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Preface 

The research presented in this PhD thesis is based on scientific work conducted at the Department of Breast 

Surgery, Herlev-Gentofte Hospital/Rigshospitalet, from 2016 to 2019. 

 

The subject of this thesis is in continuity with previous scientific work performed by DMSc, PhD, Tove F. 

Tvedskov. Tove has studied axillary staging/sentinel lymph node biopsy in Danish women with primary breast 

cancer. In the current PhD thesis, the latter subject has been examined in relation to breast cancer patients 

with microinvasive breast cancer and non-invasive ductal carcinoma in situ of the breast. 

 

The PhD thesis is based on the following papers: 

 

Paper I 

The use of sentinel lymph node biopsy in the treatment of breast ductal carcinoma in situ: A 

Danish population-based study. Holm-Rasmussen EV, Jensen MB, Balslev E, Kroman N, Tved-

skov TF. Eur J Cancer. 2017 Dec; 87:1-9.  

 

Paper II 

Risk factors of sentinel and non-sentinel lymph node metastases in patients with ductal car-

cinoma in situ of the breast: A nationwide study. Holm-Rasmussen EV, Jensen MB, Balslev E, 

Kroman N, Tvedskov TF. Breast. 2018 Sep 18;42:128-132.  

 

Paper III 

Sentinel and non-sentinel lymph node metastases in patients with microinvasive breast can-

cer: a nationwide study. Holm-Rasmussen EV, Jensen MB, Balslev E, Kroman N, Tvedskov TF. 

Breast Cancer Res Treat. 2019 Jun;175(3):713-719. 

 

 

 

The above papers can be found in Appendix I-III. 

 

The studies were approved by the Danish Patients Safety Authority (J.no. 3-3013-1443/1/), the Danish Da-

ta Protection Agency (J.no. RH-2015-262). 

 

This PhD project would not have been possible without the financial support granted by the Danish Cancer 

Society (Knæk Cancer [R130-A8152-15-S38]), the Research Foundation of Rigshospitalet 

(E-22335-01) and the Department of Breast Surgery, Herlev-Gentofte Hospital, Copenhagen University 

Hospital. 
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Summary 

Nationwide mammographic screening has increased the number of women diagnosed with early stage 

breast cancers; both microinvasive breast cancer (≤1mm, MIBC) and non-invasive ductal carcinoma in situ 

(DCIS). MIBC rarely metastasizes and, theoretically, DCIS does not have metastatic potential. However, some 

lymphatic spread to the axillary lymph nodes has been reported in both groups. Occult cancer or iatrogenic 

tumor cell displacement might cause lymph node metastases in patients with DCIS. Due to the low risk of 

lymph node metastases in patients with MIBC and DCIS, the use of a sentinel lymph node (SN) biopsy 

(SLNB) and/or axillary lymph node dissection (ALND) is debated. SLNB causes less morbidity than ALND. 

Nevertheless, side effects such as lymphedema, arm or shoulder pain and impaired movement of the arm or 

shoulder have been reported after SLNB. If we can identify patients with MIBC or DCIS at high risk of lymph 

node metastases, tailor-made axillary surgery can be offered and overtreatment can be avoided.    

 

The use of SLNB for Danish women with DCIS is based on national guidelines. Compliance with the guide-

lines has never been examined in Denmark. In the current thesis, we used data from the Danish Breast Can-

cer Group (DBCG) to examine the subject. The results indicated a considerable variation in the use of SLNB 

for DCIS patients treated with breast conserving surgery (BCS) among Danish breast surgery departments. 

The department volume had an impact on the use of SLNB which were used more frequently with BCS in 

low-volume departments than in high-volume departments. In contrast, SLNB were used more frequently 

with mastectomies at high-volume departments than in low-volume departments. This indicates a higher 

compliance with the national SLNB guidelines for Danish DCIS patients by high-volume departments com-

pared to low-volume departments. 

 

In the current thesis, data from the DBCG was also used to examine the rate and risk factors of SN metasta-

ses and the rate of non-SN metastases (NSN) in women with DCIS and MIBC.  

Of 1,787 patients with DCIS, 4% had SN metastases. NSN metastases were detected in less than 10% of the 

cases examined. However, 23% of DCIS patients with SN macrometastases also had NSN metastases which 

indicates occult cancer of the breast. These patients should be offered an ALND. SN metastases were asso-

ciated with younger age (≤49 years), DCIS size (≥50 mm), palpability and preoperative surgical excisional bi-

opsy. Surgical excisional biopsy was associated with the presence of isolated tumor cells in the SN and, to 

some extent, SN micrometastases. This indicates an iatrogenic displacement of tumor cells without any met-

astatic potential. Accordingly, these patients should not be upstaged, nor treated for an invasive carcinoma.  

 

Of 233 patients with MIBC, 22% had SN metastases. Less than 4% had SN macrometastases of which 22% 

had NSN metastases. Primarily, SN metastases were found in younger patients (≤49 years) and/or patients 

with HER2+ MIBC. To avoid overtreatment, axillary staging is not recommended in older (≥50 years) HER2─ 

MIBC patients without axillary staging at primary surgery. Axillary staging should be confined to younger 

HER2+ MIBC patients without axillary staging at primary surgery. 
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Dansk resumé 

Landsdækkende mammografi-screening har medført en stigning i antallet af kvinder diagnosticeret med tidli-

ge stadier af brystkræft: mikroinvasiv brystkræft (≤1mm, MIBC) og ikke-invasivt duktalt carcinoma in situ 

(DCIS). MIBC spreder sig sjældent, og DCIS har i teorien intet metastatisk potentiale. Alligevel er spredning 

til regionale lymfeknuder i armhulen rapporteret hos begge grupper i større eller mindre grad. Okkult bryst-

kræft og/eller iatrogen spredning af tumorceller kan være årsagen til lymfeknude-metastaser hos patienter 

med DCIS. Den lave risiko for lymfeknudemetastaser har givet anledning til diskussion af anvendelsen af ak-

silstatuering med skildvagtslymfeknude (SN)-biopsi (SLNB) og/eller aksilrømning (ALND) hos patienter med 

MIBC og DCIS. SLNB betragtes mere skånsom end ALND. Alligevel er SLNB forbundet med følgevirkninger 

såsom lymfødem, arm- og skuldersmerter og nedsat arm- og skuldermobilitet. Ved at udpege patienter med 

MIBC eller DCIS i særlig høj risiko for lymfeknudemetastaser kan den kirurgiske behandling skræddersyes 

og overbehandling undgås.  

 

Anvendelsen af SLNB hos danske kvinder med DCIS er baseret på nationale retningslinjer. Hvorvidt disse 

retningslinjer følges er ikke undersøgt i Danmark. I denne afhandling er data fra The Danish Breast Cancer 

Group (DBCG) blevet benyttet til at undersøge emnet. Resultaterne viste en betydelig forskel i anvendelsen 

af SLNB hos DCIS-patienter behandlet med en brystbevarende operation (BCS) blandt danske brystkirurgi-

ske afdelinger. Størrelsen på den brystkirurgiske afdeling havde indflydelse på anvendelsen af SLNB. På små 

afdelinger anvendtes SLNB i forbindelse med BCS hyppigere end på store afdelinger. Til gengæld anvendtes 

SLNB i forbindelse med mastektomi hyppigere på store afdelinger end på små afdelinger. Dette tyder på, at 

retningslinjerne for anvendelsen af SLNB hos danske patienter med DCIS i højere grad følges af store bryst-

kirurgiske afdelinger sammenlignet med små afdelinger. 

 

I afhandlingen er DBCG-data ligeledes anvendt til at undersøge andelen af SN-metastaser og non-SN-

metastaser (NSN) samt risikofaktorer for SN-metastaser hos kvinder med DCIS og MIBC. Ud af 1787 patien-

ter med DCIS havde 4% SN-metastaser. Mindre end 10% af de undersøgte havde NSN-metastaser. Dog 

havde 23% af DCIS-patienterne med SN-makrometastaser også NSN-metastaser. Dette indikerer tilstedevæ-

relsen af okkult brystkræft, og disse patienter bør tilbydes ALND. SN-metastaser var associeret med yngre 

alder (≤49 år), DCIS-størrelse (≥50 mm), palpabel DCIS samt præoperativ kirurgisk excisions-biopsi. Sidst-

nævnte var især associeret med tilstedeværelsen af isolerede tumorceller i SN og i nogen grad SN-

mikrometastaser, hvilket indikerer iatrogen spredning af tumorceller. Tumorcellerne repræsenterer antageligt 

ikke celler med et metastatisk potentiale, hvorfor denne gruppe ikke bør behandles som invasiv brystkræft. 

 

Ud af 233 kvinder med MIBC havde 22% SN-metastaser, men mindre end 4% havde SN-makrometastaser. 

22% af disse patienter havde dog NSN-metastaser. Patienter med MIBC havde en øget risiko for SN-

metastaser, hvis de var yngre (≤49 år) og/eller havde HER2+ MIBC. For at mindske overbehandling anbefales 

det ikke at aksilstatuere ældre kvinder (≥50 år) med HER2─ MIBC, hvis ikke aksilstatuering er udført ved den 

primære kirurgiske behandling. Aksilstatuering bør derfor forbeholdes yngre kvinder med HER2+ MIBC, som 

ikke er blevet aksilstatueret ved den primære kirurgiske behandling.   
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Figure 1. Incidence rate of carcinoma in situ among Danish women, 2000 to 2017.7 

1  Background 

1.1 Invasive breast cancer, microinvasive breast cancer and carcinoma in situ of the 

breast 

Invasive breast cancer (IBC) is the most frequent type of cancer among women worldwide.1 According to the 

World Health Organization the estimated age-standardized incidence rate of IBC is just above 45 per 100,000 

females, which equals more than 2 million new cases per year.1,2 

The incidence of IBC in Denmark is among the highest in the world.3 In the past couple of years, approximately 

4,800 new cases of IBC have been reported each year.4 In addition, a considerable number of Danish women 

are diagnosed with early-stage disease, i.e., non-invasive carcinoma in situ (CIS) and microinvasive breast car-

cinoma (MIBC, ≤1.0 mm in size).5,6  

The incidence of diagnosed CIS in Denmark has increased by more than 150% during the last two decades.7 In 

the early 2000s, approximately 150 Danish women were diagnosed with CIS every year. The implementation of 

national screening mammography, between 2007 and 2010, resulted in a substantial increase in the reported 

incidence of CIS in the late 2000s (Figure 1). In the early 2010s, the incidence of CIS decreased slightly before 

reaching a plateau. Currently, CIS accounts for roughly 8% of all diagnosed breast malignancies in Denmark, 

with more than 400 new cases per year (Figure 1).6,7  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The incidence rate of MIBC reported internationally is about 1%.8,9 MIBC is almost exclusively found postopera-

tively in patients with a preoperative diagnosis of ductal carcinoma in situ (DCIS). However, it is estimated that 

only 5–10% of patients with an initial diagnosis of DCIS are found to have MIBC upon final pathological examina-

tion.10 In Denmark, this is equal to 15 to 30 new cases per year.   
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1.2 Carcinoma in situ 

The two main types of non-invasive CIS are DCIS, formerly known as intraductal carcinoma, and lobular carci-

noma in situ (LCIS). DCIS comprises the majority of newly diagnosed CIS (>80%).11 Before the mammographic 

era, DCIS often presented as a palpable lesion, as Paget disease of the nipple, or as a bloody nipple discharge 

caused by an intraductal papilloma harboring DCIS.12,13 Today, DCIS is predominately detected via mammogram 

as microcalcifications (Figure 2).12-14 DCIS accounts for 14% of all screen-detected breast malignancies in the 

Danish mammography screening population (50-69 years).15 In the non-screening population, DCIS comprises 

about 5% of all newly-diagnosed breast malignancies.4,7 LCIS rarely presents clinically and is usually undetecta-

ble on a mammogram. It is often discovered incidentally in biopsies or excisions performed for other 

reasons.11,16,17 Whether or not LCIS is a true precursor of invasive carcinoma is discussed in the literature.16,17 

LCIS will not be discussed further in this thesis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Mammography showing microcalcifications in a 

patient with breast DCIS.14 
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1.3 DCIS 

In 1893, American surgeon Joseph C. Bloodgood was the first to encounter breast comedo-adenocarcinoma, 

today known as DCIS. His first observation and subsequent experiences with the disease are described in a pa-

per from 1934. Bloodgood was puzzled by the fact that a pure comedo-adenocarcinoma, i.e., not accompanied 

by IBC, was not associated with lymph node metastases. In addition, Bloodgood observed an excellent survival 

among his comedo-adenocarcinoma patients.18 In 1932, surgical pathologist Alberts C. Broders was the first to 

introduce CIS as a clinical term19 

DCIS is characterized by neoplastic-appearing epithelial cells confined to the ductolobular system of the breast. 

Abnormal cell growth and cell adhesion alterations (atypical ductal hyperplasia, ADH) of ductal epithelial cells 

are considered to be a preliminary step, but also an overlapping continuum, in the supposed evolutionary transi-

tion from normal breast tissue to DCIS and IBC.20,21 Initially, the DCIS cells are found in their normal place, ac-

cumulating and with no sign of invasion through the basement membrane into the surrounding tissue, including 

lymph or blood vessels.22,23 By unknown mechanisms, the cells might eventually penetrate the basement mem-

brane, leading to microinvasive or invasive ductal carcinoma (Figure 3-4).24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  1              2            

  Figure 3. 1) The ductolobular system (one unit) of the female breast.  

2) Normal duct.24 

1         2                3 

Figure 4. 1) Abnormal growth, altered cell adhesion and accumulation of epithelial cells (pink) and neoplastic epithelial cells (yellow) 

within the duct. 2) DCIS with microinvasion (cancerous cells penetrating an area of the basement membrane and myoepithelium of 

the duct, not exceeding 1.0 mm). 3) Invasive ductal carcinoma (cancerous cells invading outside the duct, >1.0 mm).24 
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The pathological discrimination between ADH and low-grade DCIS is rather arbitrary and susceptible to intra-

observer variability.25 However, the distinction has important clinical implications. Active surveillance is the main 

approach to ADH, while DCIS is treated surgically. Therefore, a size criterion is often used to distinguish DCIS 

from ADH. In Denmark, non-invasive lesions ≤2.0 mm are considered ADH and lesions >2.0 mm are considered 

low-grade DCIS. The discrimination can be difficult via preoperative core needle biopsy (CNB); thus, a surgical 

excisional biopsy is often preferred to confirm the diagnosis and to distinguish between ADH and DCIS.25   

 

DCIS forms a broad heterogenic continuum of histological diversity, ranging from well-to poorly-differentiated 

cell types. Traditionally, DCIS has been classified according to histological features and the predominant archi-

tectural grow pattern (comedo, cribriform, solid, micropapillary, papillary, and mixed).22 Today, numerous DCIS 

classification systems exist.22,23 In Denmark, DCIS is classified and graded according to the Van Nuys classifica-

tion proposed by Silverstein et al. in 1995.26,27 In terms of this classification, DCIS is categorized into three dis-

tinct groups according to nuclear grade and the presence of comedo necrosis. The three groups have differing 

likelihoods of the local recurrence of IBC after breast conserving surgery (BCS).26   

 

The natural course and the mechanisms leading to the progression of DCIS into IBC are not fully 

understood.21,22,28 Not all cases of DCIS eventually progress into IBC during the life span of the patient. If left un-

treated, it is estimated that DCIS will progress into IBC in 14─53% of patients during a period of up to 47 years, 

with some variation between low- and high-grade DCIS.28,29 The breast cancer-specific mortality rate at 20 years 

in DCIS patients is estimated to be around 4%.30,31 In comparison, the breast cancer-specific mortality rate at 20 

years is about 7% in node-negative MIBC patients and node-negative IBC patients with a tumor size of 0.2-1.0 

cm. 

 

1.4 Microinvasive breast cancer/ DCIS with microinvasion 

MIBC is defined as an invasive carcinoma not larger than 1.0 mm. The definition also applies if several foci of 

MIBC are detected, but none of them are larger than 1.0 mm.32 In 1982, Laigos et al. first introduced the term 

“microinvasion” to denote the equivalent of a malignant invasion of less than 1.0 mm.33 Until 1997, a variety of 

definitions were used to describe MIBC.34,35   

MIBC is nearly always encountered in a DCIS setting and almost exclusively in DCIS of the comedo type, with a 

high nuclear grade and of larger size (Figure 536).34 MIBC is consequently is also termed DCIS with microinvasion.  

As stated above, the breast cancer-specific mortality rate at 20 years in node-negative MIBC patients is almost 

identical to the rate of small node-negative IBCs (0.2–1.0 cm, [7%]). In comparison, the rate at 20 years is 12% in 

node-negative IBC patients with a tumor size of 1.1–2.0 cm.31  
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1.5 Treatment of DCIS and MIBC 

BCS with a ≥2.0 mm free surgical margin followed by radiotherapy (RT) is recommended as the standard treat-

ment for DCIS in Denmark. Adjuvant RT reduces the local recurrence rate of DCIS by approximately 50%.37 En-

docrine therapy, targeted immunotherapy or chemotherapy are not offered to Danish DCIS patients, according 

to the Danish clinical guidelines. Mastectomy is recommended only for patients with widespread DCIS lesions in 

the breast. RT is not recommended following a mastectomy due to the low recurrence rate in this group.38 

MIBC is considered a subset of T1 cancer denominated T1mic. Accordingly, the surgical and adjuvant treatment 

of MIBC parallels the treatment of small invasive carcinomas.38-40  

 

Axillary staging 

Axillary lymph node (ALN) dissection (ALND) was previously the standard procedure for axillary staging in pa-

tients with primary IBC. However, this procedure is associated with considerable arm morbidity and is redundant 

in women without ALN metastases.41,42 Between 1997 and 2004, axillary staging by sentinel lymph node (SN) bi-

opsy (SLNB) gradually replaced ALND in clinically node-negative IBC patients in Denmark.43 SLNB is used to 

accurately stage the axilla by removing, on average, only two lymph nodes. This results in less morbidity than 

ALND.44 Despite the obvious advantages of SLNB, the procedure is not without side effects. Shoulder and/or 

arm pain, sensory disturbances, lymphedema and impaired shoulder/arm movement have been described fol-

lowing SLNB.41,42,45 

 

Theoretically, DCIS is a non-invasive disease without any metastasizing potential, thereby making axillary staging 

redundant. However, in approximately one out of four patients with DCIS, an unsuspected small area of IBC is 

found during postoperative pathological examination following a preoperative core biopsy.46 

Figure 5. Microscopic image showing DCIS (green arrows) 

together with foci of ductal MIBC (red arrows). Positive im-

munohistochemical staining for estrogen receptor.36 
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In 2004, axillary staging by SLNB was introduced as a standard procedure for Danish DCIS patients with a con-

siderable risk of invasion upon final pathology. Before 2004, axillary staging was not performed routinely for 

Danish DCIS patients. Currently, the Danish guidelines recommend SLNB for high-risk DCIS patients (i.e. at high 

risk of occult invasive breast carcinoma on final pathology) with a DCIS lesion larger than 50 mm (estimated 

mammographically and/or histologically) and/or a mass forming DCIS and/or a DCIS in the Van Nuys classifica-

tion group III. A SLNB is also recommended for DCIS patients when there is a risk of damaging the axillary 

lymph vessels, making a subsequent staging procedure impossible. This concerns DCIS patients with lesions in 

the upper lateral quadrant, in patients undergoing large BCS with oncoplastic surgery, and in patients treated by 

mastectomy.38  

 

Axillary staging in MIBC patients is regarded as standard care. However, in most patients the MIBC is not de-

tected until the final pathological examination. If MIBC is found postoperatively in low-risk DCIS patients, where 

SLNB was not indicated initially, or in high-risk DCIS patients, where a SLNB has been omitted, a secondary 

staging by SLNB or even ALND is often required. Little is known about the significance of SN and NSN metasta-

ses in these patients. 

 

Variation in the use of SLNB for DCIS patients 

In most breast surgery centers, the surgical treatment and axillary evaluation of DCIS patients are guideline-

based. Still, some variations in the use of axillary evaluation for DCIS patients have been described.47 This varia-

tion might reflect the rarity of lymphatic spread in these patients, uncertainty about best practice, and the im-

plementation of new staging technologies, guideline changes and de-escalation of axillary surgery. Furthermore, 

variations in the axillary evaluation of DCIS patients have been linked to factors such as hospital type (academ-

ic/non-academic), hospital volume, hospital region, surgical judgement, and surgeon volume/experience (num-

ber of surgeries on DCIS patients per year).48,49 The use of SLNB for Danish DCIS patients has not previously 

been evaluated and the surgeon compliance with the Danish SLNB guidelines has not been examined. 

 

1.6 SN and non-SN metastases in patients with pure DCIS and MIBC 

SN and NSN metastases in DCIS patients (green colored tables and figures represent the subject of DCIS in the thesis) 

The term “pure DCIS” is used to describe a definitive diagnosis of DCIS, i.e., with no sign of invasion upon final 

pathological examination. Axillary lymphatic spread is not expected in the case of pure DCIS. Nevertheless, SN 

involvement (including macrometastases, micrometastases and ITCs) has been reported in approximately 4% 

(range 0.4─10.1%) of patients with pure DCIS (Table 1).50-62 Some of these patients are upstaged and treated as 

IBC.40 Internationally, the reported rates of macrometastases, micrometastases and isolated tumor cells (ITCs) in 

the SN among patients with pure DCIS are 0─2.7%, 0─7.2% and 0─9.5% respectively.50-62  

 

SN metastases, especially macro- or micrometastases, in otherwise pure DCIS could be caused by an occult in-

vasive breast carcinoma that is not identified clinically, radiologically and/or upon final pathological 

examination.63,64 It has also been theorized that lymphatic spread in pure DCIS is caused by the iatrogenic or 

mechanical displacement of small tumor cells, i.e., ITCs.64,65 Among patients with IBC, the theory of iatrogenic or 

mechanical tumor cell displacement has been thoroughly investigated,65-67 while the examination of iatrogenic 
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tumor cell displacement in DCIS patients has rarely been studied.57,64 Additional studies are required to examine 

the theory. If more evidence is found to support the theory of iatrogenic tumor cell displacement, the upstaging 

of DCIS patients with ITCs in the SN to IBC could be questioned.  

