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ABSTRACT
Introduction: Neoadjuvant chemotherapy (NACT) is a prevalent treatment strategy for patients
with locally advanced breast cancer (LABC). Achieving a pathologic complete response (pCR) is a
critical determinant of favorable outcomes. To enhance response rates, some clinicians have in-
corporated radiotherapy (RT) prior to surgery. Methods: This observational cohort study aimed to
investigate the initial outcomes and complication rates of preoperative radiotherapy (PRT) in breast
cancer (BC) patients who did not achieve a complete response post-NACT. Between January 2017
and January 2020, 216 patients who were clinical T1-3, lymph node-positive, non-metastatic, and
received NACT were analyzed. After the final dose of chemotherapy, patients were evaluated clin-
ically and radiologically. Among them, 123 patients were non-complete responders. Of these, 37
patients received PRT according to the guidelines. Results: Following PRT and surgery, 7 (18.9%)
patients showed pCR in the breast and 14 (37.8%) in the axilla. HER2-positive and triple-negative
breast cancer (TNBC) patients were significantly associated with complete response following PRT
in the breast and axilla (p = 0.029). Post-surgical infection was detected in 11 (29.7%) patients, with
factors such as a body mass index greater than 25 kg/m2 significantly affecting surgical site infec-
tion rates (p = 0.036). The implant loss rate was 16.7% (n = 2), and there was no grade 3 or higher
RT-related skin toxicity. Conclusion: This study demonstrated that PRT for non-complete respon-
der patients improves pCR rates in the breast and axilla, allowing almost 38% of patients to have
successful breast-conserving surgery, and lowering axillary lymph-node dissection rates without
an increase in major complications. Clinical trials: ClinicalTrials.gov: NCT05274594.
Key words: Non-Responder Breast Cancer Patients, Preoperative Radiation Therapy, Neoadjuvant
Chemotherapy, Pathologic Complete Response, Surgical Outcomes

INTRODUCTION
Neoadjuvant chemotherapy (NACT) has significant
clinical value in inoperable and locally advanced
breast cancer (LABC)1, converting it into an opera-
ble tumor2,3. Not only is NACT now commonly used
in patients with largely operable tumors to down-
stage the primary tumor and increase breast conser-
vation rates (7–12%), but it also moves those pa-
tients from having a mastectomy to having breast-
conserving surgery (BCS)4. Additionally, NACT
shows the impact of systemic therapies on the biology
of breast tumors5, such as additional Capecitabine
adjuvant therapy being effective against human epi-
dermal growth factor receptor 2 (HER2)-negative BC
in patients with residual cancer following NACT6.
Moreover, previous research has indicated that BCpa-
tients who achieved pathological complete response
(pCR) after NACT showed significantly better over-
all survival (OS) and disease-free survival (DFS), par-

ticularly for HER2-positive and triple-negative breast
cancer (TNBC)7–9.
In our institution, we have two basic treatment ap-
proaches for patients with non-metastatic and lymph
node-positive or large breast tumors: either starting
with surgery followed by systemic therapy or initi-
ating systemic therapy first as NACT and then fol-
lowed by surgery. Currently, NACT is widely used
specifically for selected groups of BC patients, such
as those with HER2-positive or TNBC subtypes, even
for early-stage (stage II and stage I-lymph node pos-
itive) patients. NACT aims to achieve a complete re-
sponse in the breast or in axillary lymph nodes in or-
der to preserve the breast and/or axilla. As the goal is
achieving complete response, several physicians have
started considering administering radiotherapy (RT)
before surgery to increase the complete response rate,
which is called preoperative radiotherapy (PRT). His-
torically, PRT dates back to the late 1940s for BC10,
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but it has been a hot topic, especially in the last years.
Recently, studies have been conducted on NACT pa-
tients irrespective of their response during or at the
end of chemotherapy treatment. To our knowledge,
this is the first clinical study focusing specifically on
NACT patients who did not achieve a clinical com-
plete response (cCR) at the end of their chemotherapy
treatment. In this single-center observational cohort
study, we aim to present the initial results and compli-
cation rates of PRT administration in non-complete
responder patients after NACT.

