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Abstract
Purpose Neoadjuvant systemic therapy (NST) is increasingly used in breast cancer patients and depending on subtype, 
10–89% of patients will attain pathologic complete response (pCR). In patients with pCR, risk of local recurrence (LR) after 
breast conserving therapy is low. Although adjuvant radiotherapy after breast conserving surgery (BCS) reduces LR further 
in these patients, it may not contribute to overall survival. However, radiotherapy may cause early and late toxicity. The aim 
of this study is to show that omission of adjuvant radiotherapy in patients with a pCR after NST will result in acceptable 
low LR rates and good quality of life.
Methods The DESCARTES study is a prospective, multicenter, single arm study. Radiotherapy will be omitted in cT1-2N0 
patients (all subtypes) who achieve a pCR of the breast and lymph nodes after NST followed by BCS plus sentinel node 
procedure. A pCR is defined as ypT0N0 (i.e. no residual tumor cells detected). Primary endpoint is the 5-year LR rate, 
which is expected to be 4% and deemed acceptable if less than 6%. In total, 595 patients are needed to achieve a power of 
80% (one-side alpha of 0.05). Secondary outcomes include quality of life, Cancer Worry Scale, disease specific and overall 
survival. Projected accrual is five years.
Conclusion This study bridges the knowledge gap regarding LR rates when adjuvant radiotherapy is omitted in cT1-2N0 
patients achieving pCR after NST. If the results are positive, radiotherapy may be safely omitted in selected breast cancer 
patients with a pCR after NST.
Trial registration: This study is registered at ClinicalTrials.gov on June 13th 2022 (NCT05416164). Protocol version 5.1 
(15-03-2022).

Keywords Breast cancer · Neoadjuvant systemic therapy · Breast-conserving surgery · Radiotherapy · Neoplasm 
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Introduction

Neoadjuvant systemic treatment (NST) is increasingly 
used in breast cancer treatment, resulting in tumor down-
sizing and an increase in breast conserving therapy (BCT) 
rates without compromising local recurrence (LR) rates or 
overall survival (OS) [1–4]. The extent of tumor downsiz-
ing is largely dependent on breast cancer molecular sub-
types, with highest pathologic complete response (pCR) 
rates in triple negative (TN) and Human epidermal growth 
factor Receptor 2-positive (HER2 +) subtypes (40–89%) 
and lower pCR rates of 10–15% in Hormone Receptor pos-
itive (HR +)/HER2-breast cancer [5–11]. In patients with 
a pCR, de-escalation of locoregional treatment after NST 
seems attractive. However, de-escalation of locoregional 
treatment by omitting surgery is not considered safe, since 
post-NST biopsies or MRI cannot accurately assess pCR 
yet [12–16]. Adjuvant whole breast irradiation, however, 
may be de-escalated in pCR patients who do not have an 
indication for regional irradiation [17]. As radiotherapy 
following breast conserving surgery (BCS) is associated 
with pain, deformation of the breast and fibrosis in up to 
40% of patients [18–21], omitting radiotherapy in patients 
with pCR should lead to less deterioration in quality of 
life (QOL).

In this patient group, risk of distant and local fail-
ure after breast conserving therapy (BCT, i.e. BCS and 
radiotherapy) is low [22–26]. A retrospective study by 
Mamounas et al. concluded that absence of pCR was the 
most important independent predictor of 10-year locore-
gional recurrence (LRR) in patients treated with BCT or 
mastectomy (ypN-/no breast pCR vs ypN-/breast pCR 
Hazard Ratio 1.55 and ypN + vs ypN-/breast pCR Hazard 
Ratio 2.71, n = 2961) [23]. In 225 clinically node-nega-
tive patients with pCR treated with BCT, 10-year LRR 
rates were reported of 7.6% and 6.3% for patients < 50 
and ≥ 50 years respectively [23].

Recent studies in patients with stage I-III disease 
treated with contemporary systemic treatments, who 
underwent pre-NST staging with MRI and axillary ultra-
sound (N ranged between 243 and 426) reported 5-year 
LRR rates between 1.0 and 3.5% after BCT [22, 24–26]. 
In the highest reported LRR rate, isolated tumor cells were 
also considered as pCR [26].

A small recent retrospective series of 197 cT1-4N0-3 
patients who achieved pCR following NST and who under-
went BCS with (n = 87) or without (n = 110) radiotherapy, 
reported 5-year LR rates varied between 0 and 3.2% in 
patients who did not receive adjuvant radiotherapy [27]. 
(M. Asaoka, personal communication).

As the risk of LR in patients with pCR after NST is 
extremely low and considering that radiotherapy may 

cause considerable morbidity, we will investigate the 
safety of omitting radiotherapy after BCS. We expect that 
the omission of radiotherapy will result in acceptable low 
LR rates and that patients’ QOL will be safeguarded both 
in terms of physical and psychological wellbeing (Fig. 1).

Methods

Objective

The primary aim is to investigate our hypothesis that omit-
ting radiotherapy after BCS in breast cancer patients with a 
pCR after NST results in a 5-year local control rate of > 96%. 
Secondary objectives are to show that by omitting radio-
therapy, patient’s QOL, particularly in terms of cancer worry 
levels, will remain good. The 5-year LR rate, distant and 
regional metastasis free survival and local non-salvageable 
recurrence free survival will be assessed, as will the 10-year 
OS.

Study design

The DESCARTES study is a prospective multicenter single 
arm study (Fig. 1).