 

 

 

 

NSN involvement has rarely been demonstrated in patients with pure DCIS, and the clinical implications are un-

known.50-62 The reported rates vary greatly, by between 0 to 14%, among the small number of studies in which 

NSN involvement was detected (Table 1). NSN involvement has mainly been found in patients with SN macrome-

tastases or SN micrometastases. This indicates that SN and NSN involvement in these patients are more likely 

caused by an occult IBC not detected upon final pathology. Accordingly, these patients should be upstaged and 

treated as IBC. 

 

SN and NSN metastases in MIBC patients (blue colored tables and figures represent the subject of MIBC in the thesis) 

There is a well-known relationship between an increasing tumor size and the risk of positive nodal status for tu-

mors >1.0 mm.68 In patients with MIBC ≤1.0 mm the metastatic potential is considered to be low; however, the 

reported rate of SN involvement (including macrometastases, micrometastases and ITCs) in these patients is 

approximately 11%, showing a wide range (7.7─20.6%).54,59,62,64,69-76 Internationally, SN macrometastases have 

been found in 0─7.0% of MIBC patients, while micrometastases and ITCs have been found in 0─6.3% and 

0─12.5% respectively (Table 2).54,59,62,64,69-76  

 

 

 

 

Table 1. Literature review of selected studies* of SN and NSN involvement in patients with a final diagnosis of DCIS 

Study Year Patients w/ SLNB SN involvement Type of SN involvement NSN positive /SN involvement† 

  N N N N/N 

   Total (%) ITC (%) MIC (%) MAC (%) (%) 

Intra50 2003 223 7 (3.1) 0 (0) 5 (2.2) 2 (0.9) 0/6 (0) 

Veronesi51 2005 508 9 (1.8) 0 (0) 5 (1.0) 4 (0.8) 0/8 (0) 

Zavagno52 2005 102 1 (1.0) 0 (0) 1 (0.9) 0 (0) NR 

Mabry53 2006 171 10 (5.8) 10 (5.8) 0 (0) 0 (0) NR 

Kats54 2006 110 8 (7.2) 0 (0) 8 (7.2) 0 (0) 0/2 (0) 

Dominguez55 2008 158 16 (10.1) 15 (9.5) 1 (0.6) 0 (0) 0/3 (0) 

Sakr56 2008 110 7 (6.4) 4 (3.6) 0 (0) 3 (2.7) 1/7 (14.3) 

Intra57 2008 854 16 (1.9) 4 (0.5) 7 (0.8) 5 (0.6) 0/11 (0) 

Tada58 2010 255 1 (0.4) 0 (0) 0 (0) 1 (0.4) NR 

Meretoja59 2012 246 14 (5.7) 12 (4.9) 1 (0.4) 1 (0.4) 0/10 (0) 

Zetterlund60 2014 750 10 (1.3) 6 (0.8) 2 (0.3) 2 (0.3) 0/3 (0) 

Francis64 2015 907 56 (6.2) 44 (4.9) 12 (1.3) 0 (0) NR 

Sun61 2015 262 9 (3.4) 0 (0) 6 (2.3) 3 (1.1) 1/9 (11.1) 

Bertozzi62 2018 543 17 (3.1) 3 (0.6) 9 (1.7) 5 (0.9) NR 

Total  5199 181 (3.5) 98 (0─9.5) 57 (0─7.2) 26 (0─2.7) 2/59 (0─14.3) 

SN: sentinel lymph node; NSN: non-sentinel lymph node; SLNB: sentinel lymph node biopsy; ALND: axillary lymph node dissection; ITC: isolated tumor cells; MIC: microme-

tastasis; MAC: macrometastasis; NR: Not reported. 

*Studies including >100 DCIS patients submitted to SLNB, with a clear distinction of lymph nodes found by SLNB and ALND and with defined SN status/involvement. 

†No. of patients with MACs, MICs or ITCs who underwent ALND. 
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An even greater variation is seen in the reported rates of NSN involvement in MIBC patients with SN macrome-

tastases in a range of 0─100%. The large variation in the reported rates is likely a consequence of the relatively 

small studies based on the few MIBC patients with SN and NSN involvement. Furthermore, the small number of 

patients impairs the identification of risk factors associated with SN involvement. Therefore, comparatively larger 

studies based on larger study populations are essential to examine the risk factors of SN involvement and the 

consequence of NSN involvement in MIBC patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  Literature review of selected studies* of SN and NSN involvement in patients with a final diagnosis of MIBC 

Study Year Patients w/ SLNB SN involvement Type of SN involvement NSN positive /SN MAC† 

  N N N N/N    
Total (%) ITC (%) MIC (%) MAC (%) (%) 

Katz54 2006 21 2 (9.5) 0 (0) 1 (4.8) 1 (4.8) 1/1 (100) 

Leidenius69 2006 11 1 (9.1) 1 (9.1) 0 (0) 0 (0) NR 

Zavagno70 2007 43 4 (9.3) 0 (0) 1 (2.3) 3 (7.0) 3/3 (100) 

Pimiento71 2011 87 9 (10.3) 3 (3.4) 2 (2.3) 4 (4.6) 2/4 (50.0) 

Meretoja59 2012 34 7 (20.6) 4 (12.5) 2 (5.9) 1 (2.9) 0/1 (0) 

Lyons72 2012 112 14 (12.5) 6 (5.4) 5 (4.5) 3 (2.7) 2/3 (66.7) 

Shatat73 2013 35 5 (14.3) 3 (8.6) 1 (2.9) 1 (2.9) NR 

Matsen74 2014 414 32 (7.7) 0 (0) 26 (6.3) 6 (1.4) (2/NR) 

Sun61 2014 100 11 (11.0) 1 (1.0) 6 (6.0) 4 (4.0) 3/4 (75.0) 

Francis64 2015 68 11 (16.1) 6 (8.8) 3 (4.4) 2 (2.9) NR 

Orzalesi75 2016 126 18 (14.3) 10 (7.9) 3 (2.4) 5 (4.0) 1/5 (20.0) 

Bertozzi62 2019 84 11 (13.1) 3 (3.6) 5 (6.0) 3 (3.6) NR 

Magnoni76 2019 257 31 (12.1) 12 (4.7) 14 (5.4) 5 (1.9) 5/5 (100) 

Total  1392 156 (11.2) 49 (0─12.5) 69 (0─6.3) 38 (0─7.0)   17/26 (0─100) 

SN: sentinel lymph node; NSN: non-sentinel lymph node; SLNB: sentinel lymph node biopsy; ALND: axillary lymph node dissection; ITC: isolated tumor cells; MIC: 

micrometastasis; MAC: macrometastasis; NR: Not reported. 

*Studies with MIBC patients (≤1.0 mm) submitted to SLNB, with a clear distinction of lymph nodes found by SLNB and ALND and with defined SN sta-

tus/involvement. 

†No. of patients with SN MACs only who underwent ALND. 
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2  Aims of the Thesis 

The incidence of mammographic screen-detected DCIS and related MIBC has increased in the past decades.5 

Some DCIS patients are treated by SLNB at primary surgery in case an invasive component is found during the 

final pathological examination. A SLNB is not without side effects and is often redundant for these patients. Fur-

thermore, some patients treated for DCIS without a SLNB during primary surgery are diagnosed with MIBC dur-

ing the final pathological examination. Today, these patients are often treated with a subsequent SLNB or even 

an ALND, with a considerable risk of side effects, even though lymph node metastases are rare in these patients. 

 

Balancing the use of axillary staging in patients with non-invasive or early stage breast cancer is crucial. There is 

a large unexploited potential in reducing arm morbidity in DCIS and MIBC patients by optimizing the axillary sur-

gical treatment by means of avoiding overtreatment with redundant SLNB and completion ALND. 

 

The risk of axillary lymphatic spread in patients with early-stage disease is low and the clinical implications are 

unclear. The existing literature in the field is characterized by small study populations with few lymph node posi-

tive patients, a lack of statistical power and conflicting results.  

 

In light of the above, the aims of this PhD study were: 

1) To estimate the use of SLNB for DCIS patients nationally and to examine the compliance with the SLNB 

guidelines at Danish breast cancer departments. 

 

2) To identify the rate and risk factors of metastases in the SN and the rate of further metastatic spread to NSNs 

in Danish breast cancer patients with DCIS or MIBC, with a view to identifying subgroups of patients who benefit 

from SLNB or even ALND, and subgroups for which axillary surgery can be safely omitted. 

 

3) To investigate whether SN metastases in patients with DCIS in the breast can be caused by iatrogenic tumor 

cell displacement after the surgical excision of DCIS, and to clarify whether axillary treatment is indicated for this 

group of patients. 
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3  Material and Methods 

3.1 Studies I, II & III 

Studies I, II & III were all designed as retrospective, register-based cohort studies (appendices I, II & III)77-79 

based on nationwide data provided by the Danish Breast Cancer Group (DBCG). Study I was based on data 

from the DBCG CIS database, while study III was based on data from the DBCG breast cancer database. For 

study II, data from both databases was examined. As far as possible, missing and misclassified data from the 

DBCG databases were retrieved and cross-checked using original patient files and patient recordings from the 

Danish Pathology Data Bank (DPDB). Statistical analyses were performed using the SAS Enterprise Guide, ver-

sion 7.1 (SAS Institute, Cary, NC, USA). The studies were approved by the Danish Patients Safety Authority and 

the Danish Data Protection Agency. The head of the department at each Danish breast surgery department ap-

proved the use of the original patient files or patient pathology reports to cross-check data from the DBCG data-

base. 

 

3.2 The DBCG database 

The nationwide breast cancer database, administered by the DBCG, was established in 1977. Since the begin-

ning, information on clinicopathological variables, treatment and follow-up on Danish women treated for IBC 

have been prospectively collected in the DBCG database.80 Today the database contains information on more 

than 100,000 breast cancer patients.81  

From 1982, clinicopathological data on CIS patients have been prospectively collected in the DBCG CIS data-

base.12,80 However, the data on CIS patients are not classified as clinical quality data. The registration of CIS pa-

tients in the database is not mandatory; thus, the database might be incomplete.  

 

3.3 The Danish Pathology Register and the Danish Pathology Data Bank 

All Danish Pathology Departments have been obligated to report pathology data to the Danish Pathology Regis-

ter (DPR) since 1997. Since 1999, the DPR has been linked to the DPDB, into which data are entered online by 

pathologists and updated daily. This ensures identical content in the two registers and the coverage is close to 

complete.82 To access the data from the DPR, it is necessary to submit an application and to receive approval 

from several Danish authorities. However, pathology data can be accessed for cross-checking in the DPDB 

through patients records after permission has been granted by the Danish Patient Safety Authority, the Danish 

Data Protection Agency and the head of the department at each of the Danish breast surgery departments. 

 

3.4 Implementation of SLNB in Denmark 

In 1997, SLNB was introduced and offered to IBC patients in a few Danish breast surgery departments. In 2001–

2002, the DBCG initiated its first protocol for registration of SLNB and by the end of 2004 SLNB was completely 

implemented in all breast surgery departments.43 Nationwide registration on the use of SLNB for CIS patients in 

Danish breast surgery departments was initiated in 2004. Until then, the use of SLNB was not registered routine-

ly for CIS patients.12  
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3.5 Lymph node metastases 

In the research of this thesis, lymph node metastases were classified according to the DBCG guidelines and 

staging manuals from the American Joint Committee on Cancer (AJCC) that were in use at the time. The defini-

tions of lymph node metastases have changed slightly over the years (also see The definition of lymph node me-

tastases, p.25). According to the current 8th edition of the AJCC staging manual, lymph node metastases are de-

fined as: macrometastases (cell deposit ≥2.0 mm, pN1), micrometastases (cell deposit >0.2 mm to <2.0 mm, 

pN1mi) and ITCs (cell deposit ≤0.2 mm, ≤200 tumor cells, pN0(i+)). If multiple micrometastases or ITCs are de-

tected, only the largest contiguous tumor cell deposit is used to classify the lymph node metastasis.32  

 

3.6 Study I: The use of SLNB in the treatment of breast DCIS 

Study period 

The 2004 to 2015 timeframe was chosen as the study period to align with the implementation of SLNB and the 

initiation of SLNB registration of CIS patients in Danish breast surgery departments. 

 

Patients 

Data on all female patients registered with a diagnosis of DCIS between January 1, 2004 and December 31, 

2015 were retrieved from the DBCG CIS database. During this period, 3,278 patients with DCIS were registered. 

The data was cross-checked with data in the DPDB to ensure an accordance between the pre- and post-

operative diagnoses of DCIS. A total of 660 patients was excluded from the initial cohort due to discrepancies 

between pre- and postoperative diagnoses. A discrepancy was defined as: malignant cells on preoperative fine 

needle biopsy (FNB) and/or IBC on preoperative CNB and/or IBC on surgical excisional biopsy, but only DCIS at 

final surgery; or DCIS on preoperative CNB and/or surgical excisional biopsy, but IBC upon postoperative patho-

logical examination. After exclusion, 2,618 DCIS patients were eligible for analysis.77 

 

Variables 

Based on the DBCG guidelines recommending the use of SLNB for DCIS patients (DCIS larger than 50 mm, Van 

Nuys classification III, mass forming DCIS, location in the upper lateral quadrant or with mastectomy performed), 

data on the following variables were retrieved from the database: size of DCIS (<20, 20–49, or ≥50 mm), Van 

Nuys classification group (I, II or III),26 mass-forming DCIS (palpable DCIS on clinical examination [yes, no or un-

known]), site of lesion (upper lateral quadrant, other, multifocal or unknown) and type of surgery (BCS, mastec-

tomy or BCS + mastectomy within 30 days). In addition, information on the patients’ age (<40, 40–49, 50–59, 

60–69 or ≥70 years), year of diagnosis (2004 to 2015) and department were retrieved.77 

 

Statistical analysis 

The use of SLNB for the differing groups of DCIS patients was compared using a χ2-test and Fischer’s exact test. 

Furthermore, odds ratios (ORs) and the 95% confidence interval (CI) were calculated to examine the use of 

SLNB for DCIS patients according to DCIS size, Van Nuys classification group, palpability, site of lesion, type of 

surgery, patients’ age, year of diagnosis and department. The variation in the use of SLNB according to the 

combination of surgery type and department volume was also examined. Departments that had treated less than 
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150 DCIS patients from 2004 to 2015 were regarded as low-volume departments. Conversely, departments that 

had treated more than 150 DCIS patients from 2004 to 2015 were regarded as high-volume departments. A test 

for difference according to department was applied within each subdivision. One department (Ringsted) was 

used as a reference to estimate the OR. Two-tailed p-values were applied and the level of significance was set to 

5%.77 

 

3.7 Study II: SN and NSN metastases in patients with pure DCIS of the breast 

Study period 

Nationwide information on the use of SLNB for IBC patients has been registered since 2001. Information on the 

use of SLNB for CIS patients was registered by some departments before 2004 and nationwide from 2004. To 

ensure a comprehensive cohort, 2001–2015 was chosen as the study period. 

 

Patients 

SN-positive patients 

For study II, data on patients with pathological pure DCIS and SN-positive status (with macrometastases, mi-

crometastases or ITCs in the SN) were collected from the DBCG breast cancer database. Danish patients with 

pure DCIS, but SN metastases are upstaged to IBC and registered in the DBCG breast cancer database with 

breast tumor size “unknown,” “missing,” or “0.” Between January 1, 2001 and December 31, 2015, 824 female 

patients were identified with this registration in the database. Patients for whom no SLNB was performed were 

excluded (N=389, Figure 6). Patient records and patient pathology records in the DPDB were used to cross-check 

the remaining patients (N=435). Of these, 364 were excluded; 332 with IBC, 23 without a positive SN, three with 

LCIS, five with no malignancy on final pathology and one treated in a foreign hospital (Figure 6).78  

 

SN-negative patients 

The data relating to patients with pure DCIS and SN-negative status (i.e. without macrometastases, micrometas-

tases or ITCs in the SN) were retrieved from the DBCG CIS database. 

Between January 1, 2001 and December 31, 2015, 3,817 patients with DCIS were registered in the DBCG CIS 

database. In this cohort, patients for whom no SLNB had been performed were excluded (N=2,068, Figure 7). 

Patient records and patient pathology records in the DPDB were used to cross-check the SN-negative patients. 

Of these, 24 with IBC and nine with non-obtainable missing data were excluded (Figure 7).78 
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Variables 

Data on the following variables was retrieved from the DBCG CIS and breast cancer databases: patient age (≤49 

or ≥50 years), year of diagnosis (2001–2008 or 2009–2015), DCIS size (≤49 or ≥50 mm), Van Nuys classification 

group (I, II or III), palpability on clinical examination (yes or no), biopsy method (needle biopsy [FNA and/or CNB] 

or surgical excisional biopsy) and SN status (positive [with macrometastases, micrometastases or ITCs] or nega-

tive [without macrometastases, micrometastases or ITCs]). Furthermore, information on positive lymph nodes 

removed by ALND in the SN-positive patients was retrieved.78 Consistent information on human epidermal 

growth factor 2 receptor (HER2) status and estrogen receptor (ER) status could not be retrieved from the CIS 

database. According to Danish clinical guidelines, postoperative systemic treatment of DCIS patients is not indi-

cated. Thus, routine HER2 and ER testing are not performed on these patients.38  

 

Missing data 

Data for the SN-positive and SN-negative patients, missing data on DCIS size, palpability, Van Nuys classification 

group and biopsy method were obtained from the original patient records and the DPDB.  

No SLNB (n=389) 

Validated through original pathology files (n=435) 

LCIS (n=3) 

No pathology in the breast (n=5) 

Treated outside Denmark (n=1) 

Invasive carcinoma (n=332) 

No positive SN (n=23) 

Excluded  

Eligible for analyses 

DCIS on final pathology and positive SN (n=71) 

Assessed for eligibility (n=824) Assessed for eligibility (n=3817) 

No SLNB (n=2068) 

Validated through original pathology files (n=1749) 

Excluded  

Invasive carcinoma (n=24) 

Missing information on variables (n=9) 

DCIS on final pathology and negative SN (n=1716) 

Eligible for analyses 

Excluded  

Figure 6: Flowchart for inclusion of SN-positive DCIS patients 

from the DBCG breast cancer database. 2001–2015. Study II. 

Figure 7: Flowchart for inclusion of SN-negative DCIS patients 

from the DBCG CIS database. 2001–2015. Study II. 

DBCG: Danish Breast Cancer Group; SLNB: sentinel lymph node biopsy; SN: sentinel 

node; LCIS: lobular carcinoma in situ; DCIS: ductal carcinoma in situ. 

Excluded  
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After validation and identification of unknown/missing values, 71 SN-positive and 1,716 SN-negative DCIS pa-

tients were eligible for the final analysis.78   

 

Statistical analysis 

SN-positive and SN-negative DCIS patients were compared in univariate and multivariate logistic regression 

analyses. The association of the patients’ age, year of diagnosis, DCIS size, Van Nuys classification group, pal-

pability and biopsy method on the odds of SN-positive status was examined. Only variables that were statistically 

significantly associated with SN-positive status in the univariate logistic regression analysis were examined in the 

multivariate analysis. Unadjusted and adjusted ORs and 95% CI were calculated, and the Wald test was used to 

test the significance of each variable. Two-tailed p-values were calculated and the level of significance was set 

to 5%.78 

 

3.7 Study III: SN and NSN metastases in patients with MIBC 

Study period 

Initially, 2001–2015 was chosen as the study period for study III. Nationwide information on the use of SLNB for 

IBC patients has been registered routinely from 2001. However, there were no records of patients with MIBC 

treated with SLNB in 2001. Thus, 2002 to 2015 was chosen as study period. 

 

Patients 

Data on all female patients registered with a diagnosis of MIBC, ≤1.0 mm, and a SLNB between January 1, 2002 

and December 31, 2015 were retrieved from the DBCG breast cancer database. Data on 409 women was cross-

checked with the DPDB. The following patients were excluded: 34 with unknown tumor sizes, 86 with a tumor 

size larger than 1.0 mm, 52 with CIS only or no malignancy in the final pathology and four without SLNB (Figure 

8). The remaining 233 patients were eligible for analysis.79 

 

 

 

 

 

 

 

 

 

 

 

 

 

 SLNB: sentinel lymph node biopsy; MIBC: microinvasive breast cancer; CIS: carcinoma in situ. 

MIBC patients included in the 

study (n=233) 

Patients registered with MIBC 

between 2002 and 2015, and 

a SLNB (n=409) 

Unknown tumor size (n=34) 

Tumor size >1mm (n=86) 

Excluded 

CIS only/no malignancy (n=52)   

No SLNB (n=4)   

Figure 8: Flowchart for inclusion of MIBC patients from the DBCG breast cancer database. 2002─2015. 

