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ABSTRACT

Background. Breast conserving surgery (BCS), instead of mastectomy, has 
long since established its role as the standard of surgical care in the treatment 
of early-stage breast cancer. Moreover, the management of axilla in breast 
cancer is now undergoing a paradigm shift. Axillary lymph node dissection 
(ALND) is no longer standard practice even in all node-positive patients. 
Today, the treatment of breast cancer is planned individually, which requires 
a precise preoperative diagnosis. Hence, new biopsy methods have been 
introduced.  

The aim of this thesis is to assess different surgical and biopsy techniques 
which can help to treat breast cancer patients with less invasive methods. The 
purpose of study I was to evaluate the feasibility of Breast Lesion Excision 
System (BLES) in the treatment of intraductal papillomas. Study II compared 
surgical margins, reoperations and local recurrences (LR) after conventional 
or oncoplastic BCS and investigated differences between various oncoplastic 
techniques. Study III compared surgical margins, reoperation rates and LRs 
after BCS using radioguided occult lesion localization (ROLL) or radioactive 
seed localization (RSL). The aim of study IV was to determine which 
preoperative factors and tumour characteristics were related to extensive 
axillary nodal tumour burden in patients with clinically node-positive breast 
cancer. A further aim was to construct a predictive tool to evaluate the patient-
specific risk of having more than two axillary lymph node metastases.
 
Materials and methods. The thesis comprises four original studies, which 
all are retrospective.  

In study I, all patients with a needle biopsy –based suspicion of an 
intraductal papilloma who consequently underwent a BLES procedure at 
Helsinki University Hospital (HUH) between 2011 and 2016 were included.  

In studies II and III, the study population consisted of 1800 consecutive 
patients with primary invasive breast cancer or ductal carcinoma in situ who 
underwent BCS at HUH between 2010 and 2012.  

In study IV, consecutive patients with primary invasive breast cancer and 
axillary nodal metastasis diagnosed by preoperative ultrasound-guided needle 
biopsy were reviewed. These patients underwent breast surgery and ALND at 
HUH between 2010 and 2014.  

Patient, tumour, treatment and follow-up data was collected from 
electronic patient records.  
 
Results. In study I, 74 patients underwent 80 BLES procedures. 
Histopathological diagnosis after the BLES biopsy was an intraductal 
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papilloma without atypia in 43 lesions, whereas 10 lesions were upgraded to 
high-risk lesions (HRL) with either atypical ductal hyperplasia or lobular 
carcinoma in situ. Five cases were upgraded to malignancy. Additionally, 18 
lesions were diagnosed as other benign lesions. Four procedures failed. 
Complete excision with BLES was achieved in 19 out of 43 intraductal 
papillomas, 6 out of 10 HRLs and two out of five malignant lesions. No major 
complications occurred. The BLES procedure was adequate in the 
management of 71 (88.8%) breast lesions. 

In study II, conventional BCS was performed in 1189 (66.1%) patients, and 
oncoplastic BCS in 611 (33.9%). Various oncoplastic techniques were used. 
Patients with oncoplastic BCS had more often multifocal (p<0.001), larger 
(p<0.001) and palpable primary tumours (p<0.001), with larger resection 
specimens (p<0.001). The amount of resected tissue varied substantially 
depending on the oncoplastic technique. Patients treated with oncoplastic BCS 
were younger (p<0.001) and their tumours were more aggressive and more 
extensive according to histological grade (p<0.001), T-stage (p<0.001), Ki-67 
(p<0.001) and lymph node status (p<0.001). There was no difference, 
however, in surgical margins (p=0.578) or reoperation rates (p=0.430) 
between the groups. A total of 152 (8.4%) patients were reoperated because of 
insufficient margins, 96 (8.1%) in the conventional and 56 (9.2%) in the 
oncoplastic BCS group. The median follow-up time was 75 (2-94) months. 
There was no difference in local recurrence-free survival (LRFS) between the 
conventional and oncoplastic BCS groups (log-rank test, p=0.172). 

In study III, 318 patients underwent ROLL and 426 RSL. Patients in the 
RSL group had more often multifocal (p=0.013) tumours. No statistically 
significant differences were found regarding tumour size, specimen weight, 
histology or grade of tumours, or lymph node status. A total of 42 (5.6%) 
patients were reoperated because of insufficient margins, 13 (4.1%) in the 
ROLL group and 29 (6.8%) in the RSL group. The reoperation rate was not 
different between the groups either in the univariable analysis (p=0.112) or in 
the multivariable binary logistic regression analysis (p=0.204). Risk factors 
for reoperations were multifocality of the tumour (p<0.001), extensive 
intraductal component (EIC) (p<0.001), larger tumour size (p=0.011), and 
smaller specimen weight (p=0.014). The median follow-up time in the ROLL 
group was 81 (8-94) months and 64 (3-73) months in the RSL group. Five-year 
LRFS estimates for the ROLL and RSL groups were 98.0% and 99.4%, 
respectively (log-rank test, p=0.323).  

In study IV, there were 153 patients (30.2%) with one or two lymph node 
metastasis (LNM) and 354 (69.8%) with more than two metastases. Five-year 
disease-free survival was poorer for the latter group (p=0.032). Five-year 
overall survival estimates for patients with one or two and those with more 
than two LNMs were 87.0% and 81.4% respectively (p=0.215). In 
multivariable analysis, factors significantly associated with more than two 
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LNMs were: age, tumour size, lymphovascular invasion in the primary 
tumour, extracapsular extension of metastasis in lymph nodes, and 
morphology of the lymph nodes. These factors were included in a 
multivariable predictive model, which had an area under the curve of 0.828 
(95% C.I. 0.787-0.869).  
 
Conclusions. The BLES procedure is an acceptable method for the 
management of small benign and high-risk breast lesions such as intraductal 
papillomas in selected patients. Thus, a great amount of diagnostic surgical 
biopsies can be avoided. 

Oncoplastic BCS was used for larger, multifocal and more aggressive 
tumours than conventional BCS. Nevertheless, no difference in reoperation 
rate or LRs were found. Oncoplastic BCS is as safe as conventional BCS 
enabling breast conservation for patients who otherwise were candidates for 
mastectomy. Reoperation rates and LRFS were comparable for ROLL and RSL 
in patients with impalpable breast cancer treated with BCS.  

The fourth study provides a patient-specific prediction model for 
evaluating nodal tumour burden in patients with clinically node-positive 
breast cancer. 
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1 INTRODUCTION

Breast cancer is the most common invasive cancer in women globally. 
Worldwide more than 2 million patients are diagnosed with breast cancer 
every year and it causes more than 600 000 deaths per year [1]. In Finland, 
the annual incidence of invasive breast cancer was 4960 in 2017 and the 
predicted breast cancer-specific five-year survival rate was 91%, one of the 
highest in the world [2]. The age-adjusted mortality rate has been declining 
since the beginning of 1990s, thanks to improvements in all treatment 
modalities and early detection of breast cancer. However, 917 women died of 
breast cancer in our country in 2017 [2].  

There are several established risk factors for breast cancer: higher age, 
lower age of menarche, later menopause, late age of first pregnancy, fewer 
pregnancies, shorter period of breastfeeding, obesity, alcohol consumption, 
smoking, physical inactivity, family history of breast cancer, ionizing radiation 
of the chest, hormone replacement therapy, oral contraceptives, 
mammographic breast density, history of atypical hyperplasia or lobular 
carcinoma in situ (LCIS), and some gene mutations [3-5]. However, there are 
many breast cancer patients without any of these risk factors suggesting 
that breast cancer is a multifactorial disease where genetic predisposition, 
environment and lifestyle risk factors interact.

The history of breast cancer treatment starts with Halsted’s radical 
mastectomy in the late 19th century. It consisted of removal of breast tissue, 
overlying skin, underlying pectoralis muscles and axillary lymph nodes. 
Because some women with advanced stage of the breast cancer did not benefit 
from Halsted’s procedure, the concepts of operability and inoperability were 
introduced and led to the development of a clinical staging system in breast 
cancer [6]. 

The breast cancer survival has increased significantly simultaneously with 
the advances in breast cancer diagnosis and treatment. Owing to improved 
imaging and population-based screening programs, breast cancer is often 
diagnosed at an early stage. The tumours detected by screening are smaller 
and have less frequently spread to the axillary lymph nodes than a 
symptomatic breast cancer [7]. In addition, the adoption of new biopsy 
methods has led to more accurate preoperative diagnosis allowing the choice 
of optimal breast cancer treatment upfront. 

These advancements have led to a new era of less extensive breast surgery. 
It started with modified radical mastectomy that spares the muscles and was 
followed by breast conserving surgery (BCS) i.e. removal of only the tumour 
along with some of the normal breast tissue around it. In 1945 professor Sakari 
Mustakallio, a Finnish pioneer, published his study about breast conservation 
and roentgen therapy in the treatment of breast cancer [8]. However, the wide 



Introduction 

12 

acceptance of BCS was gained in the early 1980s when the results of the 
randomized studies of Umberto Veronesi and Bernard Fisher were published 
reporting equal survival rates in patients treated with breast conservation 
combined with radiotherapy (RT) compared to mastectomy.  

BCS with adjuvant RT is now the standard of surgical care in early stage 
breast cancer. The aim is to provide best oncological outcomes with high 
survival rate and low risk of disease recurrence together with highest possible 
quality of life, including aesthetic outcome. Oncoplastic surgical techniques 
enable breast conservation in patients with even larger and multifocal tumours 
[5]. 

In breast cancer, axillary lymph node involvement is an important 
prognostic factor. Staging of the axilla has also gradually evolved towards less 
aggressive approaches. Previously, axillary lymph node dissection (ALND) 
was performed in all patients, causing high morbidity even in patients with 
tumour negative axillary lymph nodes. Nowadays, sentinel lymph node biopsy 
(SLNB) has been adopted as a less invasive method to assess the nodal status 
in early-stage breast cancer patients who are clinically node-negative. In 
patients with a positive SLNB, completion ALND has been previously 
performed routinely, but recently several trials have proved the safety of 
omitting ALND in selected sentinel lymph node-positive patients [9,10,11,12]. 
Currently, the optimal management of clinically node-positive patients is a 
topic of intense research. 

At present, the goal is to decide the right treatment for the right patient in 
order to ensure optimal outcomes, improved breast cancer survival and quality 
of life, and to avoid overtreatment as well. The multimodal treatment requires 
multidisciplinary discussion and cooperation with several medical specialities 
and experts.  

The aim of this theses was to evaluate the safety, efficacy and feasibility of 
different less invasive surgical methods in the treatment of breast cancer 
patients. Surgical resection margins and local recurrences (LR) were evaluated 
in a comparison between conventional and oncoplastic BCS and in a 
comparison between two different localization methods of impalpable breast 
cancer. In addition, preoperative factors and tumour characteristics related to 
a high nodal tumour burden in breast cancer patients were investigated. 
Moreover, the feasibility of Breast Lesion Excision System (BLES) in the 
management of small benign and high-risk breast lesions was evaluated. 
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2 REVIEW OF THE LITERATURE

2.1 DIAGNOSIS OF BREAST CANCER 

 
Diagnosis of breast lesions is routinely performed by the triple assessment 
including clinical examination, breast imaging and histological examination 
by percutaneous needle biopsy [13]. If even one element is discordant and 
suspicious for malignancy, the surgical removal of the lesion is indicated. If 
results of all three elements are concordant for a benign lesion, follow-up is a 
safe choice for management [5,13]. 

2.1.1 BREAST IMAGING
 
First line breast imaging in symptomatic patients consists of mammography 
(MGR) and breast and axillary ultrasound (US). Needle biopsy is taken from 
suspicious lesions of the breast and from suspicious axillary lymph nodes. In 
Finland women aged 50-69 years are invited to screening MGR every second 
year. In women under the age of 35, US is the primary imaging method, since 
US is more sensitive in detecting breast tumours in dense breast tissue of 
young women, and thus ionizing radiation exposure can be avoided [5]. 

Routine MGR includes craniocaudal and mediolateral-oblique projections, 
additional views can be taken in symptomatic breasts or to further image 
suspicious findings, for example groups of microcalcifications. The sensitivity 
of MGR in detecting breast cancer has a wide range (34-81%) depending on 
breast density and the histology of the breast cancer, being the lowest for 
lobular type [14]. MGR enables detection of microcalcifications wheras US is 
a more sensitive modality in the imaging of dense breasts and invasive lobular 
carcinoma [15,16]. 

The Breast Imaging Reporting and Database System (BI-RADS) lexicon is 
recommended to be used in order to describe MGR results [17]. BI-RADS 
reporting provides standardized, concordant and reproducible breast imaging 
terminology and reporting system for different imaging modalities. It enables 
breast cancer specialists to communicate results consistently. BI-RADS 
scoring has been widely adopted internationally and in breast cancer research.  

Evaluation of MGR includes determining the composition of the breast. BI-
RADS classification for breast density includes four categories: entirely fatty 
(a); scattered areas of fibroglandular density (b); heterogeneously dense, 
which may obscure masses (c); extremely dense, which lowers sensitivity of 
MGR (d). 
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The final assessment includes the BI-RADS 0 to 6 categorization: BI-RADS 
0 refers to an incomplete evaluation with further imaging required; BI-RADS 
1 stands for a negative for malignancy; BI-RADS 2 refers to benign findings; 
BI-RADS 3 is probably benign and should have shortened interval follow-up 
to determine stability; BI-RADS 4 is a suspicious abnormality; BI-RADS 5 is 
highly suggestive of malignancy; BI-RADS 6 is used for biopsy-proven 
malignancy. The mammography lexicon categorizes breast findings to mass 
lesions, calcifications, architectural distorsions and asymmetries.  

Breast magnetic resonance imaging (MRI) has a high sensitivity (90%) but 
low specificity (72%) in the diagnosis of breast lesions [18]. There is a risk of 
over-diagnosis, thus the routine use of MRI in preoperative assessment is not 
recommended. According to the Finnish national [5], EUSOMA [19] and NICE 
guidelines [20] MRI is indicated if there is a discrepancy in the triple 
assessment or if MGR and US are difficult to interpret especially in 
premenopausal patients if BCS is considered. Also invasive lobular cancer and 
dense breasts may cause interpretation difficulties. In addition, MRI is 
indicated if there are axillary metastasis diagnosed but primary tumour is 
unknown, and in the evaluation of response to neoadjuvant chemotherapy 
(NAC). MRI screening is indicated for patients at high-risk for breast cancer 
(BRCA1/2 mutation carries, Li-Fraumeni and Cowden syndrome patiens, 
first-degree relatives of mutation carriers, and women who have had previous 
mantle RT before age 30). 

In the evaluation of distant metastasis and relapses, imaging is done with 
computed tomography (CT) scan, isotope bone scintigraphy, abdominal US or 
positron emission tomography (PET). 

2.1.2 BIOPSY METHODS
 
The preoperative diagnosis and planning of breast cancer treatment is based 
on histopathological analysis. Biopsies from all suspicious breast lesions and 
lymph nodes are usually taken percutaneously under US-guidance. MGR 
(stereotactic or tomosynthesis) and MRI can be used in biopsy guidance if the 
lesion is not visible under US.  

Core needle biopsy (CNB) with a 14-gauge needle is the standard biopsy 
method of breast lesions. Fine needle aspiration cytology (FNAC) is 
recommended only for verifying benign cystic breast lesions, CNB should be 
taken in case of atypical or suspicious cystic lesions [5]. However, CNB has 
limitations in the assessment of microcalcifications. Vacuum-assisted core 
needle biopsy (VACNB) using larger 9-11-gauge needle provides better 
accuracy in the evaluation of microcalcifications and provides an option for 
surgical biopsy in removal of small benign or high risk breast lesions [21]. 
VACNB can be used either under US, MRI or stereotactic guidance. 
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Histopathological interpretation of CNB can be classified according to the 
British National Health Service Breast Cancer Screening Programme 
(NHSBSP) criteria [22]: B1 normal tissue/not diagnostic; B2 benign lesion; B3 
uncertain malignant potential; B4 suspicious; B5 malignant. This 
classification may be useful in diagnostic phase in order to decide upon further 
management of breast lesion, and be used as a standardised method for quality 
assurance among different working groups. NHSBSP classification is endorsed 
by the European Commission working group on breast screening pathology 
[22], but is not in clinical use in Finland. 

Suspicious morphology of axillary lymph nodes in imaging indicates a 
biopsy, either FNAC or CNB. General criteria for suspicious nodes include: 
enlargement, structural abnormality (rounded shape, loss of fatty hilum, 
hypoechoic), asymmetrical cortex and cortical thickening [23]. The threshold 
for abnormal cortical thickening has varied from 2 to 4 mm according to 
institution and time, and is 3 mm in the updated Finnish national guidelines 
[5]. CNB is more sensitive than FNAC in diagnosing axillary nodal metastases, 
88-88.2% versus 72.5-74% respectively [24,25]. However, complication rate is 
higher for CNB compared with FNAC [25]. Both methods have a high 
specificity of 100% [24,25]. 

2.1.2.1 Breast Lesion Excision System
 
Breast Lesion Excision System (BLES) is a rather new biopsy device, which 
uses radiofrequency cautery to excise a single spheroid tissue sample without 
fragmentation. It has proved to be a safe and accurate method for sampling 
and even for the complete removal of small breast lesions [26-30]. The 
underestimation rate seems to be lower with BLES than with VACNB [31,32]. 
Other benefits of BLES in comparison to VACNB are the possibility to evaluate 
histological margins and the ability to perform hemostasis with the wire 
basket. BLES biopsy can be performed by a radiologist and carried out as an 
outpatient procedure.   

The BLES device consists of a probe, which is inserted through a small skin 
incision next to the target lesion. A wire basket emerges from the tip of the 
wand, enveloping the target lesion by cutting and cauterizing the breast tissue 
with radiofrequency energy. A single intact spherical tissue sample may then 
be removed. The basket sizes available are 12 mm, 15 mm, and 20 mm. BLES 
with 30 mm basket diameter has been under development. 
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2.1.3 HISTOLOGY AND STAGING OF BREAST CANCER
 
There are several different histologic breast cancer types that are described in 
the World Health Organization (WHO) classification [33]. The most common 
subtype is invasive ductal carcinoma (carcinoma of no special type) 
representing 50-80% of all invasive breast cancers. Invasive lobular carcinoma 
is the second largest subgroup (10-15%). Other invasive subtypes are more 
rare, these include tubular, cribriform, metaplastic, apocrine, mucinous, 
papillary and micropapillary carcinoma. There are also carcinomas with 
medullary, neuroendocrine and salivary gland or skin adnexal type features. 
Inflammatory breast cancer is a clinicopathological entity characterized by 
rapid progression and aggressive behaviour [5]. 

The final pathological report should include histological tumour type, size 
and grade, oestrogen receptor (ER) status, progesterone receptor (PR) status, 
proliferation index (Ki-67), human epidermal growth factor receptor 2 (HER-
2) status and lymphovascular invasion (LVI). Furthermore, the number and 
size, and extracapsular extension (ECE) of possible axillary lymph node 
metastases and the number of tumour-negative lymph nodes is reported. 
Traditionally these pathologic factors, together with clinical factors such as 
patient’s age and comorbidities, have been used to evaluate prognosis and to 
guide the decision on adjuvant treatments. The TNM (tumour-node-
metastases) classification of breast cancer is provided in Table 1 [34].  