Study population

Eligibility of patients will be assessed at multi-disciplinary 
meetings. Breast cancer patients with an unifocal and uni-
lateral cT1-2N0 tumor, irrespective of the hormone recep-
tor and HER2-status, treated with NST and BCS and who 
achieved pCR after NST will be considered for inclusion. 
NST (including chemotherapy, immunotherapy HER2-
targeted and endocrine therapy) is administered according 
to institutional guidelines at time of diagnosis. A pCR is 
defined as ypT0N0 (i.e., absence of invasive carcinoma, 
in-situ carcinoma or isolated tumor cells in the breast and 
absence of carcinoma or isolated tumor cells in the lymph 
nodes). If pCR of breast and lymph nodes is achieved, 
patients may be included into the single-arm study after 
obtaining informed consent, in which radiotherapy of the 
breast is omitted.

To participate in this study, a subject must meet all of the 
criteria described in Table 1.

Locoregional treatment and adjuvant systemic 
treatment

A marker should be placed in the center of the tumor before 
start of NST. Contrast-enhanced breast MRI or contrast 
enhanced spectral mammography (CESM) is conducted pre-
NST for response evaluation. Axillary status is evaluated 
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pre-NST by ultrasound or FDG-PET/CT. In case of suspi-
cious axillary lymph node(s), fine needle aspiration or core 
biopsy is performed for pathology analysis to confirm node-
negative disease.

Following NST, BCS is performed. A post-NST sen-
tinel node biopsy procedure (if not performed pre-NST) 

is performed using single or dual-tracer technique. The 
surgical specimen will be assessed by a specialized breast 
pathologist according to national guidelines. Adjuvant 
systemic therapy is administered according to national 
breast cancer guidelines [28].

Fig. 1  Overview of the procedures in the DESCARTES study

Table 1  Inclusion and exclusion criteria

HR hormone receptor; HER2 human epidermal growth factor Receptor 2; TN triple negative; FDG-PET CT, fluorodeoxyglucose-positron emis-
sion tomography computed tomography; NST neoadjuvant systemic therapy; BCS breast conserving surgery; pCR pathologic complete response; 
DCIS ductal carcinoma in situ

Inclusion criteria Exclusion criteria

Women, aged ≥ 18 years Primary tumor (T) clinical stage cT3-4
Invasive HR + /HER2-, HR + /HER2 + , HR-/HER2 + or TN breast 

cancer
DCIS associated with invasive carcinoma or elsewhere in the ipsilateral 

breast
Primary tumor (T) clinical stage cT1-2 Pre- or post-NST diagnosis of nodal disease including isolated tumor 

cells
Unifocal disease Patients without axillary ultrasound or FDG-PET CT pre-NST
Clinical nodal stage N0; absence of lymph node metastases should be 

confirmed by ultrasound or FDG-PET CT
History of breast cancer in the ipsilateral breast

Treatment with NST and BCS Synchronous contralateral breast cancer or DCIS
Sentinel node biopsy performed before or after NST Synchronous M1 disease
pCR in breast and lymph nodes, i.e., no residual tumor cells detected Carrier of a gene mutation associated with increased risk of breast 

cancer, i.e., BRCA1, BRCA2, CHEK2, TP53 or PALB2
Written informed consent
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Follow up

Patients will be followed for a period of 10 years. The LR is 
assessed in the first 5 years with a yearly mammography or 
MRI according to the national guidelines. At 10 years the 
overall survival will be assessed.

The QOL is measured using EORTC-QLQ-C30 [29] and 
EORTC-QLQ-BR23 [30] at baseline, year 1 and year 4. The 
8-item Cancer Worry Scale [31] will be used to measure if 
worry related to omission of radiotherapy may affect QOL 
at the same time points. Two demographic variables (educa-
tion level and tolerance for uncertainty) will be measured at 
baseline as these patient characteristics could be associated 
with QOL and level of experienced cancer worry and need 
to be considered in the analyses (Table 2).

Study endpoints

The primary endpoint of the study is the LR rate, defined as 
recurrence in the ipsilateral breast. Any LR is considered an 
event and is included in the analysis. Time to LR is calcu-
lated from the date of surgery to the occurrence of the LR.

Secondary endpoints include time to LR from date of 
first diagnosis, distant metastases free survival, local non-
salvageable recurrence free survival and disease free sur-
vival after 5 years and OS after 5 and 10 years. QOL will be 
compared to norm values and a score of > 14 on the Cancer 
Worry scale is considered clinically relevant [31].

Sample size calculation and safety analysis

Reported 5-year LR and LRR rates for patients with stage 
2 and 3 disease (cT1-4N0-3) treated with NST, BCS and 
radiotherapy who achieve pCR, range from 0 to 3.5%, where 
patients with DCIS [24–26] and even isolated tumor cells 
(one report, with highest reported LRR of 3.5%) [26] were 
included in the pCR group.

As radiotherapy in primary breast cancer reduces recur-
rence with at least a factor 2.5, LR at 5 years without 

radiotherapy could be in the range of 0–8.75% for pCR 
patients [32].

Recently, 5-year LR rates in NST patients treated with 
breast conserving surgery without radiotherapy were 
reported in a small group of 110 pCR patients, with a 
very low LR rate of 1.8%. Notably, this concerned a group 
of cT1-4N0-3 patients, with 57% of patients being node-
positive. In addition, residual DCIS was included in the 
pCR group [27].

As we will include only node negative patients with 
tumors < 5 cm AND will exclude patients with residual 
DCIS, we may expect the recurrence rate to be on the 
lower side of the hypothesized range of 0–8.75%. For our 
statistical analysis, we have therefore used an expected 
rate of LR rate of 4%.

