Clinical and Translational Radiation Oncology 39 (2023) 100556

y
Contents lists available at ScienceDirect
Ct R O /

Clinical and Translatiogl
Radiation Oncology/

Clinical and Translational Radiation Oncology

ELSEVIER journal homepage: www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology

Check for

Breast cancer radiation therapy: A bibliometric analysis of the e
scientific literature

%051 Francesca De Felice !, Reshma Jagsi ¢, Gustavo Nader Marta ',

k,1
)

Pierfrancesco Franco . (
Orit Kaidar-Person ®", Dorota Gabrys ", Kyubo Kim ', Duvern Ramiah’, Icro Meattini
Philip Poortmans ™

@ Department of Translational Medicine, University of Eastern Piedmont, Novara, Italy

Y Department of Radiation Oncology, ‘Maggiore della Carita’ University Hospital, Novara, Italy

¢ Department of Radiological, Oncological, and Pathological Sciences, “Sapienza” University of Rome, Rome, Italy

4 Department of Radiation Oncology, Policlinico “Umberto I”, Rome, Italy

¢ Department of Radiation Oncology, Center for Bioethics and Social Sciences, University of Michigan, Ann Arbor, MI, USA
f Department of Radiation Oncology — Hospital Sirio-Libanes, Sao Paulo, Brazil

8 Sheba Medical Center, Ramat Gan and Sackler School of Medicine, Tel-Aviv University, Tel-Aviv, Israel

" Radiotherapy Department, Maria Sklodowska-Curie National Research and Institute of Oncology, Gliwice, Poland

! Department of Radiation Oncology, Ewha Womans University College of Medicine, Seoul, Republic of Korea

J Radiation Oncology Department, University of the Witwatersrand and Charlotte Maxeke Johannesburg Academic Hospital, Johannesburg, South Africa
X Department of Experimental and Clinical Biomedical Sciences “M. Serio”, University of Florence, Florence, Italy

! Radiation Oncology Unit — Oncology Department, Azienda Ospedaliero-Universitaria Careggi, Florence, Italy

™ Iridium kankernetwerk and University of Antwerp, Wilrijk Antwerp, Belgium

ARTICLE INFO ABSTRACT

Keywords: Background and purpose: Breast cancer is the most common malignancy in women and radiation therapy (RT) is
Breast cancer crucial in its multimodality management. Since bibliometrics is a powerful tool to reveal the scientific literature,
Radiotherapy

we decided to perform a bibliometric analysis of the literature on breast cancer radiotherapy. We explored
emerging trends and common patterns in research, tracking collaboration and networks, and foreseeing future
directions in this clinical setting.

Material and methods: The electronic Scopus database was searched using the keywords “breast cancer” and
“radiotherapy” to include manuscripts published in English, between 2000 and 2021. Data analysis was per-
formed using R-Studio 0.98.1091 software with a machine-learning bibliometric method, based on the bib-
liometrix R package. The most relevant authors were quantified per number and fractionalized number of
authored documents. Author productivity was analysed through Lotka’s law. Bradford’s law was applied to
identify the nucleus of journals focused on the addressed topic. Mainstream themes area included isolated topics
(niche themes), new topics (emerging themes), hot topics (motor themes) and essential topics (basic themes).
Results: A total of 27 184 documents was found, mainly original articles (76 %). The annual growth rate was 6.98
%, with an increase in scientific production from 485 to 2000 documents between 2000 and 2021. Overall, 2 544
journals published > 1 documents. The most relevant authors were affiliated in the United States. Surgical
procedures, cancer type and treatment strategies represented basic themes, while primary systemic therapy and
sentinel lymph node biopsy were emerging themes. Health-related quality of life was a niche theme, while RT
techniques had high centrality.