METHODS
Study Design
This retrospective observational cohort study was
conducted between January 2017 and January 2020
and was registered in the database of clinicaltrials.gov
(NCT05274594). The study was approved by the local
ethics committee of Istanbul University, Istanbul Fac-
ulty of Medicine (No: 2021-536891). Initially, 216 BC
patients whowere T1-3, N+,M0, and to whomNACT
was initiated were followed up. Later, 93 patients were
excluded due to their clinical response. The study
continued with 123 patients who had no cCR in the
breast and/or axilla after NACT. Eighty-six patients
who didn’t consent to have NART were excluded. Fi-
nally, 37 patients who received NACT were enrolled
in the study depending on their order of admission.
Every participant signed a written informed consent
prior to enrolling in the study.

NACT Treatment Protocol
TheNACT regimen was 4 cycles of anthracycline and
cyclophosphamide with 12 cycles of a taxane-based
regimen. Trastuzumab for 12 months was also added
if pathologically HER2-positive. This protocol was
the same as planned for the postoperative protocol
and it was decided by the medical oncologist of the
patient. Within the molecular subtype grouping, lu-
minal A patients were defined as hormone receptor-
positive, HER2-negative with low Ki-67 (< 20%) ra-
tios, and luminal B patients were defined as hormone
receptor-positive, HER2-negative with high Ki-67 (≥
20%) ratios. All HER2-positive patients were grouped
as HER2-positive, and all hormone receptor-negative
with HER2-negative patients were defined as TNBC.
Severe infection was defined as any surgical site infec-
tion that required hospitalization, whereas mild in-
fection was defined as a surgical site infection that
was managed as ambulatory treatment. pCR was de-
fined as no residual invasive or in-situ tumor in the fi-
nal pathology following neoadjuvant treatments. cCR

was defined as no sign of residual tumormass, and the
Response Evaluation Criteria in Solid Tumors (RE-
CIST) 1.1 criteria were used to determine cCR 11. Pa-
tients were evaluated for the clinical response after the
end of the last PRT (median 6 weeks).

Patient Selection and Evaluation
Initially, clinical T1-3, axillary lymph node-positive
(N+) (biopsy-proven), and non-metastatic patients
with any molecular subtype were included in the
study. After the final dose of their chemotherapy, pa-
tients were evaluated clinically by physical examina-
tion, mammography, ultrasound, and magnetic reso-
nance imaging (MRI) to evaluate tumor response. Pa-
tients who achieved complete response in the breast
were excluded from the study. Non-complete respon-
der patients who provided consent for the study re-
ceived PRT as defined in the PRT protocol section of
this study. The flow diagram for patient selection is
detailed in Figure 1 . Every patient was discussed
in the preoperative multidisciplinary breast surgical
oncology meeting before and after neoadjuvant treat-
ment. The method of surgery was discussed in these
meetings by a group of expert breast surgeons, plastic
and reconstructive surgeons, radiation oncologists,
medical oncologists, and radiologists. Patients were
individually evaluated for breast conservation, mas-
tectomy, or mastectomy with reconstruction. Like-
wise, the method of axillary surgery was also dis-
cussed in these meetings. The indications for mastec-
tomy were initially multi-centric tumors, large tumor
volume relative to breast volume that is not allowing
a good cosmetic result, patients with BC-related gene
mutations, and extensive in-situ components. Recon-
struction with implant was also recommended to all
mastectomy patients.

Preoperative Radiotherapy Protocol
Radiotherapy was delivered via 4-6 MV X-ray
beam energies and intensity-modulated radiotherapy
(IMRT), volumetric modulated arc therapy (VMAT),
or forward planning IMRT (field in field – FinF) treat-
ment techniques. PRT was planned for patients who
would have BCS as 42.5 Gy in 16 fractions (with 10
Gy in 5 fractions sequential boost doses), 50 Gy in 25
fractions (with 10 Gy in 5 fractions sequential boost
doses), or 50.4 Gy in 28 fractions (with 59.9 Gy in
28 fractions simultaneous integrated boost doses), in-
volving whole breast irradiation plus nodal irradi-
ation (including supraclavicular and axillary lymph
nodes - Level I, II, III). If mastectomy was scheduled
following PRT, irradiation was planned with the same
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Table 1: Demographic, pathologic, and clinical characteristics of the patients