A 5-year LR rate of less than 6% is deemed acceptable, 
as studies have shown that the effect of radiotherapy on 
LR is mainly achieved in the first 5 years following treat-
ment [33], especially in TN and HER2 + subtypes, which 
will constitute the majority of our population. Simulations 
were performed to calculate the sample size of a two stage 
single arm trial (including an interim analysis of safety), 
using the one sample log rank test. Assuming a 5-year 
follow up and a 5-year uniform accrual, assuming as well 
an exponential distribution for survival, it is calculated 
that the expected number of events when 325 patients are 
included should be at most six under the null hypothesis. 
An analysis of safety will be performed after inclusion 
of 325 patients and a minimum median follow up time 
of 16.2 months. If less or equal events are observed at 
that time, the trial continues and 595 patients in total are 
needed to achieve a power of 80% (with a one-side alpha 
of 0.05) to achieve non-inferiority of the primary endpoint. 
The expected number of events during the study are 35 to 
exclude a LR rate at 5 years of 6% or more, if the actual 
LR rate is 4%.

Table 2  Overview of follow-up

Imaging Questionnaires

Baseline Education level, 12-item intolerance of uncertainty scale, 
EORTC-QLQ-C30, EORTC-QLQ-BR23, Cancer Worry 
Scale

1 year after surgery Mammography/MRI EORTC-QLQ-C30, EORTC-QLQ-BR23, Cancer Worry Scale
2 years after surgery Mammography/MRI
3 years after surgery Mammography/MRI
4 years after surgery Mammography/MRI EORTC-QLQ-C30, Cancer Worry Scale, EORTC-QLQ-BR23
5 years after surgery Mammography/MRI
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Discussion

Over 60% of women who are diagnosed with breast cancer 
in the Netherlands are treated with systemic treatment, 
which is administered before locoregional treatment (NST) 
in 40% of breast cancer patients. NST may result in pCR in 
over 60% of patients depending on breast cancer subtype 
with the highest rates in TN and HER2 + subtypes [10, 
11]. In patients with pCR, risk of LR is low [23–26].

As mentioned in the introduction, Mamounas et  al. 
reported retrospectively on 10-year LRR rates varying 
from 6.3% (≥ 50 years old) to 7.6% (< 50 years old) in 
clinically node negative patients with nodal and breast 
pCR after NST and BCS (n = 225) [23]. The pCR defini-
tion included patients with residual in situ disease and 
axillary lymph node status was assessed by palpation 
only. However, this overview confirmed that the absence 
of pCR was the most important negative predictor for LRR 
[23]. Five-year LRR rates reported by more recent stud-
ies including up-to-date systemic treatments and staging 
varied between 1.0 and 3.5%.(Table 3) Notably, isolated 
tumor cells were considered as pCR in studies with the 
highest reported LRR rates [24–26].

The effect of omitting radiotherapy on survival was inves-
tigated by Mandish et al. in 364 out of 5383 patients with 
cT0-4N0-3 breast cancer treated with NST and breast con-
serving surgery who showed pCR of both breast and lymph 
nodes. Within this study population, which mainly concerns 
women ≥ 70 with grade 1 disease, omission of radiotherapy 
did not compromise survival, as 5-year OS rates did not 
significantly differ (93.6% with RT and 93% without RT, 
adjusted hazard ratio 1.33, 95% CI 0.76–2.31, p = 0.3181) 
[32].

Radiotherapy of the breast is associated with short- and 
long-term morbidity in up to 50% of patients [18, 20, 21, 34] 
consisting of, pain and fibrosis of the breast and impaired 
cosmetics, and slightly increased risks of radiation induced 
tumors and cardiac morbidity [18–20, 34, 35]. De-escalation 
of local therapy by partial breast and hypo-fractionated radi-
otherapy in selected patients has been shown to positively 
affect quality of life by reducing fibrosis whilst maintain-
ing local control rates and without compromising survival 
[36–38].

Omitting radiotherapy altogether was investigated in 
patients undergoing primary breast conserving surgery, i.e. 
without NST. In the PRIME-II trial patients aged > 65 years 
with node negative breast cancers of < 3  cm were 

Table 3  Local and locoregional recurrence rates following NST

*patients with non-inflammatory breast cancer excluded and ** no LVI, pCR or solitary residual invasive tumor of < 2 cm
LVI lymphovascular invasion; pCR pathologic complete response; HR hormone receptor; HER2 human epidermal growth factor Receptor 2; BCS 
breast conserving surgery; RT radiotherapy; Mx mastectomy

Author Year cTNM Molecular 
subtype

Sample size Treatment pCR 5-year in breast 
recurrence (%)

5-year 
locoregional 
recurrence 
(%)

Chen et al. (22) 1987–2000 T1-4N0-1* not specified 157 BCS + RT Unknown** 1 3
Vila et al. (24) 1997–2005 T0-4N0-3 not specified 656 BCS + RT Unknown 2.9 5.5
Vila et al. (24) 1997–2005 T0-4N0-3 not specified 250 BCS + RT or 

Mx ± RT
Yes, pTis 

included
– 3.2

Swisher et al. 
(25)

2005–2012 T0-4N0-3 All 243 BCS + RT Yes, pTis 
included

– 1.0

– – – HR + /HER2- 61 BCS + RT Yes, pTis 
included

– 0

– – – HR + /HER2 + 48 BCS + RT Yes, pTis 
included

– 0

– – – HR-/HER2 + 42 BCS + RT Yes, pTis 
included

– 2.6

– – – HR-/HER2- 92 mastectomy/
BCS + RT

Yes, pTis 
included

– 1.4

Gillon et al. 
(26)