Conclusion: The primary interests of breast cancer radiation oncologists have evolved over time, adding safety,
health related quality of life, sustainability of treatments and combination to systemic therapies to radiotherapy
efficacy and effectiveness and treatment outcomes.
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P. Franco et al.
Introduction

Breast cancer (BC) is the most common malignancy in women,
comprising around 30 % of female cancers and representing an impor-
tant issue for public health [1]. The annual incidence and prevalence are
geographically scattered, mirroring the distribution of risk factors,
economic development and corresponding lifestyle and social factors,
and competing causes of death [2,3]. BC mortality is decreasing,
reflecting the increased access to cancer prevention and early detection,
together with the improvements in the multidisciplinary management of
early and advanced disease, sustained by tailored approaches in the
fields of surgical, medical, and radiation oncology [1,4,5].

Radiation therapy (RT) has a crucial role in the multimodality
management of BC [3]. It is a standard approach for early-stage BC after
breast conservation, halving 10-year rates of any BC recurrence and
reducing by 1/6th the 15-year breast cancer-related mortality [6]. Post-
mastectomy radiation therapy (PMRT) can reduce by more than 10 %
the rate of any recurrence at 10 years in node positive women, leading to
an 8 % reduction of the rate of 20-year breast-cancer mortality [7].

New possibilities have emerged in breast cancer RT allowing for
targeted solutions and personalized approaches. The increased adoption
of hypofractionation, the selective use of the boost to the lumpectomy
cavity, the reduction in treatment volume with partial breast irradiation,
the introduction of volume-based target volume definition, and the
integration with primary systemic therapy strategies (hereinafter
referred to as neoadjuvant chemotherapy), all enlarged the therapeutic
portfolio of the radiation oncologist to provide BC patients with tailored
strategies [8-14].

Since bibliometrics is a powerful tool to reveal the scientific litera-
ture on a specific topic within a certain timespan, we decided to perform
a bibliometric analysis of the documents published on breast cancer RT
in the last two decades [15]. With the present analysis, we aimed at
exploring emerging trends and common patterns in research, tracking
collaboration and networks, and foreseeing future directions in clinical
research in radiation oncology applied to BC.

Materials and methods

A comprehensive search of the Scopus database was performed,
using “breast cancer” and “radiotherapy” as primary search strategy,
and refining it to include manuscripts i) written in English ii) limited to
humans and iii) published between January 1th, 2000 and December
31st, 2021. Search fields included article title, abstract and keywords. A
Boolean search was created. After running the search strategy, exact
keywords “Prostate Cancer”, “Lung Cancer”, “Melanoma”, “Colorectal
Cancer” were excluded to narrow the search scope.

A sensitivity analysis was performed adding the terms “radiation’’
and “radiation therapy’’ to increase the degree of comprehensiveness of
the search strategy. Bibliographic metadata were downloaded in BibTex
format and exported in R environment (R-Studio 0.98.1091 software).
The Bibliometrix R package was used for the bibliometric analysis [16].
A bibliographic data frame was created with cases corresponding to all
selected documents. Each document included bibliographic attributes:
authors’ names, affiliations, title, keywords, journal, year, volume,
issue, pages, editor(s) and citation count.

The “summary ()” function was used to summarize the main results,
displaying the principal information about data collection (annual sci-
entific production, average citations per year), sources (most relevant
sources, most cited sources, source dynamics), authors (most relevant
authors and affiliations, corresponding author’s country, country spe-
cific production) and documents (most global cited documents, most
frequent keywords, word dynamics). The annual growth rate was used
to describe the progression ratio of the scientific production over time.