Furthermore, breast cancers can be classified by their gene expression 
profile into four intrinsic molecular subtypes, which differ distinctly in 
prognosis [35,36]. These subtypes include ER-positive luminal tumours 
(luminal A and luminal B), HER-2 enriched, and basal-like. Approximation to 
this classification can be made by immunohistochemistry (biological 
surrogate) and be used in clinical setting [37]. Luminal-like tumours are the 
most common subtypes with luminal A being the majority [5]. In luminal A 
tumours, both ER and PR are positive, HER-2 is negative and proliferation 
index Ki-67 is low. In luminal B tumours, ER is positive, PR and HER-2 are 
positive or negative and Ki-67 is high. Luminal carcinomas carry a good 
prognosis, they respond well to endocrine treatment but rather poorly to 
chemotherapy. HER-2 enriched tumours are ER positive or negative and 
HER-2 positive, and they carry a poor prognosis without targeted anti-HER-2 
treatment. Triple-negative (basal-like) subtype is negative for ER, PR and 
HER-2. These are aggressive cancers and currently without targeted systemic 
therapy, leaving chemotherapy as the only treatment option [35]. 
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Table 1 Pathological TNM classification of breast cancer according to the American Joint 
Committee on Cancer (AJCC), AJCC Cancer Staging Manual (8th edition, last updated 3/2018). 
(pT = the primary tumour; pN = regional lymph nodes; M = distant metastasis; p = proved by 
pathology; LN = lymph node)

 
TNM class Criteria
pTX The tumour size cannot be assessed
pT0 No evidence of primary tumour
pTis Carcinoma in situ 
pT1 The tumour size 20 mm or less
pT1mi Microinvasion 1 mm or less
pT1a The tumour size > 1 mm to 5 mm
pT1b The tumour size > 5 mm to 10 mm
pT1c The tumour size > 10 mm to 20 mm
pT2 The tumour size 21-50 mm
pT3 The tumour size > 50 mm
pT4 Any size tumour with direct extension to chest wall or skin
pT4a The tumour has spread into the chest wall (not including pectoralis muscle)
pT4b Skin edema, ulceration, satellite skin nodule
pT4c p4a and p4b
T4d Inflammatory carcinoma
pNx The LNs cannot be assessed
pN0(i-) No cancer cells in the LNs
pN0(i+) Isolated tumour cells < 0.2 mm
pN1mi Micrometastasis > 0.2 mm to < 2 mm
pN1 Metastasis in 1-3 LNs
pN1a Metastasis in 1-3 LNs and at least one is larger than 2 mm
pN1b Metastasis in internal mammary LNs detected by a sentinel lymph node biopsy 

(SLNB)
pN1c Metastasis in 1-3 axillary LNs and in internal mammary LNs by SLNB
pN2 Metastases in 4-9 ipsilateral LNs
pN2a Metastases in 4-9 axillary LNs and at least one > 2 mm
pN2b Metastasis in clinically apparent internal mammary LNs without axillary LN 

metastasis
pN3a Metastases in 10 or more ipsilateral axillary LNs or ipsilateral infraclavicular 
pN3b Clinically apparent internal mammary LNs with 1 or more axillary LNs or more 

than 3 axillary LNs with microscopic metastasis in internal mammary LNs
pN3c Ipsilateral supraclavicular LNs
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
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2.1.3.1 High-risk breast lesions 
 
High-risk lesions (HRL), which comprise benign lesions and in situ 
carcinomas, are clinically, morphologically, and biologically heterogeneous. 
HRLs are associated with an increased risk of developing invasive breast 
cancer. In these lesions, it is not possible to exclude either atypia or 
malignancy by CNB or imaging alone. Thus, surgical biopsy has been 
traditionally indicated in order to confirm the diagnosis of HRL and to exclude 
concomitant malignancy (Table 2). 

The WHO classifies both ductal carcinoma in situ (DCIS) and LCIS as 
precursor lesions of the breast. However, these in situ –lesions differ in clinical 
behaviour and thereby in treatment recommendations. DCIS is a carcinoma 
which does not grow through the basement membrane of the lactiferous duct 
and thus cannot metastasize, but it has a tendency for progression to invasive 
breast cancer. LCIS signals a markedly high risk (8-10 times) of developing 
breast cancer, either to the ipsilateral or to the contralateral breast [33,38]. 

Atypical hyperplasias, both atypical ductal hyperplasia (ADH) and atypical 
lobular hyperplasia (ALH) cause moderately increased risk of breast cancer 
(4-5 times) [38,39]. The morphological features of ADH and low-grade DCIS 
are identical, but ADH is limited in size (involvement of less than 2 separate 
ducts or size <2 mm). Similarly, ALH morphologically resembles LCIS. The 
distinction of ALH from LCIS is based on the extent of atypia and involvement 
of lobular units [33,38]. Pleomorphic LCIS has been recognized as a more 
aggressive variant of classic LCIS and is recommended to be managed as DCIS, 
even though its clinical significance is presently uncertain due to the rarity of 
the lesion [40]. 

Papillary lesions of the breast have a wide morphological spectrum. The 
benign intraductal papilloma occurs usually as a solitary central papilloma 
originating from the ducts subareolarly. Peripheral papillomas are often 
multiple. Solitary papilloma causes slightly increased risk (1.5-2 times) and 
papillomatosis somewhat higher risk (3 times) of developing breast cancer 
[38]. Papillomas may, on the basis of the morphology, be classified into 
benign, papillomas with ADH, papillomas with DCIS, papillary DCIS, and 
papillary carcinoma [41,42].  

Radial scar is a tumour-like lesion, which appears as architectural 
distortion mimicking invasive breast cancer in MGR [43]. Complex sclerosing 
lesions are radial scars >1 cm in size. Radial scar shows hyperplasia but may 
also associate with atypia, ADH, DCIS or even invasive cancer. In radial scar, 
myoepithelial layer is present, distinguishing it from invasive carcinoma. 
Radial scar and complex sclerosing lesions causes slightly increased risk of 
breast cancer (2 times) [39]. 

Flat epithelial atypia (FEA) is an intraductal proliferative columnar cell 
lesion resembling ADH but is lacking architectural complexity. FEA may be 
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associated with ADH, LCIS, DCIS or invasive carcinoma [43] and it signals a 
slightly increased risk of breast cancer (2 times) [39]. 
 
 
 
Table 2 Relative risk for invasive breast cancer among high-risk breast lesions and risk of 
concomitant breast cancer (Wyld L, Markopoulos C, Leidenius M, et al. Breast cancer management 
for surgeons. A European Multidisciplinary Textbook. New York: Springer 2018). 

 

Histology Relative risk of developing 
subsequent breast cancer

Risk of concomitant breast 
cancer

Intraductal papilloma (without 
atypia)  x 2 3–13 % (without atypia) 

Papillomatosis (without atypia) x 3 33–37 % (without atypia)

Flat epithelial atypia (FEA) x 2 13–21 %

Radial scar and complex 
sclerosing lesions x 2

4–9 % (without atypia), 
28–44 % (with atypia)

Atypical ductal hyperplasia (ADH) x 4–5 18–87 %

Atypical lobular hyperplasia (ALH) x 4-5 ~19 %

Lobular carcinoma in situ (LCIS) x 8-10 ~27 %

Pleomorphic LCIS  Unknown ~40 %
 
 

2.2 MULTIDISCIPLINARY TREATMENT OF BREAST 
CANCER

 
Modern breast cancer treatment and timing of different therapies are planned 
individually by clinical and histological examination and imaging. This 
requires cooperation with several medical specialities. The shared decision on 
optimal treatment is made relying on evidence-based data in the 
multidisciplinary team (MDT) meeting, which consists of breast surgeons, 
medical oncologists, radiation oncologists, radiologists, pathologists and 
breast cancer nurses. Moreover, the cooperation with plastic surgeons, 
geneticists, psychologists and physiotherapists is valuable. It has been 
demonstrated that multidisciplinary care improves clinical decisions, quality 
of treatment and breast cancer survival [44,45], thus MDT meetings should be 
organized in every breast cancer unit. Furthermore, MDT meetings provide 
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learning opportunities for all team members, especially for trainees and young 
specialists [13]. 

Tradionally surgery has been the initial step in breast cancer treatment. 
Surgery enables the histopathological assessment and staging of the disease, 
which provides information regarding prognosis and tailoring the optimal 
adjuvant treatment. Upfront surgery is still the first best option for most of the 
breast cancer patients who may not require chemotherapy at all. 

NAC, i.e. chemotherapy before surgical treatment, was first indicated for 
patients with locally advanced inoperable or inflammatory breast cancer. 
From the 1990s NAC has become a choice for operable larger primary and 
locally advanced breast cancers for downstaging the disease, with similar 
outcomes compared to adjuvant therapy [46,47].  

NAC may enable less extensive surgery by reducing the tumour size and 
downstaging of axilla, thus breast conservation and avoidance of ALND might 
become possible. Patients who achieve a clinical complete response may have 
a successful breast-conservation rate of 90% [48]. Furthermore, the 
pathologic response to NAC is a predictor of long-term outcomes especially in 
triple-negative and HER-2 positive breast cancers [49].  

Neoadjuvant endocrine therapy is an option for patients with ER-positive 
breast cancer, and for those who are not suitable for chemotherapy. 
Postmenopausal women are likely to benefit the most from endorine 
treatment in neoadjuvant setting. 

Adjuvant chemotherapy is usually administered before RT. Trastuzumab 
can be used simultaneously with chemotherapy but should be avoided with 
anthracyclines (cardiotoxicity). Endocrine treatment should not be given 
concomitantly with chemotherapy, instead it may begin concurrently with RT.  
 
 

2.3 SURGICAL TREATMENT

2.3.1 AIMS OF SURGICAL TREATMENT
 
Surgical treatment of breast cancer aims to minimize the risk of local and 
regional recurrence and thus to increase breast cancer survival. Optimizing 
patient’s quality of life is another important priority. The less extensive 
surgical techniques have improved aesthetic and functional outcomes, which 
is essential since breast cancer patients have most often excellent prognosis. 
Today the surgical treatment is planned individually, in agreement with the 
patient. In addition, breast cancer surgery facilitates accurate pathological 
staging in the breast and in the lymph nodes.  
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2.3.2 MASTECTOMY
 
Mastectomy was the standard surgical treatment for all breast cancer patients 
from the late 19th century until the 1980s. Both Halsted and Meyer reported in 
1894 their individual techniques for the successful surgical treatment of breast 
cancer [50]. The procedure was called radical mastectomy and involved 
removing all the breast tissue, overlying skin, the pectoralis muscles, and the 
axillary lymph nodes. In 1912 Murphy first stated that even though he did not 
remove muscles, local recurrences in pectoral muscles were rare. In 1948 
Patey published the results on a mastectomy technique which preserved 
pectoral major muscle. In 1972 Madden described a technique called modified 
radical mastectomy with preservation of both pectoral muscles [50]. 

Nowadays, mastectomy is indicated if breast conservation is not possible 
due to tumour-to-breast size ratio or if it is the patient’s preference. 
Mastectomy is also performed when whole-breast RT is contraindicated or 
unfeasible, and in the case of inflammatory breast cancer, after neoadjuvant 
treatment. In 2010, half of the breast cancer patients in Helsinki University 
Hospital (HUH) underwent a mastectomy [51]. However, the proportion today 
is less than 30%, mainly due to the increasing use of oncoplastic BCS. 
Furthermore, mastectomy can be considered as a risk-reducing procedure for 
patients with a genetic predisposition to breast cancer. 

An advantage of mastectomy is that RT may be avoided if the tumour size 
and the disease in the axillary lymph nodes are limited. On the other hand, 
mastectomy is a more extensive procedure, causing a greater risk of 
complications during and after surgery. Moreover, mastectomy is associated 
with reduced quality of life compared to BCS due to inferior aesthetic and 
functional outcomes [52]. In most cases, a breast reconstruction can be 
performed, either at the time of mastectomy (immediate breast 
reconstruction) or later on (delayed brest reconstruction) resulting in a better 
quality of life and body image compared to mastectomy alone [53]. 

The aim of mastectomy is to remove breast tissue thoroughly, but to leave 
viable skin flaps and pectoral muscles untouched. If breast reconstruction is 
performed immediately with mastectomy, the options are skin-sparing 
mastectomy or nipple-sparing mastectomy. In patients with larger and ptotic 
breast, skin-reducing mastectomy is an option with smaller-sized breast as a 
final result. The timing of breast reconstruction and symmetrisation 
procedure of contralateral breast depend on the required adjuvant treatment 
and on patient’s preference. 
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2.3.3 BREAST CONSERVING SURGERY
 
BCS combined with postoperative RT has long since established its role as the 
standard of care in the treatment of early-stage breast cancer, with equivalent 
survival to that of mastectomy but better body image and quality of life. 
Veronesi was the first to demonstrate, that BCS was safe with breast cancers 
less than 2 cm in size and no palpable axillary nodes [54]. Fisher et al. proved 
the safety of BCS in the treatment of tumours <4 cm and even with lymph node 
metastasis (LNM) [55]. The indications of BCS have ever since extended to 
allow breast conservation in patients with larger, multifocal or even 
multicentric tumours [56].  

Contraindications of BCS are a large tumour-breast ratio or extensive 
microcalcifications when sufficient margins and good aesthetic outcome are 
not achievable. Contraindications of RT precludes BCS as well, i.e. previous 
breast irradiation, early pregnancy, poor cooperation in RT treatment, and 
some autoimmune diseases (scleroderma and systemic lupus erythematosus). 
Omission of RT after BCS almost always increases the risk of LR, but RT may 
not be necessary in elderly women with comorbidities and limited life-
expectancy since overall survival (OS) is not affected [57,58]. 

The aim of BCS is to ensure complete removal of the cancer with adequate 
surgical margins, and simultaneously to preserve the natural shape and 
appearance of the breast. Tumour-free surgical margins reduce the risk of LR 
[59]. The guidelines for acceptable margins have changed over time. 
Consensus recommendations from an international expert panel in 2010 
stated that no ink on tumour is adequate for invasive cancer and 2 mm for 
DCIS with or without concomitant invasive tumour [60].  

Positive margins, both for invasive carcinoma and DCIS, are associated 
with twice the rate of LR compared with tumour-free margins [61]. However, 
wider resection margins do not significantly reduce the risk of LR in patients 
with invasive breast cancer, not even with unfavourable tumour biology, 
lobular cancer, extensive intraductal component (EIC) or younger age [61,62]. 
For DCIS, minimum margins of at least 2 mm seem to provide additional 
benefit in preventing LR in patients treated with BCS and adjuvant RT [63].  

Positive surgical margins have traditionally indicated a reoperation, either 
a re-excision, or a mastectomy [64]. Reoperation causes increased risk of 
surgical complications and less favourable aesthetic result and may delay 
adjuvant therapy, causing harm and distress to the patient [59]. There are 
inconsistent findings concerning association of re-excision and LR, but re-
operations do not affect OS [65-69]. In the modern era of multimodal 
treatment for breast cancer, other factors such as extent, biology, grade and 
LVI of the tumour, presence of EIC as well as patient’s age and comorbidities, 
besides margin status, are taken into account when evaluating the risk of LR. 
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2.3.4 ONCOPLASTIC BREAST CONSERVING SURGERY
 
After conventional BCS the aesthetic outcome has not always been 
satisfactory. The volume of resected tissue and and the tumour localization 
have set limits on conventional BCS.  Especially the patients with excision of 
more than 20% of the breast volume or tumour located in lower pole or upper 
inner quadrant of the breast are in a high risk of unfavourable aesthetic result 
[70]. Oncoplastic BCS techniques have been introduced in order to allow 
breast conservation in also these patients without compromizing the 
oncological safety or cosmesis. Even large and multifocal tumours as well as 
extensive DCIS may be applicaple for oncoplastic BCS, which allows resections 
of up to 50% of breast volume without causing deformity [70].  

Oncoplastic BCS is a combination of BCS and plastic surgery techniques 
which allow immediate reshaping of the breast. Thus, patient can avoid 
mastectomy or second surgery to correct deformities [70]. The concept of 
oncoplastic BCS includes a broad range of various surgical techniques from 
simple mobilization of breast tissue by undermining the breast from the skin 
and pectoral muscle and closure of breast tissue (level I) to more complex 
breast reduction mammoplasty (volume displacement) and oncoplastic flap 
(volume replacement) techniques (level II). Thereby, the amount of resected 
breast tissue ranges considerable according to the oncoplastic method. Some 
techniques are appropriate for small sized tumours and breasts and others for 
multifocal and large tumours or for large breasts.  

Selection of the most suitable technique depends on tumour size and 
location, resection volume needed, breast size and density, and on patient’s 
preference. Some of the oncoplastic techniques result in large resection 
volumes and thus asymmetry with the contralateral breast. Thereby 
symmetrisation procedure of the contralateral side should be considered and 
discussed with the patient. It can be performed simultaneously with primary 
breast cancer operation or later as a separate procedure.  

Oncoplastic BCS usually results in longer wounds and scars than 
conventional BCS. Especially after level II oncoplastic surgery the risk of 
postoperative complications may be higher. This should be considered when 
choosing the surgical approach and in advicing the patient. Wound healing 
problems, infections, hematomas and seromas may require either antibiotics 
or surgical intervention. The complication rate after oncoplastic BCS in the 
literature has been 34.3-37.5% [71-73]. Oncoplastic BCS, however, does not 
delay the onset of adjuvant therapy in comparison with conventional BCS and 
mastectomy [51,74].  

Several studies have proved the short- and long-term oncological safety of 
oncoplastic surgery, mainly after reduction mammoplasty techniques [71,75-
79]. The positive surgical margin rate of oncoplastic BCS have been reported 
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to be 5.4-22.6% [71,72,75-79]. The LR rate in the literature has varied from 
2.2% to 6.0% with median follow-up times from 30 to 74 months [75-78]. 

2.3.5 BREAST SURGERY AFTER NEOADJUVANT CHEMOTHERAPY
 

The use of NAC is increasing in the treatment of operable breast cancer in 
order to reduce the extent of breast cancer surgery. NAC might allow BCS more 
often than upfront surgery followed by adjuvant chemotherapy [80]. 
Furthermore, NAC might help to choose optimal chemotherapy regimen by 
providing information about the chemosensitivity of the primary tumour. In 
addition, NAC provides more time to rule out germline gene mutations, thus 
enabling the planning of optimal surgical treatment. Moreover, possible 
surgical complications do not cause delay in the systemic treatment in the 
neoadjuvant setting, which is highly important in the treatment of biogically 
aggressive breast cancer. On the other hand, if the tumour does not respond 
to NAC, the tumour may grow locally, becoming inoperable, or developing 
distant metastases, when surgery is postponed. 