Total (n = 37)
n %

Median Age 50 (28 - 63)
Age Group
≤ 50 21 56.8
> 50 16 43.2
Body Mass Index (kg/m2)
Normal (18.5 - 24.9) 11 29.7
Overweight (25 - 29.9) 12 32.4
Obese (≥ 30) 14 37.8
AJCC Clinical T Stage
II 22 59.5
III 15 40.5
AJCC Clinical N Stage
I 31 83.8
II 6 16.2
AJCC Clinical Stage
II-B 18 48.6
III-A 19 51.4
ER
Positive 30 81.1
Negative 7 18.9
PR
Positive 28 75.7
Negative 9 24.3
HER2
Positive 9 24.3
Negative 28 75.7
Molecular Subtype
Luminal-A+B∗ 26 70.3
HER2-positive/TNBC 11 29.7
NART dose
50 Gy in 25 fr (10 Gy in 5 fr boost in 1 patient) 18 48.6
42.5 Gy in 16 fr (10 Gy in 5 fr boost in 3 patient) 12 32.4
50.4 Gy in 28 fr with boost (59.9 Gy in 28 fr SIB) 7 19
Median NART Time 6 (4 - 8) weeks
Surgery (Breast)
Mastectomy + Implant Reconstruction 12 32.4
Mastectomy 11 29.7
BCS 14 37.8
Surgery (Axilla)
SLNB 21 56.8
ALND 16 43.2
Surgery (Breast + Axilla)
BCS + SLNB 7 18.9
BCS + ALND 7 18.9
Mastectomy + SLNB 14 37.8
Mastectomy + ALND 9 24.3
Response to NART (Breast)
pCR 7 18.9

Continued on next page
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Table 1 continued
No pCR 30 81.8
Response to NART (Axilla)
pCR 14 37.8
No pCR 23 62.2
Response to NART (Breast + Axilla)
pCR 5 13.5
No pCR 32 86.5
Complication
Yes 14 37.8
No 23 62.2
Early Radiotherapy Skin Toxicity
Grade I 12 32.4
Grade II 7 18.9

Abbreviations: AJCC: American joint committee on cancer, ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal
growth factor receptor 2, TNBC: Triple negative breast cancer, NART: Neoadjuvant radiotherapy, Gy: Gray, fr: fractionation, SIB: simulta-
neous integrated boost, BCS: Breast conserving surgery, SLNB: Sentinel lymph node biopsy, ALND: Axillary lymph node dissection, pCR:
Pathologic complete response.∗Luminal B group excludes HER2-positive cases (n = 19), §TNBC (n = 3)

treatment doses (whole breast irradiation plus nodal 
irradiation) as in BCS, but boost dose delivery was 
left to the radiation oncologist’s preference. RT to the 
mammary internal lymph nodes was delivered at the 
discretion of the radiation oncologist and according 
to the tumor characteristics such as clinical stage or 
tumor location. Surgery was planned six weeks after 
the end of PRT.

Statistical Analysis
During the statistical analysis, the HER2-positive 
group and the TNBC group were evaluated together 
because of the small sample size (total of 11 patients), 
considering that these two groups are more chemo-
sensitive than the hormone-positive groups. Categor-
ical and continuous variables were summarized using 
descriptive statistics (e.g., median, range, frequency, 
and percentage) and were compared using the Pear-
son chi-square or Fisher’s exact tests, respectively. The 
effects of clinical variables on the pCR, surgical site 
infection, and implant loss were analyzed by univari-
ate analysis. The s tatistical l evel of s ignificance was 
defined a s p  <  0 .05 w ith 9 5% c onfidence intervals. 
All statistical analyses were performed using the SPSS 
program (Version 22.0, SPSS Inc., Chicago, IL, USA).

