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A B S T R A C T   

The European Society for Radiotherapy and Oncology (ESTRO) has advocated the establishment of guidelines to 
optimise precision radiotherapy (RT) in conjunction with contemporary therapeutics for cancer care. Quality 
assurance in RT (QART) plays a pivotal role in influencing treatment outcomes. Clinical trials incorporating 
QART protocols have demonstrated improved survival rates with minimal associated toxicity. Nonetheless, in 
routine clinical practice, there can be variability in the indications for RT, dosage, fractionation, and treatment 
planning, leading to uncertainty. In pivotal trials reporting outcomes of systemic therapy for breast cancer, there 

* Corresponding author at: Department of Experimental and Clinical Biomedical Sciences “M. Serio”, University of Florence, Viale Morgagni 50 50134, Florence, 
Italy. 

E-mail address: icro.meattini@unifi.it (I. Meattini).  

Contents lists available at ScienceDirect 

Radiotherapy and Oncology 

journal homepage: www.thegreenjournal.com 

https://doi.org/10.1016/j.radonc.2023.110060 
Received 7 October 2023; Received in revised form 12 December 2023; Accepted 14 December 2023   

mailto:icro.meattini@unifi.it
www.sciencedirect.com/science/journal/01678140
https://www.thegreenjournal.com
https://doi.org/10.1016/j.radonc.2023.110060
https://doi.org/10.1016/j.radonc.2023.110060
https://doi.org/10.1016/j.radonc.2023.110060
http://creativecommons.org/licenses/by/4.0/


Radiotherapy and Oncology xxx (xxxx) xxx

2

is limited information available regarding RT, and the potential interaction between modern systemic therapy 
and RT remains largely uncharted. This article is grounded in a consensus recommendation endorsed by ESTRO, 
formulated by international breast cancer experts. The consensus was reached through a modified Delphi process 
and was presented at an international meeting convened in Florence, Italy, in June 2023. 

These recommendations are regarded as both optimal and essential standards, with the latter aiming to define 
the minimum requirements. A template for a case report form (CRF) has been devised, which can be utilised by 
all clinical breast cancer trials involving RT. Optimal requirements include adherence to predefined RT planning 
protocols and centralised QART. Essential requirements aim to reduce variations and deviations from the 
guidelines in RT, even when RT is not the primary focus of the trial. These recommendations underscore the 
significance of implementing these practices in both clinical trials and daily clinical routines to generate high- 
quality data.   

Introduction 

The European Society for Radiotherapy and Oncology (ESTRO) 
eagerly looks forward to further advancements in each discipline and 
calls for a concerted effort to provide guidance and establish guidelines 
for clinical practice [1]. Valentini et al. [2], acknowledged the chal-
lenges of radiation therapy (RT) in modern times and defined the ESTRO 
vision as the optimization of precision RT, alongside novel therapeutics 
and innovations in cancer care. This vision underscores the society’s 
commitment to promoting tumour control and enhancing patient care. 

Quality assurance in RT (QART) represents an essential component 
of daily practice and clinical trials, consistently proving paramount for 
treatment outcomes [3,4]. QART has been advocated for decades by 
various professional societies and national/international organizations, 
including ESTRO [5–7]. Its importance extends beyond RT-related 
toxicity, impacting disease outcomes, including breast cancer [8,9]. 

The close proximity of the breast/chest wall and regional nodes, 
especially the internal mammary nodes, to critical organs at risk (OARs) 
like the heart and lungs, requires meticulous planning and precise RT 
delivery. In certain breast RT scenarios, the therapeutic margin is nar-
row, making errors in planning or delivery consequential and potentially 
negating the benefits of RT [10]. Trials that incorporated protocols for 
QART were trailblazers, showcasing improvements in breast cancer 
survival with minimal long-term toxicity [11,12]. The Early Breast 
Cancer Trialists Collaborative Group (EBCTCG) conducted a meticulous 
evaluation of trials involving regional RT, focusing on RT techni-
ques—an issue of controversy among professionals due to concerns 
about potential toxicity [10,13]. The EBCTCG reported that regional 
node RT significantly reduced breast cancer mortality and all-cause 
mortality in trials utilizing modern RT techniques (after the 1980 s), 
but not in older trials [13]. Over the years, the culture of quality 
assurance for breast cancer RT has evolved, with leading groups 
providing additional insights into the relationship between dose/frac-
tionation, dose/volume, dose inhomogeneity, and planning techniques 
concerning outcomes, including acute and late toxicity [14–16]. 

