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Abstract 

Background Pathological complete response (pCR) is a well‑established prognostic factor in breast cancer treated 
with neoadjuvant systemic therapy (naST). The determining factors of pCR are known to be intrinsic subtype, prolif‑
eration index, grading, clinical tumor and nodal stage as well as type of systemic therapy. The addition of neoadjuvant 
radiotherapy (naRT) to this paradigm might improve response, freedom from disease, toxicity and cosmetic outcome 
compared to adjuvant radiotherapy. The factors for pCR and primary tumor regression when neoadjuvant radiation 
therapy is added to chemotherapy have not been thoroughly described.

Methods We performed a retrospective analysis of 341 patients (cT1‑cT4/cN0‑N+) treated with naRT and naST 
between 1990 and 2003. Patients underwent naRT to the breast and mostly to the supra‑/infraclavicular lymph nodes 
combined with an electron or brachytherapy boost. NaST was given either sequentially or simultaneously to naRT 
using different regimens. We used the univariate and multivariate regression analysis to estimate the effect of differ‑
ent subgroups and treatment modalities on pCR (ypT0/Tis and ypN0) as well as complete primary tumor response 
(ypT0/Tis; bpCR) in our cohort. Receiver operating characteristic (ROC) analysis was performed to evaluate the interval 
between radiotherapy (RT) and resection (Rx) as well as radiotherapy dose.

Results Out of 341 patients, pCR and pbCR were achieved in 31% and 39%, respectively. pCR rate was influenced 
by resection type, breast cancer subtype, primary tumor stage and interval from radiation to surgery in the multi‑
variate analysis. Univariate analysis of bpCR showed age, resection type, breast cancer subtype, clinical tumor stage 
and grading as significant factors. Resection type, subtype and clinical tumor stage remained significant in mul‑
tivariate analysis. Radiation dose to the tumor and interval from radiation to surgery were not significant factors 
for pCR. However, when treatment factors were added to the model, a longer interval from radiotherapy to resection 
was a significant predictor for pCR.
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Introduction
Pathological complete response (pCR) is a well-estab-
lished and pivotal prognostic factor in the management 
of breast cancer when treated with neoadjuvant systemic 
therapy (naST). Numerous factors that influence pCR 
have been identified, including intrinsic subtype, prolif-
eration index, tumor grading, clinical tumor stage, clini-
cal nodal status, and the type of systemic therapy [1–3]. 
The potential benefits of incorporating neoadjuvant 
radiotherapy (naRT) into this treatment paradigm are 
significant, encompassing improved treatment response, 
increased freedom from disease, reduced toxicity, and 
enhanced cosmetic outcomes [4, 5]. However, a com-
prehensive understanding of the influencing factors that 
determine pCR when radiation therapy is combined with 
naST remain unclear. Additionally, specific details of 
radiation therapy, such as the interval between radiother-
apy and surgical resection, radiation dose to the tumor 
bed, and the extent of nodal target volume, may play inte-
gral roles in determining treatment outcomes.

This manuscript aims to provide a comprehensive anal-
ysis of all contributing factors affecting pCR in women 
who have undergone naST and naRT, with a particular 
emphasis on the details of radiation therapy. By focusing 
on these aspects, we aim to enhance our understanding 
of the multifaceted interplay between radiotherapy and 
chemotherapy in the preoperative setting for breast can-
cer, ultimately contributing to the optimization of treat-
ment strategies and improved patient outcomes.

Materials and methods
We searched the institutional database for patients 
receiving naRT and chemotherapy before their definitive 
breast cancer surgery between 1990 and 2003. All women 
that received axillary lymph node dissection (ALND) 
before the initiation of naRT and naST were excluded 
from the analysis. The long-term survival follow-up as 
well as quality of life and cosmetic results have already 
been published by our group [6–8].

Resection was performed as either a breast-conserv-
ing surgery with or without additional flap support or 
mastectomy with or without reconstruction. Axillary 
lymph node dissection was routinely performed. Tan-
gential radiation therapy of the breast was applied using 
photon or cobalt therapy. Regional nodal irradiation to 

the axillary node level III and IV as well as the internal 
mammary node (IMN) was applied in selected patients.  
Axillary levels III and IV were treated with a separate 
supraclavicular field and IMNs were covered with an 
extension of the tangential breast fields. The dose was 
mainly 50 Gy to the breast with a 10 Gy boost to the 
tumor bed given as either electrons in 5 fractions or an 
interstitial HDR-brachytherapy boost of 10 Gy in one 
treatment. Brachytherapy was combined with one course 
of hyperthermia immediately before interstitial treat-
ment. 2 Gy equivalent dose (EQD2) were calculated using 
an Alpha/Beta ratio of 3.7 [9].

Neoadjuvant chemotherapy (naCT) was given either 
sequentially (mostly before RT) or concurrently to RT 
with multiple regimens. The systemic therapy regimen 
was decided by the interdisciplinary team evaluating 
the patient and based on the historic standard proto-
cols, individual risk factors as well the patients’ response 
to the ongoing therapy with clinical and ultrasound 
guided restaging. According to pathological outcome the 
interdisciplinary team also advised selected patients to 
undergo postneoadjuvant systemic therapy. For the anal-
ysis, chemotherapy schedules were categorized according 
to the current known efficacy into “standard” regimens 
(AC/EC + taxane, AC/EC + CMF, AC/EC + taxane + 
mitoxantrone) or “substandard” regimens (mitoxantrone 
only, AC/EC only, AC/EC + mitoxantrone, CMF +- 
mitoxantrone and other rarely used regimens). Patients 
with positive hormone receptor expression received 
endocrine therapy with tamoxifen, ovarian suppression, 
aromatase inhibitor or surgical ovariectomy. No Her2-
targeted therapy was administered.

Based on the classification used in the early breast 
cancer trialists collaborative group (EBCTCG) meta-
analysis, we also used the stratification of chemotherapy 
regimens into receipt of (1) no anthracycline or taxane, 
(2) anthracycline, no taxane, (3) anthracycline and taxane 
[10].

Biological breast cancer subtypes were defined 
according to hormone receptor status (estrogen or 
progesterone), HER2 positivity or lack of positivity 
for both receptors (triple negative). Retrospectively, 
the hormone receptor status was assessed by immu-
nohistochemistry with cut-off values greater than 10 
fmol/mg of protein regarded as positive [11]. HER2-
positive breast cancer was subcategorized according 

Conclusions The factors associated with pCR following naST and naRT are similar to known factors after naST alone. 
Longer interval to surgery might to be associated with higher pCR rates. Dose escalation beyond 60 Gy did not result 
in higher response rates.

Keywords Neoadjuvant radiotherapy, Neoadjuvant chemotherapy, pCR, Breast cancer, Breast response
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in hormone receptor positive (HR+/HER2+) and hor-
mone receptor negative subtype (HR-/HER2+). Hor-
mone receptor positive and HER2 negative subtype 
was further categorized into luminal A-like and luminal 
B-like subtype according to grading, estrogen and pro-
gesterone receptor status as well Ki-67-value. Tumors 
with grade I and grade II with estrogen receptors (ER) 
and progesterone receptor (PR) expression above 20% 
and Ki-67 values below 14% were categorized as lumi-
nal A-like [11–15].

Endpoint definition
We defined pCR as no residual tumor cells in the lymph 
nodes as well as the breast/chestwall with residual com-
ponent strictly in situ according to Chevallier’s classifica-
tion [16]. Breast pathological complete response (bpCR) 
was defined as primary tumor response with no invasive 
tumor left at the primary site (ypT0/ypTis).

Statistical analysis
Patient characteristics are described using rates, means 
and medians for continuous and categorical variables. In 
order to assess the effect of various variables on pCR, we 
performed a cox regression analysis. For the multivari-
ate analysis, we used all factors from the univariate cox 
regression analysis with p values < 0.1. Variables were 
entered simultaneously into the model. Age, radiation 
dose and time interval were entered as continuous vari-
able into the analysis.

For the analysis of collinearity, we measured the vari-
ance inflation factor with a cut off of 10 and kept the 
clinically most relevant variable. In addition, we also 
tested the effect of adding clinically interesting and modi-
fiable variables as radiation dose to the primary tumor, 
i.e., interval between radiotherapy and surgery, regional 
nodal irradiation, type of radiation boost, and neoadju-
vant chemotherapy.

