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Simple Summary: Radiotherapy (RT) is a cornerstone in the adjuvant treatment of breast cancer. Continuous
technical improvements allow better sparing of organs-at-risk compared to the past with a potential reduction
of RT-related toxicity. Whereas prior trials focused on histopathological criteria, mainly T- and N-stage,
biological parameter like endocrine responsiveness and proliferation helped to identify a low-risk subgroup in
which omission of RT is an option. Ongoing trials are incorporating molecular markers and the response to
neoadjuvant systemic therapy for additional risk stratification. De-escalation regarding volume (partial breast
irradiation only -PBI) can be used in selected cases. Hypofractionated regimens should be standard. In contrast,
the omission of axillary dissection in node-positive disease led to an escalation of regional RT and RT for
oligometastatic disease is becoming increasingly popular. Studies are ongoing to test if any axillary treatment
can be omitted and which oligometastatic patients do really benefit from RT.

Abstract: Postoperative RT is recommended after breast conserving surgery and mastectomy (with risk
factors). Consideration of pros and cons including potential side effects demands for optimization of adjuvant
RT and a risk-adapted approach. There is clear de-escalation in fractionation - hypofractionation should be
considered standard. For selected low risk situations PBI only or even the omission of RT might be appropriate.
In contrast, tendencies in escalating RT are obvious. Preoperative RT seems attractive for patients in whom
breast reconstruction is planned or for defining the tumor location more precisely with the potential of giving
ablative doses. Dose escalation by a (simultaneous integrated) boost or the combination with new
compounds/systemic treatments may increase antitumor efficacy but also toxicity. Despite low evidence, RT
for oligometastatic disease is becoming increasingly popular. The omission of axillary dissection in node-
positive disease led to an escalation of regional RT. Studies are ongoing to test if any axillary treatment can be
omitted and which oligometastatic patients do really benefit from RT. Besides technical improvements the
incorporation of molecular risk profiles but also the response to neoadjuvant systemic therapy have the
potential to optimize the decision-making if and how local and/or regional RT should be administered.

Keywords: adjuvant radiotherapy; omission of radiotherapy; partial breast irradiation;
de-escalation; escalation; loco-regional irradiation; optimization

Introduction

Adjuvant treatment in early breast cancer is based on its multi-disciplinarity and is getting more
and more complex. RT either after breast conserving surgery (BCS) or mastectomy (PMRT) has a long
tradition and is an integral part in the treatment algorithm, but ‘one size fits all’ is past. With the
possibility to characterize the tumor situation and the risk of relapse more precisely, optimization
either as escalation or de-escalation of the treatment approach is key.

Undoubtedly, local tumor control will be significantly improved by adjuvant RT [1]. This is
widely independent from the subgroup of patients with an average 3- to 4-fold relative risk reduction
[1]. This improvement in local/-regional control may also convert into better overall survival (OS).

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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However, the absolute risk reduction is mainly defined by the risk at diagnosis, and the gain in local
control in low-risk patients might be only a few percent. In addition, impact on OS in low-risk
patients has not been proven or is presumably in a range, which is considered clinically negligible.

Furthermore, no positive effect without side effects. We have to be aware of radiotherapeutic
acute and potential long-term toxicity. Nearly all patients will get local inflammatory reactions
towards the end of irradiation, which are in general well manageable and seldom severe. A lot of
different interventions have been tried to reduce acute toxicity for the skin, one of the most promising
might be the use of Mepithel film, which could reduce the incidence of radiation dermatitis and
improved patient-reported outcomes (PRO) in a recent meta-analysis of three randomized controlled
trials [2]. Using modern techniques with intensity-modulated fields led to the reduction of acute
toxicity. In daily practice more pronounced (exudative) skin reactions are uncommon and recover
normally within a few weeks. Late reactions are more important, as late reactions represent often a
scarring of tissue. Regarding local RT, severe induration of the breast is an issue, which can finally
lead to the removal of the breast in rare cases. The loss of reconstruction especially after implant-
based approaches is a major concern for PMRT, as well as the risk for persistent arm lymph edema
after regional irradiation especially in patients who underwent additional axillary lymph node
dissection (ALND). Interestingly, limited data couldn’t demonstrate a statistically significant impact
on quality of life, neither in the low-risk situation (5-yrs data of the PRIME 1 study) [3], nor in the
postmastectomy setting (2-yrs data of the SUPREMO trial) [4]. Increasing implementation of PRO
data in clinical studies and in daily routine will give us more insights regarding this important issue.
Last but not least, some ev. toxicity for lung, heart and ribs and the possibility of tumor induction by
ionizing irradiation demand for optimization of adjuvant RT and a risk-adapted approach.