2001–2006 T1-4N0-3 All 1553 mastectomy/
BCS + RT

unknown 1.9 4.9

– – – – 283 mastectomy/
BCS + RT

Yes, pTis 
and pTitc 
included

3.5 –

– – – – 426 mastectomy/
BCS + RT

Yes, pCR of 
lymph nodes

– 2.3
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randomized to standard treatment with whole breast irradia-
tion or study treatment in which radiotherapy was omitted. 
Although 5-year LR rate was higher in the experimental arm 
(4.1% vs 1.3%), absolute LR was low in both arms and there 
was no difference in OS [39]. In the Netherlands, omitting 
radiotherapy is already implemented for a group of older 
patients with low risk of recurrence (> 70 y/o, stage I breast 
cancer) following primary surgical treatment [40].

For patients receiving NST, data on LR when omitting 
radiotherapy are limited. Asoaka et  al. reported on LR 
following NST and BCS when radiotherapy was omitted. 
Of the 197 cT1-4N0-3 patients with pCR following NST 
and BCS that were included, 110 did not receive adjuvant 
radiotherapy [27]. Notably, 57% of patients included in the 
study presented with node positive disease and patients 
with residual disease in situ were considered as pCR. Five-
year LR rates without radiotherapy were 0% for luminal 
and HER2 subtype, 3.1% for TNBC and 3.2% for luminal 
HER2 + breast cancer as shown in Table 4.

Knowledge regarding the effect of treatment de-escalation 
on cancer worry and fear of recurrence is limited, but the 
literature consistently shows that fear of recurrence is one 
of the key issues that cancer patients and survivors face. 
However, as shown by Raphael et al. patients are more likely 
to opt out of radiotherapy when using patient decision aids, 
despite considering risk of recurrence and peace of mind 
as important characteristics to base their decision on [41]. 
This study will provide valuable information on whether 
omitting radiotherapy poses an unacceptable psychological 
burden for patients.

Our experience is that, in the Netherlands, patients are 
willing to participate in de-escalation trials, provided they 
can choose de-escalation themselves rather than being 
allocated to omission of treatment or not. With approxi-
mately 1250 patients with cT1-2N0 breast cancer to be 
treated annually with NST, which will be mainly TN and 
HER2 + patients, and a conservatively estimated pCR rate 

of 55% in this group, over 680 patients may be eligible annu-
ally. Expecting to include 125 patients yearly, the required 
number of 595 patients will be included within the 5 years 
allotted for accrual.

Based on the low recurrence rates of patients with pCR 
after NST, radiotherapy in the context of a pCR may be 
seen as overtreatment. This trial will fill the information gap 
regarding LR rates when radiotherapy is omitted. If this trial 
confirms that LR risk is low when omitting radiotherapy, 
(i.e. 4%), and patients have good quality of life and cancer 
worry levels remain below the clinical significant threshold 
[31], this strategy should be offered as a safe alternative to 
patients with pCR in a shared decision making process sup-
ported with patient decision aids [41].

Acknowledgements Special thanks to BOOG (Borstkanker Onderzoek 
Groep) Study Center, IKNL (Integraal Kankercentrum Nederland) and 
BVN (Borstkanker Vereniging Nederland) for their support in design-
ing and conducting the DESCARTES study.

Author contributions FHvD conceived the DESCARTES study, 
participated in the design of the study and supervised the drafting of 
this manuscript. AKEvH participated in the design of the study and 
drafted the first version of this manuscript. JPvO, LJB, JHM, NSR, JT, 
EGE, EJTR and MTFDVP participated in the design of the study and 
critically reviewed the previous versions of this manuscript. All authors 
approved the final version of the manuscript.

Funding This work was supported by a research Grant from the Dutch 
Cancer Society (KWF, project 13761).

Data availability statement Data sharing not applicable to this article 
as no datasets were generated or analysed during the current study.

Declarations 

Competing interests The authors have no relevant financial or non-
financial interests to disclose.

Ethical approval This study protocol is examined and approved by the 
accredited Medical Research Ethics Committee of The Netherlands 
Cancer Institute Antoni van Leeuwenhoek (reference: METC21.1046/
M21CAR).

Consent to participate Informed consent of all individual participants 
will be obtained before inclusion in the study.

References

 1. Murphy BL, Boughey JC (2018) ASO author reflections: changes 
in use of neoadjuvant chemotherapy over time-highest rates of 
use now in triple-negative and HER2+ disease. Ann Surg Oncol 
25(Suppl 3):695–696. https:// doi. org/ 10. 1245/ s10434- 018- 7046-9

 2. Shin HC, Han W, Moon HG, Im SA, Moon WK, Park IA et al 
(2013) Breast-conserving surgery after tumor downstaging by 
neoadjuvant chemotherapy is oncologically safe for stage III 
breast cancer patients. Ann Surg Oncol 20(8):2582–2589. https:// 
doi. org/ 10. 1245/ s10434- 013- 2909-6

Table 4  Local recurrence rates for patients treated with NST and 
breast conserving surgery ± radiotherapy

Patients were cT0-4N0-3, with 57% being node positive. For pCR 
definition, ypTis was included. BCS breast conserving surgery; RT 
radiotherapy; LR local recurrence; HER2 human epidermal growth 
factor Receptor 2; TN triple negative

Molecular 
subtype

BCS followed by RT BCS without RT

Total (N) 5-year LR (%) Total (N) 5-year LR (%)