Further, we used ROC analysis to estimate the effect of 
the interval RT to Rx (time from first scheduled radio-
therapy treatment day to date of primary tumor resec-
tion) and dose (in EQD2 (a/b=3.7Gy) for pCR and bpCR.

Two-sided p-values below the threshold of 0.05 were 
considered statistically significant. All statistical analyses 
were performed using SPSS (IBM Corp. Released 2016. 
IBM SPSS Statistics for Windows, Version 27.0. Armonk, 
NY: IBM Corp.) Figures and tables were created using 
Microsoft Excel for Microsoft Office 365 Pro Plus (Red-
mond, Washington, WA, USA).

The local ethics committee of the medical faculty of 
Düsseldorf University gave ethical approval of this retro-
spective study under the ID 4049.

Results
The trial population consists of 341 patients in total. 
The baseline characteristics are described in Table  1. 
106 women (31.1%) achieved a pCR and 133 women 
(39.0%) achieved a breast pCR after naRCTx.

Table  2 shows the rates of pCR and bpCR with the 
corresponding numbers and confidence intervals in dif-
ferent subgroups. pCR rates were numerically higher 
in younger women, more aggressive biological sub-
types, smaller primary tumors, use of chemotherapy 
and longer interval from radiotherapy to resection. The 
analysis by subgroup did not show striking numerical 
differences by tumor side, clinical nodal status, growth 
patterns, tumor dose, regional nodal irradiation, type of 
chemotherapy or use of induction endocrine therapy.

Figure  1 analyzes the effect of different subgroups 
on pCR using a univariate assessment. Resection type, 
breast cancer subtype, primary tumor T-stage, and 
grading were significantly associated with the result 
of reaching a pCR. Histological subtype, side of breast 
cancer, growth pattern, interval from RT to resection, 
dose to tumor, type of radiation boost as well as type 
and classification of systemic therapy were not signifi-
cantly associated with pCR.

Further, we analyzed factors that were associated with 
the pCR only in the breast (ypT0/Tis) in different sub-
groups (Fig.  2). In the univariate analysis, we detected 
that significant factors for bpCR were age, resection type, 
breast cancer subtype, clinical tumor stage, and grading.

Table  3 further shows the results of the multivari-
ate analysis using different models. The diagnosis of a 
pCR was independently associated with resection type 
(p =  0.032), lower clinical tumor stage (p  <  0.001) and 
breast cancer subtype (p = 0.009). The endpoint of bpCR 
was associated with subtype (p  <  0.001), clinical tumor 
stage (p =  0.007) and grading (p =  0.027). When add-
ing dose and interval to the models, subtype, stage and 
interval remained predictive for pCR. For bpBR, sub-
type, stage and grading remained predictive factors in 
the multivariate analysis. Dose to the primary tumor had 
no significant effect. In model 3 we added dose, interval, 
type of regional nodal irradiation, boost type and type 
of chemotherapy to the model. The multivariate analy-
sis of pCR again showed subtype, stage and interval, as 
predictive variable whereas for bpCR subtype, stage and 
grading remained the predictive factor. All other factors 
included exerted no significant influence in the multivar-
iate analysis.

The linear analysis of pCR and bpCR by interval and 
RT dose is shown in Table  4. Higher biological radia-
tion doses were not significantly associated with pCR 
and bpCR response (p=0.908 and p=0.433). Increasing 
time interval from radiotherapy to resection was partly 
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associated with pCR rate (p=0.070) but not with bpCR 
(p=0.179).

Additional analyses of pCR and bpCR by year of treat-
ment time, categorical dose and time interval from RT to 
resection are shown in the appendix tables 6, 7, 8.

Discussion
In this study, we present one of the largest series of neo-
adjuvant radiotherapy combined with chemotherapy for 
high-risk breast cancer. Our analysis revealed notewor-
thy pathological complete response (pCR) rates in the 
breast and lymph nodes (31%) and breast alone (bpCR) 

(39%) when using older radiotherapy and chemotherapy 
regimens.

The regression of the primary tumor by neoadjuvant 
systemic therapy is a crucial prognostic factor in breast 
cancer. Pathological complete response in both the pri-
mary breast tumor and draining lymph nodes holds the 
best prognostic value for high-risk breast cancer, sur-
passing the prognostic value of the response in the breast 
tumor alone [1, 8].

To evaluate the contributing factors for response 
after combined systemic therapy and radiotherapy, we 
conducted a comprehensive analysis across different 

Table 1 Overview of the baseline characteristics and treatment details

Characteristic N (%) Characteristic N (%) Characteristic N (%)

Median age Breast cancer subtype Type of neoadjuvant chemotherapy

 < 45 y 66 (19.4)  HR + /HER2‑Luminal A‑like 52 (15.2)  None 15 (4.4)

 45 y–55 y 129 (37.8)  HR + /HER2‑Luminal B‑like 162 (47.5)  Standard 98 (28.7)

 > 55y 146 (42.8)  HR + /HER2 + 25(7.3)  Substandard 228 (66.9)

Resection type  HR + /HER2‑ 23 (6.7) Type of Neoadjuvant Chemotherapy

 Breast conserving surgery 174 (51.0)  HR‑/HER2‑ 55 (16.1)  None 15 (4.4)

 Mastectomy 167 (49.0)  Unknown 24 (7.0)  EC/AC + CMF 82 /24.0)

Side primary tumor Histology  EC/AC + Taxan 11 (3.2)

 Right 154 (45.2)  Ductal 237 (69.5)  Standard Chemotherapy + 1 agent 5 (1.5)

 Left 166 (48.7)  Mixed Ductal/Lobular 2 (0.6)  Mitoxantron 97 (28.4)

 Unknown 21 (6.2)  Lobular 66 (19.4)  4–6 × EC 113 (33.1)

Clinical tumor stage  Other 11 (3.2)  AC/EC + Mitoxantron 2 (0.6)

 T1 3 (0.9)  Unknown 25 (7.3)  CMF + Mitoxantron 6 (1.8)

 T2 111 (32.6) Median Interval RT to Rx 175 days  CMF 4 (1.2)

 T3 149 (43.7) Median Dose to Tumor Bed (EQD2(3.7)) 60 Gy  Other 6 (1.8)

 T4 78 (22.9) Mean Dose to Tumor Bed (EQD2(3.7)) 64 Gy Type of neoadjuvant chemotherapy

Clinical nodal stage Type of breast radiotherapy  None 15 (4.4)

 Negative 171 (50.1)  Cobalt Therapy 179 (52.5)  No Anthracycline or Taxane 109 (32.0)

 Positive 170 (49.9)  Photon Therapy 156 (45.7)  Anthracycline, no Taxane 202 (59.2)

Stage Regional nodal irradiation  Anthracycline and Taxane 15 (4.4)

 I 1 (0.3)  None 46 (13.5) Endocrine therapy

 IIA 66 (19.4)  Level 3 + 4 229 (67.2)  No endocrine therapy 76 (22.3)

 IIB 121 (35.5)  Level 3 + 4 + IMN 40 (11.7)  Induction endocrine therapy 158 (46.3)

 IIIA 74 (21.7)  IMN 9 (2.6)  Adjuvant endocrine therapy 85 (24.9)

 IIIB 78 (22.9)  Unknown 17 (5.0)  Unknown 22 (6.5)

 IIIC 1 (0.3) Type of Boost RT

Grading  Brachytherapy 99 (29.0)

 1 24 (7.0)  Cobalt 19 (5.6)

 2 138 (40.5)  Photon 35 (10.3)

 3 179 (52.5)  Electron 153 (44.9)

Growth pattern  Mixed 12 (3.5)

 Unifocal 259 (76.0)  Unknown 22 (6.5)

 Multifocal 27 (7.9)  No Boost 1 (0.3)

 Multicentric 40 (11.7)

 Unknown 15 (4.4)
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Table 2 Rates of pathological complete response (ypT0/Tis ypN0) and breast pathological complete response (yT0/Tis) between 
different subgroups with the corresponding 95%‑confidence intervals

Pathological complete response (ypT0/Tis ypN0)

