapy, have been suggested. 
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INTRODUCTION

Historically, the assessment of prognosis of patients 
with newly diagnosed breast cancer, including therapeutic 
consequences, was based on information reflecting the 
tumor size and extent of disease spread rather than on 
tumor biology. In contrast, breast cancer subtypes that are 
associated with differences in tumor biology, prognosis 
and response to therapy are playing an increasing role 
in therapeutic decisions. Different biological behavior of 
breast cancer subtypes is also associated with variations 
of locoregional recurrence (LRR) rates both in patients 
treated with breast-conserving surgery (BCS) and adju-
vant radiation and in patients after radical mastectomy 
without adjuvant radiation1. 

The information on tumor biology has fundamental 
implications for systemic therapy, in particular in patients 
with HER-2-positive tumors. The introduction of agents 
targeting HER-2 has transformed the management of 
these patients, resulting in improved outcomes. Some 
biological tumor characteristics of the tumor, including 
grade, proliferation rate, expression of estrogen receptor 

(ER), progesterone receptor (PR) and HER-2 and prog-
nostic gene expression panels were therefore included in 
the Eighth Edition of the American Joint Committee on 
Cancer (AJCC) Staging Manual. To maintain continuity 
and utilization across the globe anatomical staging system 
was kept. The prognostic value of commercial gene profile 
tests was endorsed. Biomarkers reflecting the tumor biol-
ogy and Oncotype Dx recurrence score are considered to 
be sufficiently robust predictors of outcome to influence 
management decisions2.

Importantly, the new classification is limited to pa-
tients treated with primary surgery. A study in patients 
treated with neoadjuvant chemotherapy was performed 
in 2363 patients treated between 2005 and 2012 in M.D. 
Anderson Cancer Center staged either based on AJCC 
8th Edition or Neo-Bioscore (which is based on clinical 
and pathological stage, grade, estrogen receptor status and 
HER-2 expression and classifies patients with any breast 
cancer subptype according the disease-specific survival).

This study confirms the significance of biological 
biomarkers along with anatomical staging for the prog-
nosis of breast cancer patients treated with neoadjuvant 
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chemotherapy. Data indicate that biological factors are 
important determinants of prognosis and anatomical 
stage of AJCC 8th Edition may be used in these patients. 
AJCC prognostic stage may be considered as comparator 
in the investigations aiming at the definition of optimal 
method of staging in breast cancer patients treated with 
neoadjuvant therapy3.

In patients with tumors expressing ER and no lymph 
node involvement, an association between Oncotype DX 
score (GenomicHealth, Redwood City, USA) and LRR 
risk was observed4.  The association between the score 
obtained by this test based on the expression of 21 genes 
and LRR was studied in postmenopausal breast cancer 
patients with positive lymph nodes and tumors express-
ing ER or PR treated either with adjuvant chemotherapy 
followed by tamoxifen or with tamoxifen alone. Medium 
or high score was associated with significantly increased 
risk of LRR in the entire cohort as well as in patients 
treated with mastectomy who had no adjuvant radiation. 
The hazard ratio for LRR in patients with high recurrence 
score was 2.36, with 95% confidence interval (CI) 1.02-
5.45 (P=0.04). In the subgroup analysis of patients after 
mastectomy with 1 to 3 involved lymph nodes not treated 
with adjuvant radiation, LRR was observed in 1.5% of pa-
tients with low risk score and 11.1 % patients with medium 
or high risk score (P=0.051) (ref.5).

Breast cancer subtypes and locoregional control
As mentioned above, tumor biology is an important 