The most relevant authors were quantified both per number and
fractionalized number of authored documents, based on the assumption
of a uniform contribution of all co-authors to each document. Author
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productivity was analysed through Lotka’s law. Bradford’s law was
applied to identify the nucleus of journals focused on the addressed
topic. Multiple countries production (MCP) indicated the number of
documents in which at least one co-author was affiliated in a different
country than the first author. Most relevant affiliations (frequency dis-
tribution of affiliations of all co-authors for each document) were based
on disambiguated affiliation items, applying semantic similarity. The
corresponding author’s country was used to list the most relevant
countries by corresponding author. Country scientific production
referred to authors appearances by country affiliations (number of
documents indicates authors appearances by country affiliations). The
most productive country was based on the first author’s affiliation.
Correspondence analysis and clustering approach were used to identify
common shared keywords, authors/institutions relationship in the
research themes. A clustering algorithm was applied on the keyword
network, plotting a thematic map. Mainstream themes area included
isolated topics (niche themes), new topics (emerging themes), hot topics
(motor themes) and essential topics (basic themes). Each bubble rep-
resented a network cluster. Keywords with the highest occurrence value
were used to define the bubble name. The bubble size was proportional
to cluster word occurrence and its position was set according to cluster
centrality and density. For the thematic evolution map, three cutting
points were fixed: 2005, 2010 and 2015 (the colour code indicates
different clusters). The function “biblioNetwork ()" generated different
network matrices, computing country scientific collaboration [NetMa-
trix <- biblioNetwork(M, analysis = “collaboration”, network =
“countries”, sep = “;”)]. The “Biblioshiny ()” function was used to plot all
the results.

Results
Overview

A total of 27 184 documents, mainly articles (as defined by SCOPUS)
(n = 20 632; 76 %) and review papers (n = 3 544; 13 %), was collected
from 2000 to 2021. Overall, 81 765 authors contributed to these doc-
uments with an average of 6 co-authors per publication. The annual
growth rate was 6.98 %, leading to a scientific production increment
from 485 documents in 2000 up to 2000 documents in 2021. The mean
total citations per year revealed a stable range between 2 and 3 citations
with two peaks: in 2013 and 2016 with 3.3 and 3.4 citations per year,
respectively. The mean total citation per article showed the highest peak
in 2001 with 55.1 mean citations and the lowest in 2021 with 1.1 mean
citations, reflecting the time available to be referenced as a citation.

Sources

Overall, 2 544 journals published one or more documents. As dis-
played in Supplementary material (Fig. 1), 21 journals (core sources)
published about one third of all the documents retrieved. The most
relevant source was “International Journal of Radiation Oncology
Biology Physics” with 1 346 articles published between 2000 and 2021,
followed by “Breast Cancer Research and Treatment” (n = 872), “Annals
of Surgical Oncology” (n = 701) and “The Breast” (n = 679). Dynamics
of the top-10 relevant sources are plotted in Supplementary material
(Suppl-1). Amongst the top 10 journals, there was a growth in number of
publications on the topic in 2010-2021 compared to 2000-2010 (n =
3878 versus n = 2605) The most cited journals (from reference lists) by
all 27 184 documents were the “Journal of Clinical Oncology” with 58
720 citations, followed by the “International Journal of Radiation
Oncology Biology Physics” with 47 644 citations, “Cancer” with 34 511
citations and the “New England Journal of Medicine” with 23 551
citations.
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Authors, affiliations, countries

The most relevant authors were Buchholz T.A., Haffty B.G., and
Morrow M. with 213 (37.1), 167 (43.3), and 153 (41.2) documents
fractionalized frequency, respectively.

The frequency distribution of the scientific productivity identified
several “core” authors (n = 2 315; 2.8 %) who have written at least ten
documents and “occasional” authors (n = 56 879; 69.6 %) who pub-
lished just one paper-Supplementary material (Suppl-2). Top twenty
corresponding author’s country is presented in Supplementary material
(Suppl-3). Based on the MCP ratio, Turkey, the major countries in East
Asia (India, Japan, and Korea) and the United States of America (USA)
showed a relatively low international collaboration rate, whereas Ger-
many, the Netherlands, Belgium, and Sweden the highest. Country-
specific production is displayed in Fig. 2, with the USA being the most
productive country, accounting for 27 806 documents. Most relevant
affiliations showed the predominance of North American centres
(merging similar affiliation names) followed by the European Institute of
Oncology in Italy and the Institut Curie in France-Supplementary ma-
terial (Suppl-4).

Documents

The top twenty most cited articles are listed in Table 1 [6,7,17-34].
The most cited documents on the primary search strategy (“breast
cancer” and “radiotherapy”) were maintained in the sensitivity analysis
with the addition of the terms “radiation’” and “’radiation therapy’’.

