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Introduction

In breast-conserving therapy, whole-breast radiotherapy (WBRT) followed by a postoperative
tumor bed boost is the standard approach for patients at increased risk of local recurrence [1-6].
However, postoperative boost delivery is limited by challenges in tumor bed delineation after surgery,
particularly in the setting of oncoplastic reconstruction, and may prolong overall locoregional
treatment time. Historical concerns regarding wound healing have limited the use of preoperative
breast radiotherapy, though these concerns largely stem from experiences with whole-breast irradiation
rather than limited-volume boost dosing [7,8].

We previously published “Preoperative Radiation Boost Results in Low Rates of Re-excision and
Reduced Locoregional Treatment Time in Breast Cancer Patients,” which highlighted these two
critical findings from a phase 2 prospective clinical trial evaluating the feasibility of preoperative
radiation boost in patients with breast cancer [9,10]. Our findings support a paradigm shift in boost
sequencing by demonstrating that a preoperative radiation boost delivered before lumpectomy has
low rates of wound complications, comparable to those of the standard of care. We also showed
that the volume of the boost in the preoperative setting was significantly smaller than would be
implemented in the postoperative setting [10].

We present in this article a more focused report of the findings from our original trial and the
subsequent findings that we published later when the cohort was expanded [9,10].

Methods
Our (NCT04871516) enrolled patients with

mammographically detected, biopsy-proven, clinically node-negative early-stage invasive breast

prospective, single-arm phase II trial
cancer or ductal carcinoma in situ (cTis-2, cNO, cM0) who are eligible for breast-conserving surgery
[9,10]. The study was not blinded to any of the treating physicians. Target delineation used breast
MRI fused with planning CT and mammographic data, with the biopsy clip serving as the epicenter
for gross tumor volume definition. Target volumes for the boost were defined preoperatively, before
tissue rearrangement or seroma formation. Patients received 13.32 Gy in 4 daily fractions using
photons or electrons before lumpectomy with or without sentinel lymph node biopsy done 1-3 weeks
post-boost, and finally, whole breast radiation therapy consisting of 36.63 Gy in 11 daily fractions was
given 3-8 weeks after the final surgical procedure (Figure 1).

This hypofractionated regimen is consistent with previously validated institutional protocols [11].
Pathologically node-positive patients were allowed nodal irradiation at the radiation oncologist’s
discretion.

We also evaluated re-excision rates and time from diagnostic biopsy to completion of radiotherapy,
compared with both a contemporary institutional cohort treated with standard postoperative boost
sequencing and a prior institutional trial using identical fractionation with a postoperative boost [11].
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Figure 1. Preoperative radiation boost trial schema. Abbreviations: SIM: Simulation; MRI: Magnetic Resonance Imaging; WBRT: Whole Breast Radiation

Therapy.

Results

Of 55 patients who were enrolled in the original trial, 50 patients
had complete data with at least 1-month follow-up and were
evaluable for this analysis. The median age was 64 years old (range,
40-77 years). The median follow-up time was 12 months (range,
1-25 months). Twenty-five patients were White (50%) and the other
25 were African American, Asian, Hispanic, and others.

‘The cohort of patients for the trial was expanded. Re-excision data
was available for a total of 89 patients. Preoperative radiation boost
was associated with a marked reduction in re-excision rates, with only
3.4% requiring additional surgery for positive margins. This rate was
significantly lower than the rate reported in the literature (17.2%,
p=0.0005). Moreover, it was also significantly lower than the re-
excision rate of the Canadian hypofractionation cohort (13.48%; p
=0.015) [11-14]. Cavity shave margins were performed in 47.2% of
these patients compared to 75.3% in the Canadian cohort. Margins
were defined per the 2013 published ASTRO/SSO guidelines [19].

From a treatment-delivery standpoint, the overall locoregional
treatment time was significantly shortened, with a median of 109
days from biopsy to completion of radiotherapy. This represented
a reduction of approximately 2-3 weeks compared with both
historical and contemporary postoperative boost cohorts. The
shortened timeline was primarily attributable to the ability to initiate
radiotherapy earlier than surgery could be scheduled and to avoid
postoperative delays related to re-excision.

Wound complication rates were low (2% grade 3 wound
dehiscence, 6% grade 2 wound infections, and 10% grade 2
radiation dermatitis), supporting the feasibility of preoperative
limited-volume irradiation [10].