Subgroup n
Non-pCR

N
pCR

Rate CI—95%
low

CI—95%
high

All 235 106 0.31 0.26 0.36

Age

Age < 45y 39 27 0.41 0.29 0.53

Age 45y − 55y 90 39 0.30 0.22 0.38

Age > 55y 106 40 0.27 0.20 0.35

Resection type

Breast conserving surgery 106 68 0.39 0.32 0.46

Mastectomy 129 38 0.23 0.16 0.29

Side breast cancer

Right 107 47 0.31 0.23 0.38

Left 115 51 0.31 0.24 0.38

Unknown 13 8 0.38 0.17 0.59

Biological subtype

Luminal A 44 8 0.15 0.06 0.25

Luminal B 121 41 0.25 0.19 0.32

HR + HER2 + 18 7 0.28 0.10 0.46

HR − HER2 + 13 10 0.43 0.23 0.64

Triple negative 30 25 0.45 0.32 0.59

Unknown 9 15 0.63 0.43 0.82

Histology

Ductal 158 79 0.33 0.27 0.39

Ductal/lobular 1 1 0.50  − 0.19 1.19

Lobular 49 17 0.26 0.15 0.36

Other 9 2 0.18  − 0.05 0.41

Unknown 18 7 0.28 0.10 0.46

Clinical tumor stage

cT1 0 3 1.00 1.00 1.00

cT2 66 45 0.41 0.31 0.50

cT3 110 39 0.26 0.19 0.33

cT4 59 19 0.24 0.15 0.34

Clinical nodal status

cN0 116 55 0.32 0.25 0.39

cN + 119 51 0.30 0.23 0.37

Stage

I 0 1 1.00 1.00 1.00

IIA 41 25 0.38 0.26 0.50

IIB 78 43 0.36 0.27 0.44

IIIA 56 18 0.24 0.15 0.34

IIIB 59 19 0.24 0.15 0.34

IIIC 1 0 0.00 0.00 0.00

Tumor grade

G1 20 4 0.17 0.02 0.32

G2 101 37 0.27 0.19 0.34

G3 114 65 0.36 0.29 0.43

Growth pattern

Unifocal 178 81 0.31 0.26 0.37
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Table 2 (continued)

Pathological complete response (ypT0/Tis ypN0)

Subgroup n
Non-pCR

N
pCR

Rate CI—95%
low

CI—95%
high

Multifocal 17 10 0.37 0.19 0.55

Multicentric 30 10 0.25 0.12 0.38

Unknown 10 5 0.33 0.09 0.57

Interval radiotherapy to resection

 < Median time 121 45 0.27 0.20 0.34

 > Median time 114 61 0.35 0.28 0.42

Dose to tumorbed (EQD2 (3.7))

 < 60 Gy (Median) 43 15 0.26 0.15 0.37

 > 60 Gy (Median) 185 89 0.32 0.27 0.38

Unknown 7 4 0.36 0.08 0.65

Dose to tumorbed (EQD2 (3.7))

 < 64 Gy (Mean) 156 71 0.31 0.25 0.37

 > 64 Gy (Mean) 72 33 0.31 0.23 0.40

Unknown 7 4 0.36 0.08 0.65

Regional nodal irradiation

No RNI 27 19 0.41 0.27 0.56

Any RNI 208 87 0.29 0.24 0.35

No RNI 27 19 0.41 0.27 0.56

L3 − 4 164 65 0.28 0.23 0.34

L3 − 4 + IMN 29 11 0.28 0.14 0.41

IMN 4 5 0.56 0.23 0.88

Unknown 11 6 0.35 0.13 0.58

Type of breast radiotherapy

Photon 125 54 0.30 0.23 0.37

Cobalt 107 49 0.31 0.24 0.39

Unknown 3 3 0.50 0.10 0.90

Type of boost

Brachytherapy 69 30 0.30 0.21 0.39

Cobalt 17 2 0.11  − 0.03 0.24

Photon 23 12 0.34 0.19 0.50

Electron 102 51 0.33 0.26 0.41

Mixed 11 1 0.08  − 0.07 0.24

Unknown 13 9 0.41 0.20 0.61

No Boost 0 1 1.00 1.00 1.00

Neoadjuvant chemotherapy

None 14 1 0.07  − 0.06 0.19

Standard 65 33 0.34 0.24 0.43

Substandard 156 72 0.32 0.26 0.38

Neoadjuvant chemotherapy

None 14 1 0.07  − 0.06 0.19

EC/AC + CMF 50 32 0.39 0.28 0.50

4 × EC/AC + Taxan 10 1 0.09  − 0.08 0.26

3 drug combination 5 0 0.00 0.00 0.00

Mitoxantron 62 35 0.36 0.27 0.46

4 − 6 × EC 81 32 0.28 0.20 0.37

AC/EC + Mitoxantron 1 1 0.50  − 0.19 1.19

CMF + Mitoxantron 6 0 0.00 0.00 0.00
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Table 2 (continued)

Pathological complete response (ypT0/Tis ypN0)

Subgroup n
Non-pCR

N
pCR

Rate CI—95%
low

CI—95%
high

CMF 3 1 0.25  − 0.17 0.67

Other 3 3 0.50 0.10 0.90

Neoadjuvant chemotherapy

None 14 1 0.07  − 0.06 0.19

No Anthracycline or Taxane 82 40 0.33 0.24 0.41

Anthracycline, no Taxane 140 64 0.31 0.25 0.38

Anthracycline and Taxane 12 3 0.20 0.00 0.40

Induction endocrine therapy

No endocrine therapy 47 29 0.38 0.27 0.49

Induction endocrine therapy 112 46 0.29 0.22 0.36

Adjuvant endocrine therapy 63 22 0.26 0.17 0.35

Unknown 13 9 0.41 0.20 0.61

Breast pathological complete response (ypT0/Tis)

Subgroup N N Rate CI—95% low CI—95% high

Non-bpCR bpCR

All 208 133 0.39 0.34 0.44

Age

Age < 45y 30 36 0.55 0.43 0.67

Age 45 y–55 y 80 49 0.38 0.30 0.46

Age > 55 y 98 48 0.33 0.25 0.40

Resection type

Breast conserving surgery 93 81 0.47 0.39 0.54

Mastectomy 115 52 0.31 0.24 0.38

Side breast cancer

Right 90 64 0.42 0.34 0.49

Left 106 60 0.36 0.29 0.43

Unknown 12 9 0.43 0.22 0.64

Biological subtype

Luminal A 44 8 0.15 0.06 0.25

Luminal B 110 52 0.32 0.25 0.39

HR + HER2 + 16 9 0.36 0.17 0.55

HR − HER2 + 8 15 0.65 0.46 0.85

Triple Negative 22 33 0.60 0.47 0.73

Unknown 8 16 0.67 0.48 0.86

Histology

Ductal 138 99 0.42 0.35 0.48

Ductal/Lobular 1 1 0.50  − 0.19 1.19

Lobular 45 21 0.32 0.21 0.43

Other 8 3 0.27 0.01 0.54

Unknown 16 9 0.36 0.17 0.55

Clinical tumor stage

cT1 0 3 1.00 1.00 1.00

cT2 58 53 0.48 0.38 0.57

cT3 95 54 0.36 0.29 0.44

cT4 55 23 0.29 0.19 0.40
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Table 2 (continued)

Breast pathological complete response (ypT0/Tis)

Subgroup N N Rate CI—95% low CI—95% high

Non-bpCR bpCR

Clinical nodal status

cN0 105 66 0.39 0.31 0.46

cN + 103 67 0.39 0.32 0.47

Stage

I 0 1 1.00 1.00 1.00

IIA 37 29 0.44 0.32 0.56

IIB 67 54 0.45 0.36 0.53

IIIA 48 26 0.35 0.24 0.46

IIIB 55 23 0.29 0.19 0.40

IIIC 1 0 0.00 0.00 0.00

Tumor grade

G1 20 4 0.17 0.02 0.32

G2 94 44 0.32 0.24 0.40

G3 94 85 0.47 0.40 0.55

Growth pattern

Unifocal 159 100 0.39 0.33 0.45

Multifocal 14 13 0.48 0.29 0.67

Multicentric 26 14 0.35 0.20 0.50

Unknown 9 6 0.40 0.15 0.65

Interval radiotherapy to resection

 < Median time 108 58 0.35 0.28 0.42

 > Median time 100 75 0.43 0.36 0.50

Dose to tumorbed (EQD2 (3.7))