Among these twenty papers, twelve are original articles
[17-19,22,23,25,26,30-33], three are meta-analyses/review articles
[6,7,27], and five clinical practice guidelines/consensus
[20,21,24,28,29]. The first ranked article is the “Twenty-year follow-up
of a randomized trial comparing total mastectomy, lumpectomy, and
lumpectomy plus irradiation for the treatment of invasive breast cancer”
[17], with 4 443 global citations.

Most of these articles (n = 13) were published between 2000 and
2010, whereas more recent papers (2011-2021) were limited in num-
ber, likely due to the shorter citation time-window. To capture all
relevant papers, we also considered separately the distribution of most
cited articles during 2000-2010 [17-19,24-27,29-41] and 2011-2021
[6,7,20-23,28,42-54]. Details are shown in Supplementary material
(Suppl-5 and Suppl-6).

Once having removed the search strategy terms “breast cancer” and
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“radiotherapy”, the keyword analysis revealed that “chemotherapy”,
“prognosis”, and “mastectomy” were the three topmost frequent words,
occurring 905, 684, and 662 times, respectively.

Conceptual structure

The main themes and trends are showed in Fig. 3 and Fig. 4. The
thematic map (Fig. 3) demonstrated that neoadjuvant chemotherapy
and sentinel lymph node were emerging themes, while clinical outcomes
(prognosis, survival), surgical procedures (mastectomy, breast recon-
struction), cancer type (ductal carcinoma in situ) and treatment strate-
gies represented basic and transversal themes. Quality of life and
lymphedema were isolated topics. The centrality of RT techniques
—brachytherapy and partial breast irradiation — highlighted the theme
importance and development over time. Fig. 4 showed the evolution of
the main thematic areas and their relationship during four distinct time-
periods: 2000-2005, 2006-2010, 2011-2015, and 2016-2021.

Over time, “radiotherapy” theme connections were diverse,
including breast reconstruction, quality of life, ductal carcinoma in situ,
survival, and mastectomy. “Local recurrence”, “tamoxifen” and “prog-
nosis” merged into the “radiotherapy” topic in 2006-2010. “Sentinel
lymph node biopsy” started as a niche theme and merged in the
“radiotherapy” area in 2016-2021. “Brachytherapy” first appeared in
2006-2010, continued to draw attention in the following five years (a
slight linkage was evident with “ductal carcinoma in situ”) and then
merged into “toxicity” theme. Country collaboration network (Fig. 5)
showed country collaboration based on publications. The line thickness
indicates collaboration proximity. The USA had a strong connection
with Canada, China, and the United Kingdom (UK). The tendency of
European countries to cooperate with each other is evident.

Discussion

Our bibliometric analysis of the scientific literature on breast cancer
RT in 2000-2021 revealed an average increase in the annual scientific
production of around 7 %, with an absolute number of 2000 papers
published in 2021. Amongst the more than 27 000 documents published
between 2000 and 2021, 76 % included original articles, highlighting
the novelty of the specific scientific production. Around one third of all
published documents are edited by a limited number of high-ranked
journals, with an impact factor greater than 5, covering the field of
clinical, radiation, and medical oncology together with BC. Journals

Fig. 1. Source clustering through Bradford’s law.
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Number of Number of
Country documents  Country documents
USA 27806 AUSTRALIA 2906
ITALY 6573 SPAIN 2286
UK 5704 TURKEY 1840
FRANCE 5295 SWEDEN 1668
CHINA 5206 INDIA 1641
GERMANY 4917 BELGIUM 1305
CANADA 4196 SWITZERLAND 1131
NETHERLANDS 3815 DENMARK 1118
KOREA 3044 IRAN 1076
JAPAN 3034 BRAZIL 1071

Fig. 2. Country-specific production (blue intensity is proportional to the number of documents). (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)

Table 1
Top twenty most global cited documents as per Scopus.