Study III. 
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Variables 

Information on the following variables was retrieved from the DBCG breast cancer database: patient age (≤49 or 

≥50 years), size of adjacent CIS (≤20, 21–49 or ≥50 mm), histological MIBC type (ductal, lobular or other) and 

grade (I, II or III), ER status (positive [1–100%], negative [0%] or unknown), HER2 status (positive [HER2+], nor-

mal [HER2─] or unknown), lymphovascular invasion (LVI, present or absent), focality (unifocal or multifocal), and 

SN status (positive [with macrometastases, micrometastases or ITCs] or negative [without macrometastases, mi-

crometastases or ITCs]).79  

 

Unknown or missing data 

Unknown or missing information on clinicopathological variables from the DBCG breast cancer database was 

searched for in original patient files and in the DPDB.79  

 

Statistical analysis 

Univariate and multivariate logistic regression models were used to compare the SN-positive and SN-negative 

MIBC patients. The associations between the patient age, CIS sizes, types, ER status, HER2 status, and SN-

positive status were analyzed. The malignancy grade was left out of the analyses due to a high number of un-

gradable cases (60%). Three percent of patients had LVI present, while 97% did not and less than 3% had multi-

focal disease while 97% had unifocal disease. Thus, LVI and focality were left out of the analyses. Only variables 

that were statistically significantly associated with positive SN in the univariate logistic regression analysis were 

examined in the multivariate logistic regression analysis. Unknown ER and HER2 statuses were included in sepa-

rate categories in the analyses. Unadjusted and adjusted ORs and 95% CI were calculated, and the Wald test 

was used to test the significance of each variable. Two-tailed p-values were applied and the level of significance 

was set to 5%.79 
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4  Summary of Results 

In this section a summary of the results from each study is presented. A more comprehensive presentation of 

the results can be found in the results section in each of the three publications included (appendices I, II and 

III).77-79 

 

4.1 Study I: The use of SLNB in the treatment of breast DCIS 

In total, 2,618 patients diagnosed with DCIS were included in the study. Of these, 1,421 (54.3%) underwent axil-

lary staging by SLNB, while 1,197 did not (45.7%). In the study period, the use of SLNB for DCIS patients in-

creased from 26.6% in 2004 to 65.1% in 2015. The change in the overall use of SLNB for DCIS patients over the 

years under review is shown in figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A total of 1,877 (71.7%) patients underwent BCS, and 577 (22.0%) underwent mastectomies, of which 43.9% 

and 86.0% respectively had concomitant SLNB. In the period, the use of SLNB for DCIS patients treated with 

BCS increased from 25.5% to 54.4%, while for patients treated with mastectomy the use increased from 36.8% 

to 93.8%.77  

Significantly more patients treated with BCS matching the guideline criteria (DCIS larger than 50 mm, Van Nuys 

classification group III, palpable lesion or with a lesion located in the upper lateral quadrant) were offered SLNB 

(P<0.0001). A total of 454 patients treated with BCS did not match any of the guideline criteria. Nearly one-

fourth of these patients underwent SLNB.77 Overall, the use of SLNB in DCIS patients treated with BCS ranged 

from 19.7% to 63.8% between the Danish breast surgery departments.77  

 

The use of SLNB for DCIS patients treated with BCS and mastectomy respectively varied significantly between 

high-volume and low-volume departments. The use of SLNB for patients treated with BCS was significantly 

Figure 9. The use of SLNB in DCIS patients according to year. Based on data from study I. 

1. Uniform registration of SLNB in DCIS patients introduced 

2. Expansion of SLNB/DCIS guidelines (palpable DCIS & extensive lesion on mammogram) 

3. Implementation of nationwide mammography screening (2007–2010) 

4. Expansion of SLNB/DCIS guidelines (DCIS w. Van Nuys classification III & location) 
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higher in the low-volume departments than in high-volume departments (P=0.0045, Table 3). The use of SLNB for 

patients treated with mastectomies was significantly lower in the low-volume departments than in the high-

volume departments (P=0.003, Table 4).77 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. The use of SLNB for Danish DCIS patients treated with BCS according to department and 

type of department, 2004-2015. From study I. 

Department N=1877 SLNB N=823 (%) No SLNB N=1054 (%) OR (95 % CI) P 

High-volume department           

  Ringsted 339 157 (46.3) 182 (53.7) 1.00 

<0.0001 

  Herlev 305 60 (19.7) 245 (80.3) 0.28 (0.20-0.40) 

  Rigshospitalet 235 110 (46.8) 125 (53.2) 1.02 (0.73-1.42) 

  Aarhus 164 76 (46.3) 88 (53.7) 1.00 (0.69-1.46) 

  Odense  140 69 (49.3) 71 (50.7) 1.13 (0.76-1.67) 

  Aalborg 117 66 (56.4) 51 (43.6) 1.50 (0.98-2.29) 

  Aabenraa 107 60 (56.1) 47 (43.9) 1.48 (0.96-2.29) 

  Vejle 125 50 (40.0) 75 (60.0) 0.77 (0.51-1.17) 

Low-volume department 
 

  
 

  

 

0.0004 

  Esbjerg 92 48 (52.2) 44 (47.8) 1.27 (0.80-2.01) 

  Viborg 105 67 (63.8) 38 (36.2) 2.04 (1.30-3.21) 

  Other* 64 18 (28.1) 46 (71.9) 0.45 (0.25-0.81) 

  Randers 58 29 (50.0) 29 (50.0) 1.16 (0.66-2.02) 

  Holstebro 26 13 (50.0) 13 (50.0) 1.16 (0.52-2.57) 

Type of department 
 

  
 

   

0.0045   High-volume 1532 648 (42.3) 884 (57.7) 1.00 

  Low-volume   345 175 (50.7) 170 (49.3) 1.40 (1.11-1.78) 

Table 4. The use of SLNB for Danish DCIS patients treated with mastectomy according to depart-

ment and type of department, 2004-2015. From study I. 

Department N=577 SLNB N=496 (%) No SLNB N=81 (%) OR (95 % CI) P 

High-volume department           

  Ringsted 71 64 (90.1) 7 (9.9) 1.00 

0.39 

  Herlev 84 70 (83.3) 14 (16.7) 0.55 (0.21-1.44) 

  Rigshospitalet 108 98 (90.7) 10 (9.3) 1.07 (0.39-2.96) 

  Aarhus 53 50 (94.3) 3 (5.7) 1.82 (0.45-7.40) 

  Odense  46 37 (80.4) 9 (19.6) 0.45 (0.16-1.31) 

  Aalborg 56 49 (87.5) 7 (12.5) 0.77 (0.25-2.33) 

  Aabenraa 35 30 (85.7) 5 (14.3) 0.66 (0.19-2.24) 

  Vejle 33 29 (87.9) 4 (12.1) 0.79 (0.22-2.92) 

Low-volume departement         

 

0.64 

  Esbjerg 33 26 (78.8) 7 (21.2) 0.41 (0.13-1.27) 

  Viborg 11 8 (72.7) 3 (27.3) 0.29 (0.06-1.36) 

  Other* 26 17 (65.4) 9 (34.6) 0.21 (0.07-0.64) 

  Randers 14 12 (85.7) 2 (14.3) 0.66 (0.12-3.55) 

  Holstebro 7 6 (85.7) 1 (14.3) 0.66 (0.07-6.27) 

Type of department          

0.003   High-volume 486 427 (87.9) 59 (12.1) 1.00 

  Low-volume   91 69 (75.8) 22 (24.2) 0.43 (0.25-0.75) 
Table 3 & 4. SLNB: Sentinel lymph node biopsy; DCIS: Ductal carcinoma in situ; BCS: Breast conserving surgery; OR: odds ratio; CI: 

confidence interval; P: P-value. 

High-volume departments: ≥150 surgical procedures on DCIS patients, 2004-2015. 

Low-volume departments: <150 surgical procedures on DCIS patients, 2004-2015. 

*Aarhus Kommunehospital, Aleris-Hamlet Hospitaler, Finseninstituttet, Hørsholm Hospital, Nykøbing F. Sygehus, Privathospitalet Møl-

holm, Regionshospitalet Hammel Neurocenter, Regionshospitalet Herning, Sjællands Universitetshospital Roskilde, Sygehus Fyn Svend-

borg, and Sygehus Vendsyssel. 
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4.2 Study II: SN and NSN metastases in patients with pure DCIS of the breast 

Rate of SN and NSN metastases in DCIS patients 

In this study, 1,787 patients with pure DCIS who underwent SLNB were included. Of these, 71 (4.0%) had a pos-

itive SN. Fifteen (0.8%) had SN macrometastases, 42 (2.4%) had SN micrometastases and 14 (0.8%) had ITCs 

in the SN. Completion ALND was performed on 56 patients, of which five (8.9%) had positive NSNs. Of patients 

with SN macrometastases, 13 underwent ALNDs and three were found to have additionally positive NSNs 

(23.1%). Two of the patients with SN micrometastases had positive NSNs, found upon ALND (5.1%), while none 

of four patients with ITCs in the SN were found to have positive NSNs upon ALND (Figure 10).78 

 

 

Risk factors of SN metastases in DCIS patients 

The comparison of SN-positive and SN-negative DCIS patients showed a statistically significantly increased 

odds of SN involvement for younger patients ≤49 years (adjusted OR, 1.79; 95% CI, 1.04–3.10; P=0.036), pa-

tients with DCIS ≥50 mm (adjusted OR, 2.34; 95% CI, 1.38–3.97; P=0.002), patients with palpable DCIS (adjust-

ed OR, 2.48; 95% CI, 1.50–4.10; P=0.0004) and for patients who were offered a surgical excisional biopsy (ad-

justed OR, 4.29; 95% CI, 2.47–7.43; P<0.0001, Table 5). No association was seen between the Van Nuys classifi-

cation group and SN involvement (Table 5).78 

Patients treated in the first years after the introduction of the SLNB procedure (2001–2008 vs. 2009–2015) had 

increased odds of SN involvement (unadjusted OR, 2.07; 95% CI, 1.28–3.36; P=0.003). Year of diagnosis was 

not related to outcome in the multivariate logistic regression analysis, and the variable was significantly only as-

sociated with palpability (P<0.0001). Thus, to stabilize the multivariate model, year of diagnosis was not included 

in the final analysis (Table 5).78 
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Figure 10. Flowchart illustrating the distribution of positive SN and NSN in DCIS patients treated by ALND between 2001 and 

2015. Study II. 

 

DCIS: ductal carcinoma in situ; SLNB: sentinel lymph node biopsy; ALND: axillary lymph node dissection; SN: sentinel node; NSN: non-sentinel 

node; ITC: isolated tumor cell; MIC: micrometastasis; MAC: macrometastasis. 
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4.3 Study III: SN and NSN metastases in patients with MIBC 

Rate of SN and NSN metastases in MIBC patients 

In study III, 233 patients with MIBC who underwent SLNB were included. Fifty (21.5%) had a positive SN. SN 

macrometastases were detected in nine patients (3.9%), SN micrometastases in 18 (7.7%), and ITCs in the SN 

of 23 patients (9.9%). Twenty patients with positive SNs underwent ALNDs. Only NSN macrometastases were 

detected and only in the group of patients with SN macrometastases (two out of nine, 22.2%, Figure 11). None of 

the patients with ITCs or micrometastases in the SN offered an ALND had a positive NSN (Figure 11).79 

 

 

 

 

 

 

 

 

Table 5. Clinical and pathological characteristics and their associations with a positive SN among 1787 Danish DCIS pa-

tients who underwent SLNB between 2001–2015. Study II. 

Variable 

Total SN-negative SN-positive* 
Univariate analysis 

OR (95 % CI) 
Pa Multivariate analysis 

OR (95 % CI) Pb N N (%) N (%) 

1787 1716 (96.0) 71 (4.0) 

Age (years)        

  ≤49 280 258 (92.1) 22 (7.9) 2.54 (1.51-4.27)  0.001 1.79 (1.04-3.10)  0.036 

  ≥50 1507 1458 (96.8) 49 (3.3) 1.00   1.00  

Year of Diagnosis        

2001–2008 478 448 (93.7) 30 (6.3) 2.07 (1.28-3.36) 0.003   

2009–2015 1309 1268 (96.9) 41 (3.1) 1.00     

DCIS size (mm)         

  ≤49 1498 1450 (96.8) 48 (3.2) 1.00 0.0003 1.00 0.002 

  ≥50 289 266 (92.0) 23 (8.0) 2.61 (1.56-4.37)  2.34 (1.38-3.97)  

Van Nuys        

 I–II 715 688 (96.2) 27 (3.8) 0.92 (0.56-1.50) 0.7   

 III 1072 1028 (95.9) 44 (4.1) 1.00    

Palpability        

  No 1327 1289 (97.1) 38 (2.9) 1.00 <0.0001 1.00 0.0004 

  Yes 460 427 (92.8) 33 (7.2) 2.63 (1.62-4.23)  2.48 (1.50-4.10)  

Biopsy method        

Needle biopsy only 1600 1550 (96.9) 50 (3.1) 1.00 <0.0001 1.00 <0.0001 

Excisional biopsy 187 166 (88.8) 21 (11.2) 3.92 (2.30-6.69)  4.29 (2.47-7.43)  

DCIS: ductal carcinoma in situ; SLNB: sentinel lymph node biopsy; SN: sentinel lymph node; OR: odds ratio; CI: confidence interval; P: P-value; Van Nuys: Van Nuys 

classification group. 

*SN-Positive: Isolated tumor cells, micrometastases or macrometastases. 
a Unadjusted comparison between the group of DCIS patients with positive SN and the group of DCIS patients with negative SN. 
b Adjusted for age, DCIS size, palpability and biopsy method.  
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Risk factors of SN metastases in MIBC patients 

We found statistically significantly higher odds of SN metastases in patients of younger age (adjusted OR, 4.26; 

95% CI, 1.96–9.25; P=0.0002) and in MIBC patients with HER2+ status (adjusted OR, 2.62; 95% CI, 1.10–6.21; 

P=0.03, Table 6). None of the other factors included in the final model (size of adjacent CIS, type and ER status) 

was associated with the outcome. Examined alone, the proportion of patients with SN macrometastases was 

higher in the group of patients ≤49 years (12.5%) and in patients with HER2+ status (11.3%) compared to pa-

tients ≥50 years (2.1%) and in patients with HER2─ status (1.9%, Table 7).79 
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Figure 11. Flowchart illustrating the distribution of positive SN and NSN in MIBC patients treated by ALND between 20012 and 

2015. Study III. 

 

MIBC: microinvasive breast carcinoma; SLNB: sentinel lymph node biopsy; ALND: axillary lymph node dissection; SN: sentinel node; NSN: non-

sentinel node; ITC: isolated tumor cell; MIC: micrometastasis; MAC: macrometastasis. 
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Table 6. Clinical and pathological characteristics and their associations with a positive SN among 233 Danish MIBC 

patients who underwent SLNB between 2002–2015. Study III. 

Variable 

Total SN-negative SN-positive* 
Univariate analysis 

OR (95 % CI) 
Pa Multivariate analysis 

OR (95 % CI) Pb N N(%) N(%) 

233 183 (78.5%) 50 (21.5%) 

Age (years)        

  ≤49 41 22 (53.7) 19 (46.3) 4.49 (2.17-9.25)  <0.0001 4.26 (1.96-9.25) 0.0002 

  ≥50 192 161 (83.9) 31 (16.2) 1.00   1.00  

In situ size (mm)        

≤20 124 103 (83.1) 21 (16.9) 1.00 0.11   

21–49 62 48 (77.4) 14 (22.6) 1.43 (0.67-3.05)     

≥50 47 32 (68.1) 15 (31.9) 2.30 (1.06-4.98)    

Type        

Ductal 204 160 (78.4) 44 (21.6) 1.00 0.90   

Lobular 7 6 (85.7) 1 (14.3) 0.61 (0.07-5.17)     

Other 22 17 (77.3) 5 (22.7) 1.07 (0.37-3.06)    

ER status        

 Positive 132 111 (84.1) 21 (15.9) 1.00  1.00  

 Negative 68 52 (76.5) 16 (23.5) 1.63 (0.79-3.37) 0.19 0.95 (0.42-2.16) 0.90 

 Too small to estimate  33 20 (60.6) 13 (39.4) 3.44 (1.48-7.96) 0.004 2.63 (0.89-7.79) 0.08 

HER2 status      

  

 Positive 62 43 (69.4) 19 (30.6) 2.81 (1.29-6.13) 0.01 2.62 (1.10-6.21) 0.03 

 Normal 103 89 (86.4) 14 (13.6) 1.00  1.00  

 Unknown† 68 51 (75.0) 17 (25.0) 2.12 (0.97-4.65) 0.06 1.52 (0.56-4.14) 0.41 

MIBC: microinvasive breast carcinoma; SN: sentinel lymph node; SLNB: sentinel lymph node biopsy; OR: odds ratio; CI: confidence interval; ER: estrogen re-

ceptor; HER2: human epidermal growth factor receptor 2.  

*SN-Positive: isolated tumor cells, micrometastasis and macrometastasis. 
†Not routinely assessed before 2010/too small to estimate. 
a Unadjusted comparison between the group of MIBC patients with SN-positive and SN-negative status. 
b Adjusted for age, ER and HER2 status. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7. Distribution of MIBC patients with and without SN mac-

rometastases according to age and HER2 status. Study III. 

Variable 

Total SN-negative a SN macrometastases 

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

233 224 (96.1) 9 (3.9) 

Age (years)    

  ≤49 41 (17.6) 36 (87.8)   5 (12.5) 

  ≥50 192 (82.4) 188 (97.9)   4 (2.1) 

HER2 status  
 

 

Positive 62 (37.6) 55 (88.7)   7 (11.3) 

Normal 103 (62.4) 101 (98.1)   2 (1.9) 

Unknown* 68  68 (100)   0 (0) 

SN: sentinel lymph node; MIBC: microinvasive breast cancer; HER2: human epidermal 

growth factor receptor 2. 
a Micrometastases and isolated tumor cells included. 

*Not routinely assessed before 2010/too small to estimate. 
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5  Discussion 

5.1 General methodological considerations  

Patient material 

A population-based approach was adopted for the research of this thesis, in which nationwide data from the 

DBCG was used. In general, register-based cohort studies are considered to have several strengths:  

1) They are frequently based on larger sample sizes of previously existing data, and offer the possibility of 

studying rare conditions, together with a minor risk of selection bias. 

2) The data is collected prospectively and independently of the research question, thereby minimizing the 

type of bias seen in other study designs.  

However, several limitations of register-based studies should also be noted:  

1) Important data such as confounding variables, might be unavailable. 

2) The quality of the existing data might be unknown.  

3) The prospectively-collected information might be inaccurate, misclassified or even missing.83 

 

In this thesis, data from two nationwide registries were used; the DBCG breast cancer database and the DBCG 

CIS database.12,81 The nationwide data in the breast cancer database is considered to be clinical quality data. 

That is, the registration of data is mandatory and provided by a wide range of specialties (surgery, pathology, 

oncology, radiology and genetics). The data completeness of the DBCG breast cancer database is monitored 

and validated continuously by comparison with the DPDB. A data completeness of more than 90% (2015─2017) 

has been reported in the most recent evaluation.84 

 

However, nationwide registration of data in the CIS database is not mandatory and the information in that data-

base is not considered clinical quality data. Accordingly, there is a potential risk of underreporting, but the mag-

nitude is uncertain. The CIS database was previously validated by comparison with the Danish Cancer Registry 

(2006). The agreement between the two databases was described as quite fair; however, the results were never 

published. A new validation study, supported by the Danish Cancer Society, is planned to evaluate the data 

completeness of the DCIS database from 2008–2019. Furthermore, the DBCG has applied to the Danish Clinical 

Registries to change the DCIS database into a clinical quality database. 

 

Compared to the large cohorts often used in register-based studies of IBC patients, those of DCIS and MIBC pa-

tients examined in this thesis were small. Nevertheless, the retrospective study design using nationwide register-

based data was the most appealing option for all three studies. DCIS, and especially MIBC, are rare breast dis-

eases, thereby making prospective single-center studies long-running and cumbersome. The number of patients 

included in this thesis might restrict the statistical models and the interpretation of the results. Having said that, 

the cohorts are considerably larger than those seen in the existing literature in the field.50-62,69-76  
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Variables 

The bias from misclassified and missing data should be considered in small study populations, as in the research 

of this thesis. To minimize the bias, the data of all three studies was cross-checked and validated using original 

patient and pathology files. Despite thorough investigation, complete data could not be obtained in all cases, 

particularly in study III, where several pathologists reported that the paucity of MIBC tissue restricted the bi-

omarker-identification (ER and HER2) and the estimation of grade.79 Furthermore, variables such as DCIS size 

and the Van Nuys classification recorded in the DCIS database represent postoperative values, which might dif-

fer from preoperative values, on which surgical treatment is planned. The level of agreement between pre- and 

postoperative clinicopathological values has, to the best of our knowledge, not been investigated in DCIS pa-

tients. However, in IBC patients a substantial level of agreement between pre- and postoperative values, such as 

values of grade and biomarkers, exists.85 Larger differences in agreement have been shown in the pre- and 

postoperative estimation of size.85      

 

Changing guidelines, definitions and practice 

During the study periods of all three studies, several changes were made to the guidelines, the definition of 

lymph node metastases, and the treatment practice for IBC and DCIS patients in Denmark. Accordingly, Danish 

patients with DCIS and MIBC might have been grouped differently and allocated to different surgical treatment 

from one point in time to another. In this context, a recent Danish study from the DBCG has showed that the 

Danish guidelines changes are in general well implemented, but that the time to full implementation can vary 

from less than one year up to around five years.86 Thus, the guideline changes were not necessarily implement-

ed or altered at the same time, either nationwide in Denmark or internationally. This might affect a direct com-

parison of our results with any results presented abroad.  

 

Guidelines for SLNB in DCIS patients 

The Danish SLNB guidelines for DCIS patients have shifted slightly over the years. Before 2004, no national rec-

ommendations to perform SLNB for DCIS patients existed. In the DBCG guidelines from 2004, axillary staging 

was recommended in patients with a DCIS larger than 50mm.87 The guidelines did not specify the recommend-

ed type of staging procedure (SLNB or ALND). However, at the beginning of 2004, a revised pathology reporting 

scheme on CIS was introduced. In this scheme, uniform nationwide information on the use of SLNB was regis-

tered. In 2006, SLNB was recommended for patients with palpable DCIS and extensive microcalcifications on 

mammogram. In 2012, the Van Nuys classification group III and the location of DCIS in the upper lateral quad-

rant were added to the recommendations regarding SLNB for DCIS patients treated by BCS.38 

 

The definition of lymph node metastases  

The increasing use of SLNB and immunohistochemical (IHC) analyses have led to an increased detection of 

small tumor cell deposits in the lymph nodes of IBC and DCIS patients.88,89   

Consequently, in the 6th edition of the American Joint Committee on Cancer (AJCC) staging manual (2002, Table 

8), micrometastases were distinguished from ITCs.90 In the 7th edition of the AJCC staging manual (2010), a cell 

count was added to the definition of ITCs (cell deposit ≤200 tumor cells, Table 8) in order to help the pathologists 

better distinguish between micrometastases and ITCs.91  



32 

 

In Denmark, micrometastases and ITCs were registered together until the end of 2004 (Table 9). Between 2005 

and 2013, micrometastases were registered as tumor cell deposits between >0.2mm and <2.0 mm or >10 to 

<100 tumor cells, while ITCs were registered as tumor cell deposits ≤0.2mm or ≤10 cells (Table 9). From 2013, 

micrometastases and ITCs have been registered according to the 7th edition of the staging manual of AJCC (Ta-

ble 9).27,32,91  

In the entire study period, macrometastases were registered according to the DBCG guidelines and staging 

manuals from the AJCC at the time as tumor cell deposits ≥2.0 mm.32,90,91 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In study II and III, several of the micrometastases registered in the first period (2001/2002 to 2013) would have 

been defined as ITCs if registered in the second period (after 2013). The changes in the definitions during the 

period should be considered when examining the rate of SN metastases in the studies. In addition, the non-

uniform alteration of definitions internationally might have induced a higher rate of micrometastases seen in our 

studies compared to the rate reported in international studies. 