Figure 1: Flow diagram for patient stratification of the study 
cohort. NACT: Neoadjuvant Chemotherapy, NART: Neoadjuvant 
radiotherapy.
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RESULTS
A total of 37 patients were enrolled in the study.
The median age of the patients was 50 (28-63), and
21 (56.8%) of them were under 50. Of the 37 pa-
tients, 26 (70.3%) had a body mass index (BMI) of
≥ 25 kg/m2. Eighteen patients were clinical stage
IIA, and 19 were stage IIIA according to The Ameri-
can Joint Committee on Cancer (AJCC) clinical stag-
ing, edition 712. All patients received anthracy-
cline, cyclophosphamide, and taxane-based regimens
and trastuzumab if HER2-positive. Molecular sub-
types for 26 (70.3%) patients were luminal A and lu-
minal B (70.3%) (luminal A n = 7 and luminal B
n = 19), and HER2-positive/TNBC for 11 (29.7%)
patients (HER2-positive n = 8 and TNBC n = 3).
Surgical treatment was BCS for 14 (37.8%) patients,
mastectomy for 11 (29.7%) patients, and mastectomy
with implant reconstruction for 12 (32.4%) patients
of which two were prepectoral and 10 were subpec-
toral implants. Twenty-one (56.8%) patients under-
went sentinel lymph node biopsy only and 16 (43.2%)
had axillary lymph node dissection (ALND). Patient
demographics, clinical, and pathological features are
presented in Table 1.
Following NACT, PRT, and surgery, pCR was
achieved for 7 (18.9%) patients in the breast and for
14 (37.8%) patients in the axilla (Table 2). Of the
37 patients in our cohort that were still clinically
ineligible for BCS at the end of NACT, the over-
all conversion rate to BCS was 37.8% (n = 14) after
PRT. Nine patients were luminal subtypes and HER2-
negative (conversion rate 34.6%), and 5 were HER2-
positive/TNBC type (conversion rate 34.6% vs. 45.5%
for luminal and HER2-positive/TNBC type, respec-
tively; p = 0.4). Additionally, for the study group
that had a partial clinical response following NACT,
only progesterone receptor negativity (p = 0.008) and
HER2-positive/TN patients were significantly rele-
vant with complete response in the breast and axilla
(p=0.029) following PRT. PRT doses were given in 18
patients as 50 Gy in 25 fractions (one patient received
a boost dose of 10 Gy in 5 fractions), 42.5 Gy in 16
fractions (3 patients received a boost dose of 10 Gy in
5 fractions) in 12 patients, and 50.4 Gy in 28 fractions
(with a tumor simultaneous integrated boost of 59.9
Gy in 28 fractions) in 7 patients.
Post-surgical infection was detected in 11 (29.7%) pa-
tients (Table 3). Eight of them were severe and three
were mild. Factors significantly affecting surgical site
infectionwere a BMI greater than 25 kg/m2 (p=0.036)
and having ALND (p = 0.030). Four out of 12 pa-
tients that underwent mastectomy with implant re-
construction had an infection (3 of themwere severe),

and 2 of themwere associated with ischemia. The im-
plant loss rate was 16.7% (n = 2). Delivery schedules
of PRT (hypofractionation or conventional fractiona-
tion) did not affect complication rates. Grade 1 and 2
RT-related skin toxicity rates are presented in Table 1
, while there was no grade 3 or higher skin toxicity.
During the median 36months of follow-up, there was
only one (2.7%) local recurrence, which occurred in
a mastectomy patient at the 12th month of follow-up.
This patient had skin nodules and did not respond to
NACT prior to PRT. Distant metastasis was detected
in four patients (10.8%). There was no mortality.

DISCUSSION
NACT is routinely used in breast centers for LABC.
However, years before the introduction of NACT, the
sole treatment method for this group of patients was
PRT. One of the earliest uses of this treatment modal-
ity was in the late 1940s. The aim of this treatment was
the same asNACT: to downstage the tumor in order to
achieve better surgical outcomes. Recently, PRT can
be used concomitantly with NACT13, specifically for
hormone receptor-positive tumors that are less likely
to achieve a complete response, or after chemotherapy
for non-responder patients. In this study, we admin-
istered PRT for patients who didn’t show a cCR fol-
lowing NACT. As the IMRT technique demonstrates
more homogeneous and targeted dose distribution
with lower doses and reduces acute toxicities14, we
prefer to use this protocol as PRT.
With the initiation of new drugs, new combination
regimens, and targeted therapies, we achieve pCR as
high as 70%15. However, there are still many patients
lacking pCR after neoadjuvant treatment, especially
with the luminal molecular subtypes and some pa-
tients with HER2-positive and TNBC subtypes. At
this point, PRT is an option. Mladenovic, J et al. re-
ported a pCR rate of 15% in their series of 134 pa-
tients diagnosed with LABC (stage IIIA and IIIB) and
received PRT followed by mastectomy 16. In another
study by Calitchi et al., pCR in the breast has been re-
ported as 11%17. A phase III randomized trial com-
pared concomitant NACT + PRT with PRT alone in
271 LABC (stage IIB and IIIA) patients18. In this
study, Semiglazov et al. reported breast pCR rates as
29.1% for the NACT + PRT group and 19.4% for the
PRT-only group (p < 0.05)18. Riet F.G. et al. pub-
lished their 32 years of follow-up results for LABC pa-
tients (stage IIA-IIIC) treated by preoperative whole
breast, ipsilateral axillary, supraclavicular, and inter-
nal mammary chain PRT followed by modified rad-
ical mastectomy 19. The pCR rate in both the tumor
and lymph nodes was 10%, and it was 26% for the
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Table 2: Pathologic complete response rates in the breast, in the axilla, and in both breast and axilla after
neoadjuvant radiotherapy depending on themolecular subtype