The rate of pathologic complete response (pCR) after NAC range from 8.3% 
to 40.4%, and is dependent on tumour biology [81,82]. The patients who have 
triple-negative or HER-2 positive breast cancer with a high Ki-67 have the 
highest expected benefit from NAC. Luminal tumours have a lower likelihood 
of pCR [81]. 

In a meta-analysis including 4756 patients [80], the patients allocated to 
NAC underwent more often BCS compared to patients treated with adjuvant 
chemotherapy, 65% vs. 49%, respectively. NAC was, however, associated with 
a higher local recurrence rate, 21.4% in 15 years, compared to 15.9% after 
adjuvant chemotherapy. Yet, breast cancer survival was not different between 
these groups. The factors predicting tumour recurrence after NAC are clinical 
N2 or N3 disease, residual pathologic tumour size >2 cm or multifocal residual 
tumour and LVI [83,84]. 

In the EBCTCG meta-analysis [80] more than two-thirds of the patients 
responded and more than a quarter achieved clinical complete response. 
Response pattern can be heterogeneous, it may be concentric or occur with 
diffuse fragmentation [82]. This must be taken into consideration when 
planning the surgical treatment. The placement of a marker for tumour 
localization in patients who are potential candidates for BCS after NAC is 
associated with better local control, and it enables radiological follow-up of the 
tumour response during NAC treatment [85]. However, there is no evidence 
of sufficient surgical margins after NAC.  



 

25 

2.3.6 LOCALIZATION METHODS OF IMPALPAPLE BREAST 
TUMOURS

 
The number of patients with impalpable breast cancer tumours has increased 
due to improved imaging and screening programmes. BCS in patients with 
impalpable tumours requires precise preoperative lesion localization to ensure 
adequate resection margins but acceptable aesthetic outcome. Wire-guided 
localization (WGL) has been the gold standard for surgical excision of 
impalpable breast lesions. However, the rates of incomplete surgical excision 
are high, ranging from 12% to 60% [86-89]. In addition, the procedure is 
unpleasant for patient and the scheduling of wire insertion and surgery may 
be challenging. Thus, other localization methods have been developed. 

Radioguided occult lesion localization (ROLL) is a technique using albumin 
particles labelled with radioactive technetium (Tc-99m), which is injected 
preoperatively intra- or peritumourally under US or stereotactic guidance. 
Intraoperatively the radiolabeled lesion is detected by a handheld gamma 
probe allowing accurate surgical excision. An advantage of ROLL is that it can 
be performed simultaneously with SLNB using a single injection of 
radiolabeled colloid [90,91]. 

Radioactive seed localization (RSL) is a method using iodine-125 –
containing titanium seed, which is preoperatively inserted under US or 
stereotactic guidance into the center of the breast tumour. Excision is guided 
by gamma probe detection. RSL offers more flexible scheduling of seed 
insertion and surgery due to the significantly longer half-life of iodine-125 
compared to technetium-99m (60 days vs. 6 hours) [89]. Another benefit of 
RSL compared to ROLL is that the seeds are visible in MGR and their position 
in relation to the tumour is thus easy to confirm. RSL allows marking of 
multiple lesions or a large microcalcification area with 2-3 seeds. 

The re-excision rates for ROLL vary from 6.2% to 33.3% in a systematic 
review and meta-analysis by Lovrics et al. [88]. In more recent studies the 
reoperation rates have shown to be 7-13% for both ROLL and RSL [89,92-97], 
though Velazco et al. reported lower re-excision rate for RSL (2.3-4.1%) [98]. 
The studies comparing ROLL and RSL have not found significant difference in 
reoperation rates [92,93]. Theunissen et al. compared all WGL, ROLL and RSL 
and reported that RSL results in a higher negative surgical margin rate and 
lower reoperation rate [94]. The LR rate in their series was 6.6% in the ROLL 
group (median follow-up 51 months), 2.6% in the WGL group (median follow-
up 52 months) and no recurrences in the RSL group (median follow-up 33 
months). Another study reported a LR rate of 0.3% for RSL and 1.4% for WGL, 
but the median follow-up time was short, 37 months in both groups [96].

Several other localization methods have also been introduced [91,99,100]. 
Non-ionizing markers using magnetic technology (magnetic seed) and 
radiofrequency energy (radiofrequency reflector) are already in clinical use. 
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Tumour localization using intraoperative US is performed by surgeon and 
enables immediate margins status assessment. Thus, there is no need of 
preoperative localization or intraoperative radiography performed by 
radiologist. However, the use of intraoperative US requires expertise and 
surgeons need training for this procedure.  

In addition, many other techniques are under investigation. Long-term 
outcome data is needed to evaluate the feasibility of these new localization 
techniques. 

2.3.7 AXILLARY SURGERY
 
Axillary lymph node involvement has been one of the most important 
prognostic factors in breast cancer, affecting many treatment decisions. 
Patients with tumour-free axillary lymph nodes have a significantly better 
prognosis than patients with metastatic nodes [101,102]. Although the 
planning of adjuvant systemic therapy has increasingly been based on the 
biological tumour subtype, nodal status is still relevant in decision-making for 
RT. 

Currently, there is a paradigm shift in axillary treatment. The tendency is 
to further reduce the extent of surgical procedures and thus morbidity of the 
patients without compromising oncological outcomes. Axillary treatment is a 
subject of intensive and ongoing research with a focus on finding new 
therapeutic options. We can expect that the axillary management will continue 
to change in the future.  

2.3.7.1 Axillary lymph node dissection 
 
ALND was the gold standard for axillary staging for almost a century. A 
diagnostic ALND routinely includes removal of lymph nodes in Berg levels I 
and II, and in level III in the patiens with overt axillary metastasis. A minimum 
of 10 lymph nodes should be found and examined from the ALND specimen 
for the pathological staging to be adequate and accurate.  

ALND is associated with short-term and long-term morbidity such as 
seroma, limited mobility, sensory loss, chronic pain and arm lymphedema, 
and some of these affect up to 80% of the patients who undergo the procudere, 
resulting in poorer quality of life [103]. As breast cancer is nowadays detected 
often at an early stage without axillary nodal involvement, performing ALND 
in all breast cancer patients has been omitted as overtreatment.  
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2.3.7.2 Sentinel lymph node biopsy
 
SLNB, introduced in 1992 in patients with melanoma [104] and in 1994 in 
patients with breast cancer [105], is today the standard staging method for 
evaluating the histopathological nodal status in clinically node-negative breast 
cancer patients. SLNB has been validated by several studies with a high 
accuracy and false-negative rates (FNR) ranging from 5 to 10% [106-108]. 
Nevertheless, the LR rate in the axilla after a tumour-negative SLNB is less 
than 1% in seven years without compromising the disease-free survival (DFS) 
or OS [108-112]. Thus, ALND can be omitted in patients with negative SLNB. 
The ALMANAC trial showed that SLNB causes less morbidity which correlates 
with better quality of life [113]. 

In patients with a positive SLNB, completion ALND has been previously 
performed routinely. However, study data revealed that in about 40-60% of 
cases the sentinel node is the only metastatic node in the axilla and completion 
ALND came under increasing scrutiny [114]. Initially trials proved that it is 
safe to omit ALND in patients with micrometastasis (≤2 mm) or ITC in 
sentinel node [9,115]. 

The landmark trial ACOSOG Z0011 [10] has changed the surgical approach 
of axilla in clinically node-negative patients with T1-T2 tumours and with 
metastasis in one or two sentinel lymph nodes, including macrometastases. All 
patients underwent BCS and whole breast RT and were randomized to 
completion ALND or follow-up after SLNB. There was no difference between 
the groups in the rate of DFS or OS during 10 years follow-up [116]. In the 
AMAROS trial [11] clinically node-negative patients with positive SLNB were 
randomized to ALND or axillary RT. Similarly, it reported no additional 
benefit from ALND. Furthermore, axillary RT resulted in significantly less 
morbidity. Hence, according to the St Gallen 2019 recommendations [64] 
completion ALND can be omitted in low-risk clinically node-negative, SLNB-
positive patients who receive RT. 

Nevertheless, omitting ALND after positive SLNB results in less accurate 
axillary staging, and thereby may complicate the decision on adjuvant therapy. 
Several predictive tools estimating the likelihood of additional axillary 
metastases after positive SLNB have been developed and validated [117-120]. 
These nomograms may be useful in decision-making of further treatment 
modalities.  

2.3.7.3 Management of patients with clinically positive axillary nodes 
 

In the era of Z0011 and AMAROS studies the role of ALND in the axillary 
treatment of clinically node-positive breast cancer patients has been 
questioned.  
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In order to optimize axillary treatment in clinically node-positive patients, 
the distinction between patients with extensive or minor nodal tumour burden 
seems to be of crucial importance. Most of the studies refer to axilla with 1-2 
metastatic nodes as minor nodal burden and more than two metastatic nodes 
as extensive nodal burden according to the Z0011 criteria, contrary to TNM-
classification. The patients with minor nodal involvement could be treated by 
Z0011 and AMAROS protocols and the patients with more extensive nodal 
burden are more likely to benefit from further axillary treatment. 

Preoperative axillary US imaging and needle biopsy of suspicious lymph 
nodes has been used widely in the clinical evaluation of patients with newly 
diagnosed breast cancer and is included in many European guidelines [5,20]. 
By axillary US and needle biopsy it is possible to detect metastasis 
preoperatively and to proceed directly to ALND without SLNB. Axillary US has 
been shown to increase the sensitivity of preoperative detection of LNM over 
clinical palpation. The sensitivity of axillary US has varied in studies between 
61-62% with 82-86% specificity [121-123]. The sensitivity and specificity of 
axillary US are increased with needle biopsy, in the meta-analysis the medians 
were 79.6% and 98.3% respectively [122].  

Nevertheless, in the post-Z0011 era, the role of US has been under scrutiny. 
It has been suggested that US-guided biopsy might be over-sensitive and 
detect micrometastatic or limited macrometastatic disease in patients who 
otherwise would be Z0011 eligible. It has been shown that 37-59% of patients 
with a tumour-positive US-guided lymph node biopsy have only one or two 
metastatic lymph nodes in the completion ALND specimen [121,124-129], and 
these patients could fulfil the Z0011 criteria without a preoperative axillary US. 
However, as a whole, the breast cancer patients in whom axillary metastases 
are detected by US-guided biopsy, have significantly more extensive nodal 
disease in the axilla than FNAC-negative but SLNB-positive patients [124-126, 
130]. Of the patients with negative findings in preoperative US, only 6.7% had 
a final nodal category of pN2 or pN3 [131]. It has been shown, however, that 
axillary US does not increase ALND rates compared with those in patients 
without preoperative US if NAC is administered when appropriate [132]. 
Axillary US might therefore be beneficial in deciding between upfront surgery 
and NAC. 

Patients with more than one suspicious lymph node on US imaging are 
more likely to have an extensive nodal burden, whereas a solitary suspicious 
lymph node is associated with limited nodal involvement 
[127,129,131,133,134]. Cortical thickness of a suspicious lymph node of more 
than >3.5-4 mm is also associated with more extensive nodal involvement 
[128,133]. 

There is ongoing reseach on finding other imaging modalities for axillary 
staging. Contrast-enhanced US, axillary MRI using gadolinium-contrast 
agent, MRI and diffusion weighted imaging and positron-emission 
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tomography integrated with computer tomography, however, have not yet 
replaced US in axillary staging.  

Other factors in the literature that predict extensive nodal burden are 
patient’s younger age, larger size of LNM, larger primary tumour size, high 
grade of the primary tumour, multifocality, LVI of the primary tumour, ER-
negative cancer, HER-2 positive cancer, ECE of LNM [125-127,129,135]. Of 
patients with pT1 tumours, 7.8-28.5% have metastatic nodes, with pT2 50.2% 
and with pT3 70.1% [136]. 

2.3.7.4 Axillary treatment after neoadjuvant chemotherapy

The optimal axillary treatment after NAC is under investigation. In clinically 
node-negative patients SLNB performed after NAC provides similar 
identification rates and FNRs compared to upfront SLNB, 90-94% and 7-12% 
[137-140]. SLN metastases are less frequent in patients who undergo NAC 
[141] and recurrence rates are also comparable to patients with SLNB 
performed before chemotherapy [142].  

Studies are demonstrating that 35-63% of the patients with needle biopsy-
proven axillary metastasis who receive NAC become lymph node-negative 
[143-148]. These patients could avoid ALND. The proportion is even higher in 
patients with triple-negative (47-67%) and HER-2 positive (49-82%) tumours 
[143,145-147]. However, many breast cancer centers still perform ALND after 
NAC in primarily clinically node-positive patients regardless of treatment 
response, but this is probably overtreatment.  

The safety of SLNB after NAC in primarily clinically node-positive patients 
has been questioned earlier due to a high FNR, but a meta-analysis by El Hage 
Chehade et al. including 19 studies concluded that SLNB is feasible in this 
setting [144,149-151]. Removal of ≥3 lymph nodes, clipping or tattooing 
biopsy-positive lymph nodes before NAC, the use of dual tracer and the use of 
immunohistochemistry in pathological analysis might be beneficial in order to 
minimize the FNR of the SLNB after NAC [144,149,150,152].  

Nevertheless, there is not much data yet concerning the rate of nodal 
recurrence, DFS or OS in patients who convert to node-negative in post-NAC 
SLNB setting and in whom ALND is omitted. In a retrospective cohort study 
by Galimberti et al. 147 initially clinically node-positive patients converted to 
clinically node-negative after NAC [153]. SLNB after NAC was negative in 70 
(47.6%) patients and they did not undergo ALND. None of them had axillary 
recurrences during a 5-year median follow-up and also the 5-year distant DFS 
and OS were excellent. 
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2.3.7.5 The current practice of axillary surgery in Finland

The rate of ALND is decreasing in Finland. The clinically node-negative 
patients with T1-2 tumours are treated according to the AMAROS protocol 
[11]. Clinically node-negative is defined as no signs of axillary lymph node 
metastases, consisting of a negative physical examination of the axilla and 
preoperative axillary US or negative cytology or histopathology in case of a 
suspicious axillary lymph node. 

However, in the patients who have received NAC, undergone a previous 
SLNB (re-SLNB) or have contraindication to RT, a frozen section of SLNs is 
performed intraoperatively. If SLNB is positive (micro- or macrometastasis) 
in the frozen section or in the final analysis, ALND is usually performed. For 
the time being, clinically node-positive patients, preoperatively diagnosed by 
US-guided percutaneous needle biopsy, undergo direct ALND, also after NAC 
and clinical complete response. 

 

2.4 RADIOTHERAPY OF BREAST CANCER

 
Postoperative RT is indicated for all patients after BCS with significant clinical 
benefits. Whole-breast RT provides overall a 15.7% absolute decrease (19.3% 
vs 35%) in the 10-year risk of breast cancer recurrence and a 3.8% absolute 
decrease (21.4% vs 25.2%) in the 15-year risk of breast cancer death [154]. It is 
presumed that RT destroys persistent microscopic tumour foci after BCS and 
thus reduces the risk of LR and subsequent distant metastases. However, the 
effectiveness of RT varies according to biological subtype of breast cancer. RT 
achieves greater reduction in risk of recurrence for patients with ER-positive 
breast cancer [154,155]. 

Elderly patients (age >70) with small ER-positive tumours, may not benefit 
from RT in regards of OS if they receive adjuvant endocrine therapy [154,156]. 
On the other hand, outcome is similar when they receive RT but no endocrine 
treatment [156]. The choice in these patients is made individually. 

Today, post-BCS RT is typically given with hypofractionated schedule 
within three weeks. Boost irradiation to the resection site is recommended in 
our unit for patients with high risk of recurrence (age <50 or scarce surgical 
margins). It decreases the risk of LR but does not affect survival [157].  

Radiation after mastectomy in patients with LNMs reduces the breast 
cancer 15-year mortality by 5% [158]. Thus, chest wall irradiation is 
recommended for all mastectomy patients with axillary LNMs and for patients 
with pT3 or pT4 tumours even with negative lymph nodes. The patients with 
≥pN1a or pN1mi (if ALND is not performed) disease, who underwent 
mastectomy, benefit from regional lymph node irradiation (apart from the 
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resected part of axilla) if there are other risk factors present (patient’s age <40, 
tumour size >3 cm, grade 3, LVI) [5,13,159].  

Irradiation of axillary (level I-III), parasternal and supraclavicular nodal 
regions is indicated for patients who underwent BCS and SLNB and have 
≥pN1a disease. After BCS and ALND nodal regions are irradiated in patients 
with ≥pN1a disease. The resected area of the axilla is irradiated only in case of 
ECE or large metastases. In postmenopausal patients with solitary small-sized 
LNM and low-risk tumour, who will receive endocrine therapy, tangential 
axillary RT to the levels I-II might be sufficient [5].  

RT after BCS for DCIS reduces the absolute 10-year risk of LR by 15.2% 
(12.9% vs 28.1%) regardless of the patient’s age, margin status, use of 
tamoxifen or size and grade of DCIS [160]. However, in patients aged over 50 
and with low-risk DCIS (<10 mm in size, grade I-II, no comedonecrosis, 
adequate surgical margins) omitting RT might be a safe option, but the 
patients should be adviced about the annual recurrence rate of >1% [5,159]. If 
the patient with DCIS is treated with mastectomy, RT is not necessary. 

The vast majority of LRs usually occur close to the original tumour area 
[161]. Therefore, accelerated partial breast irradiation has been introduced as 
an alternative treatment for patients with a low-risk of locoregional 
recurrence. It focuses higher doses of radiation in shorter period of time to the 
tumour bed. It decreases the time and cost of RT compared to whole-breast 
irradiation, reduces the exposure of normal tissues to radiation and improves 
patient’s quality of life [162].  

Partial irradiation can be carried out using external beam RT, 
intraoperative RT or brachytherapy. Intraoperative radiation has been used 
both as a boost allowing shorter period of postoperative RT and as a stand-
alone radiation technique following the surgical excision of tumour under the 
BCS procedure [161,163,164]. Partial breast irradiation is under investigation 
and the first results of the studies have been promising regarding LR rates, but 
more long-term outcome data is needed. In addition, the role of RT in axillary 
treatment is increasing as discussed above. 

 

2.5 SYSTEMIC ADJUVANT AND NEOADJUVANT
TREATMENT OF BREAST CANCER

 
The systemic treatment of breast cancer is planned individually by tumour 
biology and the risk of relapse. If the risk of recurrent disease is more than 10% 
in 1o years, systemic adjuvant treatment is indicated [5]. Patient’s age, general 
health status, comorbidities and opinion are taken into account when deciding 
on systemic treatment.  
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2.5.1 CHEMOTHERAPY AND HER-2 DIRECTED THERAPY 
 
Chemotherapy reduces the proportional risk of breast cancer recurrence and 
provides relative survival benefit in all biological subtypes regardless of 
tumour size or histopathological grade, nodal status or patient’s age [165]. 
Anthracycline and taxane based chemotherapy reduces breast cancer 
mortality by about one-third [165,166].  However, the absolut benefit of 
adjuvant chemotherapy varies individually by the biological cancer subtype 
and disease burden [159]. The treatment should start within 6 weeks after 
surgery [167], the efficacy of chemotherapy decreases significantly when 
administered >12 weeks after surgery [168]. 

