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Featured Application

Open Field is no longer recommended. There is not a clear “gold-standard” technique.

A worldwide framework should be developed.

Abstract

Adjuvant radiotherapy improves local cancer control and the overall survival of women

with breast cancer. However, it is unclear what the ideal radiotherapy (RT) planning

technique is for these patients. The aim was to perform a synopsis of the literature

comparing RT techniques to treat early-stage left breast tumours. A PRISMA guideline

was used on this systematic review and registered in PROSPERO (CRD420251168901).

For all the investigations, the Open-field technique (OF) showed worse results for the

Planning Target Volume (PTV), lung and heart. Field-in-Field stood out in low doses and

mean doses in OARs. IMRT distinguished itself in Homogeneity Index. VMAT provides

higher Conformity Index results and thus an advantage in high and mean doses of OARs.

Hybrid-IMRT and Hybrid-VMAT combine the advantages of two techniques; however,

few studies have included them in their research. There is not a clear “gold-standard”

technique, and the results depend heavily on many factors which affect the quality of the

plans and the priorities of the departments. However, OF is no longer recommended. An

international framework should be developed to allow for a standardisation of the plans,

improving inter-departmental comparisons. And each department should perform their

own comparison between the techniques available to them.

Keywords: left-sided early-stage breast cancer; radiotherapy; dosimetric technique;

systematic literature review
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1. Introduction

In 2020, approximately 2.6 million new cases of breast cancer were diagnosed world-

wide and almost 700,000 deaths were attributed to this pathology according to the World

Health Organization (WHO) [1]. The benefits of adjuvant radiotherapy (RT) in the local

control and overall survival for women with early breast cancer have been confirmed by the

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG), as part of a multidisciplinary

approach [2,3].

RT planning for breast cancer is challenging and with the emergence of new tech-

niques, the consensus on their use is not yet achieved. Three-Dimensional Conformal

Radiation Therapy (3D-CRT), Intensity-Modulated Radiation Therapy (IMRT) and Volu-

metric Modulated Arc Therapy (VMAT) are the most common techniques currently used

in the treatment of these patients [4–7].

In the past, the use of two opposed tangential Open-Fields (OF) represented the stan-

dard technique in 2D planning. Over time, the same beam arrangement was incorporated

into 3D-CRT planning, which subsequently evolved into the Field-in-Field (FiF) technique,

providing acceptable coverage of the breast tissue while minimising the dose to adjacent

critical structures [4,5,7].

IMRT and VMAT have become preponderant techniques for various treatment sites.

The steep dose gradients achieved with such techniques are accomplished through multiple

leaf collimators (MLC), dose rate, and gantry speed modulation at the expense of the

inherent complexity of these dosimetric plans [8,9]. However, there is no consensus on

their advantages in breast cancer treatment.

IMRT combines multiple beam angles and MLC, allowing beam intensity modulation,

thus creating complex and highly conformal dose profiles [8,9]. Likewise, VMAT delivers

intensity-modulated beams but also performs full or partial, single, or multiple rotational

arcs, resulting in treatments of less than two minutes [10–13]. Both these techniques have

also been used to treat breast cancer.

Globally, there is no consensus on which RT technique is most beneficial for the

treatment of breast tumours. Mostly because each technique seems to have pros and

cons, resulting in conflicting evidence about the use of different techniques (evidence

gap). Additionally, there was never a compilation and comparison of the existing evi-

dence comparing the techniques (knowledge gap). This study will contribute to closing

these gaps.

It is acknowledged that dose distribution does not depend only on the RT technique,

i.e., there are other confounding factors. In addition to new RT-delivery techniques,

patients have benefitted from introducing respiratory motion control methods such

as deep-inspiration breath hold (DIBH), which impacts the dose distribution [14,15].

The introduction of new imaging verification modalities increased the accuracy of the

treatment delivery, allowing to reduce CTV-PTV margins which also affects dose dis-

tribution [16]. As such, comparison between techniques must account for these and

other confounding factors. This may be one of the reasons why this comparison is

challenging, and, to our knowledge, there are no published systematic comparisons of

the RT techniques for breast cancer. Lack of investment in new devices [17,18], funding

per treatment [19–21] or lack and diversity of training [22–24] could also be some of

the reasons for choosing one technique or another in individual RT centres, rather than

evidence of better outcomes.

Although clinical guidelines for early-stage breast cancer describe recommended dose

constraints and planning parameters for different radiotherapy techniques, they do not

establish which technique provides the best overall dosimetric performance.



Appl. Sci. 2025, 15, 11187 3 of 17

The aim of this study was to perform a synopsis of the evidence existing in the

literature to perform a dosimetric comparison of RT techniques for the treatment of early-

stage left breast tumours (pT1-2 N0) using the linear accelerator, assessing the advantages

and disadvantages of each one in terms of dose constraints/objectives for target volumes

and Organs-At-Risk (OARs).

To improve comparability of the studies, this study will focus only on left-sided early-

stage breast cancer. This choice takes into account the challenge of having the heart close to

the target volume.

2. Materials and Methods

2.1. Data Collection

This systematic review was performed according to the Preferred Reporting

Items for Systematic reviews and Meta-Analyses (PRISMA) 2020 guidelines [25],

and adhered to a pre-registered protocol in PROSPERO (registration number:

CRD420251168901). The records were searched in the last 13 years from PubMed,

ScienceDirect, Cochrane Library and PROSPERO until 31 July 2025. The search strat-

egy was developed iteratively to achieve an optimal balance between sensitivity and

specificity, combining terms related to dosimetry and early-stage breast cancer. Ex-

clusion criteria were applied to restrict the results to photon-based, linear accelerator

techniques. This approach ensured comprehensive coverage of relevant comparative

dosimetric studies while maintaining a clear and reproducible methodology. This

methodology allowed to collect and analyse numerous publications related to the

topic. These databases were chosen since they include all high impact journals in

radiotherapy planning.