determinant of LRR risk. The significance of breast can-
cer subtypes before the introduction of targeted therapy 
was investigated in a Canadian study that included 2985 
patients with early invasive breast cancer. Patients were 
classified based on the expression of ER, PR, Ki-67, 
HER-2, epidermal growth factor receptor (EGFR), and 
cytokeratin (CK) 5/6 into subgroups including luminal 
A, luminal B, luminal HER-2, HER2 enriched, basal-like  
and triple negative – non-basal. Risk of local and region-
al recurrence associated with the intrinsic subtypes was 
studied with multivariate Cox analysis after adjusting for 
standard clinical and pathological parameters. None of 
the patients was treated with trastuzumab in the neoad-
juvant or adjuvant setting. After a median follow up of 
12 years, 325 local recurrences and 227 regional lymph 
node recurrences were observed. Patients with luminal 
A tumors (ER or PR positive, HER-2-negative, Ki-67 < 
14%) had better prognosis and lowest risk of LRR. A sig-
nificantly higher risk of LRR after BCS was observed 
in multivariate analysis in patients with HER-2 enriched 
and basal tumors. In patients after mastectomy luminal 
B, luminal HER-2, HER-2 enriched and basal subtypes 
were associated with significantly increased LRR rate. 
This leads to the conclusion that the determination of 
tumor subtype using immunohistochemistry may identify 
patients with higher risk of LRR. Luminal A tumors are 
associated with low and HER-2 enriched or basal with 
high risk of LRR (ref.1).

Radiation therapy and HER-2 positivity
HER-2 over-expression is one of the most important 

molecular biomarkers in breast cancer that is associated 
with proliferation rate, invasion and metastasis and re-
sponse to radiation. Before the advent of targeted therapy, 
HER-2 over-expression predicted poor outcome. HER-2 is 
a member of a family of receptor tyrosine kinases that in-
cludes also EGFR/HER1, c-erbB2/HER2, HER3, HER4. 
HER-2 is a universal co-receptor for other protein of the 
family. HER-2 over-expression or amplification stimulates 
tumor growth, invasive phenotype and tumor cell survival 
through the activation of cell signaling pathways, in par-
ticular MAPK (Mitogen-activated protein kinase) a PI3k 
( phosphatidylinositol 3-kinase) /akt (serine/threonine 
protein kinase) (ref.6).

A humanized monoclonal antibody against HER-2 
trastuzumab, introduced in late 1990s was the first ap-
proved targeted therapy in breast cancer. Improved out-
comes, including prolongation of overall survival (OS), 
has been demonstrated after addition of trastuzumab to 
cytotoxic agents in patients with advanced/metastatic 
breast cancer as well as in the adjuvant or neoadjuvant 
setting7,8. 

The spectacular activity of trastuzumab stimulated the 
development of other therapies targeting HER-2 includ-
ing other antibodies (pertuzumab), receptor tyrosine ki-
nase inhibitors (lapatinib and neratinib) and conjugates 
of monoclonal antibody to cytotoxic drug (trastuzumab 
emtansin). Current standard of systemic treatment of 
HER-2-positive breast cancer is based on the combination 
of anti-HER-2 drugs with cytotoxic or hormonal agents. 
The introduction of anti-HER-2 represents a paradigm 
of successful utilization of targeted therapy in medical 
oncology9. 

It has been observed that ionizing radiation can di-
rectly activate proteins of the EGFR family in tumor 
cells, and repeat irradiation by 2 Gy results in up-regu-
lated EGFR expression in patients with HER-2 enriched 
subtype tumors, indicating that HER-2 positivity may be 
associated with the response to radiation10.   This hypoth-
esis is further supported by the data of clinical trials ex-
amining the efficacy of radiotherapy. The patients with 
HER-2 over-expressing tumors treated with mastectomy 
in combination with radiation, but no trastuzumab have 
poor outcome, including high LRR (ref.1,11). A retrospec-
tive study in HER-2-positive patients with negative lymph 
nodes treated with BCS and conventional whole breast 
irradiation has demonstrated a LRR rate after 3 years 
of 1% for patients treated with trastuzumab and 9% in 
patients not treated with trastuzumab12. 

A number of studies have investigated the molecular 
mechanisms of resistance to radiation in HER-2-positive 
tumors. In vitro experiments demonstrate a radioresis-
tance of HER-2-positive breast tumors mediated by the 
activation of NF-kappaB (nuclear factor kappa B) and 
PI3K / Akt pathways. The expression of HER-2 is further 
increased which is responsible for resistance to radiation.  
Higher resistance to radiation and increased recurrence 
rate after radiation is also associated with the presence 



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2021 Mar; 165(1):19-25.