The decision on systemic adjuvant treatment should be made by tumour 
subtype, by biological surrogate if genomic testing is not available [37]. 
According to the St Gallen 2013 recommendations [37], all luminal cancers 
should be treated with endocrine therapy. Majority of luminal A tumours have 
a low risk of early relapse and do not require chemotherapy. Patients with 
luminal B, HER-2 negative tumour benefit from chemotherapy if there are 
other risk factors of relapse present such as ≥T1c tumour with grade 2-3, high 
proliferation index, LVI or assumably poor response to endocrine therapy.  

Patients with luminal B, HER-2 positive tumours should be treated with 
chemotherapy, endocrine therapy and trastuzumab. HER-2 positive cancers 
are treated with chemotherapy and trastuzumab except for low-risk pT1aN0 
cases. Trastuzumab combined with chemotherapy significantly improves DFS 
and OS of HER-2 positive patients [159].  

Chemotherapy should be considered for all patients aged under 35, 
patients with pT2-4 tumour or with extensive nodal burden. In addition, 
chemotherapy is recommended for all patients with triple-negative breast 
cancer apart from patients with pT1aN0 disease. [5] 

Adjuvant chemotherapy is usually given for 12-24 weeks, i.e. four to eight 
cycles depending on selected regimen, individual risk and adverse effects of 
treatment. In the HUH, three cycles of docetaxel every three weeks followed 
by three cycles of fluorouracil, epirubicin, and cyclophosphamide (FEC) every 
three weeks is the standard adjuvant chemotherapy protocol. Patients with 
triple-negative breast cancer are recommended to receive initially 
anthracycline–taxane regimen, platinum-based therapy may be added in case 
of BRCA1/2 mutation [64]. Trastuzumab is recommended to be administered 
for one year [5,159]. 

In neoadjuvant setting a total of 6-8 cycles of chemotherapy is given 
preoperatively. In the HUH, HER-2 positive patients receive 3-4 cycles of 
docetaxel, 3-4 cycles of FEC and 3-4 cycles of trastuzumab. The treatment for 
ER-positive, HER-2 negative patients is the same disregarding trastuzumab. 
Triple-negative patients are treated with taxane-carboplatin combination for 
3-4 cycles and then with anthracycline-based therapy for 3-4 cycles. Patients 
with locally advanced HER-2 positive breast cancer receive pertutzumab as 
well. The response to NAC is followed densely and the therapy plan is changed 
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if needed. If there is residual disease left postoperatively, 6-8 cycles of 
capecitabine is recommended for HER-2 negative patients. 

 

2.5.2 ENDOCRINE TREATMENT 
 
Five years of tamoxifen reduces the annual breast cancer death rate by 31% 
[166]. ATLAS and aTTOm trials showed that the 10 years of tamoxifen 
produces a further reduction in recurrence and mortality, especially after the 
10 years of treatment [169,170]. Five years of aromatase inhibitor reduces 10-
year breast cancer mortality rate by about 15% compared with five years of 
tamoxifen [171]. The choice of endocrine regimen is made by patient’s 
menopausal status.  

Endocrine treatment is indicated for all breast cancer patients with 
detectable ER expression (≥1% of invasive cancer cells) [64]. In the HUH 
endocrine treatment is recommended for patients with pT1cN0 or pT1N+ 
breast cancer with ER expression of more than 10% (immunohistochemistry).  

In premenopausal patients tamoxifen for 5-10 years is a standard. Ovarian 
suppression combined with either tamoxifen or aromatase inhibitor might be 
beneficial in high-risk patients <35 years [5,13,64]. The ovarian suppression 
can be implemented by GnRH medication or oophorectomy. Premenopausal 
women with node-negative low-risk disease may be treated with adjuvant 
tamoxifen alone [64]. 

In postmenopausal patients, both tamoxifen and aromatase inhibitors are 
adequate options. They can be administered alone or sequentially, first 2-5 
years of tamoxifen followed by aromatase inhibitors. Five years of treatment 
has been traditionally recommended but high-risk patients benefit from 
extended therapy of 10 years [5,64,159].  

In many breast cancer centers the patients with ER-positive DCIS receive 
adjuvant endocrine treatment as well, but this is not routinely used in Finland.  
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3 AIMS OF THE STUDY

The doctoral thesis aimed at evaluating the safety, efficacy and feasibility of 
different less invasive surgical, localization and biopsy methods in the 
treatment and diagnosis of breast cancer.  
 
The specific aims of individual studies were: 
 
 

I. To analyse the feasibility of BLES in the treatment of intraductal 
papillomas 

 
II. To compare surgical margins, reoperation rates and local 

recurrences after conventional or oncoplastic breast conserving 
surgery and to evaluate differences between various oncoplastic 
techniques 

 
III. To compare surgical margins, reoperation rates and local 

recurrences after breast conserving surgery using radioguided 
occult lesion localization or radioactive seed localization 

 
IV. To specify which preoperative factors and tumour characteristics 

were related to a high nodal tumour burden in patients with 
clinically node-positive breast cancer, and to construct a predictive 
tool to evaluate the patient-specific risk of having more than two 
axillary lymph node metastases 

 



 

35 

4 MATERIALS AND METHODS

The study was carried out at the Breast Surgery Unit, Comprehensive Cancer 
Center of the HUH between 2015 and 2019. It is the largest breast center in 
the Nordic countries and treats over 1500 breast cancer patients yearly.  
All four studies are retrospective. The studies did not require an ethics 
committee permission, but were approved by the Institutional Research Board 
of HUH. 

4.1 PATIENTS

Study I
Study I included 74 consecutive patients with a needle biopsy -based suspicion 
of an intraductal papilloma. These patients underwent altogether 80 BLES 
procedures between November 2011 and June 2016. In one BI-RADS 4 lesion, 
needle biopsy was not performed, but the lesion was biopsied by the BLES at 
the same session with another papilloma with a previous CNB.  

The object of the BLES procedure was either to remove the lesion 
completely or in few cases to get a larger specimen in order to confirm the 
histopathological diagnosis of the lesion. The HUH Department of Radiology 
was the first unit in Finland who introduced the BLES in 2011, and the very 
first BLES procedures of our institute were also included in the study. At the 
beginning, four of the patients with a HRL and positive margins in the BLES 
specimen underwent surgical excision in order to outrule malignancy.  

The procedure data was collected from the prospective database and 
additional data was gathered from electronic patient records retrospectively. 
The collected data included the size of the lesion on imaging, morphology and 
the BI-RADS classification of the lesion, the method of prior needle biopsy and 
the size of the wire basket used. We also evaluated all the complications or 
difficulties related to the procedure. 

Studies II and III 
The studies II and III were based on the same study population: consecutive 
patients with primary invasive breast cancer or DCIS who underwent BCS 
between the January 1st 2010 and December 31th 2012. None of the patients 
had received neoadjuvant treatment. The patients who underwent a simple 
tumourectomy without axillary surgery and did not receive adjuvant treatment 
due to comorbidities were excluded. Moreover, the studies excluded patients 
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who had been diagnosed by surgical biopsy and the ones with breast cancer 
found unexpectedly in reduction mammoplasty specimen.  

In study II, a total of 1800 patiens were included, and they were categorized 
into two groups, conventional or oncoplastic BCS. The data was collected from 
electronic patient records: patient and tumour characteristics, surgical 
technique, excision margins and specimen weight, re-excision rate, lymph 
node status, adjuvant systemic treatment, postoperative RT, time to local, 
regional or distant recurrence, date and cause of death and date of last follow-
up. Patients with bilateral cancer were regarded as two separate cases with 
possibly different BCS techniques. 

In study III, also the patients with palpable tumours and the ones who 
underwent other localization procedure than ROLL or RSL were excluded. 
Thus, in total 744 were included and categorized into two groups, ROLL and 
RSL. Until the 31st of October in 2011 ROLL was used in our unit, from the 1st 
of November we changed the localization method to RSL. 

During the ROLL era, WGL was used for large areas of microcalcifications, 
multifocal tumours and for DCIS lesions without SLNB. During the RSL era 
WGL was used only occasionally. During the study period, there were 93 
patients with pure DCIS, and only 13 of them underwent ROLL and 30 RSL. 
Due to the small number of eligible DCIS cases, especially in the ROLL group, 
the patients with pure DCIS were excluded from the actual analysis and 
evaluated separately instead.  

Patient, tumour, treatment and follow-up data was collected from 
electronic patient records. Synchronous bilateral cancer was regarded as two 
separate cases when assessing primary surgical outcome, but bilateral disease 
was excluded from the survival analyses. 

Study IV
Study IV included 507 consecutive patients with primary invasive breast 
cancer and a preoperative diagnosis of axillary nodal metastasis on US-guided 
percutaneous needle biopsy. These patients underwent either mastectomy or 
BCS together with direct ALND between the 1st of January in 2010 and the 31th 
of December in 2014. Patients with distant metastases diagnosed before 
surgery, recurrent breast cancer, earlier axillary surgery and those who 
received NAC were excluded. Patients were grouped as having one or two 
axillary LNM or more than two LNMs, in accordance to the ACOSOG Z0011 
criteria. This classification was decided to be used instead of stage N1 
according to TNM-staging, as the Z0011 has become a standard treatment 
practise in many centers. 

The study data was collected from electronic medical records: patient and 
tumour characteristics, histopathological data, radiological findings, surgical 
technique and lymph node status. Patients with bilateral cancer were regarded 
as two separate cases.   
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4.2 IMAGING

 
All patients underwent MGR and breast and axillary US either at the referring 
unit or at our breast radiology unit before procedures. CNB was performed on 
breast lesion(s), only a few breast lesions in study I were biopsied using FNAC. 
In patients with invasive breast cancer FNAC or CNB on suspicious axillary 
lymph nodes was performed. Patients who had an invasive lobular carcinoma 
diagnosed on CNB underwent MRI. 

Study I 
In study I, BLES was used in the management of intraductal papillomas in all 
study patients. The BLES wire basket mounted into a wand uses 
radiofrequency energy for cutting and cauterizing the breast tissue. It can 
excise a single spheroid tissue sample without fragmentation. The BLES 
procedure was performed under US or stereotactic guidance by an experienced 
breast radiologist.  

The basket sizes used in our unit were 12 mm, 15 mm and 20 mm. The 
maximum lesion size of 10 mm (on US) is allowed in order to achieve complete 
removal of the lesion, and the largest basket possible was used for excision. 
Furthermore, the distance between the pectoral muscle and the skin should be 
≥14 mm so that the wire basket can open safely and completely. The distance 
from the lesion to the skin and to the pectoralis muscle should be at least 3 
mm and to the nipple minimum of 6 mm in order to avoid burn injuries. Thus, 
the most peripherally or centrally located papillomas are not feasible for the 
procedure.  

If residual tumour tissue was detected, the procedure could be repeated. At 
the end of the procedure, a clip mark was inserted into the biopsy site and the 
1 cm skin incision was closed with strips. Total procedure time was 
approximately 50 minutes.  

Contraindications for the BLES procedure were a cardiac pacemaker, 
pregnancy and breastfeeding. Anticoagulants were recommended to be 
paused one week prior to the procedure.  

Study III
In study III, both ROLL and RSL were performed under US or stereotactic 
guidance by experienced breast radiologists. In ROLL procedure, a single 100-
120 MBq Tc-99m nanocolloid injection was injected peritumourally and 
utilized for the SLNB as well. A lymphoscintigraphy with dual-head gamma 
camera was performed 1.5-3 h after injection to exclude leakage and to identify 
the sentinel nodes.  
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The RSL was scheduled within four weeks prior to surgery. Iodine-125-
radiolabeled titanium encapsulated seed (Oncura, RAPID Strand, Arlington 
Heights,Ill, USA) was placed inside an 18-gauge needle and aimed at the center 
of the tumour. The correct placement of the seed was confirmed by MGR.  

Intraoperatively, the seed or the nanocolloid was localized using a 
handheld gamma probe, and the excision margins were assessed by a 
specimen radiography. Specimen US was performed if needed.  

Study IV
In study IV, all available US, MGR and MRI findings were reassessed 
retrospectively by a single experienced breast radiologist. The number and 
morphology of tumours and the diameter of the largest invasive tumour were 
evaluated. Tumour morphology was categorized as architectural distortion 
with or without microcalcification; mass lesion with or without 
microcalcification, with the description of the margins (circumscribed, 
indistinct or spiculated); microcalcification only; or cystic lesion. Breast 
density was evaluated according to the American College of Radiology (ACR) 
BI-RADS lexicon (categories a-d) [17]. 

The number of suspicious lymph nodes was categorized as solitary or as 
more than one. Normal lymph node morphology was defined as circumscribed 
oval or reniform shape with hilar fat and cortical thickness ≤ 3 mm. 
Circumscribed lymph nodes with hilar fat and cortical thickness > 3 mm were 
considered suspicious as well as deformed lymph nodes. Deformed lymph 
node morphology included absence of hilar fat and round shape or not 
circumscribed, irregular lymph nodes with cortical thickening. When a 
suspicious lymph node had both deformed shape and cortical thickening, it 
was categorized as deformed. 

There were 13 (2.6%) patients who underwent US at referring units without 
data available on the needle biopsy method. In addition, 37 (7.3%) patients 
had suspicious lymph nodes detected in axillary US, but no needle biopsy was 
performed for unknown reasons.  

During the study interval, preoperative CT scan was performed in patients 
with operable breast cancer only if they had symptoms suspicious of distant 
metastases. After surgery, CT was indicated in patients with pT3-4 or pN2-3 
breast cancer. 

 

4.3 SURGICAL TECHNIQUE

 
All breast and axillary operations were performed or supervised by 
experienced breast surgeons. Surgeon chose the most suitable operation 
technique individually by the size and location of the tumour and by the shape, 
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size and glandular density of the breast. Patient’s prefence was taken into 
account.  

Conventional BCS in our studies refers to resection of tumour, usually 
including the pectoral fascia and piece of skin overlying the tumour, together 
with adequate mobilization and suturing of breast tissue in order to close the 
defect. Oncoplastic BCS stands for other level I or level II oncoplastic 
procedures [70]. Several oncoplastic techniques were used: racket, round 
block, upper and lower rotation flap, reduction mammoplasty using superior 
or inferior pedicle, mastopexy, S-plasty, J-plasty, batwing and wise-
amputation. Most of the impalpaple tumours were localized using ROLL or 
RSL, few with WGL. 

The patients with ultrasonographically node-negative invasive breast 
cancer underwent SLNB. In addition, SLNB was performed in patiens with 
DCIS undergoing mastectomy or with a suspicion of invasion in CNB or by 
imaging. SLNB was performed using preoperative lymphoscintigraphy and 
intraoperative identification of the sentinel nodes with a handheld gamma 
probe. Blue dye was used only occasionally, on surgeon’s discretion. The 
patients with needle-biopsy proven axillary lymph node metastasis underwent 
ALND: level I-II axillary nodes were dissected routinely and level III if 
suspicious nodes were detected clinically. 

Reoperation due to inadequate margins after BCS was either a re-excision 
(conventional or oncoplastic) or mastectomy depending on size and density of 
the breast and on the expected aesthetic result after the possible re-excision. 
Decision was made in agreement with the patient. Consensus symposium 
declared new guidelines for adequate tumour-free margins at the beginning of 
our study period in 2010: ‘no ink on tumour’ for invasive cancer and 2 mm 
microscopical histological margins for DCIS [60]. In cases with concomitant 
invasive cancer and DCIS, the minimum margins were ‘no ink on tumour’ for 
the invasive component and 2 mm for the in situ component. These new 
guidelines were adopted gradually in our unit. Earlier 5 mm margins were 
recommended for invasive cancer and 10 mm for DCIS.  

 

4.4 HISTOPATHOLOGICAL EXAMINATION

 
The fresh breast tissue surgical specimens were oriented by the surgeon and 
transfered unfixed to the pathology laboratory. Histopathological analyses 
were performed by experienced breast pathologists.  

In study I, the BLES samples, immediately fixed in 10 % buffered formalin, 
were sliced for processing, sectioned into 3 μm thick sections and stained with 
hematoxylin and eosin. In case of suspicion of e.g. ADH or malignancy 
adjunctive immunohistochemical stains were performed, when needed. The 
pathological diagnosis of the BLES sample was compared with the needle 
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biopsy result. We recorded the number of cases that were upgraded to a HRL 
such as ADH or LCIS, or to a malignancy (DCIS or invasive carcinoma) by the 
BLES. Percentage of complete removals was evaluated. In addition, a re-
evaluation of all samples with unclear pathology reports was performed by an 
experienced breast pathologist. Thus, a definitive interpretation and diagnosis 
was ensured. 

In studies II-IV, the largest diameter of the primary tumour, histological 
type, histological grade, steroid hormone and HER-2 receptor status, and Ki-
67 index were evaluated. Steroid hormone receptor status and Ki-67 were 
assessed using immunohistochemistry. HER-2 expression was assessed using 
immunohistochemistry, and whenever immunohistochemistry was 
considered positive (2+ or 3+ on a scale from 0 to 3+), the HER-2 status was 
confirmed using chromogen in situ hybridization. The histological 
classification and grading were based on the WHO classification. 

In study IV, the breast cancer subtypes were categorized into luminal-like 
(oestrogen or progesterone receptor-positive, HER2-negative), HER2-
positive (oestrogen or progesterone receptor-positive or -negative, HER2-
positive) and triple-negative (oestrogen and progesterone receptor-negative, 
HER2-negative). The lymph node specimens were sent to the pathology 
laboratory separately from the primary tumour. The specimens were handled 
and examined as described in our earlier study [172]. Tumour deposits were 
classified as micrometastases when no larger than 2 mm in diameter, and as 
ITCs when no larger than 0.2 mm in diameter. When multiple tumour deposits 
were present, the longest diameter of the largest tumour deposit was recorded 
as the size of the metastasis. Immunohistochemistry was not used routinely in 
the analysis of the ALND specimens. ECE was defined as tumour cells growing 
outside the capsule of a lymph node. Tumour growth inside the capsule was 
not categorized as ECE. 

 

4.5 ADJUVANT TREATMENT

 
All cases were discussed at a MDT meeting after surgery in order to plan 
adjuvant treatment individually by patient and tumour characteristics 
according to institutional guidelines. 

Postoperative whole-breast RT was given after BCS to a cumulative dose of 
50 Gy in 25 fractions. Premenopausal women and patients with close resection 
margins received a booster dose of 10-16 Gy to the tumour site. RT was 
administered from two tangential fields. Post-mastectomy RT was delivered 
in patients with pT3-T4 tumour or with node-positive disease. Routine RT was 
omitted in patients who were not suitable for RT due to comorbidities or who 
had distant metastasis identified on postoperative whole body CT scan. RT 
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was, however, considered for local control in some patients with metastatic 
disease. 