2.2. The Inclusion and Exclusion Criteria

The primary inclusion criteria were (1) any study involving RT in early breast cancer

using the linear accelerator; (2) comparing at least two techniques using photons; (3) the

plan was performed in the whole left breast only, and (4) it contains relevant information

on planned doses for target volumes and OARs.

The study was to be excluded if (1) it is not in English; (2) involves the treatment of

the right-side breast only or both; (3) contains only one dosimetric planning technique or

(4) planning was performed in a non-clinical Treatment Planning System (TPS).

2.3. Review Process and Quality Assessment

The review process was conducted following the PRISMA 2020 reporting guidelines

for new systematic reviews. The duplicated studies from different databases were excluded

using EndNote®. After reading the titles and abstracts, potentially related papers were

collected and further assessed based on the inclusion and exclusion criteria. The final

included studies of this systematic review were then selected and presented in the results

section. Figure 1 outlines all these steps.

Two independent reviewers adjudicated study quality and the assessment of

study quality using The Joanna Briggs Institute’s (JBI) critical appraisal tools for An-

alytical Studies [26]. If any disagreements occurred, another independent researcher

was consulted.
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Figure 1. Flowchart of the selection process in the systematic review, following the PRISMA 2020

flow diagram for new systematic reviews which included searches of databases and registers only.

2.4. Data Extraction

For this review, the following information was extracted from each included study:

first author, publication year, number of patients, age range, patient size range, RT treatment

modality, target volume and OARs doses. These parameters were extracted and presented

in a table for a quick evaluation of the existing literature.

To enable data extraction across studies, the values of the OAR parameters were

approximated. This approach was required due to heterogeneity in fractionation dose

regimens, contouring protocols, and reporting metrics, which hindered the direct stan-

dardisation of results. Although this may introduce some degree of bias, the methodology

nonetheless enabled a meaningful synthesis of the existing evidence, contributing to the

body of knowledge on radiotherapy techniques for left-sided breast cancer.

Due to the numerous variables that affect the quality of the plan in addition to the

treatment technique (such as patient size, CTV-PTV margin, use of respiratory control,

etc.), it is not possible to directly compare the studies with one another. Therefore, a meta-

analysis could not be performed. The differences in sample sizes, inclusion criteria, and

planning objectives make direct comparison between studies unfeasible.

Firstly, the analysis was carried out study-by-study, where techniques can be directly

compared. Then a general comparison of the techniques was performed, grouping the

evidence to discuss each technique’s positive aspects and disadvantages.
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3. Results

3.1. Study Selection

Figure 1 shows 422 records were collected from 4 different databases. After excluding

88 duplicates and 2 non-English papers, and reading the titles, we obtained 111 papers

for further assessment. A total of 31 reports were included for eligibility after full abstract

reading, of which 11 were excluded for treating right-side breast cancer, 2 for having only

one technique in a linear accelerator, 2 for not using a clinical TPS and 2 where the treatment

plan was carried out in the 4DCT image. Finally, we included 13 studies in the current

systematic review. The detailed information of each study is listed in Tables 1 and 2.

Table 1. Summary of systematic review data extraction.

First Author
(Year of

Publication)

No.
Pat.

Median Age
in Years
(Range)

Respiratory
Control

Dose
Prescription TPS Info

Treatment Modality

Tec. Description

Carosi
(2020) [27]

24 69
Free

Breathing
44 Gy

(16 × 2, 75 Gy) Pinnacle
FiF

Two parallel opposing tangential
beams with subfields;
6–10 MV

IMRT
Same two parallel opposing tangential beams of
FiF;
6 MV

Haciislamoglu
(2015) [4]

15 --- --- 50 Gy
(25 × 2 Gy)

Eclipse

OF
Two parallel opposing tangential beams with
wedges

FiF
Same two parallel opposing tangential beams of
OF with 2–4 subfields

IMRT
Nine Beams: 2 beams with the same OF and
7 more between them

VMAT
Partial Arc; Starting and stopping beam angles of
the arc were 10 posterior to
tangential fields using OF

Jin (2013) [5] 20 --- --- 50 Gy
(25 × 2 Gy) Pinnacle

OF
Two parallel opposing tangential
beams with wedges

FiF
Same Two parallel opposing tangential beams of
OF with 3–5 subfields

IMRT
Same Two parallel opposing tangential beams of
3DCRT with subfields

IMRT 7 or 9 IMRT Beams

VMAT
2 Partial Arcs that started and stopped gantry
angles same as tangential fields; 6 MV

Lamprecht
(2022) [28]

15 (45–75) DIBH
42.5 Gy

(16 × 2, 66 Gy) Pinnacle

FiF
Two parallel opposing tangential beams with
wedges and subfields; 6 MV

Hybrid-IMRT
Two parallel opposing tangential beams with
2–3 IMRT beams; 6 MV

Hybrid-
VMAT

Two parallel opposing tangential beams with
2 partial arcs; 6 MV

VMAT 2–4 Partial Arcs; 6 MV

Mishra
(2025) [29]

20 48 (35–79) --- 40.05 Gy
(15 × 2, 67 Gy)

Eclipse

FiF
Two parallel opposing tangential beams with
subfields; 6 MV or 15 MV

VMAT
3 Partial Arcs (300–145, 145–300, 300–145) with
collimator angles of 5, 355 and 90, respectively;

Hybrid-
VMAT

60% of the prescription dose with two parallel
opposing tangential beams plus 40%
with partial arcs