In the present manuscript, important topics regarding de-escalation but also escalation will be
identified and some strategies are discussed to optimize the decision-making if and how local and/or
regional RT should be administered.

1. Possibilities of De-Escalation (see Figure 1)

1.1°. Sophisticated’ RT

Technical improvements like intensity-modulated RT (IMRT), volumetric-modulated arc
therapy (VMAT) and on-board imaging (OBI) including cone-beam CTs (CBCT) for appropriate
positioning of the patient allow an optimized dose-distribution for the target volume and dose
application. Acute toxicity like exudative skin alterations will be reduced substantially [5,6].
Irradiation in prone position or breath-controlled in deep inspiration can better spare lung and heart,
and especially in patients with large breasts irradiation in prone position can reduce acute reactions
[7-9]. In general, photons are used. Few centers have the possibility of proton treatment, which is
quite complex and expensive due to several reasons. For example, proton treatment in Switzerland
is only available at the Paul Scherrer Institute (PSI) in Villigen, Aargau, for certain indications, but
breast cancer treatment will not be reimbursed by insurance companies. According to the database
of the particle therapy cooperative group (PTCOG; www.ptcog.site) a total of 350336 patients have
been treated with protons worldwide from 1954 — 2023, about 7% of them for breast cancer. Protons
have a special dose distribution in tissue, and might be beneficial in situations where an organ at risk
is just in the nearby of the target volume, which can be an issue for the heart, if loco-regional RT
including the parasternal lymph nodes is indicated in left-sided breast cancer. A pragmatic trial in
the US (RadComp; RTOG 3510; NCT02603341) [10] is evaluating the comparison of photon and
proton RT. The primary endpoint are major cardiovascular events. First results will not be available
before 2032. The current evidence as well as ongoing randomized trials are perfectly summarized in
a systematic review and meta-analysis by Holt et al., a total of 32 non-randomized studies with 1452
patients and a follow-up of 2 -59 months (mo) were included [11].
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Figure 1. Possibilities for RT de-escalation. Abbreviations: IMRT=intensity-modulated radiotherapy;
VMAT=volumetric modulated arc therapy; RT=radiotherapy; fx=fraction; pts=patients; QoL=quality
of life; wks=weeks; IORT=intraoperative radiotherapy

The most important point is an intra- and interobserver variability in contouring the planning
target volume (PTV) even despite contouring guidelines eg. from ESTRO [12]. Artificial intelligence
can help, several systems for automated contouring are on the market. Not only regarding
contouring, but also in treatment planning an inter-planner variation is evident [13]. Knowledge-
based treatment planning has the potential to produce plans of uniform quality by reducing the inter-
planner variability and the duration of the optimization process [14].

1.2. Dose Reduction

After demonstration that boost irradiation can decrease local failure rates [15] the interest to
conduct trials for dose reduction was low. To my knowledge the St. Georg and Wollongong Breast -
Boost trial (additional boost in combination with reduced whole breast dose) has never been
published regarding local control [16]. A small whole breast dose reduction outside of the tumor bed
(from 40 Gray - Gy to 36 Gy in 15 fractions) was not inferior in the IMPORT LOW trial [17]. In
addition, compared to previous times boost irradiation is generally not any longer given in patients
with lower risk considering pros and cons [18].

1.3. Reduction in Fractions

Hypofractionated RT schemes use higher single doses, which is biologically more effective. As
a consequence, total dose and overall treatment time have to be reduced to reach comparable
biological dose effects. Over decades 25 fractions with a single dose of 2 Gy in total 5 weeks were
considered standard, which has been replaced by overwhelming data of a three weeks treatment of
15 or 16 fractions up to a total dose of 40 to 42.5 Gy in breast conservation [19] and after mastectomy
[20]. There is a clear trend to further reduce fraction number and overall treatment time, the FAST
FORWARD protocol of 5 fractions of 5.2 Gy single dose (ultrahypofractionation) has been already
widely adopted especially during the COVID pandemic in several countries, despite the fact that only
five years data have been published (but with excellent results) [21]. A German expert panel
(DEGRO) is considering the 3 weeks schedule still standard, as moderate or marked late effects
increased with longer follow-up in disadvantage of the ultrahypofractionated arm for most items
[22]. There is not much data on ultrahypofractionation for regional node irradiation, results for the
nodal subgroup in the FAST FORWARD study are pending. Both, simple and complex RT techniques
are allowed in the ongoing HYPART trial [23] to create the possibility also for low-income countries
to follow this approach. The ESTRO Advisory Committee in Radiation Oncology Practice state, that
moderately hypofractionation (the 3-weeks scheme) can be offered to any patient for whole breast,
chest wall (with or without reconstruction), and nodal volumes; the 5 fractions schedule can also be