 

The use of ALND 

Based on international recommendations, the Danish ALND guidelines were changed by the end of 2011. Thus, 

from 2012 onward, ALND was no longer used in the treatment of Danish breast cancer patients with ITCs or mi-

crometastases in less than three SNs.86,92,93 

 

5.2 Relation to the literature 

5.2.1 Study I: The use of SLNB in the treatment of breast DCIS 

In study I, we examined the use of axillary staging by SLNB for patients with pure DCIS and the compliance with 

the national SLNB guidelines relating to these patients. The DBCG CIS database does not have preoperative in-

formation on DCIS patients upstaged to IBC on final pathology. Thus, we examined only the patients diagnosed 

with pure DCIS and did not address the topic of upstaging.  

Table 8. Changes in the definition of lymph node metastases, AJCC 

Year AJCC 

 ITC MIC MAC 

<2002 Registered as MIC  <2.0 mm ≥2.0 mm 

2002 ≤0.2 mm >0.2 ─ <2.0 mm ≥2.0 mm 

2010 ≤0.2 mm, ≤200 cells >0.2 ─ <2.0 mm ≥2.0 mm 

Table 9. Changes in the definition of lymph node metastases, DBCG 

Year DBCG 

 ITC MIC MAC 

<2004 Registered as MIC < 2.0 mm, < 100 cells ≥2.0 mm 

2005 ≤0.2mm, ≤10 cells 
>0.2 ─ < 2.0 mm, 

>10 ─ <100 cells 
≥2.0 mm 

2013 ≤0.2 mm, ≤200 cells >0.2 ─ <2.0 mm ≥2.0 mm 
Table 8 & 9:  

AJCC: American Joint Committee on Cancer; DBCG: Danish Breast Cancer Group; ITC: iso-

lated tumor cell; MIC: micrometastasis; MAC: macrometastasis. 
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On average, 54% of the DCIS patients in our study underwent SLNB, but the use of SLNB increased more than 

threefold in the study period from (2004─2015).77 The use of SLNB for patients treated with BCS and mastec-

tomy, more than doubled in the period. The expansion of the SLNB guidelines for DCIS patients, an increased 

attention towards minimal invasive axillary surgery in DCIS patients, and the implementation of national mam-

mography screening with the detection of additional DCIS lesions could largely explain the increase. 

 

Internationally, an overall increase in the use of SLNB for DCIS patients has been demonstrated as well.48,94,95 In 

contrast, the use of ALND for DCIS patients has decreased, indicating an improved implementation of minimal 

invasive surgery.48,94,95 The indications for SLNB for DCIS patients vary slightly between Danish and international 

guidelines. In the United States, the American Society of Clinical Oncology and the National Comprehensive 

Cancer Network recommend performing a SLNB when:  

1) The DCIS is palpable or visible as a solid mass on imaging.  

2) The DCIS is larger than 50 mm on imaging.  

3) In patients treated with a mastectomy or excision in an anatomic area of the breast, compromising future 

staging by SLNB.39,96  

The English NICE guidance recommends SLNB in patients with:  

1) A palpable DCIS.  

2) Extensive microcalcifications. 

3) In patients having a mastectomy for a DCIS.97  

 

Unlike the Danish guideline, the international guidelines do not include Van Nuys classification group III as a cri-

terion.  

 

In accordance with the guidelines, SLNB were used significantly more for high-risk DCIS patients in our study. 

Numerous low-risk patients not matching the guideline criteria also underwent SLNB.77 These patients might 

have been overtreated. However, it should be kept in mind that the classification of high and low-risk DCIS pa-

tients in study I was based on postoperative clinicopathological values, while the choice of treatment was based 

on preoperative values. The level of disagreement between pre- and postoperative values in our cohort was not 

known. Based on our data, the degree of overtreatment or undertreatment in the population could not be exam-

ined. A study from our own institution, in which almost 1,000 patients with a preoperative diagnosis of DCIS 

were sampled, demonstrated a rate of overtreatment of 40%. That is, SLNB were performed at primary surgery 

for patients with a diagnosis of pure DCIS. The rate of undertreatment, that is, the patient was not offered a 

SLNB at primary surgery, despite a final diagnosis of IBC, was estimated to be 5% (Munck et al., submitted pa-

per). The variation in the use of SLNB seen in our study might explain these rates of over- and under-treatment 

to a certain degree. 

 

A great variation in the of use of SLNB, according to the departments, was observed in study I. Overall, SLNB 

were used almost twice as often by the department using the procedure the most, compared to the one with the 

lowest use. In patients treated with BCS, the use of SLNB differed more than threefold between the depart-

ments, while the difference was negligible for patients treated with mastectomies.  
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The volume of the department had a significant influence on the use of SLNB.77 A similar influence was briefly 

mentioned in the international literature. In 2016, Miller et al. showed that SLNB were used less with BCS and 

more with mastectomies in patients treated in academic/research institutions or high-volume departments.49 This 

is in agreement with our findings, and might reflect a higher compliance with guideline-based care at academic 

and high-volume hospitals versus non-academic and low-volume hospitals.48,94 Other factors, such as surgeon 

volume or experience, surgical judgement, hospital location and the subjective interpretation of guidelines have 

also been suggested as factors influencing compliance with SLNB guidelines for DCIS patients.48,94,98 These fac-

tors are not registered in the DBCG databases, but could be explored in a future survey-based study. 

 

DCIS patients who are treated with mastectomies are sometimes offered a primary breast reconstruction, but 

the breast reconstruction is not registered in the DCIS database. This group of patients will always be referred to 

high-volume departments with plastic surgical expertise. This could partly explain the high proportion of mastec-

tomies seen at high-volume departments compared to low-volume departments, and hence the varied use of 

SLNB among DCIS patients treated with mastectomies in study I. 

 

5.2.2 Study II: SN and NSN metastases in patients with pure DCIS of the breast 

In this study we investigated the rate and risk factors of SN metastases and the rate of further metastatic spread 

to the NSNs in patients diagnosed with pure DCIS. The association between surgical excision biopsy and SN in-

volvement, indicating iatrogenic tumor cell displacement, was of special interest in the study.  

 

Rate of SN and NSN metastases in DCIS patients 

The overall rate of SN involvement in our cohort was 4%. A subdivision of the SN involvement showed macro-

metastases, micrometastases and ITCs in 0.8, 2.4 and 0.8% of patients respectively. A comparison of the rate 

and type of SN involvement found in our study and in the international literature is seen in table 10. The overall 

rate of SN involvement found in study II was just slightly higher than recorded in the international literature 

(3.5%). Furthermore, the reported rates of macrometastases, micrometastases and ITCs in study II were within 

the range of rates reported by others, although our rates were found in the lower part of the interval. Of all pa-

tients who underwent ALND, NSN metastases were found in 8.9% of patients with SN involvement of any type. 

In the international literature the rate of NSN involvement is between 0 and 14.3%.50,51,54-57,59-61  

 

 

 

 

Table 10. SN and NSN involvement in patients with a final diagnosis of DCIS 

Study Patients with SLNB SN involvement Type of SN involvement NSN positive /SN involvement† 

 N N N N/N 

  Total (%) ITC (%) MIC (%) MAC (%) (%) 

Holm-Rasmussen78 1787 71 (4.0) 14 (0.8) 42 (2.4) 15 (0.8) 5/56 (8.9) 

International (Table 1, p.15)* 5199 181 (3.5) 98 (0─9.5) 57 (0─7.2) 26 (0─2.7) 2/59 (0─14.3) 

SN: sentinel lymph node; NSN: non-sentinel lymph node; SLNB: sentinel lymph node biopsy; ALND: axillary lymph node dissection; ITC: isolated tumor cells; MIC: mi-

crometastasis; MAC: macrometastasis. 

*Studies including >100 DCIS patients submitted to SLNB, with a clear distinction of lymph nodes found by SLNB and ALND and with defined SN status/involvement. 
†No. of patients with MACs, MICs or ITCs who underwent ALND.  
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Risk factors of SN metastases in DCIS patients 

We found an association between (≤49), larger DICS size (≥50mm), palpable DCIS during clinical examination, 

surgical excisional biopsy and the odds of SN involvement in patients with pure DCIS. Year of diagnosis was as-

sociated with outcome in the univariate analysis, but not in the multivariate analysis. The proportion of patients 

with SN involvement was higher in the first period (2001─2008) than in the following period (2009─2015). The 

first period represents the first years after the implementation of SLNB in Denmark and the time before national 

mammographic screening. Accordingly, more patients were expected to have symptomatic DCIS with a higher 

risk of SN metastases in the first period.78  

 

Only a few researchers have examined the risk factors associated with metastatic SN involvement in patients 

with pure DCIS.54,57,60,61 Among these studies, SN involvement has been associated with younger age, a larger 

DCIS size, high-grade DCIS, microcalcifications and preoperative procedures.57,61 The researchers were not able 

to show any associations between SN involvement and DCIS type, HER2 status, hormone receptor status, Ki67, 

location, margin status or surgery type.54,57,60,61 Furthermore, previous studies sampled on average only 13 DCIS 

patients with SN involvement. This might have weakened the statistical strength; the findings should therefore be 

interpreted with caution.  

 

Occult invasive carcinoma in DCIS patients 

Metastatic SN involvement, especially SN macrometastases, in patients with pure DCIS, is considered a mani-

festation of occult invasion in the breast.63 Even if a meticulous pathological examination of the DCIS specimen is 

performed, small invasive foci can be missed. A nearly a two-fold higher incidence of occult invasion in patients 

with SN-positive DCIS compared to SN-negative DCIS patients was demonstrated in one study.63 In another 

study, occult invasion was found in 9% of patients with SN involvement, compared to 10% of patients without SN 

involvement.60 The occult invasion was demonstrated by exhaustive reexamination and analyses of the primary 

tumors in patients with a primary postoperative diagnosis of DCIS in both studies. In a third study, examining the 

pattern of SN involvement in patients undergoing prophylactic mastectomy, the incidence of occult invasive car-

cinoma was reported for 2.5% of the mastectomy specimens.99  

 

If SN metastases are found in Danish patients with only DCIS in the breast, a pathological reexamination of the 

surgery specimen will be performed. Nevertheless, an invasive focus was not found upon final pathology for a 

considerable group of patients, who were rather diagnosed with pure DCIS in study II.  

 

Only a small fraction of the patients in our cohort had SN macrometastases; however, in this group 23.1% had 

NSN metastases, found by means of ALND. This is the same level (22%) as what we found in patients with MIBC 

and SN macrometastases. This means that, even though the proportion of SN macrometastases in patients with 

pure DCIS is low, the SN macrometastases most likely represent occult invasive carcinoma, which should not be 

ignored. 
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Iatrogenic or mechanical tumor cell displacement  

Apart from occult invasion, lymph node metastases, especially ITCs, might not always represent true metasta-

ses, but rather tumor fragments or benign epithelial cells iatrogenically and/or mechanically transported to the 

ALNs by preoperative breast instrumentation and/or intraoperative breast manipulation.67,100,101 Surgical diagnos-

tic procedures such as preoperative needle biopsies or surgical excisional biopsies have been proposed as a 

mechanism of iatrogenic displacement of malignant cells into the lymphatic system. The theory of mechanical 

transport of cells and cell clusters has, to some extent, been proposed as an origin of SN involvement in both 

IBC and DCIS patients. The mechanical transport of tumor cells could occur when tracer substances are mas-

saged into the breast preoperatively to facilitate the intraoperative detection of the SN.65,67  

 

Current Danish guidelines recommend surgical excisional biopsy for DCIS patients in whom diagnosis by CNB 

has proven difficult, that is, if there is a discrepancy between the findings from CNB and mammography, which 

could be the case in small areas of DCIS.38 Even after adjustment for high-risk factors, such as DCIS size and 

palpability, study II showed a more than fourfold increase in the odds of SN involvement after surgical excisional 

biopsy compared to needle biopsy (FNA and/or CNB) only. We cannot eliminate the risk of residual confound-

ing. However, the increased odds of SN involvement in DCIS patients following surgical excisional biopsy highly 

indicate that this breast instrumentation induces tumor cell displacement.  

 

In study II, all the patients who were not diagnosed by surgical excisional biopsy were diagnosed by needle bi-

opsy (FNA and/or CNB). The proportion of patients with ITCs in the SN was six times higher with surgical exci-

sional biopsy compared to needle biopsy. The proportion of patients with micrometastases in the SN was almost 

four times higher with surgical excisional biopsy compared to needle biopsy.78 A significant increase in the risk 

of SN micrometastases has previously been shown after surgical excisional biopsy in Danish IBC patients.100 The 

micrometastases might theoretically represent the growth of displaced ITCs. However, practically, the survival 

and colonization of iatrogenically-displaced tumor cells has been questioned.102,103 It is more likely that the high 

proportion of micrometastases seen in our study reflects a misclassification of ITCs due to the definition of SN 

metastases used in the period (Table 9, p. 32). NSN metastases were found in two of the patients with micrometas-

tases in the SN.78 This supports the theory of occult invasion in some patients with SN micrometastases. 

 

Internationally, the hypothesis of iatrogenic tumor cell displacement in DCIS patients has been briefly examined, 

while several authors have tested the hypothesis in relation to IBC patients.  

One study of DCIS patients demonstrated a significantly higher risk of SN involvement among 854 patients with 

pure DCIS after a preoperative diagnostic procedure (FNB, CNB or excisional biopsy) (P=0.009) compared to 

patients without such procedures.57 In another study, including 1,234 patients with an initial diagnosis of DCIS, 

excisional biopsy and more than three interventions (total biopsies and surgeries) prior to SLNB were predictive 

of SN involvement. In this study, 26.5% of patients were upstaged to IBC; however, among patients with pure 

DCIS, an increasing number of interventions still increased the probability of SN involvement.64    

 

A direct comparison of studies examining iatrogenic tumor cell displacement in DCIS and IBC should be done 

with caution. Still, the mechanism of iatrogenic displacement might be similar. In a study involving 4,016 IBC pa-
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tients, a significantly increased risk of small SN metastases was detected by IHC after preoperative diagnostic 

procedures. In this study, SN metastases were found in 1.2% of the patients with no preoperative procedure, 

3.0% after FNB, 3.8% after CNB and 4.6% after excisional biopsy (P=0.002).66 Strong evidence of iatrogenic tu-

mor cell displacement in IBC patients after excisional biopsy was also presented in a comprehensive Danish 

study. In this study, involving more than 17,000 patients, a recent preoperative excisional biopsy was associated 

with a nearly fourfold increased risk of ITCs in the SN (P<0.0001) compared to patients treated with a one-step 

procedure. In addition, no spread to the NSNs was found in patients with only ITCs in the SNs.100 

 

An argument against the hypothesis is that iatrogenic tumor cell displacement to the SNs in patients with a pre-

operative breast procedure is not as frequent as the procedure itself. Accordingly, a few studies have not been 

able to show any clear evidence of iatrogenic tumor cell displacement or a relation to surgical excisional biopsy 

prior to SLNB. In one study, the incidence of SN metastases was significantly lower after surgical excisional bi-

opsy compared to needle biopsy.103 Another study indicated that iatrogenic tumor cell displacement was less 

likely because the time interval between CNB and SLNB was not related to the presence of ITCs.104 In our study, 

it was not possible to examine the number of preoperative procedures or interventions, or the exact time from 

the procedure to the SLNB, because this was not registered in the CIS database. 

 

The prognostic significance of iatrogenically-displaced tumor cells in IBC patients is unclear. Some studies have 

found the significance of these cells to be negligible and with no prognostic value.105,106 However, in a recent 

study, an adverse prognostic value of ITCs in the SNs was found.107 We did not include prognostic variables in 

our study and could not elucidate the topic further in relation to DCIS patients. 

 

5.2.3 Study III: SN and NSN metastases in patients with MIBC 

In study III, we examined the rate and risk factors of SN metastases, and the rate of further metastatic spread to 

the NSNs among Danish patients with MIBC. Both the rate and the identification of risk factors of metastatic 

spread in this group of patients are of clinical importance to estimate the need for axillary staging if not used at 

primary surgery. 

 

Rate of SN and NSN metastases in MIBC patients 

The overall rate of SN involvement in study III was 21.5%, with macrometastases, micrometastases and ITCs ac-

counting for 3.9, 7.7 and 9.9% of the population respectively. The overall rate of SN involvement in the existing 

literature is around 11.2% (Table 11).54,59,62,69-76 The high rate in our study was mainly caused by a high rate of ITCs 

and micrometastases, seen in the last part of the study period. The implementation of national mammographic 

screening, leading to a higher identification of early stage breast cancer, could explain this. Different pathologi-

cal methods used in the examination of SNs in Denmark and internationally might also play a part.  

 

The rate of SN macrometastases in our study was identical to the rate reported by most other studies.  

Of MIBC patients with SN macrometastases who underwent an ALND, 22.2% had metastases in the NSNs. None 

of the patients with micrometastases or ITCs in the SN had NSN metastases. In the international literature, the 

reported rate of NSNs in patients with SN macrometastases ranged between 0 and 100%, reflecting the small 
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study populations, which sampled only between one and 32 MIBC patients with SN involvement, or between 

three and 22 patients with SN and NSN involvement combined. 54,59,61,70-72,74-76 The high rates should therefore be 

interpreted with caution; the NSN rate of 22% found in our study, based on a considerable amount of patient 

material, might be more realistic.   

 

In tumors larger than 1.0 mm, the reported rate of NSN metastases in patients with SN macrometastases is 

about 40%.108,109 In one study, the size of the primary tumor was a predictive factor for NSN metastases; howev-

er, NSN metastases were not detected in patients with a tumor size <1.0 cm.108 The rate of NSN metastases for 

MIBC patients with SN macrometastases found in study III was lower than the rate found for IBC patients. Still, 

we would have expected the rate to be even lower, considering the relationship between tumor size and the risk 

of NSN metastases reported earlier.108 The presence of larger occult foci not identified on final pathology could 

explain the relatively high rate of NSN metastases reported in our study. Meticulous reexamination of the tissue 

would be required to evaluate this further. The number of invasive foci <1.0 mm within the in situ lesion could al-

so be related to the rate of NSN involvement. However, only 3% of patients had multifocal MIBC in our study; 

thus reliable analyses could not be applied.79 Internationally, the number of MIBC foci have not been associated 

with positive nodal status.74   

 

 

 

 

Risk factors of SN metastases in MIBC patients  

In study III, we could not identify any risk factors other than younger age (≤49) and HER2+ status that could indi-

cate a group of MIBC patients for whom SLNB might be necessary.79  

Risk factors such as younger age, adjacent in situ size, adjacent in situ grade and type, biomarker status, LVI, 

margin status, clinical and radiological presentation, and type of surgery have previous been investigated. 

Among these risk factors, only younger age, larger size of adjacent DCIS, MIBC of lobular type and LVI have 

been statistically significantly associated with SN involvement in MIBC patients.54,61,74,75 The risk factors of ALN 

involvement in MIBC patients (detected by means of SLNB and ALND combined or by ALND alone) have also 

been examined. Some have suggested comedo type DCIS, the number of ducts involved, high nuclear grade 

and LVI as risk factors of ALN involvement, while others have not been able to verify these risk factors.110-112 ER-

positive and negative statuses were associated with ALN involvement in MIBC patients in two studies.111,112 In a 

third study, no association could be found between ER status and ALN involvement.110   

Table 11. SN and NSN involvement in patients with a final diagnosis of MIBC 

Study Patients with SLNB SN involvement Type of SN involvement 
NSN positive /SN MAC† 

 N N N N/N 

  Total (%) ITC (%) MIC (%) MAC (%) (%) 

Holm-Rasmussen79 233 50 (21.5) 23 (9.9) 18 (7.7) 9 (3.9) 2/9 (22.2) 

International (Table 2, p.16)* 
1392 156 (11.2) 43 (0─12.5) 66 (0─6.3) 36 (0─7.0)   17/26 (0─100) 

SN: sentinel lymph node; NSN: non-sentinel lymph node; SLNB: sentinel lymph node biopsy; ALND: axillary lymph node dissection; ITC: isolated tumor cells; MIC: 

micrometastasis; MAC: macrometastasis. 

*Studies with MIBC patients (≤1.0 mm) submitted to SLNB, with a clear distinction of lymph nodes found by SLNB and ALND and with defined SN sta-

tus/involvement. 
†No. of patients with MACs who underwent ALND. 
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We examined only MIBC patients registered with a SLNB, while the use of ALND was examined only if offered 

subsequently to the SLNB. Thus, MIBC patients who were registered with only an ALND were not retrieved from 

the DBCG database. This might have caused a degree of selection bias. 

 

Due to MIBC being a rare disease, with only few patients presenting with SN involvement, only a few previous 

studies have been large enough to be able to examine risk factors by multivariate analyses. This is reflected in 

the lack of consistency of detected risk factors in these studies. We identified a considerably larger cohort of 

MIBC patients than most other studies and a larger number of patients with SN involvement. Comparatively, we 

expect this to add substantial weight to our multivariate logistic regression model, our results and the identified 

risk factors of SN involvement in MIBC patients.  

 

Impact of missing HER2 status 

Almost 30% the of patients in our study had missing or unknown HER2 status. Most of the missing values were 

found in the study period, 2002–2008, in which HER2 testing was not routinely performed.86 Furthermore, the 

proportion of missing HER2 values was mostly seen in patients with other factors associated with aggressive 

disease (high grade, LVI, ER negative status). This indicates that HER2 testing was not selectively used for high-

risk patients. Missing data can be handled in various ways statistically. We included the unknown and missing 

values of HER2 in our analyses as a separate category to estimate the impact. The missing values were not as-

sociated with outcome in univariate and multivariate logistic regression analyses, indicating a low risk of bias 

from this variable.    