Mo (2017) [7] 17 41 (28–58) --- 50 Gy
(25 × 2 Gy) Monaco

OF
Two parallel opposing tangential beams with
wedges; 6 MV

IMRT 5 Beams (310◦ , 295◦ , 90◦ , 125◦ and 140◦); 6 MV
VMAT 2 Partial Arcs; (60–160◦ and reverse); 6 MV

Nithya
(2020) [10] 22 49.7 (29–66) ---

40 Gy
(15 × 2, 667

Gy)
Eclipse

IMRT 5 Beams (300◦ , 315◦ , 115◦ , 127◦ , and 140◦); 6 MV

IMRT
6 Beams, equidistantly at 40◦ interval from
300◦ to 140◦ ;
6 MV

VMAT
2 Partial Arcs; (295–145◦ and reverse, avoidance
sector 0–90◦); 6 MV

VMAT
2 Partial Arcs; (295–145◦ and reverse, without
avoidance sector); 6 MV

Piras
(2022) [30] 21 59.5 (39–79) --- 26 Gy

(5 × 5, 2 Gy)
Eclipse

FiF
Two parallel opposing tangential beams with
subfields. 6 MV–15 MV

VMAT 2 Partial Arcs; (310–165◦ and reverse); 6 MV
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Table 1. Cont.

First Author
(Year of

Publication)

No.
Pat.

Median Age
in Years
(Range)

Respiratory
Control

Dose
Prescription TPS Info

Treatment Modality

Tec. Description

Ramasubramanian
(2019) [12]

26 50 (23–70) --- 50 Gy
(25 × 2 Gy)

Eclipse

VMAT 2 Partial Arcs; (300–50◦ and 50–160◦)

VMAT
4 Partial Arcs; (300–50◦ and reverse,
plus 50–160◦ and reverse)

VMAT
4 Tangential Arcs; (300–350◦ and reverse,
plus 110–160◦ and reverse)

Redapi
(2022) [31]

48
---

DIBH
42.56 Gy

(16 × 2, 66 Gy) Monaco

Hybrid-IMRT
70% of the prescription dose with two parallel
opposing tangential beams plus 30% with
2 sliding window IMRT beams

IMRT Same beams of Hybrid-IMRT

VMAT
4 Tangential Arcs; (290–350◦ and reverse,
plus 100–160◦ and reverse)

Viren
(2015) [32] 10 65 (59–71)

Free
Breathing

50 Gy
(25 × 2 Gy) Monaco

FiF
Two parallel opposing tangential beams with
subfields. 6 MV–10 MV

IMRT Dynamic Fields with two static tangential fields
VMAT 2 Partial arcs of 240 in length
VMAT 4 Tangential arcs of 50–60 in length

Xie (2020) [6] 15 --- Free
Breathing

50 Gy
(25 × 2 Gy) Pinnacle

OF
Two parallel opposing tangential beams with
wedges; 6–10–15 MV

FiF
Same Two parallel opposing tangential beams
of OF with 2–3 subfields; 6–15 MV

IMRT
Seven beam equidistantly distributed in a sector
of 180◦ that avoided direct exposure to the
contralateral breast

Hybrid-IMRT
80% of the prescription dose with two parallel
opposing tangential beams plus 20% with
2 dynamic IMRT beams

VMAT
2 Partial Arcs that started and stopped gantry
angles same as tangential fields; 6 MV

VMAT
2 Partial Arcs that started and stopped gantry
angles same as tangential fields with a rotation of
20 and 340 of couch; 6 MV

VMAT

6 Partial Arcs (3 in one way and the others in
reverse with a length of 50) that in total starting
and stopping gantry angles same as
tangential fields; 6 MV

Zhang
(2018) [33]

50 --- Free
Breathing

50 Gy
(25 × 2 Gy) Pinnacle

IMRT
5 beams (Starting and stopping beam angles are
the same as conventional tangential
opposing beams)

IMRT
6 beams (3 beams with a distance from each other
between 10 and 20◦ in upper part of PTV and
others 3 in lower part)

Hybrid-IMRT
70–80% of the prescription dose 3DCRT plus
20–30% with dynamic IMRT beams

Abbreviations: DIBH, deep-inspiration breath hold; FiF, Field-in-Field; IMRT, Intensity-Modulated Radiation
Therapy; OF, Open-Fields; TPS, Treatment Planning System; VMAT, Volumetric Modulated Arc Therapy;
“---”, not reported.

Table 2. Summary of systematic review data extraction. Most beneficial parameters from the intra-

article analysis are highlighted.

First Author
(Year of

Publication)
Technique

PTV Ipsilateral Lung Heart
Contralateral

Breast
Contralateral

Lung

CI HI D95%
Mean
(Gy)

V ≈

10%
(%)

V ≈

40%
(%)

Mean
(Gy)

V ≈

10%
(%)

V ≈

60%
(%)

Mean
(Gy)

V ≈

10%
(%)

Mean
(Gy)

V ≈

10%
(%)

Carosi (2020) [27]
FiF 0.7 0.15 91 4.4 --- --- 1.9 --- --- --- --- --- ---

IMRT 0.7 0.15 93 4.8 --- --- 2 --- --- --- --- --- ---

Haciislamoglu
(2015) [4]

OF 0.56 0.13 --- 7.21 18.18 12.51 4.39 10.3 5 0.55 0 0.45 0
FiF 0.6 0.11 --- 7.08 12.53 12.53 4.38 9.6 5.1 0.54 0 0.44 0

IMRT 0.74 0.09 --- 12.68 85.8 14.91 8.36 62.5 2.1 3.05 10.85 4.28 33.58
VMAT 0.74 0.18 --- 11.08 73.67 13.67 9.24 69 2.1 2.56 7.99 3.03 6

Jin (2013) [5]

OF 0.5 0.13 --- 8.6 25.9 16.9 3.7 10.2 4.2 --- --- --- ---
FiF 0.59 0.11 --- 8.2 24.6 15 3.2 8.9 3.2 --- --- --- ---