21

of breast cancer stem cells11,13,14.  Hou et al.15  described 
a mechanism of radiation resistance cause by activation 
of focal adhesive kinase (Fak) and epithelial/mesenchy-
mal transformation. A crucial role in epithelial/mesen-
chymal transformation is played by β-catenin that can 
be detected in invasive and metastatic HER-2-positive 
tumors16-18. Importantly, in vivo studies have confirmed 
clinical benefit of Fak pathway inhibition that plays a key 
role in increase radioresistance of HER-2-enriched sub-
type tumors10,15.

The significance of hormone receptor expression in 
patients with HER-2-positive tumors not treated with 
trastuzumab

A number of studies have indicated that the efficacy 
of radiotherapy in HER-2-positive breast cancer is depen-
dent on the expression of ER. A Danish study random-
ized postmastectomy radiotherapy PMRT in patients with 
positive lymph nodes. In patients with HER-2 positive 
tumors after mastectomy increased radioresistance was 
observed in the pre-trastuzumab era. In particular, OS was 
not significantly improved after PMRT in patients with 
HER-2-positive tumors not expressing hormone receptors. 
The results indicated that the hormone receptor positivity 
was the most important predictor of efficacy of radio-
therapy. Patients with HER-2-positive/ER-positive tumors 
had an absolute reduction of LRR rate at 10 years of 45% 
in contrast to 12% in patients with HER-2-positive/ER-
negative tumors. After 10 years, only 3% of patients with 
HER-2-positive/ER-positive tumors experienced recur-
rence compared to 21% in patients with HER-2-positive/
ER-negative tumors19.

A meta-analysis based on data of 10801 patients en-
rolled in 17 randomized trials conducted before the in-
troduction of trastuzumab also indicated a difference in 
response to adjuvant radiation in patients with HER-2-
positive breast cancer based on hormone receptor positiv-
ity with patients with hormone receptor-positive tumors 
deriving higher benefit compared to patients with tumors 
not expressing hormone receptors20.

The significance of the introduction of trastuzumab
Several randomized trials have demonstrated a sig-

nificant effect of adjuvant trastuzumab on LRR rate in 
patients with HER-2 positive breast cancer. Radiotherapy 
was used in these trials based on current standards, i.e. 
in patients after BCS or in patients after mastectomy and 
additional risk factors21-26.

The significance of breast cancer subtypes for risk of 
LRR in the trastuzumab era was evaluated in a meta-anal-
ysis based on data of 11219 patients enrolled in 7 trials. 
LRR rate varies across breast cancer subtypes with the 
lowest rate in luminal tumors and highest rates in triple 
negative breast cancer. Low LRR rate after the introduc-
tion of anti-HER-2 therapy is a reflection of therapeutic 
advances. The LRR rate in the whole population was 
3.44%. The lowest (1.7%) and highest (7.4%)  LRR rates 
were observed in patients with luminal A and triple nega-
tive breast cancer subtypes, respectively. The risk of LRR 

was significantly lower in patients with luminal A com-
pared to luminal B tumors, with odds ratio (OR) of 0.54; 
95%  confidence intervals (CI) 0.38–0.76;  P<0.0004, 
HER-2-positive tumors (OR 0.32; 95% CI 0.24–0.45; 
P<0.0001) and triple negative breast cancer (OR 0.25; 
95% CI 0.19–0.32; P<0.0001).  A significant difference 
in LRR was observed between luminal B and HER-2-
positive tumors (OR 0.61; 95% CI 0.41–0.89; P=0.0145). 
Compared to triple negative breast cancer patients with 
HER-2-positive tumors exhibited a trend of lower risk of 
LRR of borderline statistical significance (OR 0.75; 95% 
CI 0.55–1.03; P=0.0933) (ref.27).

A number of randomized trials in patients with HER-
2-positive tumors demonstrated LRR rates ranging be-
tween 2 and 5% in patients treated with trastuzumab 
and 4 to 10% without trastuzumab indicating superior 
locoregional control with the combination of radiotherapy 
and trastuzumab. This effect is even more pronounced in 
patients with advanced HER-2-positive breast cancer who 
underwent PMRT (ref.28).