 

The HER2 paradox 

To our knowledge, HER2+ status/HER2 overexpression has not previously been associated with SN involvement 

in a cohort of MIBC patients of the same size that of our study. Traditionally, overexpression of HER2 has been 

considered a negative prognostic factor, associated with a more aggressive disease and a higher risk of axillary 

lymphatic spread in patients with IBC.113,114 A paradoxically high rate of HER2+ status of 38% was seen among 

the MIBC patients in our study. In comparison, a HER2+ rate of 13% has been shown in Danish IBC patients with 

a tumor size >1.00 mm.113 Similar or higher rates of HER2 overexpression in MIBC patients have been reported 

earlier.115,116    

Often, the HER2 expression varies between the area of IBC and the adjacent area of DCIS, with the latter being 

more HER2+. Potentially, the small amount of examinable tissue in MIBC patients could complicate the patholog-

ical analyses of biomarkers or lead to misinterpretation of HER2 status, which might explain the high rate of 

HER2 overexpression seen in our study.   

As stated above, HER2+ is seen more frequently in DCIS patients, especially in those with high-grade DCIS.117 

Furthermore, MIBC is believed to be an intermediate step between DCIS and IBC.22 A compelling theory is that 

the expression of HER2 might decline, due to an unknown mechanism, during the transition from a non-invasive 

DCIS lesion to MIBC and into IBC.117 Yet another theory is that IBC might develop in areas of the DCIS lesion 

with a normal HER2 expression, but with a high proliferation rate.23 These areas might outgrow areas of high 

HER2 expression. However, this theory might appear less intuitive, since the HER2 represents a growth factor 

receptor with a presumed role in malignant proliferation and tumor growth.114  
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5.2.4 The prognosis of DCIS and MIBC 

DCIS and MIBC are closely related and often studied collectively in the literature. The question of whether they 

belong to the same or differing prognostic groups is often discussed. Some researchers have found a similar 

prognosis for the two patient groups,116,118,119 while others have found the prognosis to be less favorable for 

MIBC patients.31,62,115 Two of the relevant studies reporting a worse prognosis for MIBC patients were both based 

on comprehensive data from the Surveillance, Epidemiology, and End Results database, with some overlap, 

while studies reporting a similar prognosis were considerably smaller, and thus less reliable.  

It was not possible to examine and compare the prognoses of SN involvement in DCIS and MIBC patients in this 

thesis. However, patients with DCIS and MIBC showed almost identical rates of NSN metastases in cases with 

SN macrometastases (23.1% and 22.2% respectively).78,79 This might indicate that MIBC patients and a sub-

group of DCIS patients, for whom occult carcinoma is suspected, belong to the same prognostic group.  

In accordance with this, young age was associated with SN involvement for both patient groups. This is in 

agreement with a few previous studies.57,61 HER2 status is not routinely tested for Danish DCIS patients; thus, an 

association like the one found between HER2 status and SN involvement in MIBC could not be examined.79 Fur-

thermore, it is not evident that the HER2 status of a DCIS component corresponds to the HER2 status of a sus-

pected occult carcinoma. Although the prognostic significance of HER2 status in DCIS is debated, researchers 

agree that HER2+ DCIS is related to features associated with more aggressive disease.120,121 Accordingly, the 

significance of HER2 testing for DCIS patients with metastases in the SN requires further investigation.   
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6  Main Findings and Conclusions 

The incidence of metastatic spread to the lymph nodes in early stage and non-invasive breast cancer is low, but 

not completely negligible. Consequently, the indication for axillary treatment in these patients has been a subject 

of debate for decades. 

 

The ongoing discussion was reflected in study I which showed:  

• An immense national variation in the use of axillary staging by SLNB among patients with pure DCIS, espe-

cially in patients treated with BCS.  

• That the use of SLNB was affected by department volume, indicating a higher guideline compliance among 

high-volume departments than low-volume departments. 

A uniform guideline compliance is essential and might balance the risk of overtreatment and undertreatment 

among these patients in the future.  

 

Study II showed: 

• A low rate of SN (4%) and NSN metastases (<10%) in patients with pure DCIS.  

• That surgical excisional biopsy is a risk factor for SN involvement in DCIS patients, indicating iatrogenic 

tumor cell displacement to the axillary lymph nodes. 

The low rate of NSN metastases seems to call into question the use of ALND. However, occult invasive carcino-

ma was suspected in patients with SN macrometastases (0.8%), of whom more than 20% had NSN metastases. 

This small group of patients should be treated as MIBC patients, and offered axillary treatment, either ALND, ac-

cording to Danish guidelines, or axillary RT.  

Occasionally, adjuvant systemic treatment is dictated by nodal status in patients with pure DCIS. However, pa-

tients with iatrogenic tumor cell displacement should not be upstaged, nor treated as having an invasive carci-

noma.   

 

Finally, study III showed:  

• A considerable rate of SN metastases (21.5%) in patients with MIBC. However, the rate of SN macrometas-

tases was less than 4%.  

• That HER2+ status and age (≤49 years) are risk factors for SN metastases. 

• A considerable proportion (22%) of patients with SN macrometastases had further metastatic spread to 

NSNs.  

MIBC patients might need axillary treatment. However, based on our findings, and to avoid overtreatment, rou-

tine axillary staging is not recommended in HER2─ MIBC patients over 50 years without axillary staging at prima-

ry surgery. Thus, axillary staging should be confined to younger HER2+ MIBC patients without staging at primary 

surgery. 
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7  Future Perspectives 

The main reason to perform a SLNB on DCIS patients is to avoid a second staging procedure if an invasive car-

cinoma is found upon final pathological examination. This is the case with approximately one out of four patients 

with a DCIS on preoperative core biopsy.46 Preferably, SLNB should be used only for DCIS patients with a well-

known risk of invasive carcinoma on final pathology; however, we do not currently know exactly which DCIS le-

sions will harbor invasive cancer and which will not.122 Therefore, it is up to breast surgeons worldwide to bal-

ance the use of SLNB and the risk of over- and under-treatment of DCIS patients by following the current guide-

lines. In addition, an increased centralization of the breast surgery might benefit guideline compliance, and ulti-

mately the treatment of DCIS patients. 

 

SLNB is not recommended in low-risk DCIS patients and might even be avoided by surgeons or departments for 

some high-risk DCIS patients. If MIBC is found postoperatively in these patients, a second staging procedure by 

SLNB or even ALND is required. The identification of MIBC patients in whom subsequent staging can be avoid-

ed is difficult due to the rarity of the disease. Comparatively, our study is based on comprehensive nationwide 

data and is one of the largest studies to date. For the time being, our results represent the best guidance regard-

ing axillary treatment of MIBC patients.  

 

By optimizing axillary surgical treatment for patients with DCIS and MIBC, and balancing the use of SLNB ac-

cording to the guidelines, a high number of patients might be spared the risk of arm or shoulder morbidity.41,42 

According to the Danish Health Data Protection Agency, the financial costs increase by more than 80% (aver-

age, 2004-2015) when the SLNB procedure is added to the BCS treatment.77,123 Thus, the optimization might 

benefit healthcare economics, as well as reducing the duration of the operation, resulting in additional cost sav-

ings.  

 

A further de-escalation of the surgical treatment of DCIS patients might be around the corner, especially for low-

risk DCIS patients. Multiple randomized controlled trials such as the Dutch LORD trial and the English LORIS tri-

al, are currently investigating surgical treatment versus active surveillance for low-risk DCIS patients.124,125 Simi-

lar studies are expected to be conducted outside Europe, such as the COMET trial in the U.S. and the LARRIKIN 

trial in Australia/ New Zealand.122  

 

Among patients with high-risk DCIS, for which SLNB is still recommended, researchers are currently examining 

how to reduce the number of unnecessary SLNB procedures. Interim results from the Swedish SentiNot trial 

have just been published, showing that the SentiNot procedure might circumvent the use of SLNB for almost 

80% of high-risk DCIS patients. In the SentiNot procedure, superparamagnetic iron oxide (SPIO) nanoparticles 

are used to mark the SN at primary surgery. The SPIO-marked SN can be detected for up to one month, but the 

SN is removed only subsequently if IBC is found at final pathological examination.126        

 

The rationale for de-escalating extensive axillary surgical treatment in the setting of DCIS or MIBC is based on a 

low incidence of axillary disease and a favorable prognosis. However, due to the low number of patients, the de-

escalation of axillary staging seen in the past decades among IBC patients should also be applied to patients 
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with DCIS and MIBC. Since 2009, the use of ALND for patients with ITCs or micrometastases in the SN has no 

longer been recommended by leading experts.92 This recommendation is based on the low risk of NSN metasta-

ses in selected IBC patients.92 In 2014, the Dutch AMAROS trial demonstrated that axillary RT was as effective 

as ALND in terms of disease-free and overall survival in a subset of IBC patients with positive SN, but that RT re-

sulted in a lower incidence of arm morbidity compared to ALND.127 Currently, the randomized, controlled SEN-

OMAC multicenter trial is investigating the merits of the use of ALND in a large subset of IBC patients with up to 

two macrometastases found by SLNB.128 If this study demonstrates comparable endpoints in the two groups, 

ALND might be redundant in the future. Accordingly, ALND will be redundant for MIBC and DCIS patients with 

SN macrometastases as well. Until further findings are published, the results of this thesis will hopefully contrib-

ute to the ongoing discussion regarding axillary treatment for patients with DCIS and MIBC. 
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Abstract Objectives: The risk of axillary metastases in breast cancer patients with only

ductal carcinoma in situ (DCIS) is low. Thus, axillary staging with sentinel lymph node biopsy

(SLNB) should only be used according to the current guidelines to avoid over-treatment and

unnecessary morbidity. In the present study, the use of SLNB in patients with DCIS was eval-

uated nationally and compared across Danish departments.

Material and methods: A register-based study was conducted using the Danish Breast Cancer

Group database. The use of SLNB in DCIS patients according to year of diagnosis, age at

diagnosis, size of lesion, Van Nuys classification, palpability, location and department of sur-

gery was evaluated. The chi-squared test was used to test differences between the groups.

Results: Data from 2618 Danish female patients diagnosed with DCIS between 2004 and 2015

were included; 54.3% of patients underwent SLNB. The use of SLNB increased from 26.6% in

2004 to 65.1% in 2015. A total of 1877 (71.7%) patients underwent breast-conserving surgery

(BCS), and 577 (22.0%) underwent mastectomy, of which 43.9% and 86.0% respectively had a

concomitant SLNB. The SLNB was performed in 23.8% of 454 patients not included by the

guidelines. The use of SLNB in combination with BCS differed significantly between depart-

ments ranging from 19.7% to 63.8%. A significant difference in the use of SLNB with BCS and

mastectomy according to department capacity (high-volume departments versus low-volume

departments) was observed.
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Conclusion: The use of SLNB in patients with DCIS and adherence to the Danish national

guidelines varies among Danish breast surgery departments. To optimise the axillary treat-

ment of patients with DCIS, an improved compliance to the national DCIS guidelines is neces-

sary.

ª 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Ductal carcinoma in situ (DCIS) represents close to 10%

of all newly diagnosed neoplastic breast lesions among

Danish women [1]. Since the first national registration of

DCIS in the late 1970s, the incidence of DCIS in

Denmark has increased from 3 per 100,000 women to 14
per 100,000 women in 2015 [1]. A large part of the in-

crease has been attributed to the national mammo-

graphic screening that was initiated regionally in the

1990s and nationally in the 2000s [2].

In Denmark, the national guidelines for breast cancer

treatment were established by the Danish Breast Cancer

Group (DBCG). They recommend breast-conserving

surgery (BCS) followed by adjuvant radiotherapy as
the standard treatment for patients with DCIS. Systemic

treatment is not warranted. Mastectomy is recom-

mended when there are large diffuse or multifocal le-

sions [3].

According to the DBCG guidelines, sentinel lymph

node biopsy (SLNB) is recommended in patients with a

pre-operative diagnosis of DCIS when they are at risk of

having invasive carcinoma on final pathology or if there
is a risk of damaging the lymph vessels to the axilla,

which may complicate subsequent axillary staging.

Therefore, SLNB is recommended in DCIS patients

undergoing mastectomy or in DCIS patients undergoing

BCS when their lesion is larger than 50 mm (ultrasound

or mammographic), has Van Nuys classification group

III, is palpable, as well as when the DCIS lesion is

located in the upper lateral quadrant of the breast [3].
It is estimated that 13.3e37.9% of the patients with a

pre-operative histopathological diagnosis of DCIS are

upgraded to invasive carcinoma at the final post-

operative histopathological examination [4,5]. These

patients require a SLNB at primary surgery to stage the

axilla to avoid a second procedure or to lower the risk of

missing the sentinel node if a second procedure is

necessary. However, the risk of axillary lymph node
metastasis in patients diagnosed with pure DCIS is low

(1.4e6.2%), which leads to superfluous SLNB [6,7].

The SLNB was introduced to reduce the use of more

extensive axillary lymph node dissection and to reduce

the sequelae following axillary surgery. Yet complica-

tions such as shoulder and arm pain, sensory distur-

bances, lymphoedema and restricted arm motion are

common after SLNB [8,9]. Therefore, SLNB must be

used only where indicated to avoid over-treatment,
which can inflict unnecessary morbidity.

The aim of this study was to investigate differences

among Danish department’s adherence to the national

guidelines with regards to the use of SLNB in DCIS

patients and to identify the factors (year at diagnosis,

age at the time of treatment, surgical procedure, size of

lesion, site of lesion, palpability, Van Nuys classification

and breast surgery department) associated with the use
of SLNB. This is the first Danish study to examine the

use of SLNB in patients with DCIS on a national basis.

2. Patients and methods

The study was conducted as a register-based study using

data collected from the national Danish breast cancer

database administered by the DBCG. The DBCG has

prospectively collected clinical and histopathological

data on Danish patients with breast cancer since 1977.
Data on in situ carcinomas have been registered since

1982 [10], and data on SLNB performed in patients with

DCIS have been registered since 2004.

Between 2004 and 2015, 3278 Danish female patients

were registered with the diagnosis of DCIS in the DBCG

database. Patients with a pre-operative diagnosis of

DCIS who were upgraded to invasive breast cancer are

not systematically registered in the DCIS data but are
registered in the invasive breast cancer data. Informa-

tion on the use of SLNB in patients with DCIS was

validated using the original patient files. There were 660

patients with a pre-operative diagnosis of DCIS, who

were upgraded to invasive breast cancer after the final

histopathological examination. These patients were

excluded. Data on the remaining 2618 patients with pure

DCIS, i.e. with a pre-operative diagnosis of DCIS on
core needle biopsy (CNB) or on excision biopsy in

combination with a final postoperative diagnosis of

DCIS, were included.

Data on the following variables from the patients,

tumours and facilities were retrieved from the DBCG

database: year of diagnosis, age at the time of treatment

(<40, 40e49, 50e59, 60e69 and �70 years), surgical

procedure (BCS, mastectomy or both within 30 days),
size of lesion (<20, 20e49, �50 mm and unknown), site

of lesion (upper lateral quadrant, other, multifocal and

unknown), palpability (yes, no and unknown), Van

Nuys classification (group I, group II, group III and
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unknown) and department of breast surgery. The use of

SLNB according to these variables was compared using

descriptive statistics and univariate analysis. The chi-

squared test was used to test for a significant difference

between the use of SLNB in DCIS patients according to

year at diagnosis, age at the time of treatment, surgical

procedure, size and site of lesion, palpability, Van Nuys

classification and breast surgery department.
To test for differences in the use of SLNB according

to surgical procedure (BCS or mastectomy) and

department, we subdivided departments into low vol-

ume and high volume (<150 versus �150 surgical pro-

cedures on DCIS patients between 2004 and 2015).

Differences in the use of SLNB between low-volume

departments and high-volume departments, according

to surgical procedure were tested. In addition, differ-
ences among departments were also tested within each

subdivision. One department was used as a reference for

estimates of odds ratio (OR). Due to the small number

of mastectomy patients, Fischer’s exact test was used to

test for differences in the use of SLNB in this group. The

difference was interpreted as significant when the chi-

square probability was less than 0.05. Statistical analysis

was conducted using SAS Enterprise Guide 7.1 (SAS
Institute, Cary, NC, USA). The study was approved by

the Danish Data Protection Agency (J.no. 2013-41-

2533) and the Danish Patient Safety Authority.

3. Results

Patient, tumour and facility characteristics are shown in

Table 1 in addition to the results of the univariate

analysis. Of the 2618 patients with DCIS treated from

2004 to 2015, 1421 (54.3%) underwent SLNB. The

overall use of SLNB increased from 26.6% in 2004 to

65.1% in 2015 (p < 0.0001) (Table 1). On average, 1877
(71.7%) of the included patients underwent BCS, and

577 (22.0%) underwent mastectomy during this period

(Fig. 1); 43.9% and 86.0% had a concomitant SLNB,

respectively. There were 164 (6.3%) patients who un-

derwent BCS with a subsequent mastectomy within 30

days. A concomitant SLNB was performed in 62.2% of

these patients. The use of SLNB in patients who un-

derwent BCS increased during this period from 25.5% in
2004 to 54.4% in 2015 (Fig. 2). The use of SLNB

increased from 36.8% in 2004 to 93.8 in 2015 in mas-

tectomy patients (Fig. 3). The use of SLNB was signif-

icantly different between age groups. In patients aged

<40, the SLNB was used in 67% of patients but 52% in

patients between 60 and 69 years (OR 1.90, 95% confi-

dence interval [CI] 1.22e2.97).

Consistent with the national guidelines, the use of
SLNB with BCS was significantly higher in patients with

tumour size �50 mm, Van Nuys classification group III,

palpable lesion and with a lesion located in the upper

lateral quadrant of the breast (p < 0.0001). Despite

recommendations, SLNB was also performed in 23.8%

of 454 patients who underwent BCS but did not match

the guideline criteria.

The use of SLNB in patients who underwent BCS

ranged from 19.7 to 63.8% between departments. The

difference was significant within each subdivision of

departments including high-volume departments

(p < 0.0001) and low-volume departments (p Z 0.0004)
(Table 2). No significant difference was found within the

subdivision of departments among patients who under-

went mastectomy: high-volume departments (p Z 0.39)

and low-volume departments (p Z 0.64) (Table 3).

Overall, the use of SLNB in patients who underwent

BCS differed significantly between high-volume de-

partments and low-volume departments (p Z 0.0045)

with more patients treated with SLNB at low-volume
departments (OR 1.40, 95% CI 1.11e1.78) (Table 2).

Among patients who underwent mastectomy, the use of

SLNB also differed significantly between high-volume

departments and low-volume departments

(p Z 0.003). In this group, fewer patients were treated

with SLNB in the low-volume departments compared

with the high-volume departments (OR 0.43, 95% CI

0.25e0.75) (Table 3).

4. Discussion

This population-based study is the first of its kind to
examine the use of SLNB among Danish DCIS patients.

The results demonstrate that the overall use of SLNB

among these patients more than doubled from 2004 to

2015. The proportion of patients who underwent BCS

during this study period was close 80%, whereas a bit

more than 20% were treated with mastectomy. This is

roughly consistent with the findings of other foreign

studies that found the proportion of patients treated
with BCS to be approximately 70% and patients treated

with mastectomy to be approximately 30% [11e13].

In accordance with the national guidelines, the use of

SLNB in patients who underwent mastectomy was high

and particularly stable from 2009 and onwards; the use

of SLNB in patients who underwent BCS increased

more than two-fold over this period. This increasing

trend concurs with other studies that have examined the
axillary treatment of DCIS [12,14]. In our study, the

increase might be explained by an extension of the

treatment guidelines implemented during the study

period [3,15,16].

Our study shows a significant national variation in

the use of SLNB among patients who underwent BCS.

Moreover, the study shows a significant variation in the

use of SLNB with BCS and mastectomy between in-
stitutions regarded as high volume and low volume.

Significantly more patients were treated with SLNB in

connection to BCS at low-volume departments

compared with high-volume departments. Conversely,
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Table 1
Patient, facility and tumour characteristics and their associations with SLNB evaluation among 2618 Danish patients diagnosed with DCIS

between 2004 and 2015.