All 87 1.1% 110 1.8%
Luminal 8 0 (0%) 16 0 (0%)
Luminal 

HER2 + 
19 0 (0%) 31 1 (3.2%)

HER2 + 18 0 (0%) 31 0 (0%)
TN 42 1 (2.4%) 32 1 (3.1%)

https://doi.org/10.1245/s10434-018-7046-9
https://doi.org/10.1245/s10434-013-2909-6
https://doi.org/10.1245/s10434-013-2909-6


87Breast Cancer Research and Treatment (2023) 199:81–89 

1 3

 3. Mieog JS, van der Hage JA, van de Velde CJ (2007) Neoadjuvant 
chemotherapy for operable breast cancer. Br J Surg 94(10):1189–
1200. https:// doi. org/ 10. 1002/ bjs. 5894

 4. von Minckwitz G, Blohmer JU, Costa SD, Denkert C, Eidtmann 
H, Eiermann W et al (2013) Response-guided neoadjuvant chemo-
therapy for breast cancer. J Clin Oncol 31(29):3623–3630. https:// 
doi. org/ 10. 1200/ JCO. 2012. 45. 0940

 5. von Minckwitz G, Eidtmann H, Rezai M, Fasching PA, Tesch 
H, Eggemann H et al (2012) Neoadjuvant chemotherapy and 
bevacizumab for HER2-negative breast cancer. N Engl J Med 
366(4):299–309. https:// doi. org/ 10. 1056/ NEJMo a1111 065

 6. Untch M, Fasching PA, Konecny GE, Hasmuller S, Lebeau A, 
Kreienberg R et al (2011) Pathologic complete response after neo-
adjuvant chemotherapy plus trastuzumab predicts favorable sur-
vival in human epidermal growth factor receptor 2-overexpressing 
breast cancer: results from the TECHNO trial of the AGO and 
GBG study groups. J Clin Oncol 29(25):3351–3357. https:// doi. 
org/ 10. 1200/ JCO. 2010. 31. 4930

 7. Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Hegg R 
et al (2013) Pertuzumab plus trastuzumab in combination with 
standard neoadjuvant anthracycline-containing and anthracycline-
free chemotherapy regimens in patients with HER2-positive early 
breast cancer: a randomized phase II cardiac safety study (TRY-
PHAENA). Ann Oncol 24(9):2278–2284. https:// doi. org/ 10. 1093/ 
annonc/ mdt182

 8. Baselga J, Bradbury I, Eidtmann H, Di Cosimo S, de Azambuja E, 
Aura C et al (2012) Lapatinib with trastuzumab for HER2-positive 
early breast cancer (NeoALTTO): a randomised, open-label, mul-
ticentre, phase 3 trial. Lancet 379(9816):633–640. https:// doi. org/ 
10. 1016/ S0140- 6736(11) 61847-3

 9. Gianni L, Pienkowski T, Im YH, Roman L, Tseng LM, Liu MC 
et al (2012) Efficacy and safety of neoadjuvant pertuzumab and 
trastuzumab in women with locally advanced, inflammatory, or 
early HER2-positive breast cancer (NeoSphere): a randomised 
multicentre, open-label, phase 2 trial. Lancet Oncol 13(1):25–32. 
https:// doi. org/ 10. 1016/ S1470- 2045(11) 70336-9

 10. van Ramshorst MS, van der Voort A, van Werkhoven ED, Man-
djes IA, Kemper I, Dezentje VO et al (2018) Neoadjuvant chemo-
therapy with or without anthracyclines in the presence of dual 
HER2 blockade for HER2-positive breast cancer (TRAIN-2): a 
multicentre, open-label, randomised, phase 3 trial. Lancet Oncol 
19(12):1630–1640. https:// doi. org/ 10. 1016/ S1470- 2045(18) 
30570-9

 11. Mittendorf EA, Zhang H, Barrios CH, Saji S, Jung KH, Hegg 
R et al (2020) Neoadjuvant atezolizumab in combination with 
sequential nab-paclitaxel and anthracycline-based chemotherapy 
versus placebo and chemotherapy in patients with early-stage tri-
ple-negative breast cancer (IMpassion031): a randomised, double-
blind, phase 3 trial. Lancet 396(10257):1090–1100. https:// doi. 
org/ 10. 1016/ S0140- 6736(20) 31953-X

 12. van Loevezijn AA, van der Noordaa MEM, van Werkhoven ED, 
Loo CE, Winter-Warnars GAO, Wiersma T et al (2021) Mini-
mally invasive complete response assessment of the breast after 
neoadjuvant systemic therapy for early breast cancer (MICRA 
trial): interim analysis of a multicenter observational cohort 
study. Ann Surg Oncol 28(6):3243–3253. https:// doi. org/ 10. 1245/ 
s10434- 020- 09273-0

 13. Basik M, Costantino JP, Santos JFDL et al (2018) NRG oncol-
ogy BR005: phase II trial assessing accuracy of tumor bed 
biopsies (Bx) in predicting pathologic response in patients (Pts) 
with clinical/radiological complete response (CR) after neoadju-
vant chemotherapy (NCT) in order to explore the feasibility of 
breast-conserving treatment (BCT) without surgery. J Clin Oncol 
36:TPS604-TPS04

 14. Tasoulis MK, Lee HB, Yang W, Pope R, Krishnamurthy S, Kim 
SY et al (2020) Accuracy of post-neoadjuvant chemotherapy 

image-guided breast biopsy to predict residual cancer. JAMA Surg 
155(12):204103. https:// doi. org/ 10. 1001/ jamas urg. 2020. 4103