A single center analysis from Memorial Sloan-
Kettering Cancer Center reported LRR rate at 5 years in 
only 2% of stage I to III patients treated with trastuzumab. 
The LRR rate was higher in patients not treated with ad-
juvant radiation (5% v 0%; P=0.06) (ref.29).

A recent study from Sweden analyzed the distribu-
tion of LRR based on the radiotherapy technique and 
breast cancer subtypes30. A total of 923 patients treated 
with postoperative locoregional radiation therapy between 
2004 and 2008 analyzed. Cumulative LRR incidence after 
10 years was 7.1% (95% CI 5.5–9.1). LRR was observed 
in 57 out of 923 patients (30 cases of local recurrence 
and 30 cases of regional recurrence, including 3 patients 
with both local and regional recurrence). Most cases of 
LRR were localized in fully (56%) or marginally (26%) 
irradiated areas. The most common site of regional recur-
rence outside of irradiated field was located cranially in 
the supraclavicular fossa. ER-negative or HER-2-positive 
tumors constituted 75% of recurrent lesions in the radia-
tion field, but only 45% of cases in the marginally irradi-
ated or not irradiated areas. Compared to patients with 
ER-positive tumors, LRR risk was higher in patients with 
ER-negative (hazard ratio (HR) 4.6; P<0.001; 95% CI, 
2.5-8.4) or HER-2-positive (HR 2.4; P=0.007; 95% CI, 1.3- 
4.7) breast cancer.

Data from National Comprehensive Cancer Network 
indicate that administration of radiotherapy as part of 
current therapeutic approaches was significantly inde-
pendently associated with improved LRR rate (HR 0.12; 
P=0.006) (ref.14). These data indicate the efficacy of the 
combination of radiotherapy and trastuzumab in prevent-
ing LRR. The omission of radiotherapy in standard indica-
tions is not justified in the light of these findings. 

The significance of hormone receptor expression in 
patients with HER-2-positive tumors treated with trastu-
zumab

In the current clinical practice the administration of 
systemic therapy is guided by the presence of hormone 
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receptors (ER and PR) and HER-2 over-expression. 
Hormone receptor expression in tumor cells is observed 
approximately in 75% of cases, while HER-2 amplification 
is reported to be present in 15-20% of patients. Tumors 
with both hormone receptor expression and HER-2 over-
expression, sometimes called triple positive breast cancer 
(TPBC), represent about a half of HER-2 positive tumors9.  
Complex interaction between the HER-2 and hormone 
receptor signaling is thought to occur in these cases, and 
the activation of hormone receptor associated pathways 
is thought to be one of the mechanisms of resistance to 
anti-HER-2-therapy. Tumors with high degree of HER-2 
over-expression are usually characterized by absent of low 
hormone receptor expression31. 

The significance of hormone receptor expression 
for the efficacy of the combination of trastuzumab with 
radiotherapy remains a matter of debate. In a study of 
1000 patients younger than 35 years, cases of LRR after 
trastuzumab were observed in patients with ER-negative, 
HER-2 positive tumors and none among patients with 
ER-positive, HER-2 positive tumors. Radiotherapy was 
administered according the standard guidelines32.

Another study investigating the significance of ER 
positivity in patients with HER-2 positive tumors dem-
onstrated no difference in LRR rate with or without the 
administration of trastuzumab. The LRR rates in patients 
with ER-positive, HER-2 positive and ER-negative, HER-2 
negative patients were comparable in this study33. 

The role of ER expression in the response of HER-
2-positive breast cancer to radiation was investigated in 
a retrospective analysis of HERA trial in patients with N1 
tumors (1-3 involved lymph nodes) (ref.34). The adminis-
tration of adjuvant radiotherapy resulted in significantly 
lower LRR risk in patients with ER-positive tumors, in 
agreement with other studies demonstrating significant 
benefit of PMRT in patients with ER-positive HER-2 
positive tumors compared to ER-negative, HER-2-positive 
breast cancer14,19,33,35. In vitro experiments investigated the 
effect of ER expression on radiosensitivity. The transduc-
tion of ER resulted in delayed DNA repair, accentuated 
apoptosis after irradiation and higher proportion of cells 
in the radiosensitive phases of the cell cycle (G2 /M) 
(ref.36).