Paper DOI Total Citations TC per Year Normalized TC
FISHER B, 2002, NEW ENGL J MED [17] https://doi.org/10.1056/NEJMo0a022152 4443 211,5714 80,3022
ROMOND EH, 2005, NEW ENGL J MED [18] https://doi.org/10.1056/NEJMoa052122 4383 243,5 82,7022
VERONESI U, 2002, NEW ENGL J MED [19] https://doi.org/10.1056/NEJM0a020989 3118 148,4762 56,3544
GOLDHIRSCH A, 2011, ANN ONCOL [20] https://doi.org/10.1093/annonc/mdr304 2546 212,1667 74,0907
DARBY S, 2011, LANCET [6] 1. https://doi.org/10.1016/50140-6736(11)61629-2 2253 187,75 65,5641
GOLDHIRSCH A, 2013, ANN ONCOL [21] https://doi.org/10.1093/annonc/mdt303 2119 2119 71,1855
GIULIANO AE, 2011, J AM MED ASSOC-a [22] https://doi.org/10.1001/jama.2011.90 2099 174,9167 61,0826
DARBY SC, 2013, NEW ENGL J MED [23] https://doi.org/10.1056/NEJMoal209825 2094 209,4 70,3457
HARRIS L, 2007, J CLIN ONCOL [24] https://doi.org/10.1200/JC0.2007.14.2364 1830 114,375 43,2204
RASTOGI P, 2008, J CLIN ONCOL [25] https://doi.org/10.1200/JC0.2007.15.0235 1241 82,7333 32,2834
MCGALE P, 2014, LANCET [7] https://doi.org/10.1016/50140-6736(14)60488-8 1208 134,2222 51,1539
MANSEL RE, 2006, J NATL CANCER INST [26] https://doi.org/10.1093/jnci/djj158 1199 70,5294 28,0748
EBCTCG, 2005, LANCET [27] https://doi.org/10.1016/50140-6736(05)66544-0 1166 50,6957 21,8032
COATES AS, 2015, ANN ONCOL [28] https://doi.org/10.1093/annonc/mdv221 1156 144,5 52,6589
GOLDHIRSCH A, 2009, ANN ONCOL [29] https://doi.org/10.1093/annonc/mdp322 1155 825.000 322.757
WHELAN TJ, 2010, NEW ENGL J MED [30] https://doi.org/10.1056/NEJM0a0906260 1145 880.769 316.309
KRAG DN, 2010, LANCET ONCOL [31] 1. https://doi.org/10.1016,/51470-2045(10)70207-2 1112 855.385 307.193
FISHER B, 2002, NEW ENGL J MED-a [32] https://doi.org/10.1056/NEJMo0a020128 1019 485.238 184.173
VAN DONGEN JA, 2000, J NATL CANCER INST [33] https://doi.org/10.1093/jnci/92.14.1143 1011 439.565 189.048
BUZDAR AU, 2005, J CLIN ONCOL [34] https://doi.org/10.1200/JC0.2005.07.032 993 551.667 187.368

DOI: digital object identifier; TC: total citations.

dedicated to BC, had a steep increase in the number of publications on
RT in 2010-2021, showing a higher scientific interest for radiation
oncology as part of the multidisciplinary management of BC.

The geographical distribution of the scientific publications covers all
continents, reflecting the high incidence of BC worldwide. The pre-
dominant hubs for scientific production are North America (USA and

Canada), Europe (Italy, UK, France, Germany), and Asia (China, Japan,
Korea, India). The USA, Canada, UK and China have both a high quan-
titative scientific throughput and an efficient collaborative networking
capacity, which is not scattered but rather selected. Continental Euro-
pean countries can sustain high scientific productivity and tend to
implement scientific collaboration at a European level. Nordic European
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countries have their own specific cooperative networks. Other countries
(Iran, India, Korea) can sustain high scientific productivity, with a
prevalent ‘stand-alone’ approach, based on national collaborations. The
geographical distribution of the scientific production is mirrored by the
top-productive academic institutions which are in North America
(University of Texas, University of Toronto, Harvard Medical School)
and Europe (European Institute of Oncology, Institut Curie, Netherlands
Cancer Institute). One limitation of the current analysis is that collab-
oration was measured using the simple surrogate of co-authorship,
which may not reflect an active scientific network, nor the scientific
value of the published work. Moreover, the search strategy we used was
chosen as a trade-off between comprehensiveness and usability, to limit

the background noise potentially derived by the addition of other more
allusive keywords (as radiation or radiation therapy).