Pathologic Response (Breast)

pCR
(n = 7; %18.9)

No-pCR
(n = 30; %81.1)

Total
(n = 37)

p-value

n % n % n %

Molecular Subtype 0.086

Luminal A 2 29 5 71 7 18.9

Luminal B∗ 1 5.3 18 94.7 19 51.4

HER2-
positive/TNBC

4 36.4 7 63.6 11 29.7

Pathologic Response (Axilla)

pCR
(n = 14; %37.8)

No-pCR
(n = 23; %62.2)

Total
(n = 37)

p-value

n % n % n %

Molecular Subtype 0.025r

Luminal A 0 0 7 30.4 7 18.9

Luminal B∗ 7 36.8 12 63.2 19 51.4

HER2-
positive/TNBC

7 63.6 4 36.4 11 29.7

Pathologic Response (Breast + Axilla)

pCR
(n = 5; %13.5)

No-pCR
(n = 32; %86.5)

Total
(n = 37)

p-value

n % n % n %

Molecular Subtype 0.029r

Luminal A 0 0 7 100 7 18.9

Luminal B∗ 1 5.3 18 94.7 19 51.4

HER2-
positive/TNBC

4 36.4 7 63.6 11 29.7

Abbreviations: HER2: Human epidermal growth factor receptor 2, TNBC: Triple negative breast cancer, pCR: Pathologic complete response.
∗ Luminal B group excludes HER2+ cases. TNBC (n = 3)
rp < 0.05; Chi-Square Test

TNBC subtype. Finally, Nichols et al. conducted a
phase II prospective trial for early-stage BC patients
(T1-2, N0) who underwent preoperative accelerated
partial breast irradiation (APBI) followed by BCS in
27 patients20. A 15% pCR was detected in the breast.
As stated in these studies, a pCR rate between 10%
and 20% is achieved only by PRT, depending on the
RT technique and patient selection. These previously
published series did not evaluate clinical responses
solely to NACT as complete or partial response, so

the benefit of additional PRT is missing. The pCR
could either be achieved as a result of NACT or PRT.
In our series, we presented a pCR rate of 18.9% in
the breast and 37.8% in the axilla. At this point, we
should highlight that these pCR rates are for patients
that clinically did not achieve a complete response
after NACT. This means that the addition of PRT
for these patients demonstrates an additional advan-
tage for surgery, sparing more patients from mastec-
tomy and fromALND.The pCR rate was significantly
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Table 3: Factors effecting surgical site infection rates for neoadjuvant radiotherapy patients

Infection

Yes (n = 11) No (n = 26) Total (n = 37)

n % n % n % p-value

Median Age 51 (28 - 63) 46 (30 - 63) 50 (28 - 63) 0.665

Age Group 0.367

≤ 50 5 23.8 16 76.2 21 56.8

> 50 6 37.5 10 62.5 16 43.2

Body Mass Index (kg/m2) 0.036*

Normal (18.5 - 24.9) 0 0.0 11 100.0 11 29.7

Overweight (25 - 29.9) 5 41.7 7 58.3 12 32.4

Obese (≥ 30) 6 42.9 8 57.1 14 37.8

AJCC Clinical T Stage 0.736

II 7 31.8 15 68.2 22 59.5

III 4 26.7 11 73.3 15 40.5

AJCC Clinical N Stage 1.000

I 9 29.0 22 71.0 31 83.8

II 2 33.3 4 66.7 6 16.2

AJCC Clinical Stage 1.000

II-B 5 27.8 13 72.2 18 48.6

III-A 6 31.6 13 68.4 19 51.4

NART time 1.000

< 5 weeks 3 25.0 9 75.0 12 32.4

≥ 5 weeks 8 32.0 17 68.0 25 67.6

Response to NART (Breast +
Axilla)