https://doi.org/10.20944/preprints202407.0305.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 July 2024 d0i:10.20944/preprints202407.0305.v1

offered for non-nodal breast or chest wall (without reconstruction) RT either as standard of care or
within a randomized trial or prospective cohort [24].

1.4. Volume Reduction — Partial Breast Irradiation Only (PBI)

Reducing RT volume allows an increase of the single dose, and consequentially also a reduction
in fraction number and overall treatment duration. There are several different treatment modalities
and schemes available, and PBI can be given pre-, intra- or postoperatively. In general, patients with
low-risk for failure have been included in such trials. Both, 5-yrs and 10-yrs outcome data tend to be
comparable and low in regard to local failures, in most studies also with reduced toxicity for the PBI
arm. For intraoperative treatment (IORT) with a single high dose fraction (about 20 Gy) local failure
rates are significantly higher in the ELIOT trial [25]. Another IORT trial (TARGIT-A) yielded similar
outcome data, the non-breast-cancer-specific mortality was even better with IORT [26], but was
criticized mainly due to statistical issues. Overall, mortality seems to be comparable, the heart-death-
rate is 0.3% less for PBI [27]. It's important to allow the normal tissue enough recovery time. Although
less acute toxicity has been observed, there was an increase in moderate late toxicity and worse
cosmesis, which might be related to the twice per day treatment scheme (10 fractions of 3.85 Gy over
5-8 days) in the RAPID trial [28]. For low-risk patients PBI is well accepted in several guidelines, eg.
the German S3 guideline [18].

1.5. Reduction of Indication (= Omission of RT)

The smaller the initial risk of failure the less is the potential absolute gain due to adjuvant RT.
Many trials have evaluated the omission of RT in low-risk situations. Commonly used criteria for
low-risk in recent trials after BCS are age (above 65 or 70 years), T-stage (T1 or small T2), hormone-
responsiveness, node-negative disease, and no G3 differentiation. All trials have shown a benefit for
additional RT regarding local control. However, the absolute difference was rather small, and there
was no impact on cause-specific or overall survival (OS). Recently the 10-yrs results of the PRIME 2
study have been published [29]: In selected lower-risk patients, in which adjuvant antihormonal
therapy has been prescribed, local failure rates at 10 years were 0.9% with versus 9.5% without RT,
with similar OS in both arms. Especially in older women the omission of RT is an option. Discussing
pros and cons of additional RT with the patient it is important to mention that these excellent data
have been achieved in the backbone of antihormonal therapy. In daily practice it's not seldom the
case that patients at lower risk are reluctant to take five years of tamoxifen or aromatase inhibitors.
As consequence they often choose RT as their only treatment. Additional parameters would be
helpful to redefine risk and optimize adjuvant treatment for these patients.

There is a long-lasting discussion about PMRT, especially in the intermediate risk group (T1-2
N1). Since the publication of the Danish trials in 1997 and 1999 [30,31], PMRT is recommended for
larger T-stage tumors (pT3/pT4) or patients with four or more involved axillary lymph nodes. The
30-year data demonstrate that optimal long-term treatment benefit can only be achieved in both,
optimal loco-regional and systemic tumor control, furthermore, PMRT did not result in excess
ischemic heart damage, nor in other non-breast cancer related death [32]. Due to some criticism of
the DBCG 82b/c trials regarding quality of surgery and systemic therapy, no clear indication for
PMRT has been given in the subgroup of patients with pT1/pT2 and 1-3 positive nodes, but the NCCN
guidelines state that additional RT ‘should be strongly considered” [33]. Interestingly, this didn’t
change over more than 20 years. Often additional risk factors are used to decide about PMRT ‘yes’ or
‘no’ [18]. The results of the SUPREMO trial, in which patients with 1-3 positive nodes, with stage
pT2pNO and the presence of grade 3 and/ or vascular invasion and with stage pT3pNO were
randomized between loco-regional or no RT following mastectomy, are pending [34]. As ALND is
nowadays seldom performed, the exact number of lymph nodes are unknown in most patients. Other
factors besides number of nodes are urgently needed to optimize the indication for PMRT.
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2. Possibilities of Escalation (see Figure 2)