IMRT 0.63 0.11 --- 6.8 23.4 12.9 2.2 6.3 1.2 --- --- --- ---
IMRT 0.77 0.11 --- 9.3 49.3 14.6 4.4 26.2 1 --- --- --- ---
VMAT 0.71 0.14 --- 10.1 50.3 16.4 4.6 26.1 1.1 --- --- --- ---

Lamprecht
(2022) [28]

FiF 0.69 0.11 97.61 5.94 21.79 12.40 1.57 4.33 0.79 0.31 --- 0.19 ---
Hybrid-
IMRT

0.75 0.10 97.98 5.69 22.69 10.78 1.70 4.22 0.19 0.29 --- 0.22 ---

Hybrid-
VMAT

0.76 0.10 97.49 5.31 20.74 10.15 1.29 2.67 0.19 0.32 --- 0.22 ---

VMAT 0.83 0.09 97.71 4.93 20.66 8.31 1.19 1.65 0 0.42 --- 0.28 ---
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Table 2. Cont.

First Author
(Year of

Publication)
Technique

PTV Ipsilateral Lung Heart
Contralateral

Breast
Contralateral

Lung

CI HI D95%
Mean
(Gy)

V ≈

10%
(%)

V ≈

40%
(%)

Mean
(Gy)

V ≈

10%
(%)

V ≈

60%
(%)

Mean
(Gy)

V ≈

10%
(%)

Mean
(Gy)

V ≈

10%
(%)

Mishra
(2025) [29]

FiF 0.55 0.18 92.90 11.17 29.31 --- 4.59 9.57 --- 0.34 --- 0.58 ---
VMAT 0.92 0.12 98.45 13.49 53.49 --- 6.38 14.00 --- 3.19 --- 3.38 ---
Hybrid-
VMAT

0.89 0.13 96.05 12.66 42.46 --- 5.63 11.72 --- 2.26 --- 2.58 ---

Mo (2017) [7]
OF 0.55 0.13 --- 13.92 38.23 26.67 9.54 26.95 14.28 0.69 --- 0.35 0.02

IMRT 0.68 0.09 --- 9.87 34.93 17.79 5.92 20.21 2.68 2.11 --- 1.1 0.21
VMAT 0.77 0.1 --- 8.38 32.53 13.4 4.96 17.66 1.24 3.55 --- 1.85 3.06

Nithya
(2020) [10]

IMRT 0.91 0.09 96.71 7.72 34.99 13.51 4.33 23.335 --- 0.54 --- 0.36 0.3
IMRT 0.94 0.09 96.84 8.69 59.95 10.41 4.57 22.97 --- 1.66 --- 2.09 5.11
VMAT 0.94 0.13 95.82 9.51 50.3 16.08 6.04 34.7 --- 1.17 --- 0.74 0.31
VMAT 0.98 0.12 95.98 9.1 53.75 13.54 5.88 35.44 --- 2.59 --- 2.18 8.37

Piras (2022) [30]
FiF 0.61 --- 97.22 --- --- 12.13 0.61 8.16 0.55 --- --- --- ---

VMAT 0.91 --- 95.41 --- --- 8.33 1.06 22.39 0.62 --- --- --- ---

Ramasubramanian
(2019) [12]

VMAT 0.87 0.084 96.24 8.56 44.8 11.22 5.9 25.16 --- 1.38 2.58 1.27 0.51
VMAT 0.88 0.076 96.62 8.47 43.81 11.03 5.72 23 --- 1.4 2.62 1.27 0.13
VMAT 0.83 0.1 95.18 8.14 40.26 11.22 5.49 22.4 --- 0.74 2.25 0.22 0

Redapi
(2022) [31]

Hybrid-
IMRT

0.75 0.09 --- 7.3 27.5 14.7 2.1 --- --- 0.7 0 0.34 0.003

IMRT 0.72 0.1 --- 7.2 26 14.5 2 --- --- 0.7 0 0.44 0.001
VMAT 0.85 0.09 --- 5.2 21.3 8.6 1.6 --- --- 1.1 1.1 0.68 0.002

Viren (2015) [32]

FiF 0.47 0.14 91.4 10.4 32 21.4 9.1 --- 15.2 1 --- 0.7 ---
IMRT 0.45 0.12 96.3 10.9 33.3 21.6 9.1 --- 13.9 1 --- 0.7 ---
VMAT 0.5 0.1 98.1 8.7 35.5 15.3 5.5 --- 3.4 2.6 --- 1.6 ---
VMAT 0.5 0.1 97.8 9.6 36.9 18.1 6.3 --- 5.7 1.2 --- 0.9 ---

Xie (2020) [6]

OF 0.5 0.15 --- 6.7 18.3 12.7 9.6 25.3 15.1 2.8 4.2 --- ---
FiF 0.5 0.132 --- 6.4 18.6 12.6 8.1 25.7 13.3 1.9 3.8 --- ---

IMRT 0.6 0.126 --- 6.1 17.7 12.2 8.1 23.9 12.7 1.6 4 --- ---
Hybrid-
IMRT

0.8 0.142 --- 5.9 26.4 7.9 7.4 48.3 2.7 1.4 0.2 --- ---

VMAT 0.8 0.157 --- 6 27 7.8 7.8 53.2 3.9 1.1 0.3 --- ---
VMAT 0.8 0.158 --- 5.4 24.8 6.6 5.8 30.5 2 1.2 0.2 --- ---
VMAT 0.8 0.164 --- 4.9 19.6 7.3 5.5 22.1 3.2 1.2 0.1 --- ---

Zhang (2018) [33]

IMRT 0.81 --- --- 11.5 43.67 22.04 14.24 --- 4.55 4.58 44.92 5.21 51.12
IMRT 0.77 --- --- 11.42 44.55 20.59 5.22 --- 1.41 1.08 2.8 0.45 0.04

Hybrid-
IMRT

0.75 --- --- 10.36 35.02 15.49 4.31 --- 4.3 0.94 1.62 0.39 0.47

Abbreviations: OF, Open-Fields; FiF, Field-in-Field; IMRT, Intensity-Modulated Radiation Therapy;
VMAT, Volumetric Modulated Arc Therapy; PTV, Planning Target Volume; CI, Conformity Index; HI, Homo-
geneity Index; D95%, percentage of the prescribed dose that covered 95% of the target volume; Vx, percentage
of organ receiving ≥ x (Gy or % of the prescribed dose); “---”, not reported.