Systemic adjuvant treatment was recommended if an estimated recurrence 
rate across 10 years was >10%. In addition to tumour characteristics, 
comorbidities, age and general health status of the patient were taken into 
account in decision-making of systemic treatment. The standard adjuvant 
chemotherapy protocol was three cycles of docetaxel every three weeks 
followed by three cycles of FEC every three weeks. HER-2 positive patients 
received trastuzumab concomitantly with chemotherapy and it was continued 
for one year. Premenopausal women with hormone receptor positive breast 
cancer received tamoxifen and postmenopausal women either tamoxifen or 
aromatase inhibitor alone or sequentially for 5-7 years. Endocrine treatment 
was initiated after chemotherapy or after RT if chemotherapy was not 
indicated. None of the study patients received NAC.  
 

4.6 FOLLOW-UP

 
The first clinical check-up for all study patients took place after the MDT 
meeting within three weeks after the procedure, i.e. BLES or surgery. Study I 
patients were either adviced to participate in routine screening, recommended 
to closer follow-up or underwent further surgery, based on the MDT 
recommendation. In cases of further surgery, the patients were discussed at a 
MDT meeting again after the new histopathological analyses. Patients were 
followed up until June 2016, and the imaging findings during the follow-up 
period were gathered of those patients who had their follow-up at our unit. 

The patiens in studies II-IV were followed-up at the Department of 
Oncology of HUH after adjuvant treatment. The follow-up continued for 5-10 
years, according to the risk of recurrence, and included visits at least at one, 
three and five years after treatment. All patients underwent MGR annually. 
The women with the age of 45 or younger, with high density of breast tissue or 
if otherwise needed, underwent US as well. Annual breast MRI was 
undertaken in patients with hereditary breast cancer, except after bilateral 
mastectomy. In addition, whenever there was a concern of local or distant 
recurrence of the disease, MRI, whole-body CT or bone isotope scan was 
performed. Furthermore, all patients had a possibility to contact outpatient 
clinic whenever they had symptoms related to recurrent cancer, side effects of 
treatments or other concerns. After the first 5-10 years follow-up at HUH, the 
patients were followed up at primary health care, according to regional 
guidelines.  
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4.7 STATISTICAL ANALYSES

 
Statistical analyses were performed using IBM™ SPSS™ Statistics version 22 
software (SPSS Inc., Chicago, IL).  Frequency tables were analysed with chi-
squared test and continuous distributions with Mann-Whitney U-test.  

In studies II and III, the patients with bilateral disease, earlier breast 
cancer, other malignancy (apart from DCIS or basal cell carcinoma) within five 
years, distant metastasis diagnosed within 12 months after primary operation 
and those who underwent a completion mastectomy were excluded from the 
analysis of breast cancer events. In addition, we excluded patients who were 
followed-up for less than three years due to migration to other hospital 
districts. The remaining were evaluated using a Kaplan-Meier survival 
analysis for local recurrence-free survival (LRFS). In study II, the conventional 
and oncoplastic BCS groups, and in study III, the ROLL and RSL groups were 
compared with the log-rank test. Other breast cancer events were assessed 
with Fisher’s exact test simply comparing event counts. 

In study III, independent variables with p-values < 0.15 in the univariable 
analyses were entered into a backward stepwise binary logistic regression 
analysis to evaluate their association with the need for reoperation due to 
insufficient margins in a multivariable model. At each step of the analysis, the 
variable with the highest p-value was eliminated until the remaining variables 
had p-values < 0.05.  

In study IV, a univariate analysis was conducted to examine individual risk 
factors for having more than two metastatic lymph nodes. Again, independent 
variables with p-values < 0.15 in the univariable analysis were entered into a 
backward stepwise binary logistic regression analysis. At each step of the 
analysis, the variable with the highest p-value was eliminated until the 
remaining variables had p-values < 0.05. Area under the receiver operating 
characteristic curve (AUC) was used to evaluate the discrimination and 
performance of the model and the calibration of the model was assessed by the 
Hosmer–Lemeshow goodness-of- fit test.  

In study IV, patients with distant metastases diagnosed in postoperative 
imaging within six months from the surgery, were excluded from the survival 
analyses as they were considered to have primarily metastatic disease. The 
remaining patients were analysed using the log-rank test to compare the 
survival distributions of the groups of 1-2 LNMs and >2 LNMs. Other regional 
lymph node metastases diagnosed within six months of the primary operation 
were not counted as recurrences but as primary regional disease, and were 
excluded from analysis of other lymph node recurrence. However, these 
patients were included in the other survival analyses, because they were 
treated with curative intent. 
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5 RESULTS

5.1 STUDY I

 
In total, 74 patients underwent 80 BLES procedures. The characteristics of the 
patients and the lesions are summarized in Table 3.  

Histopathological findings
Histopathological analysis of the BLES biopsy specimen confirmed an 
intraductal papilloma without atypia in 43 lesions (Table 4, Figure 1). In total, 
10 lesions were upgraded to HRL, six lesions were intraductal papillomas with 
areas of ADH, three lesions were upgraded to ADH without an intraductal 
papilloma, and one patient had intraductal papilloma together with LCIS. Five 
lesions were upgraded to malignancy, there were two invasive ductal 
carcinomas and three DCIS grade 2 lesions. All the malignant lesions were BI-
RADS 4 in breast imaging: three circumscribed masses, one cystic and solid 
mass and one group of microcalcifications. 

The distribution of the lesion excision margins is presented in Tables 4 and 
5. The median radiological size of the lesions which were excised completely 
was 7 mm (range 4–12 mm) whereas the median size of the lesions excised 
partially was 9 mm (range 4–16 mm). Both of the invasive carcinomas had 
tumour-positive margins. For one of the DCIS cases, the data of the BLES 
sample margin was missing, but there was no residual DCIS found on the 
surgical specimen. There was no association between the type of radiological 
abnormality and the BLES sample margins.  

In total, 18 lesions were diagnosed as other benign lesions (fibrocystic 
disease, fibrosis, adenosis or fibroadenoma) (Figure 1). Three of them had a 
needle-biopsy based suspicion of an intraductal papilloma with ADH, thus 
these lesions were downgraded by BLES. 

Complications and challenges with the BLES procedure
Two (2.5 %) procedures failed technically (Figure 1): one due to small size of 
the breast and one due to a hematoma which occurred after the injection of 
the anesthetic solution causing a loss of the visibility. These patients 
underwent surgical biopsy. Two other cases were unsuccessful as a diagnostic 
procedure. In one patient the BLES biopsy indicated only fibrocystic disease, 
but due to a nipple discharge a new ductography was performed showing still 
a suspicion of an intraductal papilloma. The patient underwent surgery, and 
the surgical specimen revealed multiple papillomas and ADH. The other one 
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was diagnosed as fibrocystic disease by BLES as well but due to radiological 
suspicion the patient underwent surgical biopsy which revealed DCIS. In these 
two cases, the right target was not successfully excised with BLES. 

In five cases (6%) there was a remark of thermal artefacts in the 
pathological report, but none of them disturbed the histopathological analysis. 
Only few complications were reported, none of them needed operative 
treatment. One infected hematoma was treated with oral antibiotics, minor 
hematomas were not documented. Only one thermal injury of the skin 
emerged, it was excised under local anesthesia at the outpatient clinic. 
 
 

 
 

Table 3 Characteristics of the patients, the BLES procedures and the lesions (CNB, core
needle biopsy; FNAC, fine needle aspiration cytology) *In one BI-RADS 4 lesion, needle biopsy 
was not performed, but the lesion was biopsied with the BLES at the same session with another 
papilloma with a previous CNB. **British National Health Service Breast Cancer Screening 
Programme classification for needle biopsies. (Reproduced with permission from The European 
Journal of Surgical Oncology, Niinikoski et al. 2018)

N procedures = 80, N patients = 74
Age (median, years) 60 (range 25-84)
Prior sampling
CNB 72
FNAC 7
No needle biopsy* 1
Pre-BLES biopsy**
B3 71
B4 1
C2 1
C3 6
Guidance
Ultrasound 78 (98%)
Stereotactic 2 (2%)
Basket size (mm)
12 16 (20%)
15 30 (37%)
20 31 (39%)
15+20 2 (3%)
12+20 1 (1%)
Tumour size (median, mm) 7 (range 3-16) 
Follow-up time (months) 31.3 (range 0-55)
BI-RADS
3 11 (14%)
4 67 (84%)
5 2 (2%)
Type of radiological finding
Irregular mass 8 (10%)
Cystic and solid mass 11 (14%)
Circumscribed mass 56 (70%)
Microcalcifications 4 (5%)
Architectural distorsion 1 (1%)

 
 
 



 

45 

Table 4 Histopathological findings and margins (ADH, atypical ductal hyperplasia; LCIS,
lobular carcinoma in situ; DCIS, ductal carcinoma in situ). *One sample with DCIS had unclear 
margins and presented as circumscribed mass on imaging. (Reproduced with permission from The 
European Journal of Surgical Oncology, Niinikoski et al. 2018)

 
N procedures = 80 Complete 

excision
Partial 
excision

Unclear*

Papillomas 43 19 (44.2 %) 24 (55.8 %)
High-risk lesions 10 6 (60 %) 4 (40 %)
ADH+ papilloma 6 4 2
ADH 3 1 2
LCIS + papilloma 1 1 -
Malignant 5 2 (40 %) 2 (40 %) 1 (20 %)
DCIS 3 2 0 1
Invasive carcinoma 2 0 2
Total 58 27 (46.6 %) 30 (51.7 %) 1 (1.7 %)

 

Table 5 Radiological abnormality and margins of intraductal papillomas, high-risk lesions 
and malignant lesions. *One sample with DCIS had unclear margins and presented as 
circumscribed mass on imaging. (Reproduced with permission from The European Journal of 
Surgical Oncology, Niinikoski et al. 2018)

 
Complete excision
N = 27

Partial excision
N = 30

Tumour size (median, mm) 7 (range 4–12) 9 (range 4–16)
Type of radiological abnormality
Circumscribed mass* 20 (74.0 %) 20 (66.7 %)
Cystic and solid mass 4 (14.8 %) 5 (16.7 %)
Irregular mass 2 (7.4 %) 3 (10.0 %)
Microcalcifications 1 (3.7 %) 1 (3.3 %)
Architectural distortion - 1 (3.3 %)

 

Further surgery and follow-up
All patients with invasive carcinoma or DCIS underwent surgery in order to 
ensure tumour-free histological margins (Figure 1). In the surgical specimen, 
there was no more foci of invasive carcinoma, only DCIS or ADH was found. 
Surgical biopsy was performed also in four patients with intraductal 
papillomas and in one patient with ADH: three of them had residual papilloma 
tissue, but no ADH. 

Two patients were diagnosed with a new intraductal papilloma in another 
location of the breast than the primary lesion during the follow-up period. 
They underwent a BLES procedure again and are included in this study. One 
invasive lobular carcinoma occured on the ipsilateral side as the previous 
intraductal papilloma but in a different location of the breast. The rest of the 
patients did not have any papilloma recurrences. 
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Figure 1 Feasibility of the BLES procedure and distribution of histopathological findings 
(CNB, core needle biopsy; FNAC, fine needle aspiration cytology; BLES, Breast Lesion 
Excision System; DCIS, ductal carcinoma in situ). (Reproduced with permission from The 
European Journal of Surgical Oncology, Niinikoski et al. 2018)

 

5.2 STUDY II

 
Altogether 1800 patients were reviewed, 1707 had invasive breast cancer and 
93 DCIS. Conventional BCS was performed in 1189 patients (66.1%) and 
oncoplastic BCS in 611 (33.9%). The patient and tumour characteristics are 
summarized in Table 6. Several different oncoplastic techniques were used, 
these are presented in Table 7. 

Patients in the oncoplastic BCS group had more often multifocal (p < 
0.001), larger (p < 0.001), and palpable tumours (p < 0.001) resulting in larger 
resection specimens (p < 0.001). The weight of surgical specimen varied 
essentially depending on the oncoplastic technique (range 10-1893 g). The 
median specimen weight was 56 g in conventional BCS group and 77 g in 
oncoplastic group (p < 0.001). 

The patients who underwent oncoplastic BCS were slightly younger (p < 
0.001) and the tumours were more aggressive and/or more extensive 
according to histological grade (p < 0.001), T-stage (p < 0.001), Ki-67 (p < 
0.001) and lymph node status (p < 0.001).  

 

Suspicion of an 
intraductal papilloma 

on CNB/FNAC
80 lesions 

Invasive 
carcinoma 

2

Surgery

DCIS 
3

Surgery

High risk lesion 
10

Follow-up

Benign intraductal
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Other benign 
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BLES Failures
4



 

47 

Table 6 Patient and tumour characteristics for conventional and oncoplastic breast 
conserving surgery (BCS, breast conserving surgery; DCIS, ductal carcinoma in situ; EIC, 
extensive intraductal component; ER, oestrogen receptor; PR, progesterone receptor; Ki-67, 
proliferation marker; HER-2, human epidermal growth factor receptor 2; NA, not available).
(Reproduced with permission from The European Journal of Surgical Oncology, Niinikoski et al. 
2019)

Conventional BCS 
N = 1189

Oncoplastic BCS 
N = 611

N % N % p-value
Tumour Impalpable 750 63.1% 255 41.7% <0.001

Palpable 439 36.9% 356 58.3%
Reoperation due to 
insufficient margins

No 1093 91.9% 555 90.8% 0.430
Yes 96 8.1% 56 9.2%

Reoperation Re-excision 42 43.8% 17 30.4% 0.102
Mastectomy 54 56.3% 39 69.6%

Histology DCIS 64 5.4% 29 4.7% 0.877
Ductal carcinoma 826 69.5% 424 69.4%
Lobular carcinoma 136 11.4% 76 12.4%
Other invasive 163 13.7% 82 13.4%

Pathological 
T stage

pTis 64 5.4% 28 4.6% <0.001
pT1 990 83.3% 415 67.9%
pT2 132 11.1% 164 26.8%
pT3 2 0.2% 3 0.5%
pT4 1 0.1% 1 0.2%

Multifocal tumour No 1066 89.7% 512 83.8% <0.001
Yes 123 10.3% 99 16.2%

EIC No 1077 90.6% 538 88.1% 0.094
Yes 112 9.4% 73 11.9%

Tumour grade 1 416 35.0% 175 28.6% <0.001
2 500 42.1% 237 38.8%
3 272 22.9% 198 32.4%
NA 1 0.1% 1 0.2%

ER Negative 100 8.4% 68 11.1% 0.171
Positive 1028 86.5% 512 83.8%
NA 61 5.1% 31 5.1%

PR Negative 303 25.5% 184 30.1% 0.108
Positive 825 69.4% 396 64.8%
NA 61 5.1% 31 5.1%

Ki-67 0-15% 680 57.4% 291 47.6% <0.001
16-30% 260 22.0% 155 25.4%
>30% 183 15.5% 134 21.9%
NA 61 5.1% 31 5.1%

HER-2 Negative 1032 86.8% 505 82.6% 0.016
Positive 96 8.1% 75 12.3%
NA 61 5.1% 31 5.1%

Lymph node status pN0 891 74.9% 415 67.9% <0.001
pN1mic 85 7.1% 36 5.9%
pN1mac 213 17.9% 160 26.2%

Radiotherapy No 63 5.3% 31 5.1% 0.839
Yes 1126 94.7% 580 94.9%

Adjuvant treatment No 317 26.7% 85 13.9% <0.001
Endocrine treatment 512 43.1% 234 38.3%
Chemotherapy 61 5.1% 62 10.1%
Both 299 25.1% 230 37.6%

Median (range) Median (range)
Age (years) 62 (35-93) 61 (37-86) <0.001
Tumour size (mm) 12 (1-86) 16 (1-80) <0.001
Smallest lateral surgical margin (mm) 10 (0-40) 10 (0-56) 0.578
Specimen weight (g) 56 (8-507) 77 (10-1893) <0.001



Results 

48 

Table 7 Oncoplastic breast conserving surgery techniques. (Reproduced with permission 
from The European Journal of Surgical Oncology, Niinikoski et al. 2019)

Smallest lateral 
surgical margin (mm)

Specimen weight (g) Reoperation due to  
insufficient margins

N Median (range) Median (range) N (%)
Racket 184 10.0 (0-45.0) 80 (15-707) 18 (9.8)
Round block 171 10.0 (0-30.0) 54 (10-183) 14 (8.2)
Upper rotation 67 10.0 (0-30.0) 121 (23-392) 6 (9.0)
Lower rotation 50 10.0 (0-20.0) 66 (28-726) 4 (8.0)
Superior pedicle 37 12.0 (0-35.0) 331 (12-1180) 3 (8.1)
Inferior pedicle 10 14.0 (2.0-20.0) 495 (168-1546) 1 (10)

Mastopexy 26 7.5 (1.0-30.0) 80 (16-256) 2 (7.7)
S-plasty 21 10.0 (0-56.0) 538 (44-1255) 2 (9.5)
J-plasty 20 12.5 (0.3-30.0) 55 (24-312) 1 (5.0)
Batwing 17 5.0 (0-15.0) 58 (18-288) 5 (29.4)
Wise-amputation 8 26.5 (9.0-50.0) 1604 (110-1893) 0 (0)

Reoperations
There was no difference in surgical margins (p = 0.578) or reoperation rates 
(p = 0.430) between the groups (Table 8). Altogether 152 (8.4%) patients 
underwent reoperation due to insufficient surgical margins, 96 (8.1%) in the 
conventional BCS group and 56 (9.2%) in the oncoplastic BCS group. Risk 
factors for reoperation were multifocality of the tumour (p < 0.001), larger 
tumour size and high pathological T-stage (p < 0.001) and EIC (p < 0.001). 

There were 222 patients with multifocal tumours, 67 (30.2%) of them were 
reoperated compared to 85 out of 1578 (5.4%) patients with unifocal tumours. 
The median size of the tumours with insuffient margins was 16 mm (1-80 mm). 
In total 185 patients had EIC, 37 (20.0%) of those underwent a reoperation 
compared to 115 (7.1%) of 1615 patients without EIC. 

Mastectomy was performed as a reoperation after oncoplastic BCS in 
69.6% of the patients, whereas 56.3% of the reoperated patients in the 
conventional BCS group underwent completion mastectomy (p = 0.102).  