Variables N Z 2618 SLNB (n Z 1421) n (%) No SLNB (n Z 1197) n (%) OR (95% CI) P value

Year of diagnosis

2004 143 38 (26.6) 105 (73.4) 0.19 (0.12e0.31) <0.0001

2005 126 31 (24.6) 95 (75.4) 0.18 (0.11e0.29)

2006 141 65 (46.1) 76 (53.9) 0.46 (0.29e0.71)
2007 140 73 (52.1) 67 (47.9) 0.58 (0.37e0.91)

2008 213 112 (52.6) 101 (47.2) 0.59 (0.40e0.89)

2009 282 161 (57.1) 121 (42.9) 0.71 (0.49e1.04)
2010 281 168 (59.8) 113 (40.2) 0.80 (0.55e1.16)

2011 327 196 (59.9) 131 (40.1) 0.80 (0.55e1.16)

2012 295 164 (55.6) 131 (44.4) 0.67 (0.46e0.97)

2013 238 134 (56.3) 104 (43.7) 0.69 (0.47e1.02)
2014 237 152 (64.1) 85 (35.9) 0.96 (0.64e1.42)

2015 195 127 (65.1) 68 (34.9) 1.00

Age (years)

<40 95 64 (67.4) 31 (32.6) 1.90 (1.22e2.97) <0.013

40e49 294 152 (51.7) 142 (48.3) 0.99 (0.76e1.28)

50e59 921 525 (57.0) 396 (43.0) 1.22 (1.02e1.46)

60e69 1030 536 (52.0) 494 (48.0) 1.00

�70 278 144 (51.8) 134 (48.2) 0.99 (0.76e1.29)
Size (mm)

<20 1534 688 (44.9) 846 (55.1) 1.00 <0.0001

20e49 748 479 (64.0) 269 (36.0) 2.19 (1.83e2.62)
�50 280 223 (79.6) 57 (20.4) 4.81 (3.54e6.55)

Unknown 56 31 (55.4) 25 (44.6) 1.53 (0.89e2.61)

Van Nuys classification

I 540 152 (28.1) 388 (71.9) 0.18 (0.15e0.23) <0.0001

II 747 373 (49.9) 374 (50.1) 0.47 (0.39e0.56)

III 1272 866 (68.1) 406 (31.9) 1.00

Unknown 59 30 (50.9) 29 (49.1) 0.49 (0.29e0.82)

Palpability

Yes 370 238 (64.3) 132 (35.7) 1.67 (1.32e2.10) <0.0001

No 1890 982 (52.0) 908 (48.0) 1.00

Unknown 358 201 (56.2) 157 (43.9) 1.18 (0.94e1.49)
Surgery type

BCS 1877 823 (43.9) 1054 (56.1) 1.00 <0.0001

Mastectomy 577 496 (86.0) 81 (14.0) 7.84 (6.10e10.09)

BCS þ mastectomy <30 days 164 102 (62.2) 62 (37.8) 2.11 (1.52e2.93)
Site of lesion

Upper lateral quadrant 843 522 (61.9) 321 (38.1) 2.11 (1.76e2.53) <0.0001

Other 1151 501 (43.5) 650 (56.5) 1.00

Multifocal 538 363 (67.5) 175 (32.5) 2.67 (2.15e3.31)
Unknown 86 35 (40.7) 51 (59.3) 0.89 (0.57e1.39)

Department

Ringsted 425 228 (53.7) 197 (46.4) 1.00 <0.0001

Herlev 404 136 (33.7) 268 (66.3) 0.44 (0.33e0.58)
Rigshospitalet 351 214 (61.0) 137 (39.0) 1.35 (1.01e1.80)

Aarhus 226 133 (58.9) 93 (41.1) 1.24 (0.89e1.71)

Odense 204 118 (57.8) 86 (42.2) 1.19 (0.85e1.66)
Aalborg 182 119 (65.4) 63 (34.6) 1.63 (1.14e2.34)

Aabenraa 179 116 (64.8) 63 (35.2) 1.59 (1.11e2.28)

Vejle 163 81 (49.7) 82 (50.3) 0.85 (0.60e1.23)

Esbjerg 131 79 (60.3) 52 (39.7) 1.31 (0.88e1.96)
Viborg 125 82 (65.6) 43 (34.4) 1.65 (1.09e2.50)

Othera 105 41 (39.0) 64 (61.0) 0.55 (0.36e0.86)

Randers 81 49 (60.5) 32 (39.5) 1.32 (0.82e2.15)

Holstebro 42 25 (59.5) 17 (40.5) 1.27 (0.67e2.42)

SLNB, sentinel lymph node biopsy; DCIS, ductal carcinoma in situ, BCS, breast-conserving surgery; OR, odds ratio.
a Aarhus Kommunehospital, Aleris-Hamlet Hospitaler, Finseninstituttet, Hørsholm Hospital, Nykøbing F. Sygehus, Privathospitalet Møl-

holm, Regionshospitalet Hammel Neurocenter, Regionshospitalet Herning, Sjællands Universitetshospital Roskilde, Sygehus Fyn Svendborg and

Sygehus Vendsyssel.
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significantly more patients were treated with SLNB in

connection with mastectomy at high-volume de-
partments compared with low-volume departments.

This finding indicates a higher adherence to the national

guidelines at high-volume departments when performing

SLNB in DCIS patients. In addition, more than one-
fifth of the patients not included by the guideline criteria

underwent SLNB. However, it was not possible to
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Fig. 1. The use of BCS versus mastectomy in patients with DCIS according to year. BCS, breast-conserving surgery; DCIS, ductal

carcinoma in situ.
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Fig. 2. The use of SLNB in patients with DCIS undergoing BCS according to year. SLNB, sentinel lymph node biopsy; DCIS, ductal

carcinoma in situ; BCS, breast-conserving surgery.
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demonstrate whether this aberration was distorted be-

tween high-volume and low-volume departments.

International studies have found similar national

variations between departments. Two survey-based

studies from the United Kingdom showed a noticeable

variation and lack of consistency regarding indications

for SLNB in DCIS patients between regions and breast

units. The studies suggested that a lack of consensus and
a variety of views among surgeons regarding the best

practice of DCIS treatment could explain this variation

[17,18]. A variation between the departments was also

seen in a large international study by Ponti et al. [19]

investigating the management of screen-detected DCIS

among multiple European centres as well as centres in

Japan and the United States of America. Variation in

guideline interpretation was suggested to be a factor
impacting this variation. Ponti et al. [19] suggested that

the solution might be to set up or expand multidisci-

plinary quality assurance teams to assure execution of

the current guidelines.

In Denmark, the lack of adherence to the national

guidelines might be caused by variety of views among

surgeons and centres regarding best practices in DCIS

treatment. Changes in guidelines regarding the treat-
ment of DCIS could also be a reason. In the Danish

national guidelines published before 2007, a lesion

>50 mm was the only criterion for axillary surgery in

patients with DCIS [15,16]. The current guidelines were

updated and published between 2007 and 2012. In this

version, Van Nuys classification, palpability and

location were added to the criteria for performing SLNB

concomitant with BCS in DCIS patients [3].

The location of the lesion might also be a variable. If

the lesion is located close to the border between the

upper lateral quadrant and one of its adjacent quad-

rantsdor if the lesion is located centrallydthe surgeons

might be more susceptible to perform SLNB in

connection with BCS. The same may apply in the
context of lesion size, where some surgeons or centres

might have an individual threshold regarding the use of

SLNB based on earlier experiences. Furthermore, pa-

tients who are treated with primary oncoplastic surgery

might benefit from an SLNB to avoid multistep surgery.

However, the Danish guidelines do not take oncoplastic

breast surgery into account, and no data is available to

clarify the frequency of SLNB in these cases.
The present study encompasses a number of limita-

tions. First, the DCIS data in the DBCG database are

not classified as clinical quality data with mandatory

reporting. Accordingly, a potential risk of under-

reporting DCIS data to the DBCG database exists.

Second, data from the DBCG database precludes the

opportunity to identify patients with a pre-operative

diagnosis of DCIS but upgraded to invasive carcinoma
on final pathology. This interesting group of patients is

registered among patients with invasive carcinomas and

could not be included in the study. Third, information

regarding the size of the DCIS in our study was avail-

able only from postoperative pathological recordings.

Thus, we are unaware of pre-operative estimation of
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Fig. 3. The use of SLNB in patients with DCIS undergoing mastectomy according to year. SLNB, sentinel lymph node biopsy; DCIS,

ductal carcinoma in situ.
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DCIS size by ultrasound or mammographic screening

that was either discordant or concordant with the

guidelines.
It is very important to identify the patients with

DCIS who will benefit from SLNB in the case of

unforeseen invasive disease as well as the patients who

will not benefit from SLNB to reduce the risk of sur-

gical sequelae. The risk of lymph node metastasis in
patients with pure DCIS has been extensively investi-

gated and is estimated to be only 1e6% [6,7]. On the

Table 2
SLNB with BCS in Danish patients with DCIS according to department and type of department, 2004e2015.

Variable N Z 1877 SLNB (n Z 823) n (%) No SLNB (n Z 1054) n (%) OR (95% CI) P value

Department

High volume

Ringsted 339 157 (46.3) 182 (53.7) 1.00 <0.0001

Herlev 305 60 (19.7) 245 (80.3) 0.28 (0.20e0.40)

Rigshospitalet 235 110 (46.8) 125 (53.2) 1.02 (0.73e1.42)

Aarhus 164 76 (46.3) 88 (53.7) 1.00 (0.69e1.46)

Odense 140 69 (49.3) 71 (50.7) 1.13 (0.76e1.67)
Aalborg 117 66 (56.4) 51 (43.6) 1.50 (0.98e2.29)

Aabenraa 107 60 (56.1) 47 (43.9) 1.48 (0.96e2.29)

Vejle 125 50 (40.0) 75 (60.0) 0.77 (0.51e1.17)
Low volume

Esbjerg 92 48 (52.2) 44 (47.8) 1.27 (0.80e2.01) 0.0004

Viborg 105 67 (63.8) 38 (36.2) 2.04 (1.30e3.21)

Othera 64 18 (28.1) 46 (71.9) 0.45 (0.25e0.81)
Randers 58 29 (50.0) 29 (50.0) 1.16 (0.66e2.02)

Holstebro 26 13 (50.0) 13 (50.0) 1.16 (0.52e2.57)

Type of department

High volume 1532 648 (42.3) 884 (57.7) 1.00 0.0045

Low volume 345 175 (50.7) 170 (49.3) 1.40 (1.11e1.78)

SLNB, sentinel lymph node biopsy; DCIS, ductal carcinoma in situ; BCS, breast-conserving surgery; OR, odds ratio.

High-volume departments: �150 surgical procedures on DCIS patients, 2004e2015.

Low-volume departments: <150 surgical procedures on DCIS patients, 2004e2015.
a Aarhus Kommunehospital, Aleris-Hamlet Hospitaler, Finseninstituttet, Hørsholm Hospital, Nykøbing F. Sygehus, Privathospitalet Møl-

holm, Regionshospitalet Hammel Neurocenter, Regionshospitalet Herning, Sjællands Universitetshospital Roskilde, Sygehus Fyn Svendborg and

Sygehus Vendsyssel.

Table 3
SLNB with mastectomy in Danish patients with DCIS according to department and type of department, 2004e2015.

Variable N Z 577 SLNB (n Z 496) n (%) No SLNB (n Z 81) n (%) OR (95% CI) P value

Department

High volume

Ringsted 71 64 (90.1) 7 (9.9) 1.00 0.39

Herlev 84 70 (83.3) 14 (16.7) 0.55 (0.21e1.44)

Rigshospitalet 108 98 (90.7) 10 (9.3) 1.07 (0.39e2.96)

Aarhus 53 50 (94.3) 3 (5.7) 1.82 (0.45e7.40)
Odense 46 37 (80.4) 9 (19.6) 0.45 (0.16e1.31)

Aalborg 56 49 (87.5) 7 (12.5) 0.77 (0.25e2.33)

Aabenraa 35 30 (85.7) 5 (14.3) 0.66 (0.19e2.24)
Vejle 33 29 (87.9) 4 (12.1) 0.79 (0.22e2.92)

Low volume

Esbjerg 33 26 (78.8) 7 (21.2) 0.41 (0.13e1.27) 0.64

Viborg 11 8 (72.7) 3 (27.3) 0.29 (0.06e1.36)
Othera 26 17 (65.4) 9 (34.6) 0.21 (0.07e0.64)

Randers 14 12 (85.7) 2 (14.3) 0.66 (0.12e3.55)

Holstebro 7 6 (85.7) 1 (14.3) 0.66 (0.07e6.27)

Type of department

High volume 486 427 (87.9) 59 (12.1) 1.00 0.003

Low volume 91 69 (75.8) 22 (24.2) 0.43 (0.25e0.75)

SLNB, sentinel lymph node biopsy; DCIS, ductal carcinoma in situ; OR, odds ratio.

High-volume departments: �150 surgical procedures on DCIS patients, 2004e2015.
Low-volume departments: <150 surgical procedures on DCIS patients, 2004e2015.
a Aarhus Kommunehospital, Aleris-Hamlet Hospitaler, Finseninstituttet, Hørsholm Hospital, Nykøbing F. Sygehus, Privathospitalet Møl-

holm, Regionshospitalet Hammel Neurocenter, Regionshospitalet Herning, Sjællands Universitetshospital Roskilde, Sygehus Fyn Svendborg and

Sygehus Vendsyssel.
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other hand, the proportion of patients with an initial

diagnosis of DCIS on CNBdbut upgraded to invasive

carcinoma on final pathologydhas been estimated to

be within 13e38% [4,5]. To optimise the surgical

treatment of DCIS patients, future research and

detection of risk factors for lymphatic spread in these

patients are of great importance.

An improved discrimination between the DCIS pa-
tients who should be offered a SLNB according to the

guidelines might also have an economic impact. The

SLNB technique is time consuming and not without

costs. In the study period, the average reimbursement

of a BCS excluding SLNB versus a BCS including

SLNB in patients with DCIS was 2917V and 5309V,

respectively [20]. This corresponds to an 82% increase

in the reimbursement when the SLNB procedure is
added to the BCS. By optimising the guideline adher-

ence and hence adjusting the number of SLNB per-

formed in patients with DCIS, a beneficial economic

gain might be seen.

In a large study by Miller et al. including more than

200,000 American DCIS patients, the variation in the

use of SLNB with BCS was found to be high but largely

correlated with upgrading. The authors indicated that
decisions regarding the use of SLNB in these patients

might be predicted by the surgeons, but they also stated

that the individual clinical variation in the use of SLNB

in DCIS patients requires further study [14]. We could

not evaluate the individual views and predictive capacity

among Danish breast surgeons, and a future survey-

based study among Danish breast surgeons will be

needed to clarify this topic.

5. Conclusion

The use of SLNB in patients with DCIS varies largely

among Danish breast surgery departments. On average,

SLNB was offered to nearly half of the DCIS patients
who had a BCS. The use of SLNB in DCIS patients who

had a mastectomy was higher, but far from 100% as

recommended. Improvements of the guideline compli-

ance are required to optimise axillary surgical treatment

and prevent the overuse of SLNB and unnecessary

morbidity in patients with DCIS. Moreover, future

research and identification of risk factors for axillary

metastases in breast cancer patients with DCIS is
necessary to tailor the treatment in this patient group.
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a b s t r a c t

Objectives: Unexplained axillary metastases have been detected in some patients with ductal carcinoma
in situ (DCIS), possibly because of occult invasion or iatrogenic tumor cell displacement. The significance
of these metastases is unknown and brings into questions the need for upstaging and axillary surgery.
What are the risk factors for sentinel lymph node (SN) and non-SN metastases, including the risk of
iatrogenic displacement of tumor cells in relation to an excisional biopsy, in patients diagnosed with
DCIS?
Methods: Nationwide data on 1787 women diagnosed with DCIS between 2001 and 2015 were retrieved
from the Danish Breast Cancer Group database. The association of clinicopathological variables with a
positive SN (isolated tumor cells (ITCs), micro- or macrometastases) was evaluated using univariate and
multivariate analyses.
Results: Of the 1787 patients, 71 (4.0%) had a positive SN: 15 (0.8%) had macrometastases, 42 (2.4%) had
micrometastases, and 14 (0.8%) had ITCs. Five patients with a positive SN also had a positive non-SN. In
adjusted analysis, a positive SN was associated with younger age (P¼ 0.036), increased size (P¼ 0.002),
palpability (P¼ 0.0004) and surgical excisional biopsy (P < 0.001).
Conclusions: The overall risk of a positive SN in patients with DCIS on final pathology is low and less than
9% of these patients had positive non-SNs. This argues against using axillary lymph node dissection in
this group. The odds of positive SN after surgical excisional biopsies showed more than a four-fold in-
crease, indicating iatrogenic tumor cell displacement. It is questioned whether these patients should be
upstaged and classified as having invasive carcinoma.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

During the last four decades the incidence of ductal carcinoma
in situ (DCIS) of the breast has increased almost a five-fold in high-
income countries. Since the late 1990s, the increase has been dra-
matic because of widespread mammographic screening [1,2]. It is
estimated that 13e25% of all breast neoplasms found by mammo-
graphic screening, and 20e25% of all breast neoplasms overall are

represented by DCIS, with some variation between countries [2e4].
By definition, DCIS has no metastatic potential and is not able to

spread to the axillary lymph nodes. However, researchers have
found metastases in the sentinel lymph node (SN) in 1e22% of
patients with only DCIS of the breast [5]. These patients are
generally upstaged to invasive carcinomas despite no sign of in-
vasion into the breast. Evidence of further metastatic spread to
non-SN in DCIS patients with a positive SN is basically unknown [3].
The underlying mechanism of metastatic spread in patients with
DCIS is not fully understood. It is suggested that the presence of an
undetected occult cancer or iatrogenic displacement of tumor cells
in relation to recent surgical excisional biopsy could be the origin of
the positive SN in patients with only DCIS of the breast [5,6].

The rate of positive SNs as a result of iatrogenic displacement of
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tumor cells in DCIS patients has only briefly been described in
previous studies [5]. However, it is better described in patients with
invasive carcinoma [7]. Themechanisms of iatrogenic displacement
in patients with invasive carcinomas might also apply to patients
with only DCIS of the breast.

Axillary lymph node status is the most important prognostic
factor in breast cancer patients. Currently, sentinel lymph node
biopsy (SLNB) is the standard procedure for staging invasive car-
cinomas. However, the use of axillary staging of DCIS patients has
been increasingly debated [2,5,6,8,9]. According to the Danish
guidelines, SLNB is only indicated when there is a risk of invasive
carcinoma on final pathology i.e. when the DCIS lesion is larger
than 50mm (ultrasound or mammographic), has Van Nuys Classi-
fication group III, is palpable and in the case of mastectomy or
surgery in the upper lateral quadrant with the risk of damaging
lymph vessels, thereby making subsequent SLNB impossible [10].
On average, 23% of patients pre-operatively diagnosed with DCIS
are upstaged to invasive carcinoma on final histopathological ex-
amination [8]. Although SLNB is considered to cause a minimal
morbidity compared to the far more extensive axillary lymph node
dissection (ALND) the procedure is not without side effects [11,12].

The aim of this study was to identify risk factors for metastases
to the SN and the risk of further spread to non-SN in patients
diagnosed with DCIS of the breast, to identify subgroups of patients
where axillary surgery can safely be omitted. Additionally, the aim
was to examine whether positive SN in DCIS patients can be caused

by iatrogenic tumor cell displacement after recent surgical excision
and clarify whether an ALND is indicated in this group of patients.

2. Methods

2.1. Study population

The Danish breast cancer database administered by the Danish
Breast Cancer Group (DBCG) was used to identify patients in this
nationwide register-based study. Information on clinical and his-
topathological data in the Danish breast cancer database has pro-
spectively been collected since 1977 [13]. Since 1982, data on DCIS
patients has been registered in the database [14]. Patients with
metastases in the SN, but only DCIS in the breast are registered in
the database as having invasive carcinoma. For these patients, tu-
mor size is registered as “unknown”, “missing”, or “0”. Between
2001 and 2015, 824 breast cancer patients with tumor size “un-
known”, “missing” or “0” were registered in the database. In 389
patients no SLNB was performed and these were excluded. Infor-
mation on the remaining 435 patients was validated using original
pathology files. After validation a total number of 71 patients had a
final diagnosis of DCIS together with a positive SN and were eligible
for final analysis. Criteria for inclusion/exclusion are shown in
Fig. 1a. A positive SN was defined according to the American Joint
Committee on Cancer as isolated tumor cells (ITCs) if metastases
were �0.2mm, micrometastases with size >0.2e2mm, or

a b

Fig. 1. a) Flowchart for inclusion of patients from the DBCG database. Patients with a final diagnosis of DCIS together with a positive SN (ITC, MIC or MAC). b) Flowchart for inclusion
of patients from the DBCG database. Patients with DCIS on final pathology together with a negative SN.
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macrometastases that were �2mm [15].
For comparison, patients with DCIS of the breast, but absence of

SN metastases, were identified in the DBCG database. Between
2001 and 2015, 3817 patients were registered. The following pa-
tients were excluded: 2068 patients with no SLNB performed, 24
misclassified patients who were diagnosed with invasive breast
cancer and nine patients with missing information on variables
(Fig. 1b). A total of 1787 patients were eligible for analysis.

The criteria for performing a SLNB in the cohort included Van
Nuys classification group III (n¼ 1072, 60.0%), DCIS larger than
50mm (n¼ 289, 16.2%) and palpabel DCIS (n¼ 460, 25.7%). Some
patients compliedwithmore than one of the criteria for performing
a SLNB.

2.2. Study variables

The following clinical and histopathological characteristics were
retrieved from the Danish breast cancer database and included in
the analysis: age (�49 years,�50 years), period of diagnosis (before
implementation of national mammographic screening in
2001e2008, and after implementation, 2009e2015), DCIS size
(�49mm, �50mm), Van Nuys classification group (IeII, III)
palpability (yes, no), and preoperative biopsy method (needle bi-
opsy only or surgical excisional biopsy). For unknown or missing
data on palpability, DCIS size, Van Nuys classification group, and
biopsy method, data were retrieved from the original patient files.
A total of 227 patients had missing records of palpability in the
original patient file. For these patients, information on the use of
wire-guided lesion localization or description of microcalcifications
on mammography was used as a proxy for non-palpable lesions. In
26 patients, there was no accessible information on DCIS size, and
the size was estimated using information on the specimen size
together with the described DCIS extension recorded in the pa-
thology files. DCIS sizes recorded as too small to measure in the
pathology files were considered 1mm in diameter. Missing records
of Van Nuys classification group were found or estimated from
pathology files. For nine patients with DCIS together with a nega-
tive SN, the Van Nuys classification group could not be found or
estimated and these patients were excluded (Fig. 1b).

2.3. Statistical analysis

Patients with only DCIS of the breast and SN metastases were
compared to patients with only DCIS of the breast, but without SN
metastases. The associations between age, year, DCIS size, Van Nuys
classification group, palpability and biopsy method and positive SN
was examined in univariate analyses. The fact that here were only
71 patients with a positive SN limited the number of variables that
could be used in the multivariate analysis without affecting the
stability of the model. Therefore, only variables that were signifi-
cantly associated with risk of having a positive SN in univariate
analysis were included in the multivariate analysis (age, year, DCIS
size, palpability and biopsy method). The odds ratios (OR) and 95%
confidence intervals (CI) were calculated and the Wald test was
used to test the overall significance of each parameter. Two-tailed
p-values were calculated and the level of significance was set to 5%.

Statistical analysis was conducted using SAS Enterprise Guide
7.1 (SAS Institute, Cary, NC, USA). The study was approved by the
Danish Data Protection Agency (J.no. RH-2015-262) and the Danish
Patient Safety Authority (J.no. 3-3013-1443/1/)

3. Results

Of the 1787 patients with only DCIS of the breast included in this
study, only 71 (4.0%) had a positive SN: 15 (0.8%) had macro-
metastases, 42 (2.4%) had micrometastases and 14 (0.8%) had ITCs
(Table 1).