 < 60 Gy (Median) 37 21 0.36 0.24 0.49

 > 60 Gy (Median) 165 109 0.40 0.34 0.46

Unknown 6 3 0.33 0.03 0.64

Dose to tumorbed (EQD2 (3.7))

 < 64 Gy (Mean) 143 84 0.37 0.31 0.43

 > 64 Gy (Mean) 59 46 0.44 0.34 0.53

Unknown 6 3 0.33 0.03 0.64

Regional nodal irradiation

No RNI 26 20 0.43 0.29 0.58

Any RNI 182 113 0.38 0.33 0.44

No RNI 26 20 0.43 0.29 0.58

L3 − 4 147 82 0.36 0.30 0.42

L3 − 4 + IMN 24 16 0.40 0.25 0.55

IMN 2 7 0.78 0.51 1.05

Unknown 9 8 0.47 0.23 0.71

Type of breast radiotherapy

Photon 114 65 0.36 0.29 0.43

Cobalt 92 64 0.41 0.33 0.49

Unknown 2 4 0.67 0.29 1.04

Type of boost

Brachytherapy 57 42 0.42 0.33 0.52

Cobalt 16 3 0.16  − 0.01 0.32

Photon 20 15 0.43 0.26 0.59

Electron 92 61 0.40 0.32 0.48
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subgroups, taking into consideration well-established 
factors such as age, clinical tumor stage, breast cancer 
subtype, grading, and the type and intensity of chemo-
therapy [13].

Similar to neoadjuvant systemic therapy alone, our 
analysis identified intrinsic subtype and clinical tumor 
stage as independent significant factors for pCR. Addi-
tionally, tumor grading was a significant factor in bpCR. 
The lack of a significant influence of clinical nodal status 
and type of systemic therapy on pCR or bpCR is most 
likely explained by the retrospective nature of the anal-
ysis, which can suffer from selection bias. This can be 
illustrated in the pCR rates by chemotherapy type where 
the most intense chemotherapy regimens had lower pCR 
numbers.

The addition of radiotherapy in the neoadjuvant con-
cept was directed at the whole breast with or without 
the level 3 und 4 axillary lymph nodes and the internal 

mammary nodes. The dose to the axillary lymph nodes 
level I and II was mainly incidental and not standard-
ized. Thus, the difference in factors adding to patho-
logical complete responses to the breast compared to 
breast + lymph nodes might inform us about the added 
value of RT compared to the effect of chemotherapy 
alone. Here, only tumor grading differed between the 
two endpoints.

We did not observe any numerical differences in clini-
cally node positive and negative patients and our multi-
variate analysis of prognostic factors showed that pCR 
and bpCR are influenced by similar factors irrespective of 
the preoperative addition of radiotherapy. These findings 
supports the interpretation of pCR as a biologic charac-
teristic rather than therapy dependent factor.

Remarkably, our study is the first to demonstrate that 
naRCT for breast cancer yields response parameters sim-
ilar to naST without RT. Moreover, RT-associated factors, 

Table 2 (continued)

Breast pathological complete response (ypT0/Tis)

Subgroup N N Rate CI—95% low CI—95% high

Non-bpCR bpCR

Mixed 11 1 0.08  − 0.07 0.24

Unknown 12 10 0.45 0.25 0.66

No Boost 0 1 1.00 1.00 1.00

Neoadjuvant chemotherapy

None 13 2 0.13  − 0.04 0.31

Standard 54 44 0.45 0.35 0.55

Substandard 141 87 0.38 0.32 0.44

Neoadjuvant chemotherapy

None 13 2 0.13  − 0.04 0.31

EC/AC + CMF 39 43 0.52 0.42 0.63

4 × EC/AC + Taxan 10 1 0.09  − 0.08 0.26

3 drug combination 5 0.00 0.00 0.00

Mitoxantron 54 43 0.44 0.34 0.54

4 − 6 × EC 77 36 0.32 0.23 0.40

AC/EC + Mitoxantron 1 1 0.50  − 0.19 1.19

CMF + Mitoxantron 5 1 0.17  − 0.13 0.46

CMF 1 3 0.75 0.33 1.17

Other 3 3 0.50 0.10 0.90

Neoadjuvant chemotherapy

None 13 2 0.13  − 0.04 0.31

No Anthracycline or Taxane 60 49 0.45 0.36 0.54

Anthracycline, no Taxane 123 79 0.39 0.32 0.46

Anthracycline and Taxane 12 3 0.20 0.00 0.40

Induction endocrine therapy

No endocrine therapy 37 39 0.51 0.40 0.63

Induction endocrine therapy 103 55 0.35 0.27 0.42

Adjuvant endocrine therapy 56 29 0.34 0.24 0.44

Unknown 12 10 0.45 0.25 0.66
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Fig. 1 Univariate analysis of different factors for pathological complete response (ypT0/Tis ypN0). Shown are different factors and subgroups 
with the odds ratios for the probability of a pathological complete response with the corresponding 95%‑intervals. Higher odds ratios indicate 
a higher probability of achieving a pCR
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Fig. 2 Univariate analysis of different factors for breast pathological complete response (ypT0/Tis). Shown are different factors and subgroups 
with the odds ratios for the probability of a pathological complete response with the corresponding 95%‑intervals. Higher odds ratios indicate 
a higher probability of achieving a bpCR
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Table 3 Multivariate analysis of pathological complete response and breast pathological complete response using three different 
models with odds ratios and confidence intervals

Significant values are highlighted in bold

Model 1 used significant factors from the univariate analysis whereas models 2 and 3 added potentially modifiable factors in the clinical decision process. MTx, 
Mastectomy; BCS, Breast conserving surgery, EQD2 (3.7), 2Gy-equivalent dose with an alpha/beta of 3.7; RNI, Regional nodal irradiation; RT, Radiotherapy; Rx, 
Resection

Pathological complete response (ypT0/ypTis ypN0) Breast pathological complete response (yT0/Tis)

Model 1 OR CI—95%
low

CI—95%
high

p Model 1 OR CI—95% low CI—95% high P

Age – Age 0.98 0.96 1.01 0.182

Resection type (MTx vs. BCS) 0.57 0.34 0.95 0.032 Resection type (MTx vs. BCS) 0.62 0.38 1.03 0.066

Breast cancer subtype 1.41 1.20 1.65  < 0.001 Breast cancer subtype 1.48 1.26 1.74  < 0.001
Clinical tumor stage 0.62 0.44 0.89 0.009 Clinical Tumor Stage 0.63 0.44 0.88 0.008
Grading 1.42 0.92 2.21 0.117 Grading 1.73 1.13 2.66 0.012
constant 0.60 0.456 Constant 0.96 0.963

Model 2 (with Dose and 
Interval)

OR CI—95%
low

CI—95%
high

p Model 2 (with Dose and 
Interval)

OR CI-95% low CI-95% high p

Age – Age 0.98 0.96 1.01 0.209

Resection type (MTx vs. BCS) 0.62 0.36 1.07 0.085 Resection type (MTx vs. BCS) 0.68 0.40 1.15 0.146

Breast cancer subtype 1.45 1.23 1.72  < 0.001 Breast cancer subtype 1.52 1.28 1.79  < 0.001
Clinical tumor stage 0.60 0.41 0.87 0.008 Clinical tumor stage 0.60 0.41 0.87 0.007
Grading 1.52 0.93 2.49 0.094 Grading 1.72 1.07 2.78 0.027
Interval RT to Rx 1.00 1.00 1.01 0.043 Interval RT to resection 1.00 1.00 1.01 0.194

Dose to tumor (EQD2 (3.7)) 0.99 0.95 1.03 0.495 Dose to tumor (EQD2 (3.7)) 1.00 0.96 1.04 0.923

Constant 0.61 0.709 Constant 0.68 0.790

Model 3 (with dose, 
interval, RNI type, Boost, 
CTx)

OR CI—95%
low

CI—95%
high

p Model 3 (with dose, 
interval, RNI type, boost, 
CTx)

OR CI—95% low CI—95% high p

Age – Age 0.98 0.96 1.01 0.243

Resection type (MTx vs. BCS) 0.62 0.36 1.07 0.087 Resection type (MTx vs. BCS) 0.68 0.40 1.15 0.148