0.623

pCR 2 40 3 60 5 13.5

No pCR 9 28.1 23 71.9 32 86.5

Surgery (Breast + Axilla) 0.119

BCS + SLNB 1 14.3 6 85.7 7 18.9

BCS + ALND 3 42.9 4 57.1 7 18.9

Mastectomy + SLNB 2 14.3 12 85.7 14 37.8

Mastectomy + ALND 5 55.6 4 44.4 9 24.3

*:p < 0.05, Chi-Square Test
Abbreviations: AJCC: American joint committee on cancer, NART: Neoadjuvant radiotherapy, pCR: Pathologic complete response, BCS:
Breast conserving surgery, SLNB: Sentinel lymph node biopsy, ALND: Axillary lymph node dissection.
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higher for HER2-positive and TNBC subtypes when
compared with luminal subtypes (36.4% vs 11.5% in
the breast; p = 0.02 and 63.6% vs 27% in the axilla;
p=0.025 for HER2-positive/TNBC subtype and lumi-
nal subtype, respectively). Even though NACT could
affect the pCR rates of these patients, we carefully se-
lected the patients by discussing it in a multidisci-
plinary meeting with the help of ultrasound, mam-
mography, MRI, and PET-CT if needed.
The timing of the surgery after PRT is an important
factor in achieving pCR.The general attitude of physi-
cians is to delay surgery for 3 weeks after hypofrac-
tionated RT and 6 weeks after standard RT. For the
study group, themedian time between the end of PRT
and surgerywas 6weeks. Depending on the fractiona-
tion, it ranged from 4weeks to 8 weeks for our cohort.
Delaying surgery longer than this deserves investiga-
tion, aiming to increase pCR and decrease RT-related
complications.
A prominent advantage of NACT is the conversion
of patients from mastectomy to BCS. This is also one
of the primary aims of PRT. Bollet et al. investigated
the effect of RT combined with hormonotherapy ini-
tiated before surgery for postmenopausal hormone
receptor-positive patients whowere ineligible for BCS
at first admission21. They reported a 63% rate of con-
version to BCS at a median of 8 weeks’ time interval
between PRT and surgery. In another phase II trial
by the same author that presents the results of con-
current PRT andNACT for early-stage BC patients13,
the conversion rate was reported as 69%. Of the 37
patients in our cohort who were still clinically ineligi-
ble for BCS at the end of NACT, the overall conver-
sion rate to BCS was 37.8% (n = 14) after PRT. Nine
patients were non-HER2 luminal subtypes (conver-
sion rate 34.6%) and five were HER2-positive/TNBC
types (conversion rate 34.6% vs 45.5% for luminal and
HER2-positive/TNBC subtypes, respectively; p = 0.4).
As is known, RT may affect surgical outcomes and
cause complications due to radiation-induced in-
jury, specifically during the early post-surgical period.
Postoperative complications occurred in 14 patients
(38%). Eight (22%) were severe surgical site infec-
tions, three (8%) were seroma only, and three (8%)
were mild surgical site infections. Of the 12 patients
who underwent mastectomy and breast reconstruc-
tion with implants, there have been only two (16.7%)
implant losses due to skin ischemia caused by severe
surgical site infections, and both patients had sub-
pectoral implants. The first patient presented with
skin ischemia in the first postoperative month and re-
ceived antibiotics for 40 days but lost her implant 75