3.2. Study Characteristics

For data evaluation, the techniques were divided into 6 groups:

(1) Open-Fields (OF): a technique that contains only two parallel opposing tangential

fields shaped by MLC, with or without wedges;

(2) FiF: two parallel opposing tangential beams with subfields planned using

forward planning;

(3) IMRT: inverse planning technique with fields with modulated intensity with a fixed

number of fields;

(4) Hybrid-IMRT: a large percentage of dose prescribed with two parallel opposing

tangential fields or FiF plus a small percentage with IMRT;

(5) VMAT: inverse planning technique using partial or tangential arcs with modulated

beam intensity;

(6) Hybrid-VMAT: a large percentage of dose prescribed with two parallel oppos-

ing tangential fields or FiF plus a small percentage with VMAT using partial or

tangential arcs;

Of the 13 articles, 11 (85%) addressed the VMAT [4–7,10,12,28–32], 9 (69%) IMRT

techniques [4–7,10,27,31–33], 8 (62%) the FiF technique [4–6,27–30,32], 4 (31%) the OF [4–7],

4 (31%) the Hybrid-IMRT [6,28,31,33] and only 2 (15%) the Hybrid-VMAT technique [28,29].

Only 1 (9%) article compares at least 5 techniques [6]. One publication (9%), Mo et al.

2016 [7], only compared the VMAT technique using different configurations.
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There is a similar distribution of TPSs across the papers evaluated: Eclipse [4,10,12,29,30]

and Pinnacle [5,6,27,28,33] appeared in 5 (38%) articles and Monaco in 3 (23%) [7,30,31]. In

7 articles (54%) [4–7,12,32,33], conventional fractionation was used, with daily doses of 2 Gy

over 25 fractions. Among the remaining 6 articles (46%), hypofractionation was adopted:

5 articles (27%) [10,27–29,31] used moderate hypofractionation (2.667–2.75 Gy per fraction

over 15 or 16 fractions), and only 1 article (9%) [30] employed ultra-hypofractionation (5.2 Gy

per fraction over 5 fractions). The sample size of the various articles ranges between 10 and

50 patients, with an average of 23 patients. All studies placed patients in the supine position

on a breast support with both arms raised above the head. Regarding respiratory control, only

6 (46%) [6,27,28,31–33] studies explicitly reported the use of a specific breathing management

technique. Among these, 4 were performed under free-breathing conditions [6,27,32,33], while

two studies employed DIBH [28,31].

3.3. Dosimetric Data

The analysis included target volumes and OAR dose-volume parameters, and the

values that appeared most frequently in the selected articles were evaluated.

The variables analysed related to the PTV are quite similar for the 6 techniques.

The OF presents the lowest Conformity Index (CI) in all 4 (100%) articles in which it

appears [4–7], while the VMAT has the highest CI in 9 (90% of the 10 articles where VMAT

is compared with other techniques) [4,6,7,10,12,28–31]. IMRT has better results in 6 (75%) in

the Homogeneity Index (HI) variable [4–7,10,27]. Only 7 articles (53%) describe the D95%

parameter [10,12,27–30,32]. The dose parameters of all included studies are presented in

Table 2. We encourage the readers to analyse this table carefully before continuing to read

the results.

In the ipsilateral lung, three variables were analysed: mean dose [4–7,10,12,27–29,31–33]

analysed in 12 articles (92%),V ≈ 40% [4–7,10,12,28,30–33] and V ≈ 10% in 11 articles

(85%) [4–7,10,12,28,29,31–33]. The VMAT was presented as the technique with the lowest

mean dose in 5 of the 10 articles (50%) [10,28,31,32], and the IMRT presented the highest

result in 4 articles (44%) [4,27,32,33]. Regarding V ≈ 10%, the results varied greatly between

the various studies, making it impossible to draw any general conclusions about this pa-

rameter; a certain technique may have the lowest results in one article and the highest in

another study. OF showed the highest V ≈ 40% results in 3 articles (75%) [5–7] but curiously

presents the lowest result in the article by Haciislamoglu et al. (2015) [4] compared to the other

3 techniques. The VMAT presents the lowest V ≈ 40% results in 6 (66%) articles [6,7,28,30–32].

When treating the left breast with RT, the heart is one of the most critical organs. In this

review, the mean dose, V ≈ 10% and V ≈ 60% were analysed. Curiously, the VMAT has the

lowest (44%) [6,7,28,31,32] and the highest results (44%) [4,5,10,29,30] of heart mean dose

across different studies. Regarding V ≈ 10%, the FiF presented the lowest results in 3 articles

(50%) [4,28–30], and the VMAT presented the highest results in 3 articles (57%) [4,10,29,30].

Regarding V ≈ 60%, OF showed the highest results in 3 (75%) articles [5–7] while the VMAT

showed the lowest results in 5 (71%) articles [4,6,7,28,32].