Favorable results of therapy in TPBC are explained by 
the availability of multiple treatment options, i.e. surgery, 
radiotherapy, hormonal therapy, targeted therapy as well 
as cytotoxic chemotherapy37. 

In a study analyzing OS and breast cancer-specific sur-
vival of 166054 breast cancer patients in the SEER (The 
Surveillance, Epidemiology, and End Results  Program 
of the National Cancer Institute) database OS was sig-
nificantly different among different subtypes at every 
stage (P<0.0001). The 3-year OS among stage I patients 
was highest in patients with hormone receptor-positive, 
HER-2-negative tumors (97.2%) while  hormone recep-
tor-positive, HER-2-positive patients had best 3-year OS 
among stage II (94.5%), stage III (87.8%) and stage IV 
(54.8%) patients. A multivariate analysis that included 
age, race, tumor grade, histology and family status con-
firmed these results. The analysis demonstrated marked 

differences of OS and breast cancer-specific survival rates 
at each stage that retained significance in the multivariate 
model. Moreover, the differences in overall and breast 
cancer-specific survival rate are substantially increasing 
with advancing stage38. 

Significance of pathological complete response after 
neoadjuvant therapy

The efficacy of neoadjuvant therapy is another factor 
determining the locoregional control. In one study LRR 
rate was significantly decreased in patients with HER-2-
positive tumors in case of pathological complete response 
after neoadjuvant therapy regimens with trastuzumab 
(2.6% v 13.3%) (ref.39). In patients with HER-2-positive 
tumors and pathological complete response LRR rates 
are similar to patients with luminal A tumors, but LRR 
rate is high in patients with less favorable pathological 
response14,39.

On the other hand, other studies question the signifi-
cance of pathological complete response in patients with 
TPBC. A number of prospective trials have established 
a significantly lower pathological complete response rate 
in TPBC compared to patients with hormone receptor-
negative, HER-2-positive tumors. Interestingly, the lower 
pathological complete response rate does not seem to 
have an effect on the generally favorable prognosis of 
TPBC (ref.40). It has even been speculated whether the 
administration of neoadjuvant therapy regimens with cy-
totoxic chemotherapy in patients with early TPBC with 
favorable prognosis is not an overtreatment41.

Radiation therapy approaches in combination with 
targeted therapy

Irradiation of regional lymph nodes in patients with 
HER-2-positive breast cancer treated with trastuzumab 
remains a disputed topic. In a retrospective analysis of 
1664 patients with HER-2-positive tumors, BCS and pos-
itive lymph nodes in the ALTTO trial, regional lymph 
node irradiation was performed in 878 patients with more 
advanced disease and higher number of involved lymph 
nodes.  After a median follow up of 4.5 years no signifi-
cant difference in disease-free survival was observed in 
patients with or without regional lymph node irradiation 
(84.3% v 88.3%). The problem in the interpretation of this 
analysis is associated with the use of different regimens of 
anti-HER-2 therapy with trastuzumab, lapatinib in various 
sequences and the fact that regional lymph node irradia-
tion was defined as radiotherapy to any lymph node re-
gion without further details on dose and field distribution. 
However, it could be speculated whether regional lymph 
node irradiation did not result in lower number of recur-
rences in patients with high LRR risk42.

The risk of cardiac toxicity associated with the radia-
tion to the heart and administration of potential cardio-
toxic trastuzumab is also not clarified. Importantly, in an 
analysis of 1503 patients treated with adjuvant radiation 
in NCCTG N9831 randomized trial no increase of car-
diac toxicity was observed, not even in patients treated 
with concomitant trastuzumab and radiotherapy43.
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There are limited data on cardiac toxicity of concomi-
tant trastuzumab and radiotherapy in patients undergoing 
internal mammary lymph node irradiation that results 
in increased radiation dose to the heart and higher risk 
of cardiotoxicity. In a prospective French study of 308 
patients with HER-2-positive breast cancer radiotherapy 
to internal mammary lymph nodes was administered in 
227 cases (73.7%). A decrease of left ventricular ejection 
fraction was observed in 8.4% patients, but was of grade 
2 or higher in 2.9%, which is similar to the rates reported 
from large randomized trials of trastuzumab administered 
with anthracycline-containing chemotherapy44. In patients 
treated concomitantly with regional lymph node irradia-
tion and anti-HER-2 agents after prior anthracycline-based 
chemotherapy techniques minimizing dose to the myocar-
dium, e.g. respiratory gating or proton beam radiotherapy 
have been suggested. 