 15. Pfob A, Sidey-Gibbons C, Lee HB, Tasoulis MK, Koelbel V, 
Golatta M et al (2021) Identification of breast cancer patients 
with pathologic complete response in the breast after neoadjuvant 
systemic treatment by an intelligent vacuum-assisted biopsy. Eur J 
Cancer 143:134–146. https:// doi. org/ 10. 1016/j. ejca. 2020. 11. 006

 16. Sutton EJ, Braunstein LZ, El-Tamer MB, Brogi E, Hughes M, 
Bryce Y et al (2021) Accuracy of magnetic resonance imag-
ing-guided biopsy to verify breast cancer pathologic complete 
response after neoadjuvant chemotherapy: a nonrandomized con-
trolled trial. JAMA Netw Open. 4(1):e2034045. https:// doi. org/ 10. 
1001/ jaman etwor kopen. 2020. 34045

 17. Morrow M, Winer EP (2020) De-escalating Breast cancer surgery-
where is the tipping point? JAMA Oncol 6(2):183–184. https:// 
doi. org/ 10. 1001/ jamao ncol. 2019. 4849

 18. Hill-Kayser CE, Vachani C, Hampshire MK, Di Lullo GA, Metz 
JM (2012) Cosmetic outcomes and complications reported by 
patients having undergone breast-conserving treatment. Int J 
Radiat Oncol Biol Phys 83(3):839–844. https:// doi. org/ 10. 1016/j. 
ijrobp. 2011. 08. 013

 19. Jagsi R, Griffith KA, Vicini F, Boike T, Burmeister J, Dominello 
MM et al (2020) Toward improving patients’ experiences of acute 
toxicity from breast radiotherapy: insights from the analysis of 
patient-reported outcomes in a large multicenter cohort. J Clin 
Oncol 38(34):4019–4029. https:// doi. org/ 10. 1200/ JCO. 20. 01703

 20. Meretoja TJ, Leidenius MHK, Tasmuth T, Sipila R, Kalso E 
(2014) Pain at 12 months after surgery for breast cancer. JAMA 
311(1):90–92. https:// doi. org/ 10. 1001/ jama. 2013. 278795

 21. Lilla C, Ambrosone CB, Kropp S, Helmbold I, Schmezer P, von 
Fournier D et al (2007) Predictive factors for late normal tissue 
complications following radiotherapy for breast cancer. Breast 
Cancer Res Treat 106(1):143–150. https:// doi. org/ 10. 1007/ 
s10549- 006- 9480-9

 22. Chen AM, Meric-Bernstam F, Hunt KK, Thames HD, Outlaw 
ED, Strom EA et al (2005) Breast conservation after neoadjuvant 
chemotherapy. Cancer 103(4):689–695. https:// doi. org/ 10. 1002/ 
cncr. 20815

 23. Mamounas EP, Anderson SJ, Dignam JJ, Bear HD, Julian TB, 
Geyer CE Jr et al (2012) Predictors of locoregional recurrence 
after neoadjuvant chemotherapy: results from combined analysis 
of National Surgical Adjuvant Breast and Bowel Project B-18 and 
B-27. J Clin Oncol 30(32):3960–3966. https:// doi. org/ 10. 1200/ 
JCO. 2011. 40. 8369

 24. Vila J, Teshome M, Tucker SL, Woodward WA, Chavez-
MacGregor M, Hunt KK et al (2017) Combining clinical and 
pathologic staging variables has prognostic value in predicting 
local-regional recurrence following neoadjuvant chemotherapy for 
breast cancer. Ann Surg 265(3):574–580. https:// doi. org/ 10. 1097/ 
SLA. 00000 00000 001492

 25. Swisher SK, Vila J, Tucker SL, Bedrosian I, Shaitelman SF, Lit-
ton JK et al (2016) Locoregional control according to breast can-
cer subtype and response to neoadjuvant chemotherapy in breast 
cancer patients undergoing breast-conserving therapy. Ann Surg 
Oncol 23(3):749–756. https:// doi. org/ 10. 1245/ s10434- 015- 4921-5

 26. Gillon P, Touati N, Breton-Callu C, Slaets L, Cameron D, Bon-
nefoi H (2017) Factors predictive of locoregional recurrence fol-
lowing neoadjuvant chemotherapy in patients with large oper-
able or locally advanced breast cancer: an analysis of the EORTC 
10994/BIG 1–00 study. Eur J Cancer 79:226–234. https:// doi. org/ 
10. 1016/j. ejca. 2017. 04. 012

 27. Asaoka M, Narui K, Suganuma N, Chishima T, Yamada A, Sugae 
S et al (2019) Clinical and pathological predictors of recurrence in 
breast cancer patients achieving pathological complete response to 
neoadjuvant chemotherapy. Eur J Surg Oncol 45(12):2289–2294. 
https:// doi. org/ 10. 1016/j. ejso. 2019. 08. 001