2.1. Preoperative RT

RT as soon as possible might be beneficial [35]. A large randomized trial has been launched in
Germany to test this approach ([36], NEORAD trial), the first patient has been randomized just
recently in March 2024. Optimal reconstruction strategies in the setting of PMRT are challenging [37].
Especially for patients, in which mastectomy and breast reconstruction is planned, preoperative RT
would avoid irradiation of a reconstructed breast, perhaps with lower side effects and better
cosmesis. At ASTRO 2022 retrospective data were presented in patients with mastectomy and DIEP
reconstruction, either with pre- or postoperative irradiation [38]. The authors observed a significantly
higher incidence of flap contracture (41.9% vs. 1.9%) and fat necrosis (19.4% vs. 12.9%) in patients
with PMRT, and a good/excellent cosmetic outcome in 96.1% of women when RT was applied
preoperatively vs. 80.6% with PMRT [38]. Preoperative RT might be also beneficial for defining exact
tumor location for PBI only or as preceded boost, eg. aiming to achieve higher pCR rates [39,40].

RT as soon as possible
better outcome/pCR ?

less side effects (zB. Reco) ?
Studies underway

clear trend for RT
problem: selection bias
low/limited evidence

LF l,; side effects
SIB

QQ:\ ,6\%’
& &
F— °
R / &
2 &

Unresectable/R2/Re-RT
in RO ? New compounds ?
Side effects probably

Figure 2. Possibilities for RT escalation. Abbreviations: RT=radiotherapy; pCR=pathological
complete remission; reco=breast reconstruction; chemo=chemotherapy; Re-RT=re-irradiation;
BCS=breast conserving surgery; LF=local failure; SIB=simultaneous integrated boost; pts=patients;
oligoM1= oligometastatic disease

2.2. Radiosensitizer

Simultaneous application of chemotherapy or hyperthermia are well known radiosensitizer.
Especially in situations with unresectable tumor or local relapse and previous RT the combination
will be used to optimize local control [41]. As concomitant chemotherapy can increase relevant side
effects to organs-at-risk like lung and/or heart [42], standard of care is to give both treatments
sequentially with chemotherapy first. However, preoperative chemotherapy is becoming more and
more popular, and as stated above there is also some rationale for preoperative RT. Therefore, the
combination of both especially in the preoperative setting gets more attention. An excellent overview
has been recently published [43]. Of particular interest is that three studies [44-46] plan to analyze
the combination of RT and immunotherapy. Novel drugs, also in combination, are rapidly entering
clinical practice. However, data about their optimal use with the focus of combination with RT are
seldom provided. An international multidisciplinary consensus summarized this topic and
recommendations have been recently published [47]. A very recent multicenter retrospective study
suggests that concurrent use of antibody-drug-conjugates and brain irradiation is associated with a
higher risk of symptomatic radiation necrosis (27% vs. 7% cumulative incidence at 2 years; p=0.014)
in HER2-positive breast cancer patients [48].
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2.3. Dose Escalation (Boost)

Additional dose to the tumor bed (= Boost) can improve efficacy after BCS. Besides the possibility
of decreasing local failure rates (relative risk reduction of about 50%), no impact on OS could be
demonstrated, and giving more dose has also some increase in side effects [15,49]. Therefore, boost
irradiation is only recommended in the presence of risk factors. Some of them are young age, node-
positivity or close margins. Especially young patients may benefit from a high dose boost. This has
been tested in a large phase 3 trial with 2421 patients who were all aged 50 years or younger
randomized to standard dose boost (16 Gy in 8 fractions) or high dose boost (26 Gy in 13 fractions).
The 10-yrs results have been presented at the 14th European Breast Cancer Conference in March 2024
[50]. The 10-yrs local failure rate was 4.4% with 16 Gy boost vs 2.8% with 26 Gy. This small benefit
does not justify the increased impact on cosmetic outcome, as 48% of patients with the high-dose
boost experienced severe or moderate fibrosis vs 27% with 16 Gy [50].