The other two OARs evaluated are the contralateral breast and the contralateral lung,

which reflect the distribution of the low doses: mean dose and V ≈ 10% were evaluated for

both. The articles are very different from each other, with 2 articles in which all these values

are lower for FiF [4,29], 1 for OF [7] and another for IMRT [10]. The OF and FiF techniques,

when compared with the VMAT technique, presented lower values for all variables of these

OARs, except in the article by Xie et al. (2020) [6].

Ramasubramanian et al. (2019) [12] compared the VMAT technique with three different

configurations, as described in Table 1. The configuration of 4 tangential arcs (300–350◦

and reverse; 110–160◦ and reverse) had the lowest results in 8 of the 9 OAR parameters.
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However, the configuration of 4 partial arcs (300–50◦ and reverse; 50–160◦ and reverse)

obtained better results for all parameters related to the PTV coverage, HI and CI.

4. Discussion

A substantial body of literature, comprising thirteen publications, was identified

on this topic, indicating active research within the community. However, as previously

noted, the use of disparate assessment parameters across research groups impedes direct

comparison and the possibility of a meta-analysis.

Therefore, this is our main conclusion from this study. The lack of standardisation in

reporting breast cancer planning parameters impedes the comparison of results between

studies. Even parameters that are considered relatively standard in plan reporting (e.g.,

D95% PTV) were not consistently reported across the studies. This results in an inability

to utilise the existing data for statistical analysis. We dare to conclude that this impedes

healthcare professionals worldwide from confidently knowing whether there is (or not) an

RT technique that is beneficial and should be the standard for all patients.

As a result, two recommendations are (i) that the standardisation of plan assessment

parameters is urgent, as they do not exist, and (ii) to perform international large-scale

research to compare RT techniques for treating breast cancer using these standardised

parameters. Ideally, this would be complemented with a clinical outcome assessment.

Additionally, it became evident that a wide array of techniques is currently in

use or under consideration for the treatment of left breast cancer, including OF, FiF,

IMRT, VMAT, hybrid-IMRT, and hybrid-VMAT. This diversity is further compounded by

variations within these techniques, such as the use of tangential or partial arcs in VMAT.

The lack of a clear consensus on which technique is most beneficial suggests that each

may offer distinct advantages.

Although this review sought to identify which technique achieves the most favourable

dosimetric parameters, it is important to recognise that, from a clinical perspective, the

optimal approach may not be the one that produces the best value for a single parameter.

Instead, what is most relevant is the ability of a plan to achieve an overall balance between

adequate PTV coverage and minimization of OAR doses. This concept of equilibrium may

better reflect the complexity of clinical decision-making, where compromises are often

necessary to optimise both tumour control and normal tissue protection.

The present review focused exclusively on dosimetric outcomes, which provide valu-

able insights into the relative quality of radiotherapy plans. However, the translation

of these dosimetric findings into clinical outcomes such as toxicity reduction or survival

improvement remains uncertain. The lack of standardised reporting of clinical endpoints

across studies prevents a direct correlation between dosimetric and long-term clinical

results. Therefore, the results of this review should be interpreted as an evaluation of

planning quality rather than clinical effectiveness. Future research combining dosimet-

ric analysis with clinical follow-up data is required to confirm whether the dosimetric

advantages observed translate into improved patient outcomes.

The rapid evolution of fractionation schemes for early-stage breast cancer over the

past decade also introduced a layer of complexity to this analysis. To address this, the

authors were able to convert the different parameters, within a reasonable approximation,

to facilitate data interpretation. This ability to compile and convert data from multiple

sources represents a key advantage of this review, providing clinical settings with a unified,

evidence-based resource to inform their practice.
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4.1. Standard Techniques (OF, FiF, IMRT and VMAT)

The results showed that the OF technique shows worse results concerning the PTV,

ipsilateral lung and heart, compared with other techniques. Advantages can only be

demonstrated in low doses in the contralateral lung and in the contralateral breast, and

only in some of the articles. It seems that, based on these studies, there are better options,

which agrees with the worldwide tendency of using different techniques.

The FiF technique stood out compared to other techniques in terms of low doses and

mean doses in OARs. For the ipsilateral lung and heart, in 4 of the 8 articles, a lower dose

was observed with FiF [4,27,29,30]. The same trend is also seen in low and mean doses for

the contralateral lung and contralateral breast; in 4 of the 5 articles [4,10,28,29] the lower

doses were achieved with this technique. The differences observed in these studies may

be due to the number, angulations, and weight of the fields and subfields, which may

influence the final quality of the plane.

Curiously, in three of these articles [4,5,27], FiF and IMRT with the same beam config-

uration are compared. In Jin et al. (2013) [5], IMRT shows a benefit (favourable results in

6 of the 8 parameters evaluated), while the Haciislamoglu et al. (2015) [4] article shows a

slight benefit of the FiF technique (favourable results in 8 of the 12 parameters evaluated).

In Carosi et al. (2020) [27], the two techniques are very similar and with very close values,

with FIF benefiting the protection of OARs and IMRT benefiting the target volume objec-

tives. Despite these three comparisons being quite similar, they achieved different results,

showing that the difference between IMRT and FiF techniques is not extensive and that

different plan details may influence the results. The IMRT technique distinguished itself in

this systematic review regarding the HI in which it obtained better results in 75% of the

articles [4–7,10,27].

The VMAT technique provides higher CI results in 90% of the articles [4,6,7,10,12,28–31].