Amongst the most cited publications in 2000-2010, some have a
straightforward RT-oriented research question. The seminal papers by
Fisher and Veronesi et al. provided long-term results of the National
Surgical Adjuvant Breast and Bowel Project (NSABP) B-06 and Milan
trials demonstrating the oncological safety for breast conserving therapy
(breast conserving surgery and RT) over mastectomy in < 2 cm early BC
[17,18]. Similarly, the European Organization for Research and Treat-
ment of Cancer (EORTC) 10,801 trial reported on 10-year results of
breast conserving therapy for patients with tumours up to 5 cm in
diameter, showing non-inferiority over modified radical mastectomy
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[33]. In the setting of surgical de-escalation, Fisher et al. reported on the
25-year results of the NSABP B-04 trial which investigated the possi-
bility to reduce surgical treatments, comparing Halsted mastectomy to
less extensive surgery (total mastectomy with or without RT), showing
no advantage from radical mastectomy [32].

In the setting of PMRT, Ragaz et al. reported on the 20-year results of
the British Columbia study, which enrolled patients with premenopausal
node positive high-risk BC treated with modified radical mastectomy
and axillary dissection, showing that PMRT (37.5 Gy/16 fractions) and
adjuvant chemotherapy resulted in better survival compared to
chemotherapy alone, with good compliance and acceptable long-term
toxicity [41].

Whelan et al. reported on the 10-year results of accelerated moder-
ately hypofractionated whole breast irradiation after breast-conserving
surgery for invasive BC with clear surgical margins and negative
nodes, which was demonstrated to be non-inferior to 2-Gy fractionated
radiation [30]. Bartelink et al. reported on the 5-year result of the
EORTC ‘boost vs no boost’ trial, investigating the role of an additional
radiation dose of 16 Gy to the tumour bed in early breast cancer patients

after breast-conserving surgery and 50 Gy whole breast irradiation,
showing a local recurrence risk reduction, especially in patients below
50 years [39]. These studies set the standard for breast conserving sur-
gery, provided evidence for PMRT in high-risk patients, extra dose to the
lumpectomy cavity in younger women and supported post-operative
hypofractionated RT.

Other highly cited documents in 2000-2010 had a strong impact on
radiation oncology, even if not directly addressing a RT question. Two
trials investigated the role of sentinel lymph node biopsy (SLNB). The
Axillary Lymphatic Mapping Against Nodal Axillary Clearance
(ALMANAQC) trial compared quality-of-life in patients with clinically
node-negative invasive BC who received SLNB vs standard axillary
treatment, showing reduced arm morbidity and better quality of life for
SLNB [26]. The NSABP B-32 trial tested SLNB for equal survival and
regional control compared to axillary dissection in BC patients with
clinically negative lymph nodes, showing equivalent disease-free and
overall survival and regional control between groups [31]. These trials
paved the way for de-escalation of the surgical treatment of the axilla,
with an impact on the decision-making process of the radiation
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oncologist, with respect to regional nodal irradiation.