Oncoplastic BCS techniques
Eleven different oncoplastic BCS techniques were used (Table 7). Racket 
mammoplasty (30.1%) and round block (28.0%) techniques were used most 
commonly. Only 55 patients were operated using reduction mammoplasty 
techniques, superior or inferior pedicle mammoplasty or wise-pattern 
reduction with resection of nipple-areolar complex (wise-amputation). The 
reoperation rate ranged from 5.0% (J-mammoplasty) to 29.4% (batwing 
mammoplasty), but was similar in most of the groups (7.7-10%).  Only 17 
patients underwent batwing-mammoplasty. 
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Table 8 Patient and tumour characteristics for reoperations due to inadequate margins
(BCS, breast conserving surgery; DCIS, ductal carcinoma in situ; EIC, extensive intraductal 
component; ER, oestrogen receptor; PR, progesterone receptor; Ki-67, proliferation marker; HER-
2, human epidermal growth factor receptor 2; NA, not available). (Reproduced with permission from 
The European Journal of Surgical Oncology, Niinikoski et al. 2019)

Reoperation due to inadequate margins
Yes 
N = 152 (8.4%)

No 
N = 1648 (91.6%)

N % N % p-value
Surgery Conventional BCS 96 8.1% 1093 91.9% 0.430

Oncoplastic BCS 56 9.2% 555 90.8%
Tumour Impalpable 73 7.3% 932 92.7% 0.043

Palpable 79 9.9% 716 90.1%
Reoperation Re-excision 59 38.8% 0 0.0%

Mastectomy 93 61.2% 0 0.0%
Histology DCIS 14 15.1% 79 84.9% 0.007

Ductal carcinoma 98 7.8% 1152 92.2%
Lobular carcinoma 26 12.3% 186 87.7%
Other invasive 14 5.7% 231 94.3%

Multifocal tumour No 85 5.4% 1493 94.6% <0.001
Yes 67 30.2% 155 69.8%

EIC No 115 7.1% 1500 92.9% <0.001
Yes 37 20.2% 148 80.0%

Tumour grade 1 36 6.1% 555 93.9% 0.066
2 67 9.1% 670 90.9%
3 49 10.4% 421 89.6%
NA 0 0.0% 2 100.0%

ER Negative 11 6.5% 157 93.5% 0.097
Positive 128 8.3% 1412 91.7%
NA 13 14.8% 79 85.9%

PR Negative 39 8.0% 448 92.0% 0.131
Positive 100 8.2% 1121 91.8%
NA 13 14.1% 79 85.9%

Ki-67 0-15% 66 6.8% 905 93.2% 0.016
16-30% 45 10.8% 370 89.2%
>30% 27 8.5% 290 91.5%
NA 13 14.1% 79 85.9%

HER-2 Negative 124 8.1% 1413 91.9% 0.125
Positive 15 8.8% 156 91.2%
NA 13 14.1% 79 85.9%

Lymph node status pN0 89 6.8% 1217 93.2% <0.001
pN1mic 9 7.4% 112 92.6%
pN1mac 54 14.5% 319 85.5%

Radiotherapy No 60 63.8% 34 36.2% <0.001
Yes 92 5.4% 1614 94.6%

Adjuvant treatment No 23 5.7% 379 94.3% <0.001
Endocrine 
treatment

50 6.7% 696 93.3%

Chemotherapy 9 7.3% 114 92.7%
Both 70 13.2% 459 86.8%

Median (range) Median (range)
Age (years) 59 (35-85) 62 (35-93) 0.003
Tumour size (mm) 16 (1-80) 13 (1-86) <0.001
Smallest lateral surgical margin (mm) 0.5 (0-10) 10.0 (0-56.0) <0.001
Specimen weight (g) 57 (12-660) 62 (8-1893) 0.231
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Breast cancer recurrence
A total of 1411 patients remained for survival analysis of LRFS, 940 in the 
conventional group and 471 in the oncoplastic BCS group (Table 9). The 
median follow-up time was 75 (2-94) months. In the conventional BCS group, 
25 (2.7%) patients and in the oncoplastic BCS group 7 (1.5%) patients 
developed an ipsilateral LR. There was no difference in LRFS between the 
conventional and oncoplastic BCS groups in the Kaplan-Meier analysis (log-
rank test, p = 0.172, Figure 2). The five-year LRFS estimates for conventional 
and oncoplastic BCS groups were 98.0% and 98.9%, respectively. Breast 
cancer recurrences and distant metastasis were few, these are summarized in 
Table 9.  

Total of 73 patients died during the follow-up, 56 (6.0%) in the 
conventional BCS group and 17 (3.6%) in the oncoplastic BCS group (Fisher’s 
test, p = 0.074). Eighteen (1.9%) patients in the conventional group and seven 
(1.5%) in the oncoplastic BCS group died from breast cancer (Fisher’s test, p = 
0.672). 
 

 
 
 
Table 9 Breast cancer events observed during follow-up (BCS, breast conserving 
surgery). *Five patients had concomitant LR. **Both of the patients had concomitant LR. ***Eight 
patients had ipsilateral LR concomitantly with distant disease, one had ipsilateral LR as a primary 
event and distant metastasis later, one had distant metastasis first and LR later. (Reproduced with 
permission from The European Journal of Surgical Oncology, Niinikoski et al. 2019)

 
Conventional BCS (N=940) Oncoplastic BCS (N=471)

Event N (%) N (%) p-value 
(Fisher)

Ipsilateral breast recurrence 25 (2.7%) 7 (1.5%) 0.188
Contralateral breast recurrence 12 (1.3%) 4 (0.8%) 0.599
Regional lymph node recurrence 10 (1.1%) 3 (0.6%) 0.562
Ipsilateral axilla* 4 (0.4%) 2 (0.4%)
Contralateral axilla** 2 (0.2%) 0
Supraclavicular node 4 (0.4%) 1 (0.2%)
Distant metastasis*** 29 (3.1%) 16 (3.4%) 0.750
Death from breast cancer 18 (1.9%) 7 (1.5%) 0.672

Death from any cause 56 (6.0%) 17 (3.6%) 0.074
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Figure 2 Kaplan-Meier survival analysis for local recurrence-free survival after 
conventional and oncoplastic breast conserving surgery (BCS, breast conserving surgery).  
(Reproduced with permission from The European Journal of Surgical Oncology, Niinikoski et al. 
2019) 
 

5.3 STUDY III 

 
A total of 318 (42.7%) patients underwent ROLL and 426 (57.3%) RSL. The 
patient and tumour characteristics are summarized in Table 10. The patients 
in the ROLL group were slightly younger (p = 0.033). The median tumour size 
was 10 mm (1-40 mm) in the ROLL group and 11 mm (1-55 mm) in the RSL 
group (p = 0.219).  

The distribution of histological subtypes was similar in the groups (p = 
0.469). However, the tumours in the ROLL group had higher proliferation 
index Ki-67 (p = 0.031). The patients who underwent RSL had more often 
multifocal (p = 0.013) tumours, 60 (14.1%) in the RSL group and 26 (8.2%) in 
the ROLL group. There were no significant differences between the groups 
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regarding specimen weight, grade of tumours or lymph node status. Adjuvant 
endocrine treatment was administered more often in the RSL group. 

Oncoplastic BCS was performed in 79 (24.8%) patients in the ROLL group 
and 120 patients (28.2%) in the RSL group (p = 0.311). Several oncoplastic 
techniques were used, as presented in study II results.  
 
 
 
Table 10 Patient and tumour characteristics for ROLL and RSL (ROLL, radioguided occult 
lesion localization; RSL, radioactive seed localization; BCS, breast conserving surgery; EIC, 
extensive intraductal component; ER, oestrogen receptor; PR, progesterone receptor; Ki-67, 
proliferation marker; HER-2, human epidermal growth factor receptor 2). (Reproduced with 
permission from The Breast, Niinikoski et al. 2019)
 

ROLL 
N = 318 (42.7%)

RSL 
N = 426 (57.3%)

N % N % p-value
Surgery Conventional BCS 239 75.2% 306 71.8% 0.311

Oncoplastic BCS 79 24.8% 120 28.2%
Reoperation due to 
insufficient margins

No 305 95.9% 397 93.2% 0.112
Yes 13 4.1% 29 6.8%

Reoperation Re-excision 5 38.5% 6 20.7% 0.226
Mastectomy 8 61.5% 23 79.3%

Histology Ductal carcinoma 230 72.3% 291 68.3% 0.469
Lobular carcinoma 39 12.3% 63 14.8%
Other invasive 49 15.4% 72 16.9%

Pathological T stage pT1 304 95.6% 400 93.9% 0.461
pT2 14 4.4% 25 5.9%
pT3 0 0.0% 1 .2%

Multifocal tumour No 292 91.8% 366 85.9% 0.013
Yes 26 8.2% 60 14.1%

EIC No 287 90.3% 397 93.2% 0.145
Yes 31 9.7% 29 6.8%

Tumour grade 1 145 45.6% 203 47.7% 0.444
2 130 40.9% 156 36.6%
3 43 13.5% 67 15.7%

ER Negative 22 7.0% 26 6.1% 0.644
Positive 294 93.0% 399 93.9%

PR Negative 77 24.4% 103 24.2% 0.967
Positive 239 75.6% 322 75.8%

Ki-67 0-15% 216 69.0% 308 72.5% 0.031
16-30% 58 18.5% 88 20.7%
>30% 39 12.5% 29 6.8%

HER-2 Negative 296 93.7% 391 92.0% 0.387
Positive 20 6.3% 34 8.0%

Lymph node status pN0 259 81.4% 330 77.5% 0.243
pN1mic 24 7.5% 31 7.3%
pN1mac 35 11.0% 65 15.3%

Radiotherapy No 10 3.1% 20 4.7% 0.288
Yes 308 96.9% 406 95.3%

Adjuvant treatment No 101 31.8% 95 22.3% 0.020
Endocrine treatment 141 44.3% 226 53.1%
Chemotherapy 8 2.5% 16 3.8%
Both 68 21.4% 89 20.9%

Median (range) Median (range)
Age (years) 62 (38-83) 64 (36-91) 0.033
Tumour size (mm) 10 (1-40) 11 (1-55) 0.219
Smallest lateral surgical margin (mm) 10 (0-30) 10 (0-40) 0.011
Specimen weight (g) 55 (12-996) 60 (8-1893) 0.142
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Reoperations
There was no statistically significant difference in insufficient surgical margins 
or reoperation rates between the groups in the univariable analysis (p = 0.112). 
Surgical margins, however, were slightly wider in the ROLL group, though the 
median of the smallest lateral surgical margin was 10 mm in both groups (p = 
0.011) (Table 10).  

Altogether 42 (5.6%) patients were reoperated because of insufficient 
margins, 13 (4.1%) in the ROLL group and 29 (6.8%) in the RSL group (Table 
11). Risk factors for reoperation in the univariable analysis were multifocality 
of the tumour (p < 0.001) and EIC (p < 0.001). There were 86 patients with 
multifocal tumours, 18 (20.9%) of them underwent a reoperation, whereas 
only 24 (3.6%) patients out of 658 with unifocal tumours were reoperated. 
Twelve (20.0%) patients out of 60 with EIC had insufficient margins compared 
to 30 (4.4%) out of 684 patients without EIC. 

Multifocality of the tumour (p < 0.001) and EIC (p < 0.001) remained risk 
factors for reoperation in the multivariable binary logistic regression analysis 
(Table 12). In addition, larger tumour size (p = 0.011) and smaller specimen 
weight (p = 0.014) predicted a reoperation. There was no statistically 
significant difference in the reoperation rate between the ROLL and RSL (p = 
0.204) in the multivariable binary logistic regression analysis either. 

Re-excision was performed in 11 patients (26.2%) and mastectomy in 31 
(73.8%) as a secondary operation.  

Patients with pure DCIS
The patients with DCIS were evaluated separately, the results are summarized 
in Table 13. Only 13 patients underwent ROLL and 30 RSL. There was no 
statistically significant differences between the groups regarding size, 
multifocality or grade of DCIS, or regarding reoperation rates or adjuvant 
treatment.  

Breast cancer recurrence
A total of 579 patients remained for analysis of LRFS, 258 in the ROLL group 
and 321 in the RSL group (Table 14). The median follow-up time in the ROLL 
group was 81 (8-94) months and in the RSL group 64 (3-73) months. Seven 
(2.7%) patients in the ROLL group developed an ipsilateral LR and three 
(0.9%) in the RSL group. The five-year LRFS estimates for ROLL and RSL 
groups were 98.0 % and 99.4 %, respectively (log-rank test, p = 0.323, Figure 
3). 

Breast cancer events are presented in Table 14. Nineteen patients died 
during the follow-up, 11 (4.3%) in the ROLL group and eight (2.5%) in the RSL 
group (Fisher’s test, p = 0.250). Only one (0.4%) patient in ROLL group and 
two (0.6%) in the RSL group died from breast cancer (Fisher’s test, p = 1.000). 
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Table 11 Patient and tumour characteristics for reoperations due to inadequate margins 
(ROLL, radioguided occult lesion localization; RSL, radioactive seed localization; EIC, extensive 
intraductal component; ER, oestrogen receptor; PR, progesterone receptor; Ki-67, proliferation 
marker; HER-2, human epidermal growth factor receptor 2). (Reproduced with permission from 
The Breast, Niinikoski et al. 2019)

Reoperation due to inadequate margins
Yes
N = 42 (5.6%)

No
N = 702 (94.4%)

N % N % p-value
Localization 
method

ROLL 13 31.0% 305 43.4% 0.112
RSL 29 69.0% 397 56.6%

Reoperation Re-excision 11 26.2% 0 0.0%
Mastectomy 31 73.8% 0 0.0%

Histology Ductal carcinoma 28 66.7% 493 70.2% 0.863
Lobular carcinoma 6 14.3% 96 13.7%
Other invasive 8 19.0% 113 16.1%

Multifocal tumour No 24 57.1% 634 90.3% <0.001
Yes 18 42.9% 68 9.7%

EIC No 30 71.4% 654 93.2% <0.001
Yes 12 28.6% 48 6.8%

Tumour grade 1 13 31.0% 335 47.7% 0.107
2 21 50.0% 265 37.7%
3 8 19.0% 102 14.5%

ER Negative 5 11.9% 43 6.2% 0.141
Positive 37 88.1% 656 93.8%

PR Negative 13 31.0% 167 23.9% 0.300
Positive 29 69.0% 532 76.1%

Ki-67 0-15% 27 65.9% 497 71.3% 0.491
16-30% 11 26.8% 135 19.4%
>30% 3 7.3% 65 9.3%

HER-2 Negative 36 85.7% 651 93.1% 0.072
Positive 6 14.3% 48 6.9%

Lymph node 
status

pN0 28 66.7% 561 79.9% 0.095
pN1mic 4 9.5% 51 7.3%
pN1mac 10 23.8% 90 12.8%

Median (range) Median (range)
Age (years) 64 (36-85) 62 (38-91) 0.243
Tumour size (mm) 13 (1-40) 10 (1-55) 0.112
Specimen weight (g) 50 (12-298) 58 (8-1893) 0.055
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Table 12 Risk factors for reoperation using binary logistic regression analysis (OR, odds 
ratio; C.I. confidence interval; HER-2, human epidermal growth factor receptor 2; ER, oestrogen 
receptor; ROLL, radioguided occult lesion localization; RSL, radioactive seed localization; EIC, 
extensive intraductal component). (Reproduced with permission from The Breast, Niinikoski et al. 
2019)

OR 95% C.I. for OR p-value
Lower Upper

Lymph node status pN0 1 0.900
pN1mic 1.185 0.333 4.223 0.793
pN1mac 1.226 0.476 3.155 0.673

HER-2 Negative 1
Positive 1.506 0.445 5.095 0.510

ER Negative 1
Positive 0.498 0.128 1.945 0.316

Tumour grade 1 1 0.294
2 1.880 0.849 4.163 0.119
3 1.382 0.465 4.113 0.560

Localization method ROLL 1
RSL 1.614 0.771 3.381 0.204

Multifocal tumour No 1
Yes 8.968 4.263 18.866 <0.001

EIC No 1
Yes 6.214 2.626 14.702 <0.001

Tumour size 1.077 1.017 1.140 0.011
Specimen weight 0.988 0.979 0.998 0.014

 
Table 13 ROLL and RSL for DCIS cases (DCIS, ductal carcinoma in situ; ROLL, 
radioguided occult lesion localization; RSL, radioactive seed localization; BCS, breast conserving 
surgery; NA, not available). *Chemotherapy due to contralateral invasive breast cancer.
(Reproduced with permission from The Breast, Niinikoski et al. 2019)

ROLL N = 13 (30.2%) RSL N = 30 (69.8%)
N % N % p-value

Surgery Conventional BCS 8 61.5% 23 76.7% 0.310
Oncoplastic BCS 5 38.5% 7 23.3%

Reoperation due to 
insufficient margins

No 12 92.3% 25 83.3% 0.435
Yes 1 7.7% 5 16.7%

DCIS multifocality No 12 92.3% 25 83.3% 0.435
Yes 1 7.7% 5 16.7%

DCIS grade 1 1 7.7% 2 6.7% 0.405
2 3 23.1% 14 46.7%
3 9 69.2% 13 43.3%
NA 0 0.0% 1 3.3%

Radiotherapy No 2 15.4% 1 3.3% 0.154
Yes 11 84.6% 29 96.7%

Adjuvant treatment Endocrine treatment 0 0.0% 1 3.3% 0.497
Endocrine treatment 
and chemotherapy*

0 0.0% 2 6.7%

Ipsilateral breast 
recurrence

0 0.0% 1 3.3% 0.505

Median (range) Median (range)
Age (years) 60 (49-83) 58 (43-88) 0.276
DCIS histological size (mm) 10 (4-30) 12 (3-40) 0.936
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Table 14 Breast cancer events observed during follow-up (ROLL, radioguided occult lesion 
localization; RSL, radioactive seed localization). *The patients in both groups had concomitant LR. 
**The patient had concomitant LR and distant metastasis. ***The patient had concomitant distant 
metastasis. (Reproduced with permission from The Breast, Niinikoski et al. 2019) 
 

  ROLL (N = 258) RSL (N = 321)   
Follow-up time, median (range) 81 (8-94) months 64 (3-73) months   
Event  N (%) N (%) p-value (Fisher) 
Ipsilateral breast recurrence 7 (2.7%) 3 (0.9%) 0.119 
Contralateral breast recurrence 3 (1.2%) 2 (0.6%) 0.660 
Regional lymph node recurrence 3 (1.2%) 1 (0.3%) 0.329 
Ipsilateral axilla* 1 (0.4%) 1 (0.3%)   
Contralateral axilla** 1 (0.4%) 0   
Supraclavicular node*** 1 (0.4%) 0   
Distant metastasis 3 (1.2%) 3 (0.9%) 1.000 
Death from breast cancer 1 (0.4%) 2 (0.6%) 1.000 
Death from any cause 11 (4.3%) 8 (2.5%) 0.250 

 
 

 
 

Figure 3 Kaplan-Meier survival analysis for local recurrence-free survival after breast 
conserving surgery using radioguided occult lesion localization (ROLL) or radioactive seed 
localization (RSL). (Reproduced with permission from The Breast, Niinikoski et al. 2019) 
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5.4 STUDY IV

The preoperative characteristics and the histopathological findings in relation 
to the extent of axillary lymph node involvement are presented in Tables 15 
and 16. There were 153 (30.2%) patients with one or two LNMs and 354 
(69.8%) more than two. In the group of more than two LNMs, 52 (14.7%) 
patients had pN1, 139 (39.3%) pN2 and 163 (46.0%) pN3 disease. One patient 
had a micrometastasis as the largest tumour deposit in the lymph node, 
whereas all other patients had at least one macrometastasis. 

In univariable analysis, the following factors were significantly associated 
with having more than two LNMs : size (p < 0.001), pT category (p = 0.001) 
and multifocality of the primary tumour (p = 0.026); young age (p = 0.014); 
LVI of the primary tumour (p < 0.001); lymph node morphology (cortical 
thickening or deformed) on preoperative US (p < 0.001); and ECE of LNMs (p 
< 0.001) (Tables 15 and 16). In multivariable analysis, tumour size, young age, 
LVI of the primary tumour, lymph node morphology and ECE of LNMs 
remained significantly associated with having more than two LNMs (Table 17). 