Indications for RT, as well as dose and fractionation, radiation 
planning, and delivery, vary among centres for both metastatic and non- 
metastatic breast cancer. Pivotal prospective randomised breast cancer 
trials evaluating postoperative systemic and locoregional therapies have 
contributed to continued uncertainty in current practice. This is partly 
due to issues such as lack of adherence to the RT protocol, the absence of 
a dedicated RT trial methods paragraph, or the uncontrolled allowance 
of heterogeneous RT schemes and indications [17–22]. This situation 
may lead to unnecessary interruptions in systemic treatment as a pre-
cautionary measure to avoid toxicity. Alternatively, when given 
concomitantly, it could result in increased or unaccounted for toxicity. 
Furthermore, the potential benefit of combining these modalities re-
mains undetermined [23]. Unfortunately, trials involving RT often do 
not report quality assurance procedures, leading to uncertainty in the 
implementation of the trial’s procedures or indications for RT [7]. 

The ESTRO breast course faculty, in collaboration with international 
leaders in breast cancer care, worked together to establish an interna-
tional modified Delphi consensus recommendation for combining new 

systemic therapies with RT for breast cancer in both metastatic and non- 
metastatic settings [24]. Part of our task force’s mission was to identify 
knowledge gaps in the combination of breast RT with modern systemic 
therapies routinely employed in breast cancer treatment [21,22]. This 
paper summarises the work of the task force on RT quality assurance. It 
provides requirements for collecting and reporting essential RT data, 
applicable to all clinical studies in breast cancer, including those in 
medical oncology, locoregional surgical and radiation oncology, pro-
spective as well as retrospective studies. 

Materials and methods 

The task forces comprise a multidisciplinary group of experts in 
breast cancer, including clinical and preclinical scientists (see appen-
dix 1). Time frame of this project was March 2022 – August 2023. This 
team includes individuals actively involved in pivotal prospective clin-
ical trials of systemic therapies, consultants specializing in early-phase 
trials of targeted therapy, and professionals with expertise in clinical 
trials in radiation oncology, QART, and the development of clinical 
practice guidelines. The collaboration unfolded through teleconferences 
coordinated by consensus leaders and via email correspondence. Task- 
force 4, responsible for QART and the development of clinical practice 
guidelines, submitted their recommendations for consideration by the 
entire group. Ultimately, consensus was achieved through a modified 
Delphi voting process and presented at an international meeting in 
Florence, Italy, in June 2023 [24]. A survey using Google Form collected 
statements anonymously, employing a 5-point Likert scale for partici-
pant agreement. Consensus was determined by a ≥ 75 % agreement 
threshold, with categories ranging from unanimous to strong support. 
Statements with initial consensus were excluded, and the remaining 
items underwent a second round of voting. Unresolved statements were 
excluded, and the final consensus was based on statements with 
consistent support across the survey. These recommendations are 
deemed as both “best requirements” and “essential requirements,” with 
the latter aimed at defining minimum standards. Our recommendations 
are adaptable for application in other cancer types where radiation 
therapy is integral to the treatment modality. 

Results 

Best requirements 

For optimal patient care and outcomes, we strongly recommend that 
trial sites strictly adhere to a predefined RT-planning pack for both 
personnel and RT delivery [25–27]. This predetermined RT-planning 
pack should include specifications for RT indications, dose/fraction-
ation, guidelines for delineating targets and organs at risk (OARs), 
calculation algorithms used for treatment planning, defined dosimetry 
objectives, planning methodologies, and detailed instructions on data 
collection. Before initiating the trial, it is crucial to ensure that site 
personnel are adequately trained and credentialed in accordance with 
the trial’s procedures and RT protocol. All clinical studies should adhere 
to Good Clinical Practice (GCP) recommendations, and all personnel 
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involved should be certified in GCP. Central quality assurance is 
essential, encompassing the evaluation of machine output, institutional 
credentials, and quality control procedures [6,28]. Monitoring methods 
may include on-site dosimetry reviews, remote audit tools, and should 
incorporate a benchmark case, a dummy run before recruitment, and the 
planning of the first trial case [29]. Trials must include reporting on 
quality assurance protocols, audits, and any deviations [7]. 