Other trials investigated the role of systemic agents as adjuvant and
neoadjuvant treatment strategies. The Early Breast Cancer Trialists’
Cooperative Group (EBCTCG) meta-analysis explored the effect of
chemotherapy and hormonal therapy for early BC, showing a reduction
in 15-year mortality rates for cyclophosphamide, methotrexate, fluoro-
uracil, anthracycline-based combinations, tamoxifen, or ovarian sup-
pression [27]. Three trials assessed the clinical benefit of trastuzumab in
Human Epidermal Growth Factor Receptor (HER)-2-positive breast
cancer. The NSABP-B31 and North Central Cancer Treatment Group
(NCCTG) N9831 trials compared adjuvant chemotherapy based on
doxorubicin and cyclophosphamide with or without trastuzumab com-
bined with paclitaxel in women with surgically removed HER2 positive
BC, showing improved outcomes with trastuzumab [18]. Buzdar et al.
proved that the addition of trastuzumab to chemotherapy in the setting
of neoadjuvant chemotherapy could increase pathologic complete
response rate in HER2-positive BC [34]. The NeOAdjuvant Herceptin
(NOAH) trial showed that the incorporation of trastuzumab in the
neoadjuvant and adjuvant setting improved event-free and overall sur-
vival, and clinical and pathological tumour responses in locally
advanced or inflammatory HER2-positive BC [36]. Finally, the NSABP
B-18 and B-27 trials demonstrated that neoadjuvant and adjuvant
chemotherapy are equivalent. The B-27 trials also showed that the
addition of preoperative taxanes to doxorubicin, cyclophosphamide
improves tumour response. Patients with a pathological complete
response had better survival [25]. For the radiation oncology commu-
nity, those trials stressed the importance of properly combining radia-
tion with systemic therapy, including targeted agents. They also
highlighted the need to investigate the role of post-operative RT after
neoadjuvant chemotherapy defining indications for PMRT where un-
certainty exists regarding the initial axillary nodal status.

The St. Gallen 9th, 10th’ and 11th edition papers (2005, 2007, 2009)
have a high number of citations. During these meetings, the algorithm
for the selection of adjuvant systemic therapy for early BC changed to
include risk assessment and endocrine responsiveness, refining, and
extending a target-oriented approach based on subgroups defined by
predictive markers and menopausal status [29,35,40].

In 2011-2021, several highly cited documents had a direct RT-
oriented research question. The EBCTCG meta-analysis reported on RT
after breast-conserving surgery, which halves the rate of disease recur-
rence at 10 years and reduces by about a sixth the rate of BC death at 15
years [6]. Another EBCTCG meta-analysis demonstrated that PMRT
reduced 10-year recurrence and 20-year BC mortality rates in women
with 1-3 positive lymph nodes after mastectomy and axillary surgery,
regardless of systemic therapy [7]. Darby et al. showed that heart irra-
diation increased the risk of ischemic heart disease in BC patients,
proportionally to the mean heart dose and increasing over years [23].
The EORTC 10981-22023 AMAROS showed that axillary RT provides
comparable axillary control but significantly less morbidity compared to
axillary node dissection, in T1-T2 BC with no palpable lymph nodes and
positive sentinel lymph node biopsy [44]. Haviland et al. reported on the
10-year results of the UK Standardisation of Breast Radiotherapy
(START) A and B trials, showing that hypofractionated RT is safe and
effective in early breast cancer patients and supporting the use of 40 Gy
in 15 fractions in clinical practice [47]. The Cancer and Leukemia Group
B (CALGB) 9343 tested whether the omission of postoperative RT after
breast conservation in early BC patients aged > 70 years receiving
adjuvant tamoxifen is safe, reporting an excess in loco-regional failure
without RT, with no impact on distant-disease free and overall survival
[50]. The EORTC 22922/10925 trial demonstrated an improvement in
disease-free and distant disease-free survival and a reduction in breast-
cancer mortality, with a marginal effect on overall survival, for
regional nodal irradiation added to whole-breast or chest wall radiation
in early-stage BC patients [51]. Finally, the TARGIT trial reported on the
5-year local recurrence rate for accelerated partial breast irradiation
given with single-dose targeted intraoperative RT [53]. These studies
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reinforced the role of RT after both breast conserving surgery and
mastectomy, provided evidence for regional nodal and axillary irradia-
tion and addressed RT de-escalation in low-risk patients. However, their
clinical impact was often adjusted to more recent evidence in the years
following publication, showing that scientific medical process follows a
dynamic course over time.