Of the 71 patients with a positive SN, 56 (78.8%) had a
completion ALND. Thirteen of these patients had macrometastases,
39 had micrometastases and four had ITCs. Five (8.9%) out of 56
patients with a positive SNwho underwent a completion ALND had
positive non-SNs. Three of these patients had micrometastases and
two hadmacrometastases. No positive non-SNwas identified in the
patients with ITCs in the SN.

Clinical and histopathological characteristics were examined to
identify risk factors for a positive SN. The results of the univariate
and themultivariate analyses are shown in Table 2. In the univariate
analysis, we found a significantly increased risk of a positive SN
with younger age �49 years (P¼ 0.001), diagnosis in the first years
after introducing the SN procedure (2001e2008; P¼ 0.003), DCIS

Table 1
Clinical and pathological characteristics of 1787 DCIS patients with a negative or positive SN treated between 2001 and 2015.

Total Negative SN Positive SN Positive SN, subdivided in: ITC, MIC and MAC

N N(%) N(%) ITC N (%) MIC N (%) MAC N (%)

1787 1716 (96.0) 71 (4.0) 14 (0.8) 42 (2.4) 15 (0.8)

Age (years)
�49 280 258 (92.1) 22 (7.9) 3 (1.1) 17 (6.1) 2 (0.7)
�50 1507 1458 (96.8) 49 (3.3) 11 (0.7) 25 (1.7) 13 (0.9)

Year
2001e2008 478 448 (93.7) 30 (6.3) 4 (0.8) 20 (4.2) 6 (1.3)
2009e2015 1309 1268 (96.9) 41 (3.1) 10 (0.8) 22 (1.7) 9 (0.7)

DCIS size (mm)
�49 1498 1450 (96.8) 48 (3.2) 10 (0.7) 27 (1.8) 11 (0.7)
�50 289 266 (92.0) 23 (8.0) 4 (1.4) 15 (5.2) 4 (1.4)

Van Nuys
I-II 715 688 (96.2) 27 (3.8) 5 (0.7) 18 (2.5) 4 (0.6)
III 1072 1028 (95.9) 44 (4.1) 9 (0.8) 24 (2.2) 11 (1.0)

Palpability
No 1327 1289 (97.1) 38 (2.9) 9 (0.7) 20 (1.5) 9 (0.7)
Yes 460 427 (92.8) 33 (7.2) 5 (1.1) 22 (4.8) 6 (1.3)

Biopsy method
Needle biopsy only 1600 1550 (96.9) 50 (3.1) 8 (0.5) 29 (1.8) 13 (0.8)
Surgical excisional biopsy 187 166 (88.8) 21 (11.2) 6 (3.2) 13 (7.0) 2 (1.1)

DCIS, ductal carcinoma in situ; SLNB, sentinel lymph node biopsy; SN, sentinel lymph node; ITC, isolated tumor cells;MIC, micrometastases;MAC, macrometastases; Van Nuys,
Van Nuys classification group.

E.V. Holm-Rasmussen et al. / The Breast 42 (2018) 128e132130



size �50mm (P¼ 0.0003), palpable lesion (P< 0.0001), and diag-
nostic surgical excisional biopsy prior to cancer surgery
(P< 0.0001). In the multivariate analysis age �49 years (OR 1.79,
95% CI 1.04e3.10, P¼ 0.036), DCIS size �50mm (OR 2.34, 95% CI
1.38e3.97, P¼ 0.002), palpable lesion (OR 2.48, 95% CI 1.50e4.10,
P¼ 0.0004) and diagnostic surgical excisional biopsy before cancer
surgery (OR 4.29, 95% CI 2.47e7.43, P< 0.001) remained signifi-
cantly associated with the risk of a positive SN. Year of diagnosis
and palpability were associated (P< 0.0001), and year of diagnosis
was not significantly related to outcome in themultivariate analysis
(P¼ 0.20). Thus, it was left out of the final analysis to increase the
stability of the model. No significant association between Van Nuys
classification group and positive SN was seen when the variables
were subdivided into three groups (I, II, and III, P¼ 0.67) rather than
two groups (IeII and III, P¼ 0.73).

4. Discussion

The use of SLNB in patients with DCIS has been extensively
discussed internationally and it remains controversial. Most studies
focus on risk factors for upstaging to invasive carcinomas based on
the final histopathological results from the breast specimen [2,8]. In
this study, we investigated the risk of metastases and ITCs in the SN
and non-SN of patients with pure DCIS. To our knowledge, this is
one of the largest studies in this group of patients. Among 1787
patients with a final diagnosis of DCIS, a positive SN was found in
only 4% of the patients and less than 9% of these patients had
positive non-SNs. Risk factors for lymphatic spread were palpable
DCIS, larger areas of DCIS, and younger age. We also observed an
increased risk of a positive SN in DCIS patients with a diagnostic
surgical excisional biopsy before SLNB.

The low risk of axillary lymph node (ALN) involvement in pa-
tients with a final histopathological diagnosis of DCIS has been
shown previously [3]. A review based on 17 studies conducted
before the implementation of SLNB reported positive ALNs in only
1.4% out of 1621 DCIS patients who had an ALND performed [16]. In
a large review, including 21 studies, conducted after the introduc-
tion of the SLNB positive SNs were found in 4% of patients diag-
nosed with DCIS [3]. Subsequently, two large studies were

published, including 854 and 907 patients, respectively. Intra et al.
found positive SNs in 1.8% of the patients while Francis et al. found
positive SNs in 6.2% of the patients [5,6].

Despite the low risk of SN metastases in patients with DCIS,
other studies have investigated risk factors for SN metastases in
these patients [3]. Preceding studies on the field have found larger
DCIS, younger age, and palpable lesions to be associated with a
positive SN in DCIS-patients [5,6]. This was consistent with our
results.

Additionally, we found a more than a four-fold increase in the
odds of a positive SN after surgical excision biopsy. This finding
could indicate iatrogenic deposit of small tumor cell to the SN. The
mechanism of iatrogenic tumor cell displacement in patients with
DCIS might be similar to the mechanism suggested by other studies
investigating iatrogenic tumor cell displacement in patents with
invasive carcinoma [7,17]. Still, iatrogenic tumor cell displacement
in patients with invasive carcinoma is debatable and other studies
have not been able to confirm this theory [18,19].

Few previous studies have investigated the risk of iatrogenic
displacement of tumor cells to the SN in patients with DCIS. Intra
et al. found an increased risk of SNmetastases in DCIS patients with
biopsy before final surgery [6]. Francis et al. demonstrated that
excisional biopsy was predictive of ITCs in the SN and that more
than three breast interventions in patients with pure DCIS was
associated with an increased probability of positive SN [5]. How-
ever, the theory of mechanical displacement of tumor cells to the
SN by breast manipulation/instrumentation before surgery is still
being discussed [3,18], and these patients have, to date, been
upstaged as having invasive carcinoma. In this study, we confirmed
the results of an increased probability of a positive SN in patients
with a final diagnosis of DCIS after surgical excisional biopsy in a
larger patient cohort. This provides further evidence for the theory
of iatrogenic displacement. If a positive SN in patients with DCIS is
caused by mechanical transportation of tumor cells from the breast
and do not represent true metastases, these patients should not be
upstaged to invasive carcinomas.

Occult undiscovered microinvasive disease or small invasive
cancers could be another explanation for a positive SN in patients
with DCIS. It is well known that an invasive cancer can bemissed on

Table 2
Clinical and pathological characteristics and their associations with a positive SN among 1787 Danish DCIS patients who underwent SLNB between 2001 and 2015.

Total Negative SN Positive SN* Univariate analysis
OR (95% CI)

P valuea Multivariate analysis
OR (95% CI)

P valueb

N N (%) N (%)

1787 n¼ 1716 (96.0) n¼ 71 (4.0)

Age (years)
�49 280 258 (92.1) 22 (7.9) 2.54 (1.51e4.27) 0.001 1.79 (1.04e3.10) 0.036
�50 1507 1458 (96.8) 49 (3.3) 1.00 1.00

Year of Diagnosis
2001e2008 478 448 (93.7) 30 (6.3) 2.07 (1.28e3.36) 0.003
2009e2015 1309 1268 (96.9) 41 (3.1) 1.00

DCIS size (mm)
�49 1498 1450 (96.8) 48 (3.2) 1.00 0.0003 1.00 0.002
�50 289 266 (92.0) 23 (8.0) 2.61 (1.56e4.37) 2.34 (1.38e3.97)

Van Nuys
I-II 715 688 (96.2) 27 (3.8) 0.92 (0.56e1.50) 0.7
III 1072 1028 (95.9) 44 (4.1) 1.00

Palpability
No 1327 1289 (97.1) 38 (2.9) 1.00 <0.0001 1.00 0.0004
Yes 460 427 (92.8) 33 (7.2) 2.62 (1.62e4.23) 2.48 (1.50e4.10)

Biopsy method
Needle biopsy only 1600 1550 (96.9) 50 (3.1) 1.00 <0.0001 1.00 <0.0001
Surgical excisional biopsy 187 166 (88.8) 21 (11.2) 3.92 (2.30e6.69) 4.29 (2.47e7.43)

DCIS, ductal carcinoma in situ; SLNB, sentinel lymph node biopsy; SN, sentinel lymph node; OR, odds ratio; CI, confidence interval; Van Nuys, Van Nuys classification group.
* Positive SN: isolated tumor cells, micrometastases and macrometastases.

a Unadjusted comparison between the group of DCIS patients with positive SN and the group of DCIS patients with negative SN.
b Adjusted for age, DCIS size, palpability and biopsy method.
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core needle biopsy because of sampling errors [3]. It is estimated
that invasive breast cancer is evident in 8e43% of the resection
specimens from patients with a preoperative diagnosis of DCIS
found on biopsy [2].

Despite a diagnosis of DCIS at the final histological examination
of the surgical specimen, an occult carcinoma cannot be completely
excluded, especially in patients with macrometastases in the SN.
These macrometastases are not likely to be caused by iatrogenic
displacement, and they must be considered as be true metastases
with the potential of dissemination to non-SN.

We found that only 9% of the patients with a positive SLNB had
positive non-SNs identified by ALND. Positive non-SNs were only
identified in patients with micrometastases or macrometastases in
the SN and mainly following percutaneous biopsy, supporting the
theory of an occult invasive component in these patients [5].
Because of the low risk of non-SN metastases in patients with DCIS
of the breast andmacrometastases in the SN, it could be argued that
ALND should not be performed in these patients. If ALND can be
omitted safely in DCIS-patients with a low risk of having positive
non-SNs health economic and time-saving benefits might be seen
in addition to a lower risk of arm morbidity [11,12,20].

Our study is not without limitations. First, data on DCIS patients
in the DBCG database are not considered to be clinical-quality data
with mandatory reporting, which leads to a potential risk of
underreporting the cases of DCIS. Second, there is a potential risk of
treatment bias in our study since the patients includedwhere those
who had a SLNB and were in a higher risk of having invasive car-
cinoma on final pathology. Third, focality, occult invasion, hormone
receptor status, HER2 status, and KI67 investigated by others are
not systematically recorded on Danish DCIS patients and could not
be examined further. Fourth, the numbers of interventions before a
SLNB or the time from excisional biopsy to SLNB are not registered
in the DCIS database; therefore, we were not able to investigate
these variables. Fifth, we cannot eliminate the risk of bias in the
selection of surgical excisional surgery offered to some patients
with suspicious mammographic lesions where the risk of occult
cancer is considered to be increased. However, we accept the risk to
be minimal after adjusting for size in the multivariate analysis.
Finally, the database used in this register-based study does not
contain information on disease free survival of DCIS patients. Thus,
an investigation on differences in prognosis between DCIS patients
with and without lymph node metastases could not be performed.

5. Conclusions

Overall, this study shows a low risk of SN metastases in patients
with only DCIS in the breast, with a large proportion of only
micrometastases and ITC. Based on our results, we conclude that
these SN metastases could be a result of iatrogenic tumor cell
displacement and arewithout clinical significance. Accordingly, it is
questioned whether these patients should be upstaged and clas-
sified as having invasive carcinomas. In the case of metastatic
spread resulting from occult carcinoma in the breast, the risk of
further spreading to non-sentinel nodes is low and extensive axil-
lary surgery should not be performed in these patients.

Conflicts of interest

None of the authors have conflicts of interest to declare.

Acknowledgements

This study was funded by The Danish Cancer Society, Denmark,
(R130-A8152-15-S38) and by the Research Fund of Rigshospitalet,

Copenhagen University Hospital, Denmark, (E-22335-01).

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.breast.2018.09.004.

References

[1] Mitchell KB, Lin H, Shen Y, Colfry A, Kuerer H, Shaitelman SF, et al. DCIS and
axillary nodal evaluation: compliance with national guidelines. BMC Surg
2017;17:12. https://doi.org/10.1186/s12893-017-0210-5.

[2] Groen EJ, Elshof LE, Visser LL, Rutgers EJT, Winter-Warnars HAO, Lips EH, et al.
Finding the balance between over- and under-treatment of ductal carcinoma
in situ (DCIS). Breast 2017;31:274e83. https://doi.org/10.1016/j.breast.2016.
09.001.

[3] van Deurzen CH, Hobbelink MG, van Hillegersberg R, van Diest PJ. Is there an
indication for sentinel node biopsy in patients with ductal carcinoma in situ of
the breast? A review. Eur J Canc 2007;43:993e1001. https://doi.org/10.1016/j.
ejca.2007.01.010.

[4] Lynge E, Bak M, von Euler-Chelpin M, Kroman N, Lernevall A, Mogensen NB,
et al. Outcome of breast cancer screening in Denmark. BMC Canc 2017;17:897.
https://doi.org/10.1186/s12885-017-3929-6.

[5] Francis AM, Haugen CE, Grimes LM, Crow JR, Yi M, Mittendorf EA, et al. Is
sentinel lymph node dissection warranted for patients with a diagnosis of
ductal carcinoma in situ? Ann Surg Oncol 2015;22:4270e9. https://doi.org/10.
1245/s10434-015-4547-7.

[6] Intra M, Rotmensz N, Veronesi P, Colleoni M, Iodice S, Paganelli G, et al.
Sentinel node biopsy is not a standard procedure in ductal carcinoma in situ of
the breast: the experience of the European institute of oncology on 854 pa-
tients in 10 years. Ann Surg 2008;247:315e9. https://doi.org/10.1097/SLA.
0b013e31815b446b.

[7] Tvedskov TF, Jensen MB, Kroman N, Balslev E. Iatrogenic displacement of
tumor cells to the sentinel node after surgical excision in primary breast
cancer. Breast Canc Res Treat 2012;131:223e9. https://doi.org/10.1007/
s10549-011-1720-y.

[8] El Hage Chehade H, Headon H, Wazir U, Abtar H, Kasem A, Mokbel K. Is
sentinel lymph node biopsy indicated in patients with a diagnosis of ductal
carcinoma in situ? A systematic literature review and meta-analysis. Am J
Surg 2017;213:171e80. https://doi.org/10.1016/j.amjsurg.2016.04.019.

[9] Veronesi P, Intra M, Vento AR, Naninato P, Caldarella P, Paganelli G, et al.
Sentinel lymph node biopsy for localised ductal carcinoma in situ? Breast
2005;14:520e2. https://doi.org/10.1016/j.breast.2005.08.007.

[10] The Danish Breast Cancer Group. Duktal carcinoma in situ - retningslinjer.
2012. Cited Jun 6 2018, http://www.dbcg.dk/PDF%20Filer/Kap.10_DCIS_
13122012.pdf. [Accessed 6 June 2018].

[11] Gartner R, Jensen MB, Kronborg L, Ewertz M, Kehlet H, Kroman N. Self-re-
ported arm-lymphedema and functional impairment after breast cancer
treatment–a nationwide study of prevalence and associated factors. Breast
2010;19:506e15. https://doi.org/10.1016/j.breast.2010.05.015.

[12] Gartner R, Jensen MB, Nielsen J, Ewertz M, Kroman N, Kehlet H. Prevalence of
and factors associated with persistent pain following breast cancer surgery.
J Am Med Assoc 2009;302:1985e92. https://doi.org/10.1001/jama.2009.1568.

[13] Christiansen P, Ejlertsen B, Jensen MB, Mouridsen H. Danish breast cancer
cooperative group. Clin Epidemiol 2016;8:445e9. https://doi.org/10.2147/
CLEP.S99457.

[14] Moller S, Jensen MB, Ejlertsen B, Bjerre KD, Larsen M, Hansen HB, et al. The
clinical database and the treatment guidelines of the Danish Breast Cancer
Cooperative Group (DBCG); its 30-years experience and future promise. Acta
Oncol 2008;47:506e24. https://doi.org/10.1080/02841860802059259.

[15] Giuliano AE, Connolly JL, Edge SB, Mittendorf EA, Rugo HS, Solin LJ, et al.
Breast Cancer-Major changes in the American Joint Committee on Cancer
eighth edition cancer staging manual. CA Cancer J Clin 2017;67:290e303.
https://doi.org/10.3322/caac.21393.

[16] Leonard GD, Swain SM. Ductal carcinoma in situ, complexities and challenges.
J Natl Cancer Inst 2004;96:906e20.

[17] Diaz NM, Cox CE, Ebert M, Clark JD, Vrcel V, Stowell N, et al. Benign me-
chanical transport of breast epithelial cells to sentinel lymph nodes. Am J Surg
Pathol 2004;28:1641e5.

[18] King TA, Ganaraj A, Fey JV, Tan LK, Hudis C, Norton L, et al. Cytokeratin-
positive cells in sentinel lymph nodes in breast cancer are not random events:
experience in patients undergoing prophylactic mastectomy. Cancer
2004;101:926e33. https://doi.org/10.1002/cncr.20517.

[19] Tille JC, Loubeyre P, Bodmer A, Jannot Berthier AS, Rozenholc A, Tabouret-
Viaud C, et al. Isolated tumor cells in sentinel lymph nodes of invasive breast
cancer: cell displacement or metastasis? Breast J 2014;20:502e7. https://doi.
org/10.1111/tbj.12306.

[20] Holm-Rasmussen EV, Jensen MB, Balslev E, Kroman N, Tvedskov TF. The use of
sentinel lymph node biopsy in the treatment of breast ductal carcinoma in
situ: a Danish population-based study. Eur J Canc 2017;87:1e9. https://doi.
org/10.1016/j.ejca.2017.09.037.

E.V. Holm-Rasmussen et al. / The Breast 42 (2018) 128e132132

https://doi.org/10.1016/j.breast.2018.09.004
https://doi.org/10.1186/s12893-017-0210-5
https://doi.org/10.1016/j.breast.2016.09.001
https://doi.org/10.1016/j.breast.2016.09.001
https://doi.org/10.1016/j.ejca.2007.01.010
https://doi.org/10.1016/j.ejca.2007.01.010
https://doi.org/10.1186/s12885-017-3929-6
https://doi.org/10.1245/s10434-015-4547-7
https://doi.org/10.1245/s10434-015-4547-7
https://doi.org/10.1097/SLA.0b013e31815b446b
https://doi.org/10.1097/SLA.0b013e31815b446b
https://doi.org/10.1007/s10549-011-1720-y
https://doi.org/10.1007/s10549-011-1720-y
https://doi.org/10.1016/j.amjsurg.2016.04.019
https://doi.org/10.1016/j.breast.2005.08.007
http://www.dbcg.dk/PDF%20Filer/Kap.10_DCIS_13122012.pdf
http://www.dbcg.dk/PDF%20Filer/Kap.10_DCIS_13122012.pdf
https://doi.org/10.1016/j.breast.2010.05.015
https://doi.org/10.1001/jama.2009.1568
https://doi.org/10.2147/CLEP.S99457
https://doi.org/10.2147/CLEP.S99457
https://doi.org/10.1080/02841860802059259
https://doi.org/10.3322/caac.21393
http://refhub.elsevier.com/S0960-9776(18)30297-2/sref16
http://refhub.elsevier.com/S0960-9776(18)30297-2/sref16
http://refhub.elsevier.com/S0960-9776(18)30297-2/sref16
http://refhub.elsevier.com/S0960-9776(18)30297-2/sref17
http://refhub.elsevier.com/S0960-9776(18)30297-2/sref17
http://refhub.elsevier.com/S0960-9776(18)30297-2/sref17
http://refhub.elsevier.com/S0960-9776(18)30297-2/sref17
https://doi.org/10.1002/cncr.20517
https://doi.org/10.1111/tbj.12306
https://doi.org/10.1111/tbj.12306
https://doi.org/10.1016/j.ejca.2017.09.037
https://doi.org/10.1016/j.ejca.2017.09.037


 
 

 

 

Paper III 



Vol.:(0123456789)1 3

Breast Cancer Research and Treatment (2019) 175:713–719 
https://doi.org/10.1007/s10549-019-05200-4

EPIDEMIOLOGY

Sentinel and non-sentinel lymph node metastases in patients 
with microinvasive breast cancer: a nationwide study

Emil Villiam Holm‑Rasmussen1  · Maj‑Britt Jensen2 · Eva Balslev3 · Niels Kroman1 · Tove Filtenborg Tvedskov1

Received: 27 February 2019 / Accepted: 7 March 2019 / Published online: 14 March 2019 
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Purpose To determine the incidence and risk factors of sentinel lymph node (SN) and non-SN metastases in patients with 
microinvasive breast cancer (MIBC,  T1mic). This to identify MIBC patients in whom axillary staging can be safely omitted.
Methods The Danish Breast Cancer Group database was used to identify a total of 409 women with breast cancer ≤ 1 mm 
who underwent sentinel lymph node biopsy (SLNB) between 2002 and 2015. After validation, 233 patients were eligible for 
the analysis. The incidence rates of SN and non-SN metastases were determined. The associations between clinicopathologi-
cal variables and a positive SN [pN1, pN1mi, or pN0(i+)] were analyzed using univariate and multivariate designs.
Results Of 233 patients with MIBC, only 9 (3.9%) had SN macrometastases. An additional 18 (7.7%) and 23 (9.9%) had 
SN micrometastases and isolated tumor cells (ITCs), respectively. Of patients with SN macrometastases, two (22.2%) had 
non-SN macrometastases. In the adjusted analysis, a positive SN was associated with younger age (P = 0.0001) and a posi-
tive human epidermal growth factor 2 receptor (HER2) status (P = 0.03).
Conclusions The low incidence of SN macrometastases < 4% suggests omission of axillary staging in MIBC patients without 
staging at primary surgery, especially in older (≥ 50 years)  HER2− patients. Still, the relatively high proportion of patients 
with non-SN macrometastases indicates that axillary treatment might be considered in SN positive patients, especially in 
younger  HER2+ MIBC patients.