Essential requirements 

This section is tailored to trials where RT is administered as a stan-
dard of care without being the primary focus of the trial, and there is no 
established central quality assurance process. The recommended 
essential requirements may not necessarily represent the best possible 
practice but are intended to prevent instances of RT being administered 
at the discretion of the physician without reporting crucial information 
[30]. Assuming that physician preferences are based on institutional or 
national guidelines, we recommend establishing these guidelines be-
forehand, and any deviations from them should be reported. The 
essential requirements can serve as a guide for studies aiming to eval-
uate RT in centres already implementing quality assurance procedures 
and capable of documenting and reporting the outcomes of these pro-
cedures. As an illustration, the Dutch RAPCHEM study was designed in a 
cost-effective manner following a national RT approach [31]. In the 
Netherlands, national quality assurance procedures and audits are 
mandatory. This study provided essential insights into deviations from 
guidelines and their impact on disease outcomes [31]. 

The following steps are outlined to assist clinicians and researchers 
in establishing a RT planning procedure conducive to retrieving valu-
able data. This protocol can be integrated as a departmental procedure 
or implemented in a clinical trial with the aim of fulfilling essential, 
albeit minimal, requirements for RT data collection and reporting. When 
designing clinical trials, it is recommended to contemplate the inclusion 
of essential RT requirements in the main trial protocol. However, it is 
also wise to develop a separate RT planning pack, functioning much like 
a flexible Standard Operating Procedure (SOP). This RT planning pack 
can be regularly updated with version control to accommodate neces-
sary wording adjustments and incorporate valuable additions as needed. 
By adopting this approach, trial designers can streamline the process of 

implementing RT-related changes, thereby avoiding potential delays 
and complexities associated with formal protocol amendments through 
ethics committees. It is suggested that trial documentation clearly dis-
tinguishes between the ’protocol’ as the primary trial protocol and the 
’RT planning pack’ as its supporting documentation. 

Discussion 

Step 1: Establish guidelines for target volume delineation 

It is imperative to delineate target volumes and OARs according to 
predefined guidelines, emphasizing volume-based RT planning for all 
RT treatments. OAR delineation may exhibit variations across clinical 
trials, potentially influencing toxicity outcomes significantly [32]. 
Several delineation protocols for different indications are accessible 
online, and it is recommended to adopt a delineation guideline endorsed 
by well-established international societies [33–36]. Adhering to these 
guidelines can mitigate dose variations to specific OARs [37]. Target 
volume delineation not only facilitates the analysis of incidental doses, 
such as those to the lower axillary levels resulting from breast/chest wall 
RT, but also enables the examination of their potential contribution to 
disease control [38]. 

Step 2: Engage in target volume delineation practice 

Consistent and accurate delineation of target volumes necessitates 
regular practice and peer review to minimize inter-observer variability 
[35]. Accessible online or on-site courses can effectively mitigate this 
variability [39]. For ESTRO members, an educational video on breast 
and nodal target volume delineation is available via the ESTRO library 
(video credits: Birgitte Offersen and Peter Schultz, Denmark) [https: 
//www.estro.org/library/item/9879/estro-consensus-for-target-volu 
me-delineation–breast-and-regional-nodes–guided-tour]. A profound 
understanding of breast cancer anatomy, dissemination, delineation 
practice, and peer review is crucial for reducing variation, which can 
significantly impact disease outcomes and toxicity [35]. To ensure trial 
consistency, the protocol may incorporate a delineation review of three 
cases before enrolling the first patient to assess the quality of target 
volume delineation. 

Table 1 
Impact of QART protocol on trial outcomes in selected locoregional trials.  

Trial Trial’s question RT details Impact 

RT/QART protocol unspecified 
ACOSOG Z0011  

[41,42] 
cT1-2 N0, 1–2 positive nodes, 
SLNB or ALND 

RT was defined in the trial protocol. 
Noncompliance with trial recommendation: 51 % “high 
tangents”, 19 % third regional nodal irradiation field. 