Other highly cited documents in 2011-2021 were the 2015 European
Society of Medical Oncology (ESMO) Guidelines on primary BC, the 4th
European School of Oncology (ESO)-ESMO International Consensus
Guidelines for Advanced Breast Cancer and two other review papers
[42,43,44,52]. The recent consensus paper of the 15th edition of the St.
Gallen congress in 2017 had a high number of citations and addressed
intensity, duration, and side effects of loco-regional and systemic
treatments to shape escalated or de-escalated therapies based on tumour
stage and biology [54]. A systematic review and meta-analysis assessed
the incidence of unilateral arm lymphoedema after BC, showing exten-
sive surgery and obesity as risk factors [45]. Giuliano et al. demon-
strated that the omission of axillary node dissection does not lead to
inferior overall survival in T1-T2 BC patients, with no palpable lymph
nodes and 1-2 positive sentinel lymph nodes with macro metastases,
after breast conservation and whole breast RT [22]. Finally, the
KATHERINE trial demonstrated that adjuvant trastuzumab emtansine
(TDM-1) can halve the risk of recurrence of invasive BC or death in
HER2 positive BC patients with residual disease after neoadjuvant
chemotherapy including trastuzumab [49].

In 2000-2021, themes related to treatment modality, prognosis, and
surgical topics (mastectomy and breast reconstruction) were constant,
highlighting their pervasive nature in BC research. The centrality of the
theme breast-conserving therapy together with clinical and technical
aspects mostly related to it (partial breast irradiation and brachyther-
apy) stresses the crucial role of RT as an organ-preserving strategy and
the importance of RT optimization in this setting. Neoadjuvant chemo-
therapy is an emerging trend, probably to gain precedence in the sci-
entific literature soon. Communications between the analysed themes is
shown in Fig. 4. Overall, the research field of breast cancer RT presents
high cohesion and focuses on multidisciplinary management. The the-
matic area of RT mostly comprises basic and motor themes across all
four 5-year periods. The variety of topics that are covered by research
papers (local recurrence, prognosis and survival, target therapies, breast
reconstruction and mastectomy, quality of life, ductal carcinoma in situ)
suggests that different sub-themes addressing specific clinical and/or
technical research questions are being investigated. The diversity of
research themes over time and the combination/bifurcation of thematic
relations also implies that research in this field is still developing.
Brachytherapy research is another highly developed thematic area and
in the last period (2016-2021) is linked to the toxicity theme. During
2011-2015, sentinel lymph node biopsy appears as a new additional
thematic area. Interestingly, the theme “lymphedema’” disappears after
2000-2005, but originates the thematic area “quality of life’’. This
crucial theme remains isolated over time, suggesting the switch from a
disease-oriented model to a patient-oriented research paradigm aimed
at optimizing patient pathways during oncological care.

The major limitation of the study is linked to its intrinsic nature.
Bibliometric analysis generates quantitative information with a poten-
tial result over- or under- estimation. Data quality can be biased by
inadequate items standardization, such as per affiliations. We retrieved
only documents within the Scopus database, making the present study
deficient in reflecting the entire global research activity on BC and RT.
Also, quantitative data, particularly the number of citations may be
impacted by the number of years in which the publication can collect
references. Finally, several studies have been updated and published
many times, reporting on different endpoints and at different follow up
times.
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Conclusion and take-home messages

Radiation therapy research purposes have changed over time,
reflecting the evolution of BC oncology worldwide. The management of
BC is currently based on a multidisciplinary integration of treatments,
including RT, systemic and targeted agents, and surgery. The primary
interests of radiation oncologists have evolved over time, adding safety,
health related quality of life, sustainability of treatments and combina-
tion to systemic therapy to the general efficacy and effectiveness and
treatment outcomes. The data presented herein provide a unique win-
dow through which to appreciate the eclectic nature of RT as a disci-
pline, emphasizing the fact that technology and clinical management
cannot evolve without each other in a virtuous process of constant
growth and optimization.
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