https://doi.org/10.1002/bjs.5894
https://doi.org/10.1200/JCO.2012.45.0940
https://doi.org/10.1200/JCO.2012.45.0940
https://doi.org/10.1056/NEJMoa1111065
https://doi.org/10.1200/JCO.2010.31.4930
https://doi.org/10.1200/JCO.2010.31.4930
https://doi.org/10.1093/annonc/mdt182
https://doi.org/10.1093/annonc/mdt182
https://doi.org/10.1016/S0140-6736(11)61847-3
https://doi.org/10.1016/S0140-6736(11)61847-3
https://doi.org/10.1016/S1470-2045(11)70336-9
https://doi.org/10.1016/S1470-2045(18)30570-9
https://doi.org/10.1016/S1470-2045(18)30570-9
https://doi.org/10.1016/S0140-6736(20)31953-X
https://doi.org/10.1016/S0140-6736(20)31953-X
https://doi.org/10.1245/s10434-020-09273-0
https://doi.org/10.1245/s10434-020-09273-0
https://doi.org/10.1001/jamasurg.2020.4103
https://doi.org/10.1016/j.ejca.2020.11.006
https://doi.org/10.1001/jamanetworkopen.2020.34045
https://doi.org/10.1001/jamanetworkopen.2020.34045
https://doi.org/10.1001/jamaoncol.2019.4849
https://doi.org/10.1001/jamaoncol.2019.4849
https://doi.org/10.1016/j.ijrobp.2011.08.013
https://doi.org/10.1016/j.ijrobp.2011.08.013
https://doi.org/10.1200/JCO.20.01703
https://doi.org/10.1001/jama.2013.278795
https://doi.org/10.1007/s10549-006-9480-9
https://doi.org/10.1007/s10549-006-9480-9
https://doi.org/10.1002/cncr.20815
https://doi.org/10.1002/cncr.20815
https://doi.org/10.1200/JCO.2011.40.8369
https://doi.org/10.1200/JCO.2011.40.8369
https://doi.org/10.1097/SLA.0000000000001492
https://doi.org/10.1097/SLA.0000000000001492
https://doi.org/10.1245/s10434-015-4921-5
https://doi.org/10.1016/j.ejca.2017.04.012
https://doi.org/10.1016/j.ejca.2017.04.012
https://doi.org/10.1016/j.ejso.2019.08.001


88 Breast Cancer Research and Treatment (2023) 199:81–89

1 3

 28. Nationaal Borstkanker Overleg Nederland NIV. Borstkanker2020. 
Available from: https:// richt lijne ndata base. nl/ richt lijn/ borst 
kanker/ algem een. html.

 29. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, 
Duez NJ et al (1993) The European Organization for Research 
and Treatment of Cancer QLQ-C30: a quality-of-life instrument 
for use in international clinical trials in oncology. J Natl Cancer 
Inst 85(5):365–376. https:// doi. org/ 10. 1093/ jnci/ 85.5. 365

 30. Sprangers MA, Groenvold M, Arraras JI, Franklin J, te Velde A, 
Muller M et al (1996) The European Organization for Research 
and Treatment of Cancer breast cancer-specific quality-of-life 
questionnaire module: first results from a three-country field 
study. J Clin Oncol 14(10):2756–2768. https:// doi. org/ 10. 1200/ 
JCO. 1996. 14. 10. 2756

 31. Custers JA, van den Berg SW, van Laarhoven HW, Bleiker EM, 
Gielissen MF, Prins JB (2014) The Cancer Worry Scale: detect-
ing fear of recurrence in breast cancer survivors. Cancer Nurs 
37(1):E44-50. https:// doi. org/ 10. 1097/ NCC. 0b013 e3182 813a17

 32. Mandish SF, Gaskins JT, Yusuf MB, Amer YM, Eldredge-Hindy 
H (2020) The effect of omission of adjuvant radiotherapy after 
neoadjuvant chemotherapy and breast conserving surgery with 
a pathologic complete response. Acta Oncol 59(10):1210–1217. 
https:// doi. org/ 10. 1080/ 02841 86X. 2020. 17971 61

 33. Sjostrom M, Lundstedt D, Hartman L, Holmberg E, Killander F, 
Kovacs A et al (2017) Response to Radiotherapy After Breast-
Conserving Surgery in Different Breast Cancer Subtypes in the 
Swedish Breast Cancer Group 91 Radiotherapy Randomized 
Clinical Trial. J Clin Oncol 35(28):3222–3229. https:// doi. org/ 
10. 1200/ JCO. 2017. 72. 7263

 34. Prescott RJ, Kunkler IH, Williams LJ, King CC, Jack W, van der 
Pol M et al (2007) A randomised controlled trial of postoperative 
radiotherapy following breast-conserving surgery in a minimum-
risk older population. The PRIME trial. Health Technol Assess 
11(31):1–149. https:// doi. org/ 10. 3310/ hta11 310

 35. Taylor C, Correa C, Duane FK, Aznar MC, Anderson SJ, Bergh 
J et al (2017) Estimating the Risks of breast cancer radiotherapy: 
evidence from modern radiation doses to the lungs and heart and 
from previous randomized trials. J Clin Oncol 35(15):1641–1649. 
https:// doi. org/ 10. 1200/ JCO. 2016. 72. 0722

 36. Coles CE, Griffin CL, Kirby AM, Titley J, Agrawal RK, Alhasso 
A et al (2017) Partial-breast radiotherapy after breast conservation 
surgery for patients with early breast cancer (UK IMPORT LOW 
trial): 5-year results from a multicentre, randomised, controlled, 
phase 3, non-inferiority trial. Lancet 390(10099):1048–1060. 
https:// doi. org/ 10. 1016/ S0140- 6736(17) 31145-5

 37. Schafer R, Strnad V, Polgar C, Uter W, Hildebrandt G, Ott OJ 
et al (2018) Quality-of-life results for accelerated partial breast 
irradiation with interstitial brachytherapy versus whole-breast 
irradiation in early breast cancer after breast-conserving surgery 
(GEC-ESTRO): 5-year results of a randomised, phase 3 trial. Lan-
cet Oncol 19(6):834–844. https:// doi. org/ 10. 1016/ S1470- 2045(18) 
30195-5