Integrating the boost simultaneously (SIB) to whole breast RT provides better dose-homogeneity
and reduces overall treatment time. According to a systematic review in 2022 of nine published trials,
one of them randomized, a SIB with standard dose seems to be effective and safe [51]. This has been
recently confirmed by the IMPORT HIGH trial, whereas a further boost dose escalation from 48 to 53
Gy was not beneficial [52]. The results from the German HYPOSIB trial investigating 48 Gy SIB in 16
fractions are eagerly awaited [53]. Preliminary safety data have been presented at ASTRO, acute skin
reactions were less pronounced and occurred two weeks earlier in the HYPOSIB-arm than in the
control arm [53]. The RTOG 1005 trial investigated 48 Gy SIB in 15 fractions with noninferiority for
local control and similar toxicity for SIB and sequential boost [54]. First data have been presented also
for the five-fractions-scheme [55], and other trials are ongoing [56,57]. The HYPORT trial is testing
the five-fractions-scheme, both SIB and sequential boost techniques are allowed [56], the RHEAL trial
is using sequential boosts [57]. The TARGIT-B trial testing an intraoperative versus a sequential boost
is still ongoing, data lock will be end of October 2024 [58]. Interestingly, according to the Dutch
database, boost irradiation might counteract the risk of focally involved resection margins (R1) with
a small difference in local failure rates at 5 years (1% with vs 3% without re-excision), but without
impact on DFS or OS [59].

2.4. Additional Regional RT

Regional lymph nodes irradiation leads to a small but significant improvement of CSS and OS
in newer trials, a significant reduction in breast cancer mortality was even seen in pNO patients, but
the difference was very small — 1.6% at 15 years [60,61]. It is unclear, which lymph node area RT
(axilla/periclavicular/parasternal) counts most. Newer data indicate that RT of the parasternal lymph
nodes might be beneficial, especially in medially located, node-positive tumors and with modern RT
technique used [62-64]. In a retrospective analysis of the EORTC 22922/10925 randomized trial the
15-yrs OS benefit was 4.9% with ‘modern’ vs 1.1% with ‘old” technique [64]. Especially trials like
ACOSOG Z0011 [65], AMAROS [66] and OTOASOR [67] have led to a dramatic decrease of ALND
in patients with positive sentinel lymph node macrometastasis/es in favor of regional RT (identical
tumor control, ca. 50% less arm lymph edema). Further optimization is needed to define the subgroup
of node-positive patients in which any axillary treatment can be safely omitted.

2.5. RT in Oligometastatic Situations

The concept of an optimized local tumor control in oligometastatic disease is currently evaluated
in multiple cancer types including breast. Due to high likelihood of a selection bias it is unclear, which
subgroup of patients with oligoM1 might benefit [68]. The randomized NRG-BR002 trial has been
presented at ASCO 2022 [69]: The addition of metastasis-directed therapy to standard-of-care
systemic treatment did not show a signal for better progression-free survival or OS, therefore the trial
was not proceeded to the preplanned phase 3 component. More data are needed to answer this
important question. The German S3 Guideline recommends an individual and multidisciplinary
decision in selected cases [18].

d0i:10.20944/preprints202407.0305.v1
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3. Possibilities for Optimization

3.1. Technical Issues

As mentioned above a lot of technical improvements have led to the possibility of a very
sophisticated RT planning and application. IMRT, VMAT, image-guided positioning of the
patient/PTV, prone positioning esp. for large breasts and breath-controlled RT (deep inspiration) esp.
for left-sided breast cancer are becoming standard of care in RT departments worldwide.
Counteracting the inter-observer variability in contouring, which is the basis for the whole treatment
chain, is of high priority. We have tested three different Al-solutions in our department, two of them
were considered excellent. MRI has a superior soft tissue contrast compared to standard CT-based
planning. Especially for contouring and the definition of the CTV (eg. for PBI as boost or as sole
irradiation) or the primary tumor itself in case of preoperative RT MRI-based planning might be
beneficial. Furthermore, MR-Linacs allow for online adaptive treatment planning before each fraction
[70,71], but the impact of this approach regarding clinical benefit is not well known. As the patient’s
time on the treatment couch is clearly increased, so far only few institutes (to our knowledge eg. only
one in Switzerland) have installed a MR-Linac and even less are using this machine for breast cancer
treatment. Proton treatment is of emerging interest, however results from at least six ongoing
randomized trials in Denmark, UK, Thailand and the USA have to be awaited [11]. In general, a
potential therapeutic gain due to further technical improvements in the future seems to become
smaller and smaller.