The impact of RT on disease outcomes is unknown. 

Sinodar One [43] cT1-2 N0, 1–2 positive nodes, 
SLNB or ALND 

RT was not defined and not reported. The impact of RT on disease outcomes is unknown. 

Sound trial [44] cT1N0 
Omission of SLNB 

RT was not defined and not reported. The impact of RT on disease outcomes is unknown. 
Early publication by the trial PI suggest that incidental 
dose of the tangential fields are important regional control 

NSABP B-40 
NSABP B-41  
[30] 

Stage T1c-3, and cN0, cN1, or 
cN2a. 
Sequencing of different systemic 
therapies and its effect on pCR 

No RT protocol and quality assurance 
Regional node RT allowed at physician’s discretion 

The true impact of RT on disease outcomes is unknown. 
Disparity of care of Hispanic population was suggested. 

RT protocol package and centralised QART 
EORTC 22922/ 

10925 [8,45,46] 
Stage I-III, the role of IMN-MS 
irradiation 

RT protocol was only for IMN-MS RT, variation in RT to 
primary, including boost, chest wall, breast. 
RT was subjected to central quality assurance. 

Central quality assurance for data collection and RT 
allowed for subsequent unplanned analysis. 
Unplanned analyses and limited event rates restrict in 
providing firm recommendations. 

FAST-Forward  
[17] 

pT1–3, pN0 a 

Two 5 fractions regimens were 
compared to standard of care 

RT protocol and additional RT planning pack was 
predefined. 
RT was subjected to central quality assurance. 
Tumour bed boost was at the discretion of the treating 
physician, two dose/fractionation schemes were allowed. 

Trial tested whole breast RT effectiveness. 

Abbreviations. QART, quality assurance in radiotherapy; pCR, pathological complete response; RT, radiation therapy; IMN-MS, internal mammary nodes and medial 
supraclavicular nodes; ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy. 

a pN1 was allowed in FAST-Forward nodal trial. 
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Step 3: Establish indications for RT, dose/fractionation, templates, 
planning objectives for target volumes, and constraints for organs at risk 
and techniques 

The protocol should precisely define the indications for RT. In in-
stances where a trial protocol lacks specific indications, it is crucial to 
adhere to national or institutional guidelines. For example, physician 
preferences regarding a tumour bed boost or nodal boost can introduce 
additional dose and potential toxicity, potentially hindering a compre-
hensive evaluation of treatment benefits (Table 1) [8,17,30,40–46]. 
Therefore, it is imperative to document which guidelines are being fol-
lowed. Similarly, define the dose and fractionation to be employed, 
preferably in alignment with international guidelines [47]. For instance, 
moderate hypofractionation for breast cancer can be administered in 16 
or 15 fractions, and the potential variation in toxicity between these 
regimens may go unnoticed if not predefined [18]. 

The inclusion of a boost dose may lead to significant differences in 
the risk of fibrosis [40] or potentially elevate complication rates, espe-
cially in cases of breast reconstruction [48]. The use of tissue bolus, 
particularly in postmastectomy RT, is associated with a higher rate and 
grade of toxicity and may result in treatment interruptions [49,50]. All 
these factors can introduce variations in outcomes that might influence 
the reported results of the study. If reaching an agreement between 
centres is unfeasible or entails substantial additional costs, an alterna-
tive approach is for each site to adhere to their respective written 
institutional or national guidelines regarding indications for RT and 
fractionation. This agreement should be documented and established in 
advance. This approach has been employed in a few prospective ran-
domized clinical trials, allowing researchers to conduct subsequent an-
alyses on the trial results [8,46,51]. 

An international nomenclature for naming targets and OARs has 
been proposed to improve interinstitutional data sharing and enhance 
the functionality of clinical trial repositories, integrated multi- 
institutional collaborative databases, and quality control centres [52]. 
Therefore, in routine practice and when reporting RT details in trials, it 
is advisable to consistently utilize a standardized template for target 
volumes and OARs, particularly within a single institute. This practice 
ensures the consistent delineation of relevant volumes for all patients 

Table 2 
Minimal RT details requirements for a trial case report form (CRF) for locore-
gional RT (adapted from [24]).  