Breast cancer subtype 1.46 1.23 1.73  < 0.001 Breast cancer subtype 1.53 1.29 1.81  < 0.001
Clinical tumor stage 0.60 0.41 0.87 0.007 Clinical tumor stage 0.59 0.41 0.86 0.006
Higher grading 1.55 0.93 2.58 0.097 Higher grading 1.73 1.05 2.86 0.032
Interval RT to Rx 1.00 1.00 1.01 0.042 Interval RT to resection 1.00 1.00 1.01 0.197

Dose to tumor (EQD2 (3.7)) 0.99 0.94 1.03 0.527 Dose to tumor (EQD2 (3.7)) 1.00 0.95 1.04 0.911

RNI type 1.01 0.99 1.02 0.370 RNI type 1.01 0.99 1.02 0.321

Type of boost 1.01 0.99 1.02 0.430 Type of boost 1.00 0.99 1.02 0.682

Type of neoadjuvant chemo‑
therapy

1.00 0.59 1.68 0.984 Type of neoadjuvant chemo‑
therapy

1.03 0.62 1.72 0.908

Constant 0.58 0.772 Constant 0.61 0.804

Table 4 ROC Analysis of pCR and bpCR by 2 Gy equivalent dose using an alpha/beta of 3.7 and time interval from radiotherapy to 
surgical resection

Analysis ROC CI—95% low CI—95% high p

pCR by RT Dose (EQD2 (3.7)) 0.50 0.44 0.57 0.908

Breast pCR by RT Dose (EQD2 (3.7)) 0.53 0.46 0.59 0.433

pCR by RT‑OP Interval 0.56 0.50 0.63 0.070

Breast pCR by RT‑OP Interval 0.54 0.48 0.61 0.179
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including dose, target volume, and type of boost, did not 
exert a significant impact on response rates.

One notable finding is the possible correlation we 
observed between the treatment interval between radi-
otherapy and surgical resection and the likelihood of 
achieving a pCR. This observation aligns with similar 
trends in other oncological entities, such as esophageal 
and rectal cancer, where the timing of radiotherapy in 
the preoperative treatment paradigm has been stud-
ied extensively. For example, in rectal cancer, a 10-week 
interval between radiotherapy and surgery appears opti-
mal for pCR rates, while longer intervals do not adversely 
affect clinical outcomes but do not tend results in higher 
response rates [17, 18]. In esophageal cancer, the effect of 
timing is less consistent, with some studies suggesting a 
small, non-significant increase in histological complete 
response with a longer interval [19]. However, results 
vary in the literature, and in other studies, longer inter-
vals did not result in higher pCR rates [15].

When neoadjuvant chemotherapy is administered as 
a preoperative therapy in breast cancer, increasing the 
interval between chemotherapy and surgery has not been 
shown to influence the pCR rates [20–22]

Contrary to some malignancies like esophagus and 
rectal cancer, where some studies describe a relation-
ship between radiation dose and response, our study did 
not reveal any linear influence of dose on pCR response 
[23–31]. Dose escalation beyond 60 Gy, achieved mainly 
through combined brachytherapy and hyperthermia, 
did not significantly impact pCR rates. Notably, most 
patients in our study received radiation doses well above 
50 Gy, with only a small percentage treated below 56 Gy. 
The addition of chemotherapy might also have mitigated 
any additional dose-related effects.

This observation is supported by older studies investi-
gating the influence of different radiation doses in resect-
able and unresectable breast cancer. These trials reported 
that breast doses above 60 Gy but no beyond 80 Gy 
were required to achieve acceptable local control rates 
[32–36]. Our results are in line with the IMPORT-HIGH 
trial where a simultaneously integrated boost was tested 
in higher risk breast cancer in the adjuvant setting after 
BCS [37]. The authors did not observe a significant effect 
for local control beyond a dose of 48 Gy in 15 fractions 
which corresponds to an EQD2(3.7) of 58.1 Gy.

Other publications have further described additional 
factors that are contributing to the aim of achieving a 
pCR. Beyond the known and well-investigated demo-
graphic factors like age and tumor-specific biological fac-
tors there are certainly other variable that can influence 
pCR rates.

In our study, the median interval between radiother-
apy and surgery was 175 days, possibly contributing to 

the observed favorable pCR rates. Furthermore, tumor-
specific attributes like hormone receptor expression and 
proliferation indexes [38, 39][22] are import factors to 
achieve a pCR. Other factors involve tumor gene expres-
sion profiles like microRNA patterns [40], NRF2 [41], 
PIK3CA [42] and distinct gene expression classifiers [43–
47]. The surrounding tumor stroma ratio [48, 49] might 
also play a crucial role for the activity of tumor-infiltrat-
ing lymphocytes (TILs) [50–55]. The pattern of residual 
disease (concentric, scattered) might also influence this 
endpoint [49]. Another component is the host immune 
system measured by inflammatory markers in the tissue 
[56–59] as well as in the blood serum [38, 39].

To contextualize our results in the context of cohorts 
treated with neoadjuvant systemic therapy alone, we 
compared our pCR and bpCR rates to large meta-anal-
yses, as shown in Table 5. The CTNeoBC meta-analysis 
in patients treated with naST between 1990 and 2011 
found a strong prognostic impact of pCR in different sub-
groups. The EBCTCG meta-analysis assessed the clinical 
complete response (no evidence of disease after naST) 
which we compared to the bpCR rates. Overall, there 
seems to be a numerical improvement of response rates 
(pCR or bpCR) of around 10% with the addition of naRT.

Interestingly this number is also present in the trial 
treating adenocarinoma of the gastro-esophageal junc-
tion to chemotherapy alone or radiochemotherapy where 
naRT improved pCR rates from 2 to 16% [60, 61].

It is important to acknowledge the limitations of our 
analysis, primarily from its retrospective design, which 
carries the risk of selection bias. Additionally, our cohort 
is unique in terms of the cytotoxic agents used, the fre-
quent use of combined hyperthermia and brachytherapy 
radiation boosts, and the relatively long median time 
interval of 175 days between RT and resection.

As for the observed lack of a dose-response relation-
ship, this may be attributed to the already high tumor 
doses delivered in our trial, with median and mean doses 
of 60 and 64 Gy. It is worth noting that current pCR rates 
are higher with the addition of immune checkpoint inhi-
bition, HER2-targeted therapies, and the combination of 
multiple cytotoxic agents.

In order to further elucidate the role of radiation ther-
apy in the multidisciplinary treatment of high-risk breast 
cancer, the next step should be a randomized controlled 
trial comparing neoadjuvant radiotherapy to adjuvant 
radiotherapy. This trial should explore whether the 
observed improved response rates translate into longer 
disease-free and overall survival outcomes. Fortunately, 
this trial is about to open at multiple sites across Ger-
many (NCT04261244). Additionally, other trials are 
investigating whether radiotherapy before mastectomy, 
with simultaneous breast reconstruction using implants 
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or autologous flap reconstruction, can improve breast 
reconstruction outcomes and reduce reconstruction-
related adverse events.

Conclusion
In conclusion, our study contributes valuable insights 
into the combination of neoadjuvant radiotherapy and 
chemotherapy for high-risk breast cancer. While the 
addition of radiotherapy did not significantly alter the 

factors contributing to pCR, the timing of radiotherapy 
in the preoperative setting emerged as a modestly corre-
lated factor. The lack of a linear dose-response relation-
ship and the already high tumor doses delivered suggest 
that further dose escalation may not be beneficial.

Appendix
See Tables 6, 7, 8.