3.2. Biology-Based Optimization

Several important questions regarding more or less RT are unanswered. While biology- and
molecular-driven decisions about adjuvant chemotherapy are current standard, there is lack of data
for RT. In low-risk situations it is still unclear in which subgroup RT can be safely omitted. The
individual randomized trials showed a significant increase in local failures without RT but no impact
on OS. In a meta-analysis omission of RT led to a 6.8-fold increased local failure risk (HR 6.8, 95%-CI
4.23-10.93) [72]. According to results from retrospective analyses molecular signatures have the
potential to select patients for RT omission [73]. However, these tests should be evaluated
prospectively, before they are used in routine clinical practice. Biology-driven prospective studies
including molecular classifiers are ongoing (see Table 1). Nearly all trials have antihormonal
treatment as backbone, whereas adjuvant RT is omitted either in single-arm or in a randomized
fashion. First results with two to five years follow-up revealed excellent results so far, however long-
term data are needed. As co-chair of the ongoing EXPERT trial [79] testing the omission of whole
breast irradiation in low-risk patients defined by clinical/histopathological parameters and the
PAMS50 assay I have to admit that randomizing patients into the trial is not easy. Two main reasons
are fear of undertreatment and a must to undergo endocrine therapy (ET). In a patient survey, about
half of the patients aged 75 years or older, ET had the biggest negative impact on QoL and patients
would rather choose RT instead of ET [82]. Being at low-risk it is questionable if patients really need
both, RT and ET. In a retrospective analysis of 496 patients with a median age of 76 years, 62% of
them received combined RT+ET and 30% RT monotherapy, long-term recurrence rates were
extremely low, even with the omission of endocrine treatment [83]. In the phase 3 EUROPA trial
patients aged 70+ years will get randomized to either RT or ET alone, and the primary endpoint will
be health-related quality-of-life at 2 years [81]. Another approach to define low risk is the integration
of preoperative MRI to assess low local tumor burden. Women aged 50 years or older with cTINO
non-triple-negative breast cancer were eligible. Those with unifocal cancer had BCS and adequate
systemic treatment. If pTINO/N1mi, RT was omitted (n=201) [84]. The invasive local failure rate at 5
years was 1.0% (upper 95% CI 5-4%) [84]. As local failure rates may increase especially after the end
of adjuvant systemic therapy, long-term follow-up has to be awaited to define subgroups of patients
which can safely forego RT.
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Table 1. Important prospective studies in Luminal A (-like), “low-risk” patients.

Trial Phase 3 n Main s ele'ctlon Therapy F-up Recurrence
criteria
55+ yrs; TINO;
RO(1mm) ; G1-
2; Ki-67 -
13.25%
50-69 yrs; TINO
RO@mm); ET i overall: 4%
Oncotype RS: - 57mo
18
50-75 yrs ;
PRE;I:]ION no 690 Tllz\zopfl\(/)[é(?l_ ET median 27mo  at 2 yrs: 0.3%
Luminal A
60+ yrs; TINO;
no 1623 RO(Imm); G1-2; ET closed 03/22 n.a.
IHC4+C
60+ yrs; TINO;
RO(2mm); G1-2
50+ yrs; TINO;
EXPERT [79] yes 1170 b f&;;gR_ ETE&‘I;SRT accruing na.
60
50-70 yrs;
DEBRA [80] yes 1670 Or;l;l()lj;};)fl(){s ) ETE:\]‘];SRT accruing n.a.
18
70+ yrs; TINO;
RO; G1-2 (G3 if ET vs . n.a. (endpoint :
. accruing
T1a/b); Ki67 - RT(PBI/WBRT) 2 yrs-HRQoL)
20%

Abbreviations: yrs=years; ET=endocrine treatment; PBI= partial breast irradiation only; WBRT= whole breast

LUMINA [74] no 500 ET 5yrs at5yrs:2.3%

IDEA [75] no 200

PRIMETIME
[77]

NATURAL [78] yes 926 ET vs ET+PBI accruing n.a.

EUROPA [81] yes 926

radiotherapy; mo=months; F-up= follow-up; n.a.= not available; HRQoL= health related quality of life.