Locoregional RT 
Date of RT start DD/MM/YYY 
Date of last RT fraction DD/MM/YYY 
Laterality breast/chest wall RT treated 
Left No Yes 
Right No Yes 
Bilateral No Yes 
Breast Reconstruction present prior to RT 
Was breast reconstruction present prior to 

RT? 
No Yes 

if Yes, implant-based reconstruction No Yes 
if Yes, autologous tissue reconstruction No Yes 
if Yes, tissue expander No Yes 
Prescribed Dose and Fractionation 
Target volume Total 

prescribed 
dose (Gy) 

Number of fractions 

Breast/chest wall   
Tumour bed boost/partial breast   
Axilla level 1   
Axilla level 2   
Axilla interpectoral nodes (Rotter)   
Axilla level 3   
Axilla level 4   
Internal mammary nodes (parasternal)   
Use of bolus 
Did you use the bolus? No Yes 
if Yes, daily No Yes 
if Yes, alternating days No Yes 
if Yes, until skin reaction (specify number 

of fractions with bolus) 
No Yes 

if Yes, specify bolus thickness (mm) No Yes 
RT course completion 
Did the patient complete RT course? No Yes 
if no, total dose received (Gy)  
if no, specify the reason (comment):  
RT given during systemic therapy a,b 

Was RT given during systemic therapy? No Yes 
if Yes, CDK4/6 inhibitors (specify) No Yes 
if Yes, trastuzumab No Yes 
if Yes, pertuzumab No Yes 
if Yes, PARP inhibitors No Yes 
if Yes, ADC TDM1 No Yes 
if Yes, other ADC (specify) No Yes 
if Yes, capecitabine No Yes 
if Yes, immunotherapy (specify) No Yes 
if Yes, other (specify) No Yes 
Timing b 

Systemic treatment interrupted ≤ 1 week 
before RT 

No Yes 

Systemic treatment (re)started ≤ 1 week 
after last RT fraction 

No Yes 

Systemic therapy interrupted 5-half lives of 
the drug before RT 

No Yes 

Systemic therapy continued during RT No Yes 
Toxicity 
Did any adverse events occur after the last 

visit 
No Yes 

If yes, was the adverse event assumed to be 
associated with RT? 

No Yes 

If yes, date of adverse event started DD/MM/YYY 
Did the adverse event resolved? No Yes 
If yes, date of adverse event resolved DD/MM/YYYY 
If yes, specify type of adverse event (e.g., 

dermatitis, pneumonitis)  
Maximal grade of toxicity CTCAE v.05 
Has the patients had any other RT related 

conditions events since the last visit? 
No Yes Not assessed 

if Yes, please complete the following 
section *  

* CTCAE v.5.0 grade  
Describe 0 1 2 3 4 5 Present, not graded 

Other, specify         
Other, specify         
Other, specify          

Table 2 (continued ) 

Other, specify         
Other, specify         
Planning parameters c 

Lung 
Mean lung dose (both lungs) (Gy)  
V5Gy – (both lungs) (%)  
Mean lung dose (ipsilateral lung) (Gy)  
V5Gy – (ipsilateral lung) (%)  
V20Gy – (ipsilateral lung) (%)  
Heart 
Mean heart dose (Gy)  
Heart D1cc (Gy)  
Plan total 
Dmax (Gy)  
V90% of PTV breast/chest wall (%)  
V95% of PTV breast/chest wall (%)  
V105% of PTV breast/chest wall (cc)  
V105% of body (cc)  
V90% of PTV lymph node regions 

(combined, %)  
V95% of PTV lymph node regions 

(combined, %)  

Abbreviations. RT, radiation therapy; Gy, Gray; cc, cubic centimetre; CDK4/6, 
cyclin-dependent kinase 4 and 6; PARP, poly (ADP-ribose) polymerase; ADC, 
antibody-drug conjugates; T-DM1, ado-trastuzumab emtansine; CTCAE, Com-
mon Terminology Criteria for Adverse Events; PTV, planning target volume. 

a Endocrine therapies excluded. 
b More than one option possible. 
c All doses should be reported as physical doses. 