Significant factors in multivariable analysis were included in the predictive 
model. The Hosmer–Lemeshow test produced a p-value of 0.310, indicating 
that the multivariable model had good fit and calibration for the patient 
population. The AUC for the multivariable predictive model was 0.828 (95% 
C.I. 0.787-0.869), suggesting very good discrimination (Figure 4).  

The group with more than two LNMs more often received RT to the 
regional lymph nodes and adjuvant chemotherapy (Table 18). These patients 
also underwent mastectomy more often as tumours in that group were larger.  

Breast cancer outcomes
Median follow-up was 62 (range 2-114) months in the group with one or two 
LNMs and 63 (0-112) months in the group of more than two LNMs. Breast 
cancer events are summarised in Table 19. Sixty-four patients with distant 
metastases diagnosed at postoperative imaging within 6 months after surgery 
were excluded from the survival analyses. In addition, 27 patients who had 
other regional LNMs diagnosed within 6 months after primary operation (2 
with 1-2 LNMs, 25 with more than 2 LNMs) were excluded from analyses of 
DFS and other regional lymph node recurrence. These regional metastases 
were most often located in the ipsilateral internal mammary nodal basin. 

The incidence of ipsilateral and contralateral breast tumour recurrence was 
low during the follow-up. Only three patients had an axillary recurrence and 
other regional lymph node recurrences were also scarce. A total of 92 patients 
developed distant metastases during the follow-up, 15 (10.0%) of those with 
one or two LNMs and 77 (26.3%) with more than two LNMs (p < 0.001). 
Consequently, DFS was poorer in the latter group (5-year DFS 79.7% and 71.1% 
for the groups with 1-2 versus more than 2 LNMs, respectively; p = 0.032). 
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In total, 99 patients died during follow-up, 26 (17.3%) of those with one or 
two LNMs and 73 (24.9%) with more than two LNMs.  Five-year OS estimates 
were 87.0% and 81.4% respectively (p = 0.215), and 5-year breast-cancer 
specific survival estimates were 94.3% and 85.8% (p = 0.026). 

 
 

Table 15 Preoperative factors in relation to extent of axillary lymph node involvement.
(FNAC, fine needle aspiration cytology; CNB, core needle biopsy; NA, not available)
*Breast composition (density) according to American College of Radiology BI-RADS lexicon.
(Reproduced with permission from The BJS, Niinikoski et al. 2020)

Metastatic axillary lymph nodes
1 or 2 
(N = 153, 30.2%)

More than 2 
(N = 354, 69.8%)

N % N % p-value
Needle biopsy of
lymph node

FNAC 127 83.0% 288 81.4% 0.910
CNB 13 8.5% 28 7.9%
FNAC and CNB 0 0.0% 1 0.3%
Not performed 10 6.5% 27 7.9%
NA 3 2.0% 10 2.8%

Primary tumour 
location

Central 16 10.5% 57 16.1% 0.055
Upper medial 23 15.0% 27 7.6%
Lower medial 9 5.9% 19 5.4%
Upper lateral 72 47.1% 183 51.7%
Lower lateral 28 18.3% 50 14.1%
More than one segment 5 3.3% 18 5.1%

Palpable primary 
tumour

No 16 10.5% 29 8.2% 0.410
Yes 137 89.5% 325 91.8%

Bilateral disease No 148 96.7% 333 94.1% 0.212
Yes 5 3.3% 21 5.9%

Tumour morphology Mass lesion with spiculated or indistinct 
margins

99 64.7% 209 59.0% 0.058

Mass lesion with distinct margins 11 7.2% 19 5.4%
Architectural distorsion +/-
microcalcification

6 3.9% 42 11.9%

Mass lesion with microcalcification 26 17.0% 69 19.5%
Microcalcification 1 0.7% 1 0.3%
Cystic lesion 1 0.7% 0 0.0%
NA 9 5.9% 14 4.0%

Breast density* a 33 21.6% 64 18.1% 0.306
b 68 44.4% 140 39.5%
c 31 20.3% 102 28.2%
d 13 8.5% 34 9.6%
NA 8 5.2% 14 4.0%

Lymph node 
morphology 

Normal 6 3.9% 12 3.4% <0.001
1 with cortical thickening 43 28.1% 68 19.2%
1 deformed 36 23.5% 25 7.1%
>1 with cortical thickening 30 19.6% 109 30.8%
>1 deformed 24 15.7% 117 33.1%
NA 14 9.2% 23 6.5%

FNAC of lymph node Insufficient for diagnosis 1 0.7% 4 1.1% 0.984
Benign 1 0.7% 3 0.8%
Suspicious 2 1.3% 3 0.8%
Strongly suspicious 5 3.3% 12 3.4%
Positive for malignancy 133 86.9% 303 85.6%
FNAC not performed 11 7.2% 29 8.2%

Median (range) Median (range)
Age (y) 64 (21-94) 59 (22-93) 0.014
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Table 16 Histopathological factors in relation to extent of axillary lymph node involvement.
(HER-2, human epidermal growth factor receptor 2; EIC extensive intraductal component; LVI, 
lymphovascular invasion; ECE, extracapsular extension; NA, not available) (Reproduced with 
permission from The BJS, Niinikoski et al. 2020)

Metastatic axillary lymph nodes
1 or 2
(N = 153, 30.2%)

More than 2
(N = 354, 69.8%)

N % N % p-value
Pathological T 
category of primary 
tumour

p1a 1 0.7% 1 0.3% 0.001

p1b 7 4.6% 5 1.4%

p1c 57 37.3% 76 21.5%

pT2 75 49.0% 211 59.6%

pT3 9 5.9% 47 13.3%

pT4 4 2.6% 13 3.7%

NA 0 0.0% 1 0.3%

Histological grade of 
primary tumour

1 10 6.5% 16 4.5% 0.564

2 41 26.8% 84 23.7%

3 102 66.7% 253 71.5%

NA 0 0.0% 1 0.3%

Biological subtype Hormone receptor positive 
and HER-2 negative

99 64.7% 208 58.8% 0.131

HER-2 positive 34 22.2% 109 30.8%

Triple-negative 20 13.1% 37 10.5%

Histology of primary 
tumour

Ductal 120 78.4% 273 77.1% 0.209

Lobular 14 9.2% 49 13.8%

Other 19 12.4% 32 9.0%

Ki-67 0-15% 24 15.7% 48 13.6% 0.817

16-30% 45 29.4% 108 30.5%

>30% 84 54.9% 198 55.9%

EIC No 139 90.8% 311 87.9% 0.327

Yes 14 9.2% 43 12.1%

Multifocal tumour No 110 71.9% 218 61.6% 0.026

Yes 43 28.1% 136 38.4%

LVI of primary 
tumour

No 105 68.6% 144 40.7% <0.001

Yes 43 28.1% 194 54.8%

NA 5 3.3% 16 4.5%

ECE of lymph node 
metastasis

No 104 68.0% 86 24.3% <0.001

Yes 39 25.5% 245 69.2%

NA 10 6.5% 23 6.5%

Median (range) Median (range)
Tumour size (mm) 23 (3-90) 30 (5-150) <0.001

Total number of axillary lymph nodes examined 22 (11-55) 23 (8-76) 0.040

Size of the largest lymph node metastasis (mm) 16 (3-95) 18 (0.2-62) 0.065
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Table 17 Binary logistic regression analysis of risk factors for more than two positive lymph 
nodes. (OR, odds ratio; C.I. confidence interval; ECE, extracapsular extension; LVI, 
lymphovascular invasion) (Reproduced with permission from The BJS, Niinikoski et al. 2020)

OR 95% C.I. for OR p-value
Lower Upper

Age 0.98 0.96 1.00 0.039
Tumour size 1.02 1.00 1.04 0.035
ECE of lymph node metastasis 8.04 4.69 13.80 <0.001
LVI of primary tumour 2.94 1.72 5.05 <0.001
Morfology of lymph nodes Normal 1.00 <0.001

1 with cortical thickening 4.02 1.01 16.08 0.049
1 deformed 1.64 0.39 6.91 0.501
>1 with cortical thickening 5.85 1.47 23.25 0.012
>1 deformed 8.22 2.04 33.14 0.003

Table 18 Treatment. (HER-2, human epidermal growth factor receptor 2; NA, not available)
(Reproduced with permission from The BJS, Niinikoski et al. 2020)

Metastatic axillary lymph nodes
1 or 2
(N = 153, 30.2%)

More than 2
(N = 354, 69.8%)

N % N % p-value
Operation Mastectomy 88 57.5% 263 74.3% <0.001

Breast conserving surgery 65 42.5% 91 25.7%
Radiotherapy Yes 134 87.6% 303 85.6% 0.551

No 19 12.4% 51 14.4%
Chemotherapy Yes 100 65.4% 288 81.4% <0.001

No 53 34.6% 66 18.6%
Anti-HER-2 therapy Yes 26 17.0% 100 28.2% 0.007

No 127 83.0% 254 71.8%
Endocrine 
treatment

Yes 116 75.8% 261 73.7% 0.621
No 37 24.2% 93 26.3%

Table 19 Breast cancer events during follow-up. Sixty-four patients with distant metastases 
detected within 6 months after surgery were excluded from survival analyses as they were 
considered to have primarily metastatic disease. *Includes only nodal metastases detected during 
follow-up, not those detected within 6 months after surgery. (Reproduced with permission from The 
BJS, Niinikoski et al. 2020)

Metastatic axillary lymph nodes
1 or 2
(N = 150, 33.9%)

More than 2
(N = 293, 66.1%)

Follow-up time, median (range) 62 months (2-114) 63 months (0-112)

Event N 5-year survival N 5-year survival 
p-value 
(log-rank)

Ipsilateral breast recurrence 7 95.6% 9 96.9% 0.372
Contralateral breast recurrence 5 96.7% 5 98.5% 0.234
Axillary lymph node recurrence 1 100% 2 99.2% 0.873
Other regional lymph node 
recurrence*

2 98.4% 4 98.4% 0.921

Distant metastasis 15 89.1% 77 77.3% <0.001
Death from breast cancer 12 94.3% 51 85.8% 0.026
Death from any cause 26 87.0% 73 81.4% 0.215
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Figure 4 Receiver operating characteristics (ROC) curve for model.
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6 DISCUSSION

6.1 FEASIBILITY OF BLES PROCEDURE IN PATIENTS 
WITH BENIGN AND HIGH-RISK BREAST LESIONS

BLES as a therapeutic device
 
In our series, the BLES procedure was adequate in the management of 71 
(89%) benign or high-risk breast lesions. Thus, in these patients surgical 
excision could be omitted. In ten cases the final diagnosis was upgraded from 
the initial CNB to HRL and in five cases to malignancy whereas 18 cases were 
downgraded by BLES. 

BLES can be carried out as a quick outpatient procedure and it is 
presumably more cost-effective than image-guided surgical biopsy. Moreover, 
aesthetic outcome of BLES procedure is excellent with only a scar of 1 cm. The 
procedure causes only moderate pain and no sick leave is needed.  

There were no papilloma recurrences, HRLs or malignant tumours 
detected during the follow-up in patients without surgical re-excision. In our 
unit, the current treatment protocol of HRLs is that clear margins are not 
required, when the diagnosis is confirmed with adequate sampling with BLES 
or VACNB. These patients are managed with follow-up. The patients with 
DCIS or invasive carcinoma in the BLES specimen undergo further surgical 
excision.  

There are several previous studies evaluating BLES as a diagnostic tool, but 
only a few reporting on complete excisions or using the BLES as a therapeutic 
device. A meta-analysis by Sanderink et al. [173] included 17 studies; In eight 
of them BLES was used for diagnostic purposes only. In two, including our 
study, BLES was used for removal of benign lesions or atypical HRLs for which 
histology was known by needle-biopsy. In one study BLES was used for 
excision of small solid carcinomas. The underestimation rates of more 
aggressive disease in lesions diagnosed as ADH and/or DCIS by BLES ranged 
from 0% to 14.3% for ADH and from 0% to 22.2% for DCIS. The median of 
complete excision rate for DCIS was 50% (range 0.9-80%), for ADH 60% 
(range 22.2-83.3%) and for invasive ductal carcinoma 43% (range 0-62.5%). 

Sklair-Levy et al. [174] reported on 111 patients undergoing BLES in order 
to remove benign or atypical high-risk breast lesions and is included in the 
meta-analysis [173]. In their series, 98 (88%) cases avoided surgical excision 
similarly to our findings. Eight cases were upgraded from the initial CNB to 
invasive or in situ carcinoma. 



 

63 

Allen et al. [175] published a prospective study on 76 patients undergoing 
BLES procedure. They concluded that BLES is an efficacious method in 
excising lesions smaller than 1 cm. In their series, 13 out of the 15 papillomas 
and all four ADH lesions were completely removed by BLES. In the other study 
by Allen et al. [176] BLES was used for complete excision of HRLs or malignant 
lesion. The margins were clear in three out of the nine HRLs and in 15 out of 
the 23 DCIS lesions. None of the invasive carcinomas were completely 
removed. These results are also similar to ours.  

BLES complications and procedure challenges
 
BLES procedure was well tolerated in our study. There were no major 
complications requiring surgical intervention. Only one notable hematoma 
and one skin burn occurred. The hematoma turned into an infection and was 
treated with oral antibiotics. Procedural problems or insufficient sampling was 
encountered in a few cases, but we included also the very first BLES 
procedures, so the learning curve may have an effect on the results. Thermal 
damage did not affect the histopathological evaluation of the BLES specimen. 

Also in the meta-analysis [173] the complications were few and usually 
mild: bleeding (0-11.8%), hematoma (0-8.8%), infection (0-5.3%), wound 
leakage (5.3%), wound healing problems (0.9-5.2%), skin burn (0-1.5%). 
Technical problems were sporadic (wire break, basket failed to spread out, 
inaccurate guidance, empty basket). The solution in these cases is to use a 
second probe. Thermal artefacts on BLES specimens have been reported 
earlier in many studies [173]. However, it has been reported that thermal 
damage does not affect the diagnostic outcome similarly to our experience. 

Alternative methods 

Intraductal papillomas may be removed using selective ductectomy provided 
that there is ductal discharge and the duct can be cannulated. The procedure 
is performed usually under general anesthesia and an incision of at least one-
third of the length of the areolar border is needed. Thus, selective ductectomy 
is a more invasive procedure compared to BLES. On the other hand, selective 
ductectomy is appropriate for lesion located close to the areola, unlike BLES. 
Maráz et al. [177] evaluated the use of selective ductectomy for the 
management of intraductal papillary lesions with single duct discharge in 100 
patients. Six of the lesions were malignant, nine patients had ADH with 
papilloma and one patient had lobular neoplasia around the papilloma. The 
results are comparable to our study. 
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VACNB can be used for removal of breast lesions as well. However, there is 
no possibility to examine the margins of the lesion by VACNB since it excises 
the lesions piece by piece, unless the edges of the lesion cavity are shaved in 
the same session into a separate container for histopathological analysis to 
ensure complete removal. In addition, VACNB is not recommended for 
patients with an increased risk of bleeding as it does not perform hemostasis. 
VACNB has less limitations with respect to the lesion location, which is a clear 
benefit compared to BLES.  

Strachan et al. [178] examined the use of VACNB in the management of 
lesion with or without atypia and introduced a two-way protocol. Patients with 
atypia in CNB but not upgraded or downgraded by VACNB were offered 5-year 
mammographic follow-up. The patients without atypia in both CNB and in 
VACNB were discharged to routine screening. The patients with no atypia on 
CNB but epithelial atypia found on VACNB were offered diagnostic surgical 
biopsy since with VACNB it is not possible to preserve the lesion architecture 
and differentiate ADH from DCIS, unlike with BLES.  

High-risk breast lesions
 

A recent systematic review and meta-analysis by Forester et al. [179] assessed 
the risk of upgrade to malignancy after a HRL diagnosis on CNB.  They used 
data from 129 studies including 11 423 lesions of which 2160 were upgraded 
to malignancy after surgical excision. The pooled estimate for malignancy risk 
was 17%, the rates varied significantly between atypical and non-atypical 
lesions. For papillomas, upgrade rate to malignancy was 7% without atypia 
compared to 32% with atypia. BLES is a beneficial tool to confirm the absence 
of atypia of HRLs, and thus to avoid further surgery, and in the decision-
making of adequate follow-up. 
 
 

6.2 COMPARISON OF SAFETY BETWEEN 
CONVENTIONAL AND ONCOPLASTIC BREAST 
CONSERVING SURGERY

 
Our study demonstrates that oncoplastic BCS is as safe as conventional BCS 
even though oncoplastic techniques were used for larger, multifocal and more 
aggressive tumours. We found no difference in surgical margins, reoperation 
rates nor LR rates between the groups. We wanted to focus especially on 
evaluating the results of different oncoplastic techniques, since there are many 
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studies reporting results of oncoplastic reduction mammoplasty, but only few 
of other techniques. 

Resection margins and reoperations

Reoperation rate in our study was low (8.4%). Tumour size, multifocal disease 
and EIC predicted inadequate surgical margins. This is consistent with several 
other previous studies [76,180-182].  

The reoperation rate after oncoplastic BCS was 9.2%, and it was similar 
with most of the oncoplastic BCS techniques, although the amount of resected 
tissue ranged substantially. We decided not to perform a statistical 
comparison between different oncoplastic BCS techniques, due to the small 
number of patients in many of the groups. 

The positive margin rate of the oncoplastic BCS in our series is comparable 
to the rates reported earlier in most of the previous studies (9.3-12.6%) 
[71,75,76,78,79]. Rietjens et al. [77] reported a lower positive margin rate 
(5.4%) whereas Wijgman et al. [72] a higher rate (22.6%) compared to our 
study. A recent study by Kelemen et al. [183] reported a reoperation rate of 8% 
in their series of 350 oncoplastic BCS procedures. In these studies the 
insufficient surgical margins were heterogeneously classified and not reported 
according to different oncoplastic techniques. On the other hand, the tumours 
were larger in diameter in most of these studies (15-27 mm) compared to our 
series. 

The median specimen weight in our study was 77 g (range 10-1893 g). 
Expectedly it was highest in patients who underwent reduction mammoplasty 
surgery. The lowest median specimen weight resulted after round block, J-
mammoplasty and batwing techniques. The specimen weights in previous 
studies were often higher (168-249g). However, these studies reported mainly 
on breast reduction and flap techniques [75-77,79]. Kelemen et al. [183] used 
three different oncoplastic BCS techniques (reduction mammoplasty, rotation 
flap, round block) resulting in median specimen weight of 90g compared to 
63g in the conventional BCS group (p=0.001). 