For the distinction of no RT, local or loco-regional RT mainly T- and N-stage are used. Especially
the appropriate treatment of the axilla by surgery and or RT has been discussed heavily over the last
years. The abovementioned sentinel trials [65-67] had as consequence that the exact number of
axillary lymph nodes is not any longer known due to the omission of axillary dissection. Whereas
AMAROS [65] and OTOASOR [67] used large comprehensive RT fields, ACOSOG Z0011 [65] has
furthermore ignited the discussion about the necessity of regional irradiation in these patients, as
according to the treatment protocol only breast RT was required. However, the study was lousy in
regard to RT documentation. For 605 of 856 patients no RT info was given, and a detailed RT record
review was only possible for 228 patients [85]. According to the review, about 81% received tangential
RT alone, about half of them with high tangents encompassing parts of the lower axilla, and some
patients received directed nodal irradiation via a third field. Overall, there was no significant
difference between treatment arms in the use of protocol-prohibited nodal fields [85]. As it is common
practice to provide treatment plans (eg. in case of re-irradiation), it is somehow strange that a detailed
review was possible for only 228 patients. My personal hypothesis is, that the local radiation
oncologist didn’t know about the field restriction within the trial and haven’t sent the documents by
realizing this after request. Indeed, radiation oncologists” use of differing radiation fields in this trial
was associated with treating higher risk patients defined by nomograms [86]. The authors observed
significant association with higher nomogram estimated risk and supraclavicular irradiation
(OR=1.07, 95% ClI: 1.04-1.10, p<0.0001) but not high tangents (OR = 0.99, 95% CI:0.96-1.02, p=0.52)
[86]. Uncertainties in the ACOSOG Z0011 trial regarding RT led to the discussion of intentional (INT)
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versus incidental (INC) RT of the axilla and to the implementation of RT QA programs in trials
dealing with optimal axillary treatment, eg. the TAXIS trial in clinically node-positive disease [87].
The OPTIMAL phase 3 trial randomized 442 patients to either incidental (by breast only RT) or
intentional regional RT [88]. With a median follow-up of 3.7 years, the estimated DFS at 5-years were
93.7% and 93.8% in the INC and INT irradiation groups respectively (one-sided 95% CI: <5.7%; non-
inferiority p = 0.075) [88]. Neither in the recently published SINODAR ONE [89] and SENOMAC [90]
randomized trials nor in the BOOG 2013-07 nationwide registry trial [91] - all of them supporting the
omission of ALND after a positive sentinel lymph node biopsy, exact RT doses to the axillary regions
are provided. Thus, the optimal adjuvant regional node irradiation volume for early-stage breast
cancer with T1-2N1 remains undetermined. The T-REX phase 3 study randomizes patients with ER+,
Her2 negative T1-2 disease with 1-2 sentinel macrometastases (mets) to regional RT or not [92]. The
accompanying translational protocol aims to decipher the prognostic and predictive role of tumor
biology and gene expression analysis for their potential integration into future adjuvant RT
individualization [92]. The probably most important ongoing trial is the Tailor RT (MA39) trial [93],
as it uses tumor biology (including Oncotype DX® recurrence score - RS) as eligibility criterion.
Initially started for patients with following criteria: low Oncotype Dx RS <18; ER positive/Her2
negative; pT1-2; age 40+ years; and 1-3 macromets after ALND/1-2 SN macromets after BCS/1
macromet after mastectomy, amendments allow also randomisation of patients with micromets, 2 SN
macromets after mastectomy, T3NO disease, age limit 35+ years and an Oncotype DX RS up to 25. A
total of 2140 patients will get loco-regional RT as standard vs breast RT only after BCS and no RT at
all after mastectomy [93]. A much smaller randomized phase 2 trial, the IMNI PRECISION trial, uses
a ‘low-risk” genomic score (RecurIndex® test) to randomize 214 patients clinically at higher risk to
internal mammary node irradiation yes or no [94]. A large SEER database study (n=6509) highlights
the possible role of the RS in predicting the outcome of adjuvant RT in T1-2N1 luminal BC patients
undergoing BCS. Adjuvant RT was not associated with better 5-year outcomes in the low-risk RS
cohort [95]. As of now, the available evidence does not support the inclusion of gene expression
assays into the decision-making process for RT. Abovementioned ongoing prospective trials will help
to optimize the indication of RT in specific subgroups of patients [96].