 38. Hopwood P, Haviland JS, Sumo G, Mills J, Bliss JM, Yarnold 
JR et al (2010) Comparison of patient-reported breast, arm, and 
shoulder symptoms and body image after radiotherapy for early 
breast cancer: 5-year follow-up in the randomised Standardisation 
of Breast Radiotherapy (START) trials. Lancet Oncol 11(3):231–
240. https:// doi. org/ 10. 1016/ S1470- 2045(09) 70382-1

 39. Kunkler IH, Williams LJ, Jack WJ, Cameron DA, Dixon JM, 
investigators PI. (2015) Breast-conserving surgery with or with-
out irradiation in women aged 65 years or older with early breast 
cancer (PRIME II): a randomised controlled trial. Lancet Oncol 
16(3):266–273. https:// doi. org/ 10. 1016/ S1470- 2045(14) 71221-5

 40. Liefers GJ. 2016–01 TOP-1: Tailored treatment in Older Patients 
TOP-1: Omission of radiotherapy in elderly patients with low risk 
breast cancer Borstkanker Onderzoek Groep: BOOG; 2016 Avail-
able from: https:// www. boogs tudyc enter. nl/ studie/ 283/ top-1. html.

 41. Raphael DB, Russell NS, Winkens B, Immink JM, Westhoff PG, 
Stenfert Kroese MC et al (2021) A patient decision aid for breast 
cancer patients deciding on their radiation treatment, no change 
in decisional conflict but better informed choices. Tech Innov 
Patient Support Radiat Oncol 20:1–9. https:// doi. org/ 10. 1016/j. 
tipsro. 2021. 08. 002

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://richtlijnendatabase.nl/richtlijn/borstkanker/algemeen.html
https://richtlijnendatabase.nl/richtlijn/borstkanker/algemeen.html
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1200/JCO.1996.14.10.2756
https://doi.org/10.1200/JCO.1996.14.10.2756
https://doi.org/10.1097/NCC.0b013e3182813a17
https://doi.org/10.1080/0284186X.2020.1797161
https://doi.org/10.1200/JCO.2017.72.7263
https://doi.org/10.1200/JCO.2017.72.7263
https://doi.org/10.3310/hta11310
https://doi.org/10.1200/JCO.2016.72.0722
https://doi.org/10.1016/S0140-6736(17)31145-5
https://doi.org/10.1016/S1470-2045(18)30195-5
https://doi.org/10.1016/S1470-2045(18)30195-5
https://doi.org/10.1016/S1470-2045(09)70382-1
https://doi.org/10.1016/S1470-2045(14)71221-5
https://www.boogstudycenter.nl/studie/283/top-1.html
https://doi.org/10.1016/j.tipsro.2021.08.002
https://doi.org/10.1016/j.tipsro.2021.08.002


89Breast Cancer Research and Treatment (2023) 199:81–89 

1 3

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Annemiek K. E. van Hemert1  · Josefien P. van Olmen1 · Liesbeth J. Boersma2 · John H. Maduro3 · 
Nicola S. Russell4 · Jolien Tol5 · Ellen G. Engelhardt6 · Emiel J. Th. Rutgers1 · Marie‑Jeanne T. F. D. Vrancken Peeters1 · 
Frederieke H. van Duijnhoven1

 Annemiek K. E. van Hemert 
 a.v.hemert@nki.nl

 Josefien P. van Olmen 
 j.v.olmen@nki.nl

 Liesbeth J. Boersma 
 liesbeth.boersma@maastro.nl

 John H. Maduro 
 j.h.maduro@umcg.nl

 Nicola S. Russell 
 n.russell@nki.nl

 Jolien Tol 
 j.tol@jbz.nl

 Ellen G. Engelhardt 
 e.engelhardt@nki.nl

 Emiel J. Th. Rutgers 
 e.rutgers@nki.nl

 Marie-Jeanne T. F. D. Vrancken Peeters 
 m.vrancken@nki.nl

1 Department of Surgical Oncology, Netherlands Cancer 
Institute—Antoni van Leeuwenhoek, Plesmanlaan 121, 
1066 CX Amsterdam, The Netherlands

2 Department of Radiation Oncology (Maastro), 
Maastricht University Medical Centre+ - GROW School 
for Oncology and Reproduction, Universiteitssingel 40, 
6229 ER Maastricht, The Netherlands

3 Department of Radiation Oncology, University of Groningen, 
University Medical Center Groningen, Hanzeplein 1, 
9713 GZ Groningen, The Netherlands

4 Department of Radiation Oncology, Netherlands Cancer 
Institute – Antoni van Leeuwenhoek, Plesmanlaan 121, 
1066 CX Amsterdam, The Netherlands

5 Department of Medical Oncology, Jeroen Bosch Ziekenhuis, 
Henri Dunantstraat 1, 5223 GZ ‘S-Hertogenbosch, 
The Netherlands

6 Department of Psychosocial Research and Epidemiology, 
Netherlands Cancer Institute—Antoni van Leeuwenhoek, 
Plesmanlaan 121, 1066 CX Amsterdam, The Netherlands

http://orcid.org/0000-0001-9230-9408

	De-ESCAlating RadioTherapy in breast cancer patients with pathologic complete response to neoadjuvant systemic therapy: DESCARTES study
	Abstract
	Purpose 
	Methods 
	Conclusion 

	Introduction
	Methods
	Objective
	Study design
	Study population
	Locoregional treatment and adjuvant systemic treatment
	Follow up
	Study endpoints
	Sample size calculation and safety analysis

	Discussion
	Acknowledgements 
	References