The reoperation in our series was more often a completion mastectomy in 
the oncoplastic BCS group than in the conventional BCS group. Oncoplastic 
technique was often chosen for larger or multifocal tumour in order to avoid 
mastectomy. After the oncoplastic BCS a re-excision might have compromised 
the aesthetic result.  
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Local recurrences
 
The ipsilateral LR rate during a median of 75 months follow-up was 2.3% in 
our study population, 2.7% in the conventional BCS group and 1.5% in the 
oncoplastic BCS group. This rate is comparable to other studies. Romics et al. 
[78] reported a LR rate of 2.7% (median follow-up 30 months), Clough et al. 
2.2% (median follow-up 55 months) [76], Rietjens at al. [77] 3.4% (median 
follow-up 74 months) and Kelemen et al. [183] 1.1% (mean follow-up 51 
months) in patients who underwent oncoplastic BCS. In a systematic literature 
review [75] the LR rate after oncoplastic BCS was 3.2% during a mean of 50.5 
months follow-up and 6.0% if the follow-up was continued for more than five 
years. Contralateral breast cancer and regional lymph node recurrences were 
rare events in our series. 
 

 

6.3 RADIOGUIDED OCCULT LESION LOCALIZATION
AND RADIOACTIVE SEED LOCALIZATION IN 
TREATMENT OF IMPALPABLE BREAST CANCER

 

In our study, both ROLL and RSL provided similar outcomes regarding 
sufficient margin status, reoperation rates and LRFS in patients with 
impalpable invasive breast cancer treated with BCS. Instead of localization 
method, the factors predicting reoperations were multifocality of the tumour, 
larger tumour size, EIC and smaller specimen weight. This is consistent with 
our study II results and with an earlier study [94]. Expectedly there were more 
multifocal tumours in the RSL group, since WGL was used instead of, or in 
addition to ROLL in our unit if the tumour was multifocal in preoperative 
imaging.  

Resection margins and reoperations
 
The reoperation rate due to insufficient margins was low (5.6%) in our series, 
4.1% in the ROLL group and 6.8% in the RSL group. These are low rates 
compared to previous studies (see the review of the literature, chapter 2.3.6). 
There are only few previous studies comparing ROLL and RSL: Van der 
Noordaa et al. [92] did not find significant difference in reoperation rates 
between these techniques (ROLL 10% vs. RSL 9%). Neither did Donker et al. 
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[93], who compared ROLL and RSL after NAC (ROLL 7% vs. RSL 8%). 
Theunissen et al. [94] compared all WGL, ROLL and RSL and they found, 
however, that RSL results in a higher negative surgical margin rate and a lower 
reoperation rate. 

We did not find any difference in specimen weight between the ROLL and 
RSL (p = 0.143), similarly to other previously published studies [92-94]. Our 
study material includes all patients who underwent BCS, either conventional 
or oncoplastic, and therefore there was a wide range in specimen weights. The 
patients in the RSL group had more often multifocal disease and this possibly 
increased the specimen weights in the RSL group. However, larger specimen 
weights do not necessarily result in poorer aesthetic outcome in the era of 
oncoplastic surgery, which is used more and more in our unit [184]. 

Local recurrences
 
There was no difference in the estimated five-year LRFS between the ROLL 
and the RSL groups in our series. There are only few previous studies reporting 
LR rates after BCS using ROLL or RSL. Theunissen et al. [94] reported a LR 
rate of 6.6% in the ROLL group (median follow-up 51 months) and no 
recurrences in the RSL group (median follow-up 33 months). A recent study 
by Aljohani et al. [96] reported a LR of only 0.3%, but the median follow-up 
time was only 37 months in the RSL group. In our series, occurrence of 
contralateral breast cancer, regional lymph node recurrences and breast 
cancer deaths were few. 

Other aspects of localization methods
 
Surgical outcome and oncological safety of ROLL and RSL were comparable 
in our study. Nevertheless, there are some clear advantages with RSL. The 
seeds are visible in MGR and their position in relation to the tumour is thereby 
easy to confirm, and furthermore, with RSL it is possible to mark multiple 
lesions or a large area of microcalcification using several seeds. RSL might also 
provide more accurate localization due to a risk of dispersion of Tc-99m during 
the injection for ROLL.   

In addition, RSL provides flexible scheduling and logistics, since the seed 
can be placed weeks or even several months before surgery, enabling tumour 
marking even before neoadjuvant treatment. Commonly, during the seed 
insertion, the breast radiologist detects another suspicious lesion not 
identified in earlier imaging leading to extra biopsies or even re-planning of 
surgery [89]. Hence, we schedule the RSL well before operation. 
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On the other hand, although the I-125 seeds emit low-energy radiation, 
their use requires complex radiation safety protocols [91]. The advantage of 
ROLL is the possibility to use a single injection of radiolabeled colloid for 
marking of both the tumour and the sentinel lymph nodes [90,91]. 

 

6.4 AXILLARY LYMPH NODE METASTASES IN 
CLINICALLY NODE-POSITIVE BREAST CANCER 
PATIENTS 

Factors predicting more extensive nodal burden
 

In this study of patients with invasive breast cancer who had axillary LNMs 
detected before surgery, one-third had only one or two positive nodes in the 
completion ALND specimen. These patients with a limited axillary disease 
burden do not necessarily benefit from further axillary surgery, and could be 
treated with adjuvant RT and systemic treatment, in agreement with studies 
of clinically node-negative breast cancer [10-12]. The AMAROS [11] and 
OTOASOR [12] trials included patients who had BCS or mastectomy, although 
the mastectomy rate was higher in the present study.   

Factors associated with more than two LNMs in our study were young age, 
size and LVI of the primary tumour, ECE of the LNMs, and morphology of 
lymph nodes on US imaging (more than one suspicious lymph node). These 
findings are consistent with several previous studies [125-129,133].  

Of factors included in the predictive model, patient age and morphology of 
the lymph nodes on US are available before surgery. Histological tumour size, 
LVI and ECE of the LNMs can only be determined reliably from the surgical 
specimen, limiting their use in preoperative decision-making. All this 
information can, however, be acquired by undertaking only a targeted excision 
of the biopsied metastatic node(s) during primary breast surgery, and delaying 
the decision-making process regarding more extensive axillary surgery until 
the final pathology is available. 

Morphology of the lymph nodes was significant predictive factor in the 
analysis. More than one abnormal lymph node detected on US predicted a high 
nodal burden as shown earlier [127,129,131,133,134]. Odds ratio (OR) for more 
than one lymph node with cortical thickening was 5.85 and OR for more than 
one deformed lymph node was 8.22. Cortical thickness of a suspicious lymph 
node of more than 3.5-4 mm has been reported to predict more extensive 
nodal involvement [128,133]. In this study, the lymph node was considered 
suspicious if the cortical thickness exceeded 3 mm. 
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Axillary nodal burden and tumour biology
 
Patients with clinically node-positive triple-negative or HER-2 positive 
tumours are more likely to receive NAC, and to achieve a pCR in the axilla, 
than those with luminal subtypes [81]. On the other hand, a large proportion 
of patients in our series (307 of 507, 60.6%) had a luminal-like subtype, which 
is associated with much lower pCR rates (0-50%) after NAC [81,143,145-
147,185,186]. Furthermore, not all patients with node-positive luminal breast 
cancer benefit from chemotherapy in terms of survival outcomes [187] and not 
all patients with breast cancer are suitable for chemotherapy owing to 
advanced age and comorbidities. Upfront surgery with marking and 
harvesting of nodes that were suspicious on axillary US imaging could be an 
interesting option in luminal breast cancer subtypes, followed by systemic 
treatments and RT. Our predictive model might be useful for evaluating the 
nodal tumour burden in patients with clinically node-positive disease and help 
in decision-making regarding the optimal axillary treatment, especially in 
patients with luminal breast cancer. 

Axillary nodal burden and survival
 

During the study interval, patients with clinically node-positive disease in 
HUH did not routinely undergo CT scan before operation. Accordingly, there 
was a rather high proportion of patients who had metastatic disease initially 
that was detected by postoperative CT scan, especially in the group with more 
than two LNMs. These patients were included in the predictive model but were 
excluded from the survival analysis. Moreover, both DFS and breast cancer-
specific survival were poorer in patients with more than two LNMs as these 
patients more often developed distant metastases during follow-up. There was 
no significant difference in OS between the groups, although the 5-year 
estimate was higher in the group with a low nodal burden. These findings 
indicate that not all patients with a high axillary nodal tumour burden benefit 
from ALND and staging imaging should be undertaken before planning 
axillary treatment in this group. 
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6.5 STRENGHTS AND LIMITATIONS OF THE STUDY

Study I
This study evaluated quite a large number of patients with intraductal 
papilloma managed with BLES. However, there was no standardized 
treatment protocol for BLES cases at our unit during the study period. The 
cases were discussed at the MDT meeting and the definite management was 
decided individually. The follow-up period is rather short for some patients for 
making strong conclusions on recurrences. 

Studies II and III
These studies reviewed a large number of patients, and they were carried out 
in a single institution. Thereby, the diagnostic and treatment protocols, 
including surgical practice, are standardized. In study II we report several 
different oncoplastic techniques, both level 1 and level 2, not merely 
oncoplastic reduction mammoplasty techniques. Thus, our study 
demonstrates the entire spectrum of various oncoplastic techniques used in 
our center in real-life clinical practice and in an unselected cohort of breast 
cancer patients. 

Limitation of these studies is the retrospective design. Consequently, in 
study III, the RSL group patients had more often multifocal disease and  they 
received more often endocrine therapy, perhaps owing to the multifocality, as 
there was no difference in tumour sizes. Furthermore, in study III, patients 
with pure DCIS were excluded from the main analysis due to the small number 
of cases, especially in the ROLL group. DCIS is a known risk factor for positive 
margins and this may bias our results. However, we did not find statistically 
significant differences between ROLL and RSL among DCIS patients, neither 
in the DCIS characteristics nor in the reoperation rate, possibly due to the very 
small number of patients. 

In addition, the guidelines for adequate surgical margins changed at the 
beginning of the study period in 2010. The new recommendation ‘no ink on 
tumour’ was adopted gradually, therefore the indication for reoperation is not 
standard throughout the study period. Furthermore, the indications for 
reoperations are not similar in different breast cancer units, which hinders the 
comparison with other studies.  

We did not assess the aesthetic outcome of BCS in this study, as it is 
reported in our earlier study [184]. Moreover, we did not record postoperative 
complications in either of the studies. 
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Study IV
In study IV, data were collected retrospectively and consequently there are 
some missing values. A large proportion of study patients underwent 
preoperative imaging in the referring unit. Accordingly, axillary US imaging 
was not standardized, and was performed by radiologists with varying 
expertise and equipment. Moreover, staging imaging protocols varied between 
different units. For these reasons, further validation is needed before use of 
the predictive model in clinical practice. 

 

6.6 FUTURE ASPECTS

Study I
The possibility to preserve lesion architecture and to assess margins are clear 
benefits of BLES procedure and allow it to be used for therapeutic resections. 
BLES device with a 30 mm wire basket is already in use in the United States, 
this may widen the utility of BLES. The procedure has potential even for 
excising small carcinomas. However, further clinical trials and long-term 
outcome data is needed before adopting BLES for the management of 
malignant lesions. 

BLES, nevertheless, is no longer in use in our unit. There are no baskets 
available anymore for our BLES device, and the plan is not to invest in a new 
one. Currently we use VACNB instead. The current practice is to remove the 
lesion piece by piece using VACNB for a first histopathological analysis, and 
then the edges of the lesion cavity are shaved in the same session for another 
histopathological analysis to ensure complete removal. 

Study II
Oncoplastic BCS has become an essential method in the surgical treatment of 
breast cancer patients, and the indications for BCS has thereby widened 
remarkably. Even patients with tumours ≥50 mm are candidates for BCS 
without compromising the oncological and aesthetic outcomes if clear margins 
can be achieved [188].  

Furthermore, the use of NAC has resulted in an increased rate of BCS 
[82,189]. Involved margin rate has varied considerably in patients undergoing 
BCS after NAC from 5% to 39.8% depending on tumour biology [82,189]. NAC 
may lead to lower specimen volumes and thus to better aesthetic result after 
BCS compared to adjuvant systemic therapy, though prospective randomized 
trials will be required to confirm this hypothesis [82]. 
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There is also some evidence that surgical margins <2 mm versus ≥2 mm 
for DCIS do not result in higher LR rate if adjuvant RT is administered 
[190,191], and that 1 mm would probably be sufficient margin irrespective of 
RT [192]. Clinical judgement is needed in determining the need for re-excision 
in patients with DCIS and margin width less than 2 mm.  

In addition, there are ongoing trials hypothesizing that active surveillance 
is non-inferior to upfront surgery with or without RT in patients with DCIS. In 
the COMET trial [193] 1200 patients over the age of 40 and with grade I or II 
DCIS are randomized for surgery with or without RT and endocrine therapy 
versus choice for endocrine therapy alone. Patients are followed up and the 
primary endpoint is the development of invasive breast cancer. The LORIS 
trial [194] will assess whether active monitoring with annual MGR is non-
inferior to surgery, in terms of ipsilateral invasive breast cancer free survival 
time. The randomized LORD trial [195] is recruiting patients with low-grade 
DCIS only. 

Study III
Due to some disadvantages of all WGL, ROLL and RSL, new non-ionizing 
localization methods have been introduced.  

Radiofrequency reflector is implanted to tumour site through a hollow 
needle under US or stereotactic guidance, and multiple tags can be used. Tags 
do not cause artefacts in MRI. A handheld radiofrequency reader is used in the 
operation room for identifying the tags and guiding surgical excision. 
However, tags are relatively large in size (12 mm) and thus marking of small 
sized tumours may be challenging.  

Magnetic seeds are handled in a similar way to radioactive seeds. They are 
inserted through preloaded 18G needles under US or stereotactic guidance and 
may be placed up to 30 days before operation [196]. A magnetic probe is 
needed for the identification of these seeds, it has currently a detection depth 
of only 3 cm. Another limitation of this method is the possible interference 
from nearby surgical instruments, though also non-magnetic instruments are 
available. Magnetic seed localization has proved to be comparable with WGL 
regarding lesion identification, tumour-free margins and specimen weight 
[197]. It has also potential to be used for marking of axillary lymph nodes for 
targeted axillary dissection. 

Patients with breast tumours visible in US may undergo excision guided by 
intraoperative US.  It is performed by surgeon and enables intraoperative 
assessment of margins. Preoperative localization or intraoperative 
radiography performed by radiologist is thereby unwarranted allowing free 
scheduling of the surgical procedure. However, the use of intraoperative US 
requires expertise with a learning curve. In addition, this method is suitable 
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only for lesions that are clearly visible on US, unless an US-visible hydrogel 
marker is placed into the lesion [198].  

In addition, several other localization methods are under investigation. 
Likely, radioisotope free techniques will be adopted in clinical use as long-term 
evidence becomes available. None of the existing localization methods is 
superior compared to the others as all of them have their advantages and 
disadvantages. Thus, it is recommended to choose the method which is best 
suitable for the multidisciplinary team in each unit. Furthermore, the more 
important thing than the localization method is the good cooperation and 
teamwork with the surgeon, the radiologist and the pathologist. 

Study IV
The axillary treatment of patients with breast cancer is under intensive 
investigation, with the common goal of reducing morbidity without 
compromising treatment outcomes. The SENOMAC [199] and SERC [200] 
trials are investigating omitting ALND in clinically node-negative SLNB-
positive patients with T2 and T3 tumours. The POSNOC [201] trial is 
comparing systemic adjuvant therapy alone with adjuvant therapy plus 
axillary treatment (ALND or axillary RT) in patients with one or two 
macrometastases in sentinel lymph nodes undergoing either BCS or 
mastectomy. In the BOOG 2013-07 [202] trial patients with clinically T1-2N0 
breast cancer who are treated with mastectomy and who have a maximum of 
three sentinel lymph nodes containing micro- and/or macrometastases are 
randomized for ALND or axillary RT versus no completion axillary treatment. 
These trials are confirmatory studies to Z0011 and AMAROS.  

The SOUND [203] and INSEMA [204] trials are investigating the omission 
of any axillary surgery in patients with clinically and ultrasonographically 
node-negative T1 or T2 tumours respectively. 

The TAXIS [205] trial is investigating the optimal treatment of patients 
with clinically node-positive N1-2 disease in the adjuvant setting or with 
incomplete response of nodal disease in the neoadjuvant setting. It is 
comparing tailored axillary surgery (selective removal of metastatic lymph 
nodes), followed by ALND and RT with tailored axillary surgery followed by 
RT only. In the tailored axillary procedure, all patients undergo SLNB, which 
should preferably be performed by dual mapping. In addition, all palpably 
suspicious nodes and all lymph nodes clipped before NAC, if present, are 
removed. 

Furthermore, there are several ongoing studies about axillary treatment 
after NAC and about role of RT in axillary treatment [206-208].  

International collaborative non-profit organization European Breast 
Cancer Research Association of Surgical Trialists (EUBREAST) was founded 
in 2018 in order to promote cross-border research projects in Europe, 
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including the SENOMAC and TAXIS trials. There are also future trial projects 
of EUBREAST including EUBREAST 01, INDAX and AXSANA [209]. 

The EUBREAST 01 [209] trial is investigating patients with biopsy-proven 
cT1-3cN0 triple-negative or HER-2 positive breast cancer who receive NAC. If 
there is a pCR in the breast, SLNB is not performed and the patients do not 
receive further local treatment of axilla. If there is a non-pCR of the breast, 
SLNB is performed, and the patients with positive sentinel lymph node will 
receive axillary RT or undergo ALND. The patients with negative sentinel 
lymph node will not receive further local treatment. The primary endpoint is 
the 3-year ipsilateral axillary recurrence rate. 

In the INDAX [209] trial patients with cT1-3N1 breast cancer who become 
node-negative after NAC undergo a targeted lymph node biopsy and/or SLNB. 
The patients without axillary lymph node metastases will receive axillary RT 
or are only followed up. The patients with metastases are treated with ALND 
and RT or RT only. The primary endpoint is the invasive DFS. 

The AXSANA [209] trial is prospective register study investigating current 
surgical treatment protocols of nodal positive patients and the oncological 
outcome. It is focusing on patients with ypN0 disease after NAC, these patients 
might undergo a SLNB, targeted lymph node biopsy, targeted axillary 
dissection or ALND. 

These trials may lead to a change in treatment protocols and spare many 
patients with clinically node-positive disease from morbidity of ALND. 
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7 CONCLUSIONS

I. The BLES procedure is a feasible method for the management of 
small benign and high-risk breast lesions such as intraductal 
papillomas. Thus, a large number of these patients can avoid a 
diagnostic surgical biopsy. 

 
II. Oncoplastic BCS was used for larger, multifocal and more aggressive 

breast cancer tumours. However, there was no difference in 
reoperation rates or LR rates. Oncoplastic BCS is as safe as 
conventional BCS enabling breast conservation for patients whom 
otherwise were candidates for mastectomy. 

 
III. ROLL and RSL provided similar surgical outcomes in terms of 

margin status, reoperation rates and LRFS in patients with 
impalpable invasive breast cancer treated with BCS. 

 
IV. The study provides a well performing patient-specific prediction 

model for evaluating nodal tumour burden in patients with clinically 
node-positive breast cancer. This model could prove helpful in the 
decision-making on the optimal axillary treatment in these patients. 
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