Table 5 Comparison of pCR and bpCR in different subgroups of this analysis to large meta‑analysis databases

95% confidence interval shown in brackets. CCR  Clinical complete response, H Trastuzumab

Subgroup CTNeoBC (1) This trial Subgroup EBCTCG (10) This trial
pCR pCR CCR bpCR (yT0/Tis)

cT1 18.3% (15.7–21.2%) 100.0% cT1 34.6% 100.0%

cT2 19.9% (19.0–20.9%) 40.5% (31.4–49.7%) cT2 29.7% 47.7% (38.5–57.0%)

cT3 13.0% (11.7–14.3%) 26.2% (19.1–33.2%) cT3‑4 13.3% 29.5–36.2%

cT4 14.5–16.0% (12.1–19.6%) 24.4% (14.8–33.9%) (19.4–44.0%)

cN0 18.8% (17.9–19.8%) 32.2% (25.2–39.2%) cN0 28.6% 38.6% (31.3–45.9%)

cN + 16.9% (15.9–17.9%) 30.0% (23.1–36.9%) cN + 27.2% 39.4% (32.1–46.8%)

Ductal 15.5% (14.7–16.3%) 33.3% (27.3–39.3%)

Lobular 7.8% (6.4–9‑4%) 25.8% (15.2–36.3%)

Grade I 7.8% (6.4–9‑4%) 16.7% (1.8–31.6%) Grade I 20.9% 16.7% (1.8–31.6%)

Grade II 12.3% (11.3–13‑3%) 26.8% (19.4–34.2%) Grade II 36.0% 31.9% (24.1–39.7%)

Grade III 25.8% (24.3–27.4%) 36.3% (29.3–43.4%) Grade III 44.6% 47.5% (40.2–54.8%)

HR + /HER2‑G1/2 7.5% (6.3–8.7%) 15.4% (5.6–25.2%) ER + G1‑2 31.4% 15.4% (5.6–25.2%)

HR + /HER2‑G3 16.2% (13.4–19‑3%) 25.3% (18.6–32.0%) ER + G3 34.9% 32.1% (24.9–39.3%)

HR + /HER2 + (no H) 18.3% (15.5–21.3%) 28.0% (10.4–45.6%) ER‑ G1‑2 37.2% NA

HR‑/HER2 + (no H) 30.2% (26.0–34.5%) 43.5% (23.2–63.7%) ER‑ G3 52.9% NA

Triple negative 33.6% (30.9–36.4%) 45.5% (32.3–58.6%)

Age < 45 y 29.8% 54.5% (42.5–66.6%)

Age 45–55 y 29.0% 38.0% (29.6–46.4%)

Age > 55 y 25.8% 32.9% (25.3–40.5%)

No Anthracycline or Taxane 18.5% 45.0% (35.6–54.3%)

Anthracycline, no Taxane 26.0% 39.1% (32.4–45‑8%)

Anthracycline and Taxane 41.0% 20.0% (− 0.2–40.2%)

Table 6 Analysis of pCR and bpCR by treatment time

Treatment time/
endpoint

All 1991–1993 1994–1996 1997–1999 2000–2003 p

pCR n n pCR n n pCR n n pCR n n pCR n n pCR

341 31.1% 90 36.7% 121 28.1% 118 28.0% 12 50% 0.232

bpCR n n bpCR n n bpCR n n bpCR n n bpCR n n bpCR

341 39.0% 90 31.6% 121 37.2% 118 33.9% 12 50% 0.234
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Dose/
Endpoint

All  < 50 Gy 50–55 Gy 55–60 Gy 60–65 Gy 65–70 Gy  > 70 Gy p

pCR n total n pCR n n pCR n N pCR n n pCR n n pCR n n pCR n n pCR
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Table 8 Analysis of pCR and bpCR by time interval between radiotherapy and resection

Endpoint/
time interval

pCR n pCR n total bpCR n bpCR n total

8–12 weeks 14.3% 1 7 28.6% 2 7

12–16 weeks 31.4% 11 35 42.9% 15 35

16–20 weeks 21.4% 12 56 26.8% 15 56
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40–44 weeks 42.9% 12 28 53.6% 15 28

44–48 weeks 44.1% 15 34 44.1% 15 34

48–52 weeks 33.3% 4 12 41.7% 5 12

52–56 weeks 16.7% 1 6 33.3% 2 6

56–60 weeks 75.0% 3 4 75.0% 3 4

60–64 weeks 33.3% 3 9 33.3% 3 9

64–68 weeks 0.0% 0 1 0.0% 0 1

68–72 weeks 50.0% 2 4 50.0% 2 4

72–76 weeks 0.0% 0 3 0.0% 0 3

88–92 weeks 100.0% 1 1 100.0% 1 1



Page 16 of 17Haussmann et al. Radiation Oncology           (2024) 19:99 

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiation Oncology, Center for Integrated Oncology, Medical 
Faculty and University Hospital Düsseldorf , Heinrich Heine University, Aachen 
Bonn Cologne Düsseldorf (CIO ABCD), Dusseldorf, Germany. 2 Depart‑
ment of Senology, Sana‑Kliniken Düsseldorf‑Gerresheim, 40625 Dusseldorf, 
Germany. 3 Department of Radiation Oncology, University Hospital, LMU 
Munich, Munich, Germany. 4 Division of Physical Activity, Prevention and Can‑
cer, German Cancer Research Center (DKFZ), 69120 Heidelberg, Germany. 
5 Department of Senology and Breast Surgery, Breast Center at Marien Hospital 
Cancer Center, 40479 Dusseldorf, Germany. 6 Present Address: Department 
of Gynecological Oncological Rehabilitation, Asklepios Nordseesklinik, Sylt, 
Germany. 7 Department of Radiation Oncology, University Hospital OWL, 
Campus Bielefeld, Bielefeld, Germany. 

Received: 31 January 2024   Accepted: 9 May 2024

References
 1. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al. 

Pathological complete response and long‑term clinical benefit in 
breast cancer: the CTNeoBC pooled analysis. Lancet (London, England). 
2014;384(9938):164–72.

 2. von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann H, 
Fasching PA, et al. Definition and impact of pathologic complete 
response on prognosis after neoadjuvant chemotherapy in various 
intrinsic breast cancer subtypes. J Clin Oncol Off J Am Soc Clin Oncol. 
2012;30(15):1796–804.

 3. von Minckwitz G, Untch M, Nüesch E, Loibl S, Kaufmann M, Kümmel S, 
et al. Impact of treatment characteristics on response of different breast 
cancer phenotypes: pooled analysis of the German neo‑adjuvant chemo‑
therapy trials. Breast Cancer Res Treat. 2011;125(1):145–56.

 4. Thiruchelvam PTR, Leff DR, Godden AR, Cleator S, Wood SH, Kirby AM, 
et al. Primary radiotherapy and deep inferior epigastric perforator 
flap reconstruction for patients with breast cancer (PRADA): a multi‑
centre, prospective, non‑randomised, feasibility study. Lancet Oncol. 
2022;23(5):682–90.

 5. Baltodano PA, Reinhardt ME, Flores JM, Abreu FM, Chattha A, Kone L, et al. 
Preoperative radiotherapy is not associated with increased post‑mastec‑
tomy short‑term morbidity: analysis of 77,902 patients. Plast Reconstr 
Surg Glob Open. 2017;5(3): e1108.

 6. Haussmann J, Nestle‑Kraemling C, Bolke E, Wollandt S, Speer V, Djiepmo 
Njanang FJ, et al. Long‑term quality of life after preoperative radiochemo‑
therapy in patients with localized and locally advanced breast cancer. 
Strahlenther Onkol. 2020;196(4):386–97.

 7. Matuschek C, Nestle‑Kraemling C, Haussmann J, Bolke E, Wollandt S, 
Speer V, et al. Long‑term cosmetic outcome after preoperative radio‑/
chemotherapy in locally advanced breast cancer patients. Strahlenther 
Onkol. 2019;195(7):615–28.

 8. Haussmann J, Budach W, Nestle‑Krämling C, Wollandt S, Tamaskovics B, 
Corradini S, et al. Predictive factors of long‑term survival after neoadju‑
vant radiotherapy and chemotherapy in high‑risk breast cancer. Cancers 
(Basel). 2022;14(16).

 9. Murray Brunt A, Haviland JS, Wheatley DA, Sydenham MA, Alhasso A, 
Bloomfield DJ, et al. Hypofractionated breast radiotherapy for 1 week 
versus 3 weeks (FAST‑Forward): 5‑year efficacy and late normal tissue 
effects results from a multicentre, non‑inferiority, randomised, phase 3 
trial. Lancet (London, England). 2020;395(10237):1613–26.

 10. Asselain B, Barlow W, Bartlett J, Bergh J, Bergsten‑Nordström E, Bliss J, et al. 
Long‑term outcomes for neoadjuvant versus adjuvant chemotherapy 
in early breast cancer: meta‑analysis of individual patient data from ten 
randomised trials. Lancet Oncol. 2018;19(1):27–39.