In 49 patients, physician-reported cosmetic outcomes were
available based on the Harvard scale. At the last follow-up, 92% had
good or excellent cosmetic outcomes, and 8% were reported to have
a fair cosmetic outcome. No patient had a poor cosmetic outcome.

Recurrence rates have not been analyzed yet as the data has not
matured to date. However, none has been observed so far.

Discussion

Besides the observed immediate clinical benefits of preoperative
radiation, there is an underlying effect on tumor biology and the
tumor microenvironment that can result in improvement in long-
term local and possibly systemic outcomes. These effects can be a
focus for further investigative studies. In a small pilot study, the
YOUNGSTER trial, investigators found that there was a late increase
in adaptive immunity gene expression along with a significant
increase in the IGG signature after delivering a preoperative radiation
boost (5 x 2.67 Gy) to patients with early stage breast cancer and
who are eligible for this therapy postoperatively. Although TILs did
not show a statistically significant increase, a trend was noted [15].
Other studies have also identified radiation-induced upregulation of
genes related to immunity, inflammation, and cell death in early-
stage breast cancer [16,17].

Preoperative boost delivery offers several theoretical and practical
advantages. First, target volume definition is inherently more
precise before surgical disruption, oncoplastic tissue rearrangement,
or seroma evolution, potentially reducing geographic miss and
unnecessary irradiation of normal breast tissue. Second, preoperative
radiation is delivered in a non-hypoxic tumor microenvironment,
which may enhance radiobiologic effectiveness. Third, the approach
avoids the need for postoperative tumor bed localization, a well-
recognized challenge in modern oncoplastic practice that can lead to
boost omission or increased target volumes.

The hypofractionated boost dose used in this trial results in a
moderate biologically effective dose, potentially mitigating fibrosis
and cosmetic toxicity compared with higher single-fraction or
hypofractionated preoperative boost regimens reported elsewhere.
Although long-term local control and cosmetic outcomes are still
maturing, the favorable surgical and logistical outcomes observed
suggest that preoperative boost sequencing may represent a
meaningful refinement of contemporary breast radiotherapy
workfows.

Reoperation rates following breast conserving surgery range
from 10-40%, with significant variation across institutions and
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surgeons [12-14]. Although more recent data show rates declining
to approximately 12-20% following adoption of consensus
guidelines [18,19]. Despite that our sample size is much smaller,
the significantly lower rates of re-excision that we observed with our
schema (3.4%) are very promising, especially given that cavity shave
margins were excised in only 47.2% of the cases, indicating that
preoperative radiation boost can be a viable tool to avoid re-operative
procedures for margins, which, as multiple studies have previously
shown, worsen cosmetic outcomes [19], increase the cost of care,
lead to higher surgical complication rates, and cause psychological
distress on the patients [20].

Preoperative radiation therapy can potentially be applied to
a broader patient population than those with early-stage low-
risk disease, with different schemas applied to other scenarios.
The European Society for Therapeutic Radiology and Oncology
(ESTRO) reviewed 27 phase I and phase II studies from 2000
onward, examining preoperative RT in various breast cancer
settings, including early-stage low-risk disease, high-risk disease, and
patients requiring mastectomy [21]. A 2025 narrative review in the
International Journal of Radiation Oncology specifically focused on
locally advanced breast cancer, highlighting encouraging outcomes
with potential benefits in both clinical and cosmetic results [22].
We are currently prospectively evaluating preoperative partial breast
irradiation and whether long-term outcomes are non-inferior to
traditional adjuvant radiation therapy.

Preoperative radiation, in any schema, also has the potential to
change how we define quality measures in locoregional treatment
of breast cancer. Currently, the time from breast cancer diagnosis to
surgical treatment [23,24], and separately to completion of radiation
therapy [25-28] are regarded as surrogates for oncological outcomes.
However, in patients receiving radiation therapy, and if part or all
of the radiation therapy was delivered before surgical intervention,
based on well-defined intervals proven to be feasible in prospective
studies, the combined time from diagnosis to completion of surgical
and radiation therapies might be a more appropriate measure.

Conclusion

Despite some limitations such as a small number of patients, single
arm design, and potential bias toward patient selection, this phase II
experience demonstrates that preoperative radiation boost delivery
is feasible, well-tolerated, and associated with improved surgical
outcomes and reduced overall treatment duration. By enhancing
target delineation, streamlining care, and reducing re-excision
rates, preoperative boost sequencing warrants further investigation
in randomized, multi-institutional trials—particularly in patients
undergoing oncoplastic breast-conserving surgery.
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