days after the operation. The second patient experi-
enced it in the third postoperative week. This patient
was also managed conservatively with antibiotics for
a month, but the implant was removed due to resis-
tant infection that affected the patient’s clinic. Ad-
ditionally, one of the patients with implant loss was
a smoker. The only significant factor affecting surgi-
cal site infection was BMI≥25 kg/m2, which applied
to all patients with infection. As presented here, im-
plant loss was not directly correlated with PRT and
could be multifactorial. Besides, this rate is compara-
ble with the published literature for patients who only
received NACT as initial treatment before surgery 22.
Ruvalcaba-Limon et al. published a case-control anal-
ysis about surgical complications after preoperative
concomitant chemo-radiation23. Of the 360 patients,
165 (45.8%) developed a wound complication (infec-
tion ± flap necrosis), of which 60 (16.6%) had surgi-
cal site infections and 80 (22.2%) had seroma. They
also reported a 10% rate of surgical site infection for
patients who had not received any treatment before
surgery. Skinner et al.24 and Formenti et al.25 re-
ported postsurgical complication rates of 41% and
14%, respectively, with chemoradiation. In the PAPBI
trial26 and the Cambridge IMRT trial27 that investi-
gate the outcomes of PRT followed by BCS, authors
reported an 11% postoperative infection rate in the
PAPBI trial and 19.7% in the latter trial. A phase II
trial reporting surgical site complications for patients
that only administered PRT was published by Nichols
et al.20. They presented a 15% complication rate that
was all grade 3 seromas. It is advised to delay surgery
for 4 to 6 weeks to minimize the unfavorable effects of
RT on complications. We only observed early grade
I and II skin reactions after PRT in 19 patients. The
median time delay in our series was 6 weeks. A future
study to postpone surgery more than 6 weeks with
the initiation of endocrine therapy for only hormone
receptor-positive patients is planned to determine if
this approach further lowers complication rates and
increases pCR rates.
There are several limitations to this study. First, the
study is a prospective, single-center study with a rela-
tively small sample size of 37 patients. While we be-
lieve that the data from this cohort provide impor-
tant insights into preoperative radiotherapy (PRT) in
non-responder breast cancer patients post-NACT, the
small sample size reduces the statistical power and
limits the generalizability of the findings. A larger
and more diverse patient population would provide
greater variability and strengthen the applicability of
the results across broader demographic and clinical
settings. Additionally, the reliance on imaging and
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physical examination, rather than tumor bed biopsy,
to evaluate patients may introduce some variability in
assessing residual disease. However, this approach
is consistent with daily clinical practice, as patients
are routinely evaluated using ultrasound, mammog-
raphy, MRI, and PET-CT, following RECIST 1.1 crite-
ria. This makes the methodology highly practical and
applicable in real-world settings, even though biopsy-
based evaluation might offer additional pathological
confirmation.
Future research should address these limitations by
employing a multicenter prospective design with a
larger, more diverse patient cohort. Such studies
could validate our findings, enhance their generaliz-
ability, and further elucidate the role of PRT in this
patient population. Additionally, incorporating tu-
mor bed biopsies as part of the assessment protocol
could provide a more robust evaluation of treatment
responses.

CONCLUSIONS
To conclude, this is the first clinical trial to specifi-
cally evaluate the sole effect of PRT (preoperative ra-
diotherapy) on patient outcomes, such as pCR (patho-
logic complete response) rates, and BCS (breast-
conserving surgery) conversion rates in LABC (lo-
cally advanced breast cancer) patients who initially
received NACT (neoadjuvant chemotherapy) and did
not achieve cCR (clinical complete response) at the
end of their primary chemotherapy. This study
demonstrated that administering RT (radiotherapy)
prior to surgery for non-complete responder patients
to NACT improves pCR rates in both the breast and
axilla, allowing almost 38% of the patients to be con-
verted to BCS and reducing ALND (axillary lymph
node dissection) rates without increasing major com-
plications. These findings highlight the potential im-
pact of PRT on optimizing surgical outcomes and
contribute valuable knowledge to the existing liter-
ature on treatment strategies for non-complete re-
sponders. While this study focuses on short-term
outcomes, the long-term clinical and survival impli-
cations of RT, including the potential abscopal ef-
fect, will be explored in future analyses with extended
follow-up.

ENDPOINTS
• Preoperative radiotherapy aims to increase the
complete response in breast cancer patients.

• This study is a retrospective observational co-
hort study with a unique design.

• We aimed to determine the effect of pre-
operative radiotherapy following neoadjuvant
chemotherapy.

• Preoperative radiotherapy improves pathologic
complete response rates.

• Almost 38% of the patients included in this
study were converted to have breast-conserving
surgery.
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