This high level of CI also brings an advantage in high and mean doses of OARs. VMAT has

the lowest lung mean dose [7,28,31,32] in 50% of the articles and the lowest lung V ≈ 40%

in 63% of the studies [6,7,30–32]. The same happens in V ≈ 60% of the heart, where VMAT

presents lower doses in 60% of the articles [4,6,7,28,32]. The VMAT weakness seems to be the

low doses, since VMAT showed the highest heart V ≈ 10% in 63% of the articles [4,5,10,29,30],

and the highest low-doses in the contralateral lung and contralateral breast, whereas other

techniques presented lower results [4,7,10,28,29,31,32]. This is particularly important since

trials have shown a correlation between RT and cardiac-related deaths, making cardiac side

effects a limiting factor in improving breast radiotherapy [34,35]. In some patients where

associated oncologic treatments mandate the lowest irradiation heart dose, VMAT with DIBH

or isocentric lateral decubitus positioning are highly effective alternatives [36]. Due to the

arc configuration and dose distribution method, the VMAT technique delivers low doses to

a higher volume of the surrounding normal tissues, which is its main disadvantage, as it

increases the risk of secondary cancers [37].

Still regarding the VMAT technique, one of the major limitations in comparing this

technique is the different configuration setups that exist. In the 2 articles in which there

is a comparison of this technique with more than one configuration (tangential arcs and

partial arcs) [12,32], the results seem to be quite identical, not allowing us to conclude which

will be the best configuration for this technique. Furthermore, as described in the results,

the VMAT has the lowest results (44%) [6,7,31,32] and the highest results (44%) [4,5,10,30]

regarding the heart mean dose, which can be due to these specific planning objectives (e.g.,

PTV coverage versus OAR sparing) that vary between institutions, but other potential

factors could include patient size, dose calculation algorithms, and volume contouring

protocols, among others.
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4.2. Hybrid Techniques

Hybrid techniques have emerged as an alternative strategy, combining elements of

tangential FiF fields with either IMRT or VMAT. The rationale for these strategies lies in the

attempt to merge the strengths of each method while reducing their limitations.

Evidence suggests that Hybrid-IMRT, achieved by combining FiF tangential fields

with IMRT beams, offers improved OAR sparing compared with IMRT alone. In the article

by Zhang et al. (2018) [33], the hybrid-IMRT, with 70–80% of the prescription dose of the FiF

technique and 20–30% with IMRT, presented lower doses in 7 of the 9 parameters observed

in the OAR. Combining IMRT with the advantages inherent to the FiF technique described

in this discussion, concerning low doses and mean doses in the OARs, stands out when

compared with IMRT alone. However, when compared with the VMAT technique [6,28,31],

VMAT seemed to outperform in the CI, HI, heart, and ipsilateral lung, with Hybrid-IMRT

showing better results in doses to the D95%PTV, contralateral lung and contralateral breast.

Although Hybrid-IMRT does not consistently provide the most favourable results

in individual parameters, it often demonstrates intermediate values that reflect balanced

performance. Rather than excelling in a single aspect, this technique tends to offer a com-

promise between target coverage and OAR sparing, resulting in an overall equilibrium that

may be advantageous in clinical practice, especially when both objectives are considered

equally important. More comparative studies should be carried out using Hybrid-IMRT to

understand the impact this technique has on the treatment of this pathology.

A similar rationale underlies the development of Hybrid-VMAT, which combines

tangential FiF fields with VMAT arcs. In this case, the intention is likewise to mitigate the

disadvantages of VMAT—particularly its tendency to increase low-dose exposure—while

preserving its strengths in conformity and PTV coverage, which was compared in two

studies included in this review [6,29].

The available evidence, however, remains mixed. Lamprecht et al. (2022) [28] reported

that VMAT achieved better values in most parameters, with Hybrid-VMAT showing

advantages in reducing doses to the contralateral breast and lung. In contrast, the study by

Mishra et al. (2025) [29] found that VMAT offered the better values for PTV parameters,

FiF provided the best values for OAR, and Hybrid-VMAT produced intermediate values

for PTV and OARs. These findings suggest that Hybrid-VMAT, like Hybrid-IMRT, does

not necessarily deliver the best outcomes in isolated metrics but may offer a more balanced

distribution between PTV objectives and OAR constraints. Nevertheless, further studies are

required to better understand the impact and potential clinical advantages of implementing

Hybrid-VMAT in routine practice.

4.3. Broader Considerations

One of the issues that hinder this study from reaching clearer conclusions is that

certain institutions give a greater emphasis on covering the target volume, while others

give priority to lowering doses to adjacent OARs. This was particularly evident with the

dose to the heart with the VMAT technique. The VMAT technique achieved the best heart

results in some studies [6,7,31,32] and the worst results in other studies [4,5,10,30]—one

possible explanation for this is that certain departments/dosimetrists give priority to the

PTV parameters, while others give priority to the heart parameters. This inherent vari-

ability in institutional priorities highlights a key limitation of broad, multi-centre analyses.

While this literature review provides a valuable, evidence-based foundation for decision-

making, it does not substitute an individualised departmental assessment. Therefore, one

of the recommendations from this study is that each clinical centre must conduct its own

internal evaluation to determine the most beneficial technique accounting for a variety of
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factors, including local equipment, staff expertise, departmental protocols, and specific

clinical priorities.

Research has shown that there are a multitude of confounding factors that affect the

plan quality besides the technique. These are the following:

(1) Experience and capacity of the medical dosimetrist: greater experience, time dedicated

to each plan, or better training in a given technique may bring about significant

differences in the results of the plan [22–24];

(2) Delineation of target volume and OARs: in several of the selected articles, the de-

lineation protocols were not described, which can make comparisons between them

difficult. Different delineation guidelines result in different outcomes in dose eval-

uation. The use of international protocols is very important, as numerous studies

demonstrate better results when used [38–40];

(3) Treatment Planning System and calculation algorithms: the execution of dosimetric

plans with different Treatment Planning Systems, as well as the use of different

calculation algorithms, may produce different results in a dosimetric plan. Allied to

this, in advanced techniques such as IMRT and VMAT, inverse planning is performed

in different ways. All of this may bring different results, not only in terms of dosimetry

but also in terms of clinical results for the patient [41–44];

(4) Economic impacts: greater funding for special techniques could lead to these being

chosen in certain countries in order to combat problems with the rules for reimburse-

ment (such as reimbursement for ultra- and hypofractionation in this case of the

breast) [19–21];

(5) Availability of equipment: the availability of devices capable of performing certain

techniques is quite uneven globally, which could create greater dependence on the use

of non-special techniques [17,18,21,45–48];

(6) Culture: the belief that a certain technique has better results than another without

carrying out a research study on the subject may lead to the choice of different tech-

niques [18,21,46,48].