O. Kaidar-Person et al.                                                                                                                                                                                                                        



Radiotherapy and Oncology xxx (xxxx) xxx

5

and enhances pattern recognition through the consistent use of colours. 
Moreover, collecting information from treatment plans regarding vol-
umes, dose homogeneities, and doses becomes more straightforward 
when all naming conventions are uniform. Adhering to the same 
nomenclature, colour codes, and delineation guidelines will also facili-
tate the implementation of automated treatment plan quality control 
processes. 

The recommended planning objectives for various RT regimens 
should be defined, taking into account the site of RT and the fraction-
ation used, and they should be consistent across multiple centres. Most 
RT facilities rely on planning objectives for RT planning and assessment. 

It is advisable that these planning objectives align with international 
recommendations and mirror those used in large prospective trials that 
have published outcomes related to specific dose and fractionation 
schemes. The choice of RT techniques should align with the established 
planning objectives and should be based on the centre’s capabilities and 
expertise. However, it’s essential to recognize that variations in RT 
techniques, even for curative breast RT, can pose challenges to 
centralized quality assurance, as dose distribution may impact toxicity 
and treatment outcomes [8,53–55]. 

Techniques to improve RT delivery, such as deep inspiration breath- 
hold and image-guided RT, should be employed and thoroughly 

Table 3 
Minimal RT details requirements for a trial case report form (CRF) for distant metastasis RT (adapted from [24]).  

Distant metastasis RT 
Date of RT start DD/MM/YYY 
Date of last RT fraction DD/MM/YYY 
Prescribed Dose and Fractionation 
Target volume Total prescribed dose 

(Gy) 
Number of 
fractions       

Bone (non-spine). Specify:         
Bone (spine). Specify:         
Lung         
Liver         
Intrabdominal (non-liver)         
Brain         
CNS (Spinal Cord)         
Other (specify)         
Other (specify)         
RT course completion 
Did the patient complete RT course? No Yes       
if no, total dose received (Gy)  
if no, specify the reason (comment):         
RT given during systemic therapy a,b 

Was RT given during systemic therapy? No Yes       
if Yes, CDK4/6 inhibitors (specify) No Yes       
if Yes, trastuzumab No Yes       
if Yes, pertuzumab No Yes       
if Yes, PARP inhibitors No Yes       
if Yes, ADC TDM1 No Yes       
if Yes, other ADC (specify) No Yes       
if Yes, capecitabine No Yes       
if Yes, immunotherapy (specify) No Yes       
if Yes, other (specify) No Yes       
Was RT given during systemic therapy? No Yes       
if Yes, CDK4/6 inhibitors (specify) No Yes       
Timing b 

Systemic treatment interrupted ≤ 1 week before RT No Yes       
Systemic treatment (re)started ≤ 1 week after last RT fraction No Yes       
Systemic therapy interrupted 5-half lives of the drug before RT No Yes       
Systemic therapy continued during RT No Yes       
Toxicity 
Did any adverse events occur after the last visit No Yes       
If yes, was the adverse event assumed to be associated with RT? No Yes       
If yes, date of adverse event started DD/MM/YYY 
Did the adverse event resolved? No Yes       
If yes, date of adverse event resolved DD/MM/YYY 
If yes, specify type of adverse event (e.g., dermatitis, pneumonitis)  
Maximal grade of toxicity CTCAE v.05 
Has the patients had any other RT related conditions events since the 

last visit? 
No Yes Not 

assessed      
if Yes, please complete the following section *  
* CTCAE v.5.0 grade  

Describe 0 1 2 3 4 5 Present, not 
graded 

Other, specify         
Other, specify         
Other, specify         
Other, specify         
Other, specify         

Abbreviations. RT, radiation therapy; Gy, Gray; cc, cubic centimetre; CDK4/6, cyclin-dependent kinase 4 and 6; PARP, poly (ADP-ribose) polymerase; ADC, antibody- 
drug conjugates; T-DM1, ado-trastuzumab emtansine; CTCAE, Common Terminology Criteria for Adverse Events. 

a Endocrine therapies excluded. 
b More than one option possible. 
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documented when deemed necessary. The evaluation and execution of 
treatment plans should adhere to institutional quality assurance pro-
tocols and meet national and international standards. When primary 
results of clinical trials are initially published, the trial protocol is 
typically provided in supplementary files. This provision offers conve-
nient access to detailed RT planning and constraints, as seen in initia-
tives like FAST-Forward [17], DBCG HYPO [14], and DBCG PBI [56]. 
Best practice trials to give an adequate example for both essential and 
best RT requirements are represented by the RT-package of the FAST- 
Forward trial [17] and the QART of the EORTC 22922/10925 study 
[8,45,46] (Table 1). 