Radiation dose reduction or elimination using boost 
to tumor bed represents another option for reducing toxic-
ity. In the pre-trastuzumab era LRR rate was dependent 
on ER expression. Patients with HER-2-positive tumors 
expressing ER have very low LRR rate, and, similarly to 
patients with HER-2- negative luminal A tumors, omis-
sion of the boost to tumor bed or dose reduction may 
be considered. The introduction of other drugs into the 
therapy of HER-2 positive and ER positive breast cancers 
also has a beneficial effect. For example, the results of 
a study with neratinib in extended adjuvant showed a sig-
nificant improvement in invasive disease free survival45. 
A lower risk of relapses may lead to a reduction in the 
indications for radiation therapy, or a change in the radio-
therapy technique in the sense of reducing the irradiated 
volume. Considerations concerning a complete elimina-
tion of adjuvant radiation from the treatment algorithm 
are, however, still premature.

A number of experimental studies have demonstrated 
a radiosensitizing effect of trastuzumab on tumor cells. It 
is also hypothesized that concomitant administration of 
trastuzumab increases the efficacy of adjuvant radiation 
in clinical practice, which is supported by lowering of 
LRR rate by the administration of trastuzumab. However, 
further research is needed to determine the optimal use 
of trastuzumab as a radiosensitizing agent28.

The use of boost in patients with ER-negative, HER-
2-positive tumors treated with adjuvant trastuzumab and 
radiotherapy remains disputed. In the absence of relevant 
data, utilization of boost could be considered based on 
the data from studies demonstrating the benefit in an un-
selected patient population46.

Current standard methods of adjuvant radiation ther-
apy are characterized by high efficacy as well as an excel-
lent safety profile and tolerance47. 

CONCLUSION

Histopathological classification and gene expression 
profiling can be used to classify breast cancer into dif-
ferent subtypes. This classification reflects the heteroge-
neous nature of tumor biology, including different LRR 

rate. Molecular signatures are a basis for stratifying BC 
patients for systemic therapies. Unfortunately, there are 
currently no clinically-validated signatures that can reli-
ably classify breast cancers according to radiosensitivity.

However, significant improvement of radiotherapy was 
achieved in patients with HER2-positive tumors. In the 
past HER-2-positive breast cancer patients treated with 
mastectomy and radiation generally had poor outcomes, 
including high LRR rate. The advent of trastuzumab has 
had profound effect on the biology, natural course of dis-
ease and management of HER-2-positive breast cancer, 
including the LRR.

Further advancement in the therapy of HER-2-positive 
breast cancer is associated with the development of thera-
peutic guidelines based on multidisciplinary consensus. 
Maximal effort should be dedicated to integrate each fun-
damental treatment modality, i.e. surgery, pharmacother-
apy and radiotherapy, into the therapeutic algorithms and 
protocols.  Improved knowledge about biological behavior 
of breast cancer subtypes will allow a further refinement 
of indications and target volumes and guide the employ-
ment of modern radiotherapy techniques.

Search strategy and selection criteria
Our research strategy was aimed at evaluating studies 

on the role of radiotherapy in patients with HER2-positive 
breast cancer. Scientific articles from 2000 to 2020 were 
searched using the PubMed and Web of Science data-
bases. All searches were up to date as of June 2020. The 
search terms used included “breast cancer subtypes”, 
“HER-2 positivity”, “estrogen receptor”, “anti-HER-2 
therapy“, “locoregional recurrence” and “survival”. Only 
English language papers were reviewed.
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