Other studies should consider these aspects that, in a more accentuated way or not,

create barriers in choosing the technique across the world.

4.4. Limitations of the Study

Several studies have been carried out in which dosimetric techniques are compared

for treating early-stage left breast tumours. However, comparison between the studies

is impossible since they vary considerably regarding techniques used, dose prescription,

dose-volume parameters reported, etc. This allowed us to compare techniques only within

studies. Nevertheless, this evaluation allowed us to summarise the existing evidence,

contributing to the body of knowledge and allows readers to perform their own comparison

since all data was compiled into Table 2.

The sample size, as well as its description per study, does not seem to be sufficiently

representative to draw stronger conclusions. In this selection of articles, 77% of the articles

have less than 25 patients [4–7,10,27–30,32], which for the small differences observed in

the dose parameters evaluated, may not be representative. The same happened with the

average age of patients in which 6 articles do not present this information [4–6,28,31,33]

and the average of the remaining articles varies considerably. Another relevant limitation

is the lack of detailed information on patient status, tumour size and breast volume across

the included studies. These factors may differ between patients and could influence the

applicability or optimisation of each RT technique. A recommendation for further studies is

to have a multi-centre, large scale, standardised comparison of the different RT techniques

used for breast cancer.
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Other information lacking in several articles is positioning techniques as well as the

existence of breathing control mechanisms. The use or not of the DIBH technique, for

example, will create different results, as already reported in other studies [14,15,49,50].

Once again, the comparison of techniques between articles is quite limited for these reasons

and large-scale standardised studies would be beneficial.

The evaluation of the PTV is difficult to carry out in this selection of articles, since

the evaluation parameters are quite different from article to article. The D95% parameter

was the most used by the authors; however, it only appeared in 7 of the 13 (54%) selected

articles [10,12,27–30,32]. The use of internationally standardised criteria could fill this gap

in the evaluation of the PTV and OARs.

Another important limitation arises from the inconsistencies observed across studies:

the same technique was sometimes reported as achieving both the lowest and the highest

values for parameters such as, for example, the ipsilateral lung dose. These contradictions

highlight that distribution is not determined solely by the treatment technique but also

depends on other factors such as institutional planning priorities, contouring protocols,

treatment planning systems, and planner experience [21,40–42,46,51,52]. This reinforces

the need for comprehensive intra-departmental analyses to identify the most advantageous

approach in each institutional context, while also recognising that the optimal technique is

likely patient-specific, justifying individualised evaluation of planning strategies.

Finally, this review was limited to dosimetric outcomes, as most available studies

did not report long-term clinical data. While dosimetric parameters are recognised

surrogates for plan quality, they cannot alone predict clinical benefit. Future studies

integrating both dosimetric and clinical outcome endpoints are warranted to better

validate these planning techniques.

5. Conclusions

This is the first systematic literature review trying to summarise the existing evidence

regarding the planning RT technique for early-stage left breast cancer.

Many authors compared different techniques to treat left early-stage breast cancer.

From the literature analysis, there is not a clear “gold-standard” technique since different

papers showed different benefits from different techniques.

However, it became clear that OF is no longer recommended, agreeing with the

worldwide tendency to use other techniques. Further than that, it was not possible to

clearly assess if FiF, IMRT, Hybrid-IMRT, VMAT, or Hybrid-VMAT are the preferable

techniques since results varied between studies.

One of the main conclusions is that each technique has benefits and disadvantages

and the preference may depend on many factors such as priorities of the department,

equipment available, and human and time resources available, among others. These

factors will themselves affect the quality of the plan (even when the same technique

is used). The studies shown that some departments give preference to PTV coverage

while others give preference to OAR sparing. This made the comparison between studies

impossible. Therefore, the recommendation is that each clinical institution, according to

its technological and human resources, carries out research or auditing to find out which

is the most beneficial technique to apply for the treatment of this pathology in their

local setting.

Another important conclusion was that different departments use different plan

evaluation parameters, impeding a meta-analysis. Therefore, the recommendation is that

an inter-department worldwide framework is developed to allow for a standardisation of

these plans, improving inter-departmental comparisons.
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Inter-departmental studies should be carried out with the same evaluative param-

eters/constraints to clarify if there is a “gold-standard”, opening opportunities for the

creation of international guidelines. Allied with this, and perhaps most importantly, the

dose-volume parameter comparisons should be supported by a careful assessment of

the clinical impact when using different techniques, considering tumour control and the

occurrence of side effects.
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Abbreviations

The following abbreviations are used in this manuscript:

3D-CRT Three-Dimensional Conformal Radiation Therapy

CI Conformity Index

CTV Clinical Target Volume

D95% Percentage of the prescribed dose that covered 95% of the target volume

DIBH Deep-Inspiration Breath Hold

EBCTCG Early Breast Cancer Trialists’ Collaborative Group

FiF Field-in-Field

HI Homogeneity Index

IMRT Intensity-Modulated Radiation Therapy

JBI Joanna Briggs Institute

MLC Multiple Leaf Collimator

OARs Organs-At-Risk

OF Open-Fields

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses

PTV Planning Target Volume

RT Radiotherapy

TPS Treatment Planning System

VMAT Volumetric Modulated Arc Therapy

Vx Percentage of organ receiving ≥ x (Gy or % of the prescribed dose)
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