 11. Allison KH, Hammond MEH, Dowsett M, McKernin SE, Carey LA, Fitzgib‑
bons PL, et al. Estrogen and progesterone receptor testing in breast 
cancer: ASCO/CAP guideline update. J Clin Oncol. 2020;38(12):1346–66.

 12. Albert JM, Gonzalez‑Angulo AM, Guray M, Sahin A, Tereffe W, Woodward 
WA, et al. Patients with only 1 positive hormone receptor have increased 
locoregional recurrence compared with patients with estrogen receptor‑
positive progesterone receptor‑positive disease in very early stage breast 
cancer. Cancer. 2011;117(8):1595–601.

 13. Prat A, Cheang MCU, Martín M, Parker JS, Carrasco E, Caballero R, et al. 
Prognostic significance of progesterone receptor–positive tumor cells 
within immunohistochemically defined luminal A breast cancer. J Clin 
Oncol. 2013;31(2):203.

 14. Ahn SG, Yoon CI, Lee JH, Lee HS, Park SE, Cha YJ, et al. Low PR in ER (+)/
HER2 (−) breast cancer: high rates of TP53 mutation and high SUV. 
Endocr Relat Cancer. 2019;26(2):177–85.

 15. Regan MM, Francis PA, Pagani O, Fleming GF, Walley BA, Viale G, et al. 
Absolute benefit of adjuvant endocrine therapies for premenopausal 
women with hormone receptor–positive, human epidermal growth 
factor receptor 2–negative early breast cancer: TEXT and SOFT trials. J Clin 
Oncol. 2016;34(19):2221.

 16. Chevallier B, Roche H, Olivier JP, Chollet P, Hurteloup P. Inflamma‑
tory breast cancer. Pilot study of intensive induction chemotherapy 
(FEC‑HD) results in a high histologic response rate. Am J Clin Oncol. 
1993;16(3):223–8.

 17. Fernandez LM, Perez RO. Longer intervals from neoadjuvant therapy 
to rectal cancer surgery: the clock is ticking…. Ann Surg Oncol. 
2019;26(7):1957–8.

 18. Guzmán Y, Ríos J, Paredes J, Domínguez P, Maurel J, González‑Abós C, 
et al. Time interval between the end of neoadjuvant therapy and elective 
resection of locally advanced rectal cancer in the CRONOS study. JAMA 
Surg. 2023;158(9):910–9.

 19. Nilsson K, Klevebro F, Sunde B, Rouvelas I, Lindblad M, Szabo E, et al. 
Oncological outcomes of standard versus prolonged time to surgery 
after neoadjuvant chemoradiotherapy for oesophageal cancer in the 
multicentre, randomised, controlled NeoRes II trial. Ann Oncol.

 20. Sanford RA, Lei X, Barcenas CH, Mittendorf EA, Caudle AS, Valero V, et al. 
Impact of time from completion of neoadjuvant chemotherapy to 
surgery on survival outcomes in breast cancer patients. Ann Surg Oncol. 
2016;23(5):1515–21.

 21. Suleman K, Almalik O, Haque E, Mushtaq A, Badran A, Alsayed A, et al. 
Does the timing of surgery after neoadjuvant therapy in breast cancer 
patients affect the outcome? Oncology. 2020;98(3):168–73.

 22. Cullinane C, Shrestha A, Al Maksoud A, Rothwell J, Evoy D, Geraghty J, 
et al. Optimal timing of surgery following breast cancer neoadjuvant 
chemotherapy: a systematic review and meta‑analysis. Eur J Surg Oncol. 
2021;47(7):1507–13.

 23. Hall MD, Schultheiss TE, Smith DD, Fakih MG, Wong JY, Chen YJ. Effect 
of increasing radiation dose on pathologic complete response in rectal 
cancer patients treated with neoadjuvant chemoradiation therapy. Acta 
Oncol. 2016;55(12):1392–9.

 24. Couwenberg AM, Burbach JPM, Berbee M, Lacle MM, Arensman R, Raicu 
MG, et al. Efficacy of dose‑escalated chemoradiation on complete tumor 
response in patients with locally advanced rectal cancer (RECTAL‑BOOST): 
a phase 2 randomized controlled trial. Int J Radiat Oncol Biol Phys. 
2020;108(4):1008–18.

 25. Liu J, Zeng X, Zhou X, Xu Y, Gong Y, Wang J, et al. Factors associated 
with pathologic complete response after neoadjuvant chemo‑
radiotherapy for esophageal cancer. Int J Radiat Oncol Biol Phys. 
2021;111(3supplement):55.

 26. Thomas M, Borggreve AS, van Rossum PSN, Perneel C, Moons J, Van Daele 
E, et al. Radiation dose and pathological response in oesophageal cancer 
patients treated with neoadjuvant chemoradiotherapy followed by 
surgery: a multi‑institutional analysis. Acta Oncol. 2019;58(10):1358–65.

 27. Worrell SG, Towe CW, Jennifer AD, Machtay M, Perry Y, Linden PA. Higher 
doses of neoadjuvant radiation for esophageal cancer do not affect the 
pathologic complete response rate or survival: a propensity‑matched 
analysis. Ann Surg Oncol. 2020;27(2):500–8.

 28. Gunther JR, Chadha AS, Shin US, Park IJ, Kattepogu KV, Grant JD, et al. Pre‑
operative radiation dose escalation for rectal cancer using a concomitant 
boost strategy improves tumor downstaging without increasing toxicity: 
a matched‑pair analysis. Adv Radiat Oncol. 2017;2(3):455–64.

 29. Dutta SW, Alonso CE, Jones TC, Waddle MR, Janowski EM, Trifiletti DM. 
Short‑course versus long‑course neoadjuvant therapy for non‑metastatic 



Page 17 of 17Haussmann et al. Radiation Oncology           (2024) 19:99  

rectal cancer: patterns of care and outcomes from the national cancer 
database. Clin Colorectal Cancer. 2018;17(4):297–306.

 30. Appelt AL, Pløen J, Vogelius IR, Bentzen SM, Jakobsen A. Radiation dose‑
response model for locally advanced rectal cancer after preoperative 
chemoradiation therapy. Int J Radiat Oncol Biol Phys. 2013;85(1):74–80.

 31. Garcia‑Aguilar J, Chow OS, Smith DD, Marcet JE, Cataldo PA, Varma MG, 
et al. Effect of adding mFOLFOX6 after neoadjuvant chemoradiation in 
locally advanced rectal cancer: a multicentre, phase 2 trial. Lancet Oncol. 
2015;16(8):957–66.

 32. Huang E, McNeese MD, Strom EA, Perkins GH, Katz A, Hortobagyi GN, 
et al. Locoregional treatment outcomes for inoperable anthracycline‑
resistant breast cancer. Int J Radiat Oncol Biol Phys. 2002;53(5):1225–33.

 33. Wang X, Meng J, Zhang X, Zhang L, Chen X, Yang Z, et al. The role of 
radiotherapy for patients with unresectable locally advanced breast can‑
cer following neoadjuvant systemic therapy. J Oncol. 2023;2023:5101078.

 34. Denham JW. The radiation dose‑response relationship for control of 
primary breast cancer. Radiotherapy Oncol J Eur Soc Therapeutic Radiol 
Oncol. 1986;7(2):107–23.

 35. Harris JR, Connolly JL, Schnitt SJ, Cohen RB, Hellman S. Clinical‑pathologic 
study of early breast cancer treated by primary radiation therapy. J Clin 
Oncol. 1983;1(3):184–9.

 36. Thomas F, Arriagada R, Mouriesse H, Sillet‑Bach I, Kunkler I, Fontaine F, 
et al. Radical radiotherapy alone in non‑operable breast cancer: the major 
impact of tumor size and histological grade on prognosis. Radiother 
Oncol J Eur Soc Therapeutic Radiol Oncol. 1988;13(4):267–76.

 37. Coles CE, Haviland JS, Kirby AM, Griffin CL, Sydenham MA, Titley JC, et al. 
Dose‑escalated simultaneous integrated boost radiotherapy in early 
breast cancer (IMPORT HIGH): a multicentre, phase 3, non‑inferiority, 
open‑label, randomised controlled trial. Lancet (London, England). 
2023;401(10394):2124–37.