3.3. Tumor-Response-Based Considerations

Neoadjuvant systemic treatment (NAST) is becoming more and more popular and for specific
subgroups pathological complete remission (pCR) rates are high. In initially node-positive patients
undergoing NAST the conversion to ypNO is an important prognostic factor with better outcome [97].
Treatment response to NAST might offer the possibility to optimize adjuvant RT in regard to
indication and volumes. The most important question: When can we avoid PMRT or at least regional
irradiation following NAST? Montero et al. reviewed the available literature [98]. The median rates
of reported locoregional relapses according to lymph node response following NAST in patients with
ypNO were 3.2% (range 0-7.7%) with and 24.4% (range 7.7-41.7%) without PMRT, in patients with
ypN+ 10.8% (range 0-46%) with and 56.3% (range 11.2-100%) without PMRT [98]. However, data are
mostly derived from retrospective analyses, and there is an urgent need of prospective and
randomized studies. In the RAPCHEM trial [99] patients with cT1-2cN1 were grouped into three risk
categories according to the nodal status after NAST, and RT volumes were prespecified for each
group. For patients who had ypNO or pN1mi without risk factors (cT >3 cm, G3, LVI) only whole-
breast RT after BCS and no PMRT was foreseen. Despite excellent results (5-yrs locoregional
recurrence rates between 2-3%) extrapolation of the trial results to modern practice is difficult. More
than 80% of the patients had ALND (even in low risk) and protocol violations were quite common
including PMRT in >30% of patients in the low risk group [100]. This serves as good example that
randomization is key. The phase 3 ATNEC study is ongoing: cT1-3cN1 patients with ypNO after
NAST will get randomized to additional axillary RT or ALND versus no further axillary treatment
[101]. 1900 patients are planned, on January 24th 2024 the 300th patient has been randomized. One of
the most awaited studies has been recently presented at the last San Antonio Breast Cancer
Symposium: The NSABP B-51/RTOG1304-trial addresses the question of PMRT and RNI in ¢T1-3 cN1
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that convert to ypNO after NAST. Patients were randomized to WBI with or without regional RT after
BCS and loco-regional PMRT versus no PMRT at all [102]. A total of 1556 patients with a median
follow-up of 59.5 months could be analyzed. The invasive breast cancer recurrence-free interval at 5
years was similar with 91.8% in the no RNI (59 events) and 92.7% (50 events) in the RNI arm. Of
interest was an exploratory subgroup analysis regarding tumor subtype. In fact, there was a
statistically significant interaction (p=0.037) favoring RNI in ER/PR+/Her2- patients versus a
detrimental effect for ‘more’ RT in triple negative disease (HR 2.3; 1.00-5.25), which contains normally
higher loco-regional relapse rates. Events were low and findings might be by chance, which would
demand for further follow-up. In a retrospective analysis of 1966 early-stage TNBC a higher
abundance of tumor-infiltrating lymphocytes (TIL) was associated with better survival [103].
Regarding the NSABP-B51 findings, one might hypothesize that comprehensive, larger RT-fields
might compromise the immune system. A very recent study demonstrated and externally validated
the significance of full dosimetric data, particularly the volume of low dose at 1 Gy (V1) of critical
structures on lymphopenia after RT in breast cancer patients [104]. This deserves attention as
especially modern RT techniques for large fields like VMAT have relatively high values (large
volume) of V1 [104]. In this context a re-analysis of the B51 data regarding TILs and lymphopenia - if
possible - would be interesting. The current NCCN guideline still strongly consider loco-regional
PMRT in patients with cN+->ypNO disease [33], however de-escalation of RT fields is an option after
a case-by-case discussion with the patient. For Her2-positive disease, the NRG-BR008 phase 3 trial
(HERO) evaluates the omission of RT in early-stage low risk patients after BCS, defined by either
PTINO or cT-3cm/cNO with ypTONO after neoadjuvant chemotherapy and HER? targeted therapy.
As of 02-05-2024 accrual was 13 of 1300 patients planned [105] - still a long way to go.

Conclusions

Radiotherapy is an important pillar in the adjuvant treatment in breast cancer. Less fractions and
less RT-volume like PBI only as well as technical improvements have led to a reduction of side effects
and provide better and more convenient treatment. Appropriate patient selection towards low risk
of relapse offers the possibility of RT omission. However, so far no subgroup of patients could be
identified which did not benefit from adjuvant RT at all. Ongoing studies including biology and
molecular assays should answer the question which patients could safely forego irradiation and how
RT volumes can be adapted. It is very likely that the response to neoadjuvant systemic treatments
could help in optimization.
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