Keywords Early-stage breast cancer · Microinvasive breast cancer · Sentinel lymph node · Sentinel lymph node biopsy · 
Sentinel lymph node metastases · Axillary lymphnode metastases · Axillary management · Axillary surgery

Introduction

Microinvasive breast carcinoma (MIBC,  T1mic) is defined as 
one or more areas with invasive carcinoma in the breast, none 
of which is larger than 1 mm in diameter [1]. Internationally, 
it has been estimated that MIBC accounts for 1.0–3.4% of 
all registered female breast carcinomas [2–5]. Microinvasion 
is frequently detected postoperatively in patients treated for 
breast carcinoma in situ. With the increasing use of mam-
mographic screening worldwide, an increasing incidence 
of early-stage breast cancer has been observed, including 
in situ carcinomas and in situ carcinomas with microinva-
sion [6]. According to the international treatment guidelines, 
MIBC falls into the group of T1 cancer subset, and it should 
be treated as such. This includes axillary staging via sen-
tinel lymph node biopsy (SLNB) [7]. However, MIBC is 
mainly discovered unexpectedly during postoperative his-
topathological examination. Consequently, axillary staging 
in MIBC patients is often performed subsequently during a 
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reoperation. The internationally reported incidence rates of 
sentinel lymph node (SN) metastases in patients with MIBC 
range from 2 to 29% [8]. Information on metastasis rates to 
non-SNs is sparse. The use of subsequent axillary staging 
in patients with a final diagnosis of MIBC is contentious. 
Balancing the use of SLNB and axillary lymph node (ALN) 
dissection (ALND) in MIBC patients is crucial to avoiding 
overtreatment and side effects, such as lymphedema, chronic 
pain, and impaired arm movement [9, 10].

The aim of this study was to determine the incidence of 
SN and non-SN metastases and identify the risk factors asso-
ciated with SN metastases and further metastatic spreading 
to non-SNs among patients with MIBC. The goal was to 
identify subgroups of MIBC patients who benefit from a 
subsequent SLNB or even ALND and subgroups in which 
axillary surgery can be safely omitted.

Methods

Database

This nationwide register-based cohort study was conducted 
using data from the Danish Breast Cancer Group (DBCG) 
database, which is a national, population-based breast can-
cer registry. Since 1977, the patient, tumor, and treatment 
characteristics of all Danish breast cancer patients have been 
prospectively registered in the DBCG database [11].

Study population

Retrospectively, data from 409 women diagnosed with 
MIBC (size ≤ 1 mm) between 2002 and 2015, who under-
went axillary staging with SLNB, were collected from the 
DBCG database. The data were validated using the original 
pathology files. Patients with unknown tumor sizes (n = 34), 
tumor sizes of > 1 mm (n = 86), in situ carcinoma only or 
no malignancy on the final pathology report (n = 52), and no 
SLNB performed (n = 4) were excluded from the study. After 
the validation, 233 patients were eligible for the analysis 
(Fig. 1).

Variables

The following clinical and histopathological characteristics 
were retrieved from the DBCG database: age at diagnosis 
(≤ 49 years or ≥ 50 years), in situ carcinoma size (≤ 20 mm, 
21–49 mm or ≥ 50 mm), histological type (ductal, lobular, 
or other), grade (I, II, III, or ungradable), estrogen receptor 
(ER) status [positive (1–100%), negative (0%), or unknown], 
human epidermal growth factor 2 receptor (HER2) status 
(positive, normal, or unknown), lymphovascular invasion 

(present or absent), focality (unifocal or multifocal), and 
nodal status.

Positive sentinel node

Due to a low number of patients with SN macrometastases, 
the SNs were considered positive when macrometastases, 
micrometastases, or ITCs were detected when examining the 
risk factors for SN metastases. The American Joint Commit-
tee on Cancer criteria for pathological regional lymph nodes 
(pN) were used to classify the macrometastases (≥ 2.0 mm, 
pN1), micrometastases (> 0.2–< 2.00 mm, pN1mi), and 
isolated tumor cells (ITCs) [≤ 0.2 mm, < 200 tumor cells, 
pN0(i+)] [1]. The SN mapping was performed according 
to the DBCG guidelines, and was comprised by the combi-
nation of a radioactive tracer (99mTc) and blue dye (Patent 
Blue) [12].

Statistical analysis

The MIBC patients with positive SNs were compared to 
those patients without positive SNs. The associations 
between the clinical and histopathological characteristics 
and a positive SN were analyzed using univariate and mul-
tivariate designs. The variables that were significantly asso-
ciated with a positive SN in the univariate analysis were 
included in the multivariate analysis. Due to the high number 
of ungradable cases, the grade was left out of the analysis. In 
addition, the unknown ER and HER2 cases were included in 
separate categories in the analyses. The odds ratios (ORs) 
and 95% confidence intervals (CIs) were calculated, and the 
Wald test was used to test the overall significance of each 
parameter. Two-tailed P values were calculated, and the 
level of significance was set at 5%.

The statistical analysis was conducted using SAS Enter-
prise Guide 7.1 (SAS Institute, Cary, NC, USA). This study 
was approved by the Danish Data Protection Agency (J.no. 
RH-2015-262) and the Danish Patient Safety Authority 
(J.no. 3-3013-1443/1/).

Results

Of the 233 MIBC patients included in this study, 9 (3.9%) 
had SN macrometastases. An additional 18 (7.7%) and 23 
(9.9%) had SN micrometastases and ITCs, respectively. Of 
the 50 (21.5%) patients with a positive SN (macrometasta-
ses, micrometastases, or ITCs), 20 (40.0%) had a completion 
ALND (Fig. 1). Two of these patients had non-SN macro-
metastases, both in the group of patients with SN macrome-
tastases [2 out of 9 patients (22.2%)].

Nearly all the patients in this study had ductal-type MIBC 
(87.6%). The MIBCs were detected in a setting of DCIS 



715Breast Cancer Research and Treatment (2019) 175:713–719 

1 3

in 225 (96.6%) of the included patients. In the remaining 
8 patients, lobular carcinoma in situ (LCIS) (n = 4, 1.7%), 
mixed DCIS/LCIS (n = 3, 1.3%), and a non-invasive intra-
cystic carcinoma (n = 1, 0.4%) were found in the areas sur-
rounding the microinvasive foci.

Of the patients with known ER status, 34.0% had ER 
negative  (ER−) MIBC, and among the women with known 
HER2 status, 37.6% had HER2 gene overexpression 
 (HER2+) MIBC. Table 1 summarizes the baseline clinico-
pathological characteristics of the 233 women with MIBC 
included in this study.

In the univariate analysis, a younger age (OR 4.49, 
95% CI 2.17–9.25, P < 0.0001) and an  HER2+ status (OR 
2.81, 95% CI 1.29–6.13, P = 0.01) were associated with an 
increased risk of having a positive SN. Both factors [younger 
age (OR 4.26, 95% CI 1.96–9.25, P = 0.0002) and  HER2+ 
status (OR 2.62, 95% CI 1.10–6.21, P = 0.03)] remained 
significantly associated with an increased risk of having a 
positive SN in the multivariate analysis (Table 2).

Univariate and multivariate analyses of SN macrometas-
tasis risk factors were not possible due to a very limited 
number of cases. The distribution of patients with SN mac-
rometastases versus SN negative patients (micrometastases 
and ITCs included) according to age and HER2 status is 
shown in Table 3. The proportion of SN macrometasta-
ses was higher among patients in the non-screening group 
(age ≤ 49) and among patients with a  HER2+ status.

Discussion

This study is among the largest population-based studies to 
date investigating the incidence and risk factors of SN and 
non-SN metastases in patients with MIBC. Less than 4% 
of the patients had SN macrometastases. More than 20% 
of the patients with SN macrometastases and a completion 
ALND had non-SN macrometastases. SN metastases were 
especially seen in younger patients and  HER2+ patients.

Patients with MIBC included in 
the study offered SLNB (n=233)

ICT (n=23)

Positive SN (n=50) Negative SN (n=183)

MAC (n=9)MIC (n=18)

ALND+

(n=9)

Patients registered with MIBC 
between 2002 and 2015, 
offered a SLNB (n=409)

ALND−

(n=0)

Positive 
non-SN
(n=2)

ALND+

(n=6)
ALND−

(n=12)

Positive 
non-SN
(n=0)

Positive 
non-SN
(n=0)

ALND+

(n=5)
ALND−

(n=18)

Unknown tumor size (n=34)

Tumor size >1mm (n=86)

Excluded (n=176)

CIS only/no malignancy (n=52)  

No SLNB (n=4)

Fig. 1  Flowchart for inclusion of MIBC patients from the DBCG 
database. Distribution of positive SN or non-SNs (ITC, MIC, or 
MAC) in MIBC patients offered SLNB and ALND between 2002 and 
2015. SLNB sentinel lymph node biopsy, ALND axillary lymph node 

dissection, MIBC microinvasive breast cancer, CIS carcinoma in situ, 
SN sentinel node, ITC isolated tumor cells, MIC micrometastasis, 
MAC macrometastasis
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The risk of SN metastases in MIBC patients has been 
investigated in other studies. Most of them were small, 
including less than 200 patients [13, 14]. The clinical impact 
of micrometastases and ITCs in the SN has become progres-
sively smaller and axillary staging is not routinely recom-
mended in these patients. The previously reported SN posi-
tive rates range from 2 to 29% [8], but the incidence of SN 
macrometastases alone is low, ranging from 1.4 to 3.2% [8, 
13, 15, 16]. This is in accordance with our study.

To our knowledge, few previous studies have investi-
gated risk factors of SN metastases in MIBC patients. In 
one study, microinvasive lobular carcinomas were more 
likely to involve the SN when compared to microinvasive 

ductal carcinomas [17]. In another study, lymphovascu-
lar invasion was the only parameter found to be associ-
ated with a positive SN. In that study, SN was regarded 
as positive when macrometastases and micrometastases 
were detected [15]. Risk factors of metastases to ALNs 
have been examined to a greater extent. Most of these stud-
ies were small, and the results should be considered with 
caution. The clinicopathological characteristics, such as 
lymphatic invasion, the presence of comedonecrosis, mul-
tifocal DCIS, DCIS size, high-grade DCIS, palpable DCIS, 
and a younger age have been suggested as risk factors 
for ALN metastases in MIBC patients [3]. Among these 

Table 1  The clinical and 
pathological characteristics 
of 233 Danish women with 
microinvasive breast cancer 
who underwent SLNB between 
2002 and 2015

SLNB sentinel lymph node biopsy, SN sentinel lymph node, OR odds ratio, ITCs isolated tumor cells, MIC 
micrometastasis, MAC macrometastasis, HER2 human epidermal growth factor receptor 2
*Not routinely assessed before 2010/too small to estimate

Total SN negative SN positive SN positive, subdivided in: ITC, MIC, 
and MAC

N (%) N (%) N (%) ITC N (%) MIC N (%) MAC N (%)

233 183 (78.5%) 50 (21.5%) 23 (9.9%) 18 (7.7%) 9 (3.9%)

Age (years)
 ≤ 49 41 (17.6) 22 (53.7) 19 (46.3) 8 (19.5) 6 (14.6) 5 (12.2)
 ≥ 50 192 (82.4) 161 (83.9) 31 (16.1) 15 (7.8) 12 (6.3) 4 (2.1)

In situ size (mm)
 ≤ 20 124 (53.2) 103 (83.1) 21 (16.9) 12 (9.7) 6 (4.8) 3 (2.4)
 21–49 62 (26.6) 48 (77.4) 14 (22.6) 4 (6.5) 7 (11.3) 3 (4.8)
 ≥ 50 47 (20.2) 32 (68.1) 15 (31.9) 7 (14.9) 5 (10.6) 3 (6.4)

Type
 Ductal 204 (87.6) 160 (78.4) 44 (21.6) 19 (9.3) 16 (7.8) 9 (4.4)
 Lobular 7 (3.0) 6 (85.7) 1 (14.3) 0 (0) 1 (14.3) 0 (0)
 Other 22 (9.4) 17 (77.3) 5 (22.7) 4 (18.2) 1 (4.6) 0 (0)

Grade
 I 39 (41.9) 35 (89.7) 4 (10.3) 2 (5.1) 2 (5.1) 0 (0)
 II 40 (43.0) 34 (85.0) 6 (15.0) 3 (7.5) 2 (5.0) 1 (2.5)
 III 14 (15.1) 13 (92.9) 1 (7.1) 0 (0) 0 (0) 1 (7.1)
 Ungradable 140 101 (72.1) 39 (27.9) 18 (12.9) 14 (10.0) 7 (5.0)

Estrogen receptor status
 Positive 132 (66.0) 111 (84.1) 21 (15.9) 11 (8.3) 7 (5.3) 3 (2.3)
 Negative 68 (34.0) 52 (76.5) 16 (23.5) 6 (8.8) 5 (7.4) 5 (7.4)
 Too small to estimate 33 20 (60.6) 13 (39.4) 6 (18.2) 6 (18.2) 1 (3.0)

HER2 status
 Positive 62 (37.6) 43 (69.4) 19 (30.7) 6 (9.7) 6 (9.7) 7 (11.3)
 Normal 103 (62.4) 89 (86.4) 14 (13.6) 8 (7.8) 4 (3.9) 2 (1.9)
 Unknown* 68 51 (75.0) 17 (25.0) 9 (13.2) 8 (11.8) 0 (0)

Lymphovascular invasion
 Present 7 (3.0) 4 (57.1) 3 (42.9) 2 (28.6) 0 (0) 1 (14.3)
 Absent 226 (97.0) 179 (79.2) 47 (20.8) 21 (9.3) 18 (8.0) 8 (3.5)

Focality
 Unifocal 227 (97.4) 178 (78.4) 49 (21.6) 22 (9.7) 18 (7.9) 9 (4.0)
 Multifocal 6 (2.6) 5 (83.3) 1 (16.7) 1 (16.7) 0 (0) 0 (0)
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characteristics, we were only able to confirm a younger age 
as a significant risk factor for SN metastases.

The association between ALN metastases and the ER 
and HER2 status has been sparsely investigated, and the 
results are conflicting [15, 18]. One study found that an 
 ER− status was predictive for ALN metastases in MIBC 
patients, while another study found the opposite associa-
tion [3, 19]. None of these studies found a significant asso-
ciation between the HER2 status and ALN metastases. We 
did not find a significant association between the ER status 
and SN metastases in our study, but we demonstrated an 
increased risk of a positive SN in  HER2+ patients.

Only 40% of patients with SN metastases had a comple-
tion ALND in our study. According to the Danish guide-
lines, only SN macrometastases should lead to completion 
ALND [12]. Until 2012, ALND was still recommended 
in patients with micrometastases or ITCs in the SN. 
From 2012 until recently, ALND has been recommended 
in patients with ITCs or / micrometastases in ≥ 3 SNs. 
Despite these recommendations, completion ALND was 

Table 2  The patient and tumor characteristics and their associations with positive SN in 233 Danish women with microinvasive breast cancer 
who underwent SLNB between 2002 and 2015

SN sentinel lymph node, SLNB sentinel lymph node biopsy, OR odds ratio, CI confidence interval, ER estrogen receptor, HER2 human epidermal 
growth factor receptor 2
a Adjusted for age, estrogen receptor, and HER2 status
*Positive SN: isolated tumor cells, micrometastasis, and macrometastasis
**Not routinely assessed before 2010/too small to estimate

Total SN negative SN positive* Univariate analysis 
OR (95% CI)

P value Multivariate analysis 
OR (95% CI)

P  valuea

N N (%) N (%)

233 183 (78.5%) 50 (21.5%)

Age (years)
 ≤ 49 41 22 (53.7) 19 (46.3) 4.49 (2.17–9.25) < 0.0001 4.26 (1.96–9.25) 0.0002
 ≥ 50 192 161 (83.9) 31 (16.2) 1.00 1.00

In situ size (mm)
 ≤ 20 124 103 (83.1) 21 (16.9) 1.00 0.11
 21–49 62 48 (77.4) 14 (22.6) 1.43 (0.67–3.05)
 ≥ 50 47 32 (68.1) 15 (31.9) 2.30 (1.06–4.98)

Type
 Ductal 204 160 (78.4) 44 (21.6) 1.00 0.90
 Lobular 7 6 (85.7) 1 (14.3) 0.61 (0.07–5.17)
 Other 22 17 (77.3) 5 (22.7) 1.07 (0.37–3.06)

ER status
 Positive 132 111 (84.1) 21 (15.9) 1.00 1.00
 Negative 68 52 (76.5) 16 (23.5) 1.63 (0.79–3.37) 0.19 0.95 (0.42–2.16) 0.90
 Too small to estimate 33 20 (60.6) 13 (39.4) 3.44 (1.48–7.96) 0.004 2.63 (0.89–7.79) 0.08

HER2 status
 Positive 62 43 (69.4) 19 (30.6) 2.81 (1.29–6.13) 0.01 2.62 (1.10–6.21) 0.03
 Normal 103 89 (86.4) 14 (13.6) 1.00 1.00
 Unknown** 68 51 (75.0) 17 (25.0) 2.12 (0.97–4.65) 0.06 1.52 (0.56–4.14) 0.41

Table 3  Distribution of SN negative MIBC patients versus MIBC 
patients with SN macrometastases according to age and HER2 status

SN sentinel lymph node, MIBC microinvasive breast cancer, HER2 
human epidermal growth factor receptor 2
a Micrometastases and isolated tumor cells included
*Not routinely assessed before 2010/too small to estimate

Total SN  negativea SN macro-
metastases

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

233 224 (96.1) 9 (3.9)

Age (years)
 ≤ 49 41 (17.6) 36 (87.8) 5 (12.5)
 ≥ 50 192 (82.4) 188 (97.9) 4 (2.1)

HER2 status
 Positive 62 (37.6) 55 (88.7) 7 (11.3)
 Normal 103 (62.4) 101 (98.1) 2 (1.9)
 Unknown* 68 68 (100) 0 (0)
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only performed in 11 out of the 41 patients with ITCs/
micrometastases during the study period.

In the group of patients with SN macrometastases who 
underwent ALND, we identified non-SN macrometastases in 
more than 20% of patients. Reported rates of non-SN macro-
metastases in MIBC patients with SN macrometastases are 
scarce and differ in literature. In patients with SN macrome-
tastases, Orzalesi et al. [4] demonstrated non-SN macrome-
tastases in one out of five (20%), Pimiento et al. [18] in two 
out of four (50%), and Zavagno et al. [20] in three out of four 
(75%) patients. This indicates that MIBC patients with SN 
macrometastases may need axillary treatment, either ALND 
or axillary radiotherapy [21]. Still, the numbers are small, 
and conclusions should be taken with caution.

In our study, 34% of the patients with known ER status 
were  ER−, and 38% of the patients with known HER2 sta-
tus were  HER2+. Similar or higher rates  [ER− (33–57%), 
 HER2+ (41–57%)] have been described earlier [3, 5, 17, 22]. 
Paradoxically, nationally reported rates of  ER− and  HER2+ 
status in the patients with primary invasive breast cancer 
are considerably lower  [ER− (13%),  HER2+ (14%)] [23]. 
The paradox is well known and has been described before 
[24]. MIBC is considered to represent an interim stage in the 
progression from in situ carcinoma to invasive carcinoma 
[25]. For HER2, it has been suggested that the expression 
might decrease during the progression [26]. Another study 
suggests that invasive carcinoma might develop from DCIS 
with a low HER2 expression [24]. The underlying mecha-
nisms for this paradox are yet to be explored.

The ductal MIBC rate found in our study was close to 
88%, while the lobular MIBC rate was 3%. These findings 
are similar to the earlier reported rates of ductal (87–95%) 
and lobular (4–6%) MIBC [5, 14, 27], but they vary from the 
nationally reported rates of invasive ductal (80%) and inva-
sive lobular (12%) carcinomas [23]. Further examinations 
are needed to verify and explain this observation.

This study has some potential limitations. Although it is 
among the largest studies on the subject to date [14, 28], the 
relatively low number of MIBC patients is a potential bias 
to the identification of the clinicopathological characteristics 
associated with the risk of a positive SN risk.

The retrospective design of our study holds a risk of mis-
classification and missing data. A large proportion of the 
patients had missing ER and HER2 status, because assess-
ment was not always technically possible due to the pau-
city of invasive tissue. Furthermore, the HER2 assessment 
was first introduced partially in 2005 and nationally for all 
Danish breast cancer patients in 2010 [11]. More than 50% 
of the study population had missing HER2 status between 
2002 and 2008, while only 19% had missing HER2 values 
between 2009 and 2015. The proportion of missing HER2 
status was higher among older patients (31%) compared to 
younger patients (22%). However, the proportion of missing 

HER2 status was also higher among patients with high-grade 
MIBC, lymphovascular invasion, and  ER− status. This 
refutes the potential bias associated with selective HER2 
testing in patients with more aggressive disease.

Conclusion

This study demonstrates a low incidence of SN macrome-
tastases (< 4%) in patients with MIBC. The odds of SN 
metastases were almost a threefold higher in patients with a 
 HER2+ status and nearly a fivefold higher in patients under 
the age of 50. If SN macrometastases are detected, a con-
siderable proportion (22%) has further metastatic spread 
to non-SN and might need axillary treatment. However, to 
avoid overtreatment, we advise against the routine use of 
axillary staging in MIBC patients above 50 years of age with 
a  HER2− status. Thus, axillary staging should be confined to 
younger  HER2+ MIBC patients without staging at primary 
surgery.
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