 38. Tang L, Shu X, Tu G. Exploring the influencing factors of the pathologic 
complete response in estrogen receptor‑positive, HER2‑negative breast 
cancer after neoadjuvant chemotherapy: a retrospective study. World J 
Surg Oncol. 2022;20(1):27.

 39. Lou C, Jin F, Zhao Q, Qi H. Correlation of serum NLR, PLR and HALP with 
efficacy of neoadjuvant chemotherapy and prognosis of triple‑negative 
breast cancer. Am J Transl Res. 2022;14(5):3240–6.

 40. Davey MG, Davey MS, Richard V, Wyns W, Soliman O, Miller N, et al. 
Overview of MicroRNA expression in predicting response to neoad‑
juvant therapies in human epidermal growth receptor‑2 enriched 
breast cancer—a systematic review. Breast Cancer Basic Clin Res. 
2022;16:11782234221086684.

 41. Oshi M, Angarita FA, Tokumaru Y, Yan L, Matsuyama R, Endo I, et al. 
High expression of NRF2 Is associated with increased tumor‑infiltrating 
lymphocytes and cancer immunity in ER‑positive/HER2‑negative breast 
cancer. Cancers (Basel). 2020;12(12).

 42. Irelli A, Parisi A, D’Orazio C, Sidoni T, Rotondaro S, Patruno L, et al. Anthra‑
cycline‑free neoadjuvant treatment in patients with HER2‑positive breast 
cancer: real‑life use of pertuzumab, trastuzumab and taxanes association 
with an exploratory analysis of PIK3CA mutational status. Cancers (Basel). 
2022;14(12).

 43. Edlund K, Madjar K, Lebrecht A, Aktas B, Pilch H, Hoffmann G, et al. Gene 
expression‑based prediction of neoadjuvant chemotherapy response in 
early breast cancer: results of the prospective multicenter expression trial. 
Clin Cancer Res Off J Am Assoc Cancer Res. 2021;27(8):2148–58.

 44. Jia L, Ling Y, Li K, Zhang L, Wang Y, Kang H. A 10‑gene signature for 
predicting the response to neoadjuvant trastuzumab therapy in HER2‑
positive breast cancer. Clin Breast Cancer. 2021;21(6):e654–64.

 45. Wang L, Luo R, Lu Q, Jiang K, Hong R, Lee K, et al. Miller‑Payne grad‑
ing and 70‑gene signature are associated with prognosis of hormone 
receptor‑positive, human epidermal growth factor receptor 2‑negative 
early‑stage breast cancer after neoadjuvant chemotherapy. Front Oncol. 
2021;11: 735670.

 46. Swain SM, Tang G, Brauer HA, Goerlitz DS, Lucas PC, Robidoux A, et al. 
NSABP B‑41, a randomized neoadjuvant trial: genes and signatures 
associated with pathologic complete response. Clin Cancer Res Off J Am 
Assoc Cancer Res. 2020;26(16):4233–41.

 47. Swain SM, Tang G, Lucas PC, Robidoux A, Goerlitz D, Harris BT, et al. 
Pathologic complete response and outcomes by intrinsic subtypes in 
NSABP B‑41, a randomized neoadjuvant trial of chemotherapy with 

trastuzumab, lapatinib, or the combination. Breast Cancer Res Treat. 
2019;178(2):389–99.

 48. Hagenaars SC, de Groot S, Cohen D, Dekker TJA, Charehbili A, Meershoek‑
Klein Kranenbarg E, et al. Tumor‑stroma ratio is associated with Miller‑
Payne score and pathological response to neoadjuvant chemotherapy in 
HER2‑negative early breast cancer. Int J Cancer. 2021;149(5):1181–8.

 49. Laws A, Pastorello R, Dey T, Grossmith S, King C, McGrath M, et al. Impact 
of the histologic pattern of residual tumor after neoadjuvant chemo‑
therapy on recurrence and survival in stage I‑III breast cancer. Ann Surg 
Oncol. 2022.

 50. Kimura Y, Masumoto N, Kanou A, Fukui K, Sasada S, Emi A, et al. The TILs‑
US score on ultrasonography can predict the pathological response to 
neoadjuvant chemotherapy for human epidermal growth factor receptor 
2‑positive and triple‑negative breast cancer. Surg Oncol. 2022;41: 101725.

 51. Ueno T, Kitano S, Masuda N, Ikarashi D, Yamashita M, Chiba T, et al. 
Immune microenvironment, homologous recombination deficiency, and 
therapeutic response to neoadjuvant chemotherapy in triple‑negative 
breast cancer: Japan Breast Cancer Research Group (JBCRG)22 TR. BMC 
Med. 2022;20(1):136.

 52. Li F, Zhao Y, Wei Y, Xi Y, Bu H. Tumor‑infiltrating lymphocytes improve 
magee equation‑based prediction of pathologic complete response in 
HR‑positive/HER2‑negative breast cancer. Am J Clin Pathol. 2022.

 53. Campedel L, Blanc‑Durand P, Bin Asker A, Lehmann‑Che J, Cuvier C, De 
Bazelaire C, et al. Prognostic impact of stromal immune infiltration before 
and after neoadjuvant chemotherapy (NAC) in triple negative inflamma‑
tory breast cancers (TNIBC) treated with dose‑dense dose‑intense NAC. 
Cancers (Basel). 2020;12(9).

 54. Ha JY, Kim JE, Lee HJ, Jeong JH, Ahn JH, Jung KH, et al. Tumor‑infiltrating 
lymphocytes in human epidermal growth factor receptor 2‑positive 
breast cancer receiving neoadjuvant docetaxel, carboplatin, trastuzumab, 
and pertuzumab. J Breast Cancer. 2021;24(4):359–66.

 55. Hong J, Rui W, Fei X, Chen X, Shen K. Association of tumor‑infiltrating lym‑
phocytes before and after neoadjuvant chemotherapy with pathological 
complete response and prognosis in patients with breast cancer. Cancer 
Med. 2021;10(22):7921–33.

 56. Cerbelli B, Scagnoli S, Mezi S, De Luca A, Pisegna S, Amabile MI, et al. Tis‑
sue immune profile: a tool to predict response to neoadjuvant therapy in 
triple negative breast cancer. Cancers (Basel). 2020;12(9).

 57. Abdelrahman AE, Rashed HE, MostafaToam OA, Abdelhamid MI, Matar 
I. Clinicopathological significance of the immunologic signature (PDL1, 
FOXP3+ Tregs, TILs) in early stage triple‑negative breast cancer treated 
with neoadjuvant chemotherapy. Ann Diagn Pathol. 2021;51:151676.

 58. Filho OM, Stover DG, Asad S, Ansell PJ, Watson M, Loibl S, et al. Association 
of immunophenotype with pathologic complete response to neoad‑
juvant chemotherapy for triple‑negative breast cancer: a secondary 
analysis of the BrighTNess phase 3 randomized clinical trial. JAMA Oncol. 
2021;7(4):603–8.

 59. Graeser M, Feuerhake F, Gluz O, Volk V, Hauptmann M, Jozwiak K, 
et al. Immune cell composition and functional marker dynamics from 
multiplexed immunohistochemistry to predict response to neoadju‑
vant chemotherapy in the WSG‑ADAPT‑TN trial. J Immunother Cancer. 
2021;9(5).

 60. Stahl M, Walz MK, Riera‑Knorrenschild J, Stuschke M, Sandermann A, 
Bitzer M, et al. Preoperative chemotherapy versus chemoradiotherapy 
in locally advanced adenocarcinomas of the oesophagogastric junction 
(POET): long‑term results of a controlled randomised trial. Eur J Cancer 
(Oxford, England : 1990). 2017;81:183–90.

 61. Stahl M, Walz MK, Stuschke M, Lehmann N, Meyer H‑J, Riera‑Knorrenschild 
J, et al. Phase III comparison of preoperative chemotherapy compared 
with chemoradiotherapy in patients with locally advanced adenocarci‑
noma of the esophagogastric junction. J Clin Oncol. 2009;27(6):851–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Titelblatt_Bölke_final
	Bölke_Factors
	Factors influencing pathological complete response and tumor regression in neoadjuvant radiotherapy and chemotherapy for high-risk breast cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Endpoint definition
	Statistical analysis

	Results
	Discussion
	Conclusion
	Appendix
	References