The harmonization of RT protocols can be accomplished without 
compromising the ability to tailor therapy to individual patient needs. It 
can serve as a valuable tool for facilitating the analysis of quality data 
and achieving high-quality treatment outcomes. 

Step 4: Recording and reporting 

In addition to offering comprehensive and accurate guidelines in the 
protocol for the delineation and treatment planning process, it is crucial 
to record and report the delivered doses within the target volumes and 
OARs. Tables proposed as case report forms (CRF) outlining essential 
requirements for recording and reporting data on RT during systemic 
therapy for breast cancer, both in the curative (Table 2) and metastatic 
(Table 3) settings, can be found in the appendix of the international 
consensus paper [24]. These CRFs enable researchers to capture essen-
tial data, facilitating the later reporting and analysis of RT-related 
outcomes. 

In cases where advanced QART is planned, it is advisable to collect 
all DICOM files from radiation treatment planning into a central data-
base. This should include the planning CT scan, all delineations, and the 
radiation plan. Such a practice ensures easier access to extract relevant 
dose levels and other critical information that may not have been 
initially considered at the start of the trial. Reporting in this manner is 
anticipated in trials such as DBCG Skagen 1 (NCT02384733) and 
HYPOG-01 (NCT03127995). 

The Netherlands has a nationwide registry of RT data for breast 
cancer in the postoperative setting, known as the Breast Cancer Audit- 
Radiotherapy (NBCA-R) [57]. They have published recommendations 

that pave the way for future national collaboration. By adopting and 
implementing our recommendations, centres can establish the means to 
report and exchange valuable information, ultimately fostering the po-
tential for collaboration in large multicentre studies [57]. Likewise, 
initiatives such as the CANTO-RT database provide valuable models for 
other countries to adopt [58,59]. 

In summary, these recommendations aim to provide valuable tools 
for all future studies where RT is a component of patients’ treatment. 
This extends beyond the RT-systemic therapy combination in prospec-
tive trials focus on investigational medicinal products, which initially 
drew our attention to this general and widespread shortcoming in re-
ports on breast (and other) cancer clinical research. Our group strongly 
advocates for QART procedures and the implementation of best re-
quirements. However, we also provide practical tools in the essential 
requirements section. 

Fig. 1 illustrates the potential risks or lack of benefit encountered in 
routine clinical use compared to controlled clinical trials. This discrep-
ancy can arise because trials are often highly selective, and there may be 
a lack of transparency in reporting trial procedures, which can lead to 
inappropriate implementation in clinical practice [7]. It is important to 
note that QART procedures may be time-consuming for the first trial, but 
much of the credentialing exercise can be applied to subsequent trials or 
easily updated. Furthermore, centers participating in prospective trials 
typically possess the necessary infrastructure, personnel, and high- 
performance capabilities to support these trials. However, the litera-
ture indicates that major deviations may occur in up to one-third of cases 
in trials, and this can have significant implications for patient outcomes, 
including local control and overall survival [8,28,29,60]. 

Quality assurance and adherence to the treatment protocol have 
been demonstrated to enhance patient outcomes. Therefore, maintain-
ing a high level of QART and adhering to treatment planning guidelines, 
along with the independent and transparent reporting of deviations and 
outcomes, as well as optimised education and specialisation of radiation 
oncologists, medical physicists, and radiotherapy technicians should be 
the standard for clinical trials. This applies whether the trial is evalu-
ating a new RT protocol or if irradiation is administered as part of the 
standard of care in a trial focused on systemic therapy or surgery. 
Implementing our recommendations, even in routine clinical practice 
and not exclusively within the context of a clinical trial, will facilitate 
the future generation of high-quality data. 
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