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Abstract Hematogenous tumor cell dissemination is a
crucial step in systemic disease progression and predicts
reduced clinical outcome in breast cancer patients. Only
invasive cancers are assumed to shed tumor cells into the
bloodstream and infiltrate lymph nodes. However, recent
studies revealed that disseminated tumor cells (DTCs) may
be detected in bone marrow (BM) of patients with prein-
vasive lesions, i.e., ductal carcinoma in situ (DCIS). The
purpose of this analysis was to examine the incidence and
clinical value of DTC detection in a large series of patients
with pure DCIS. 404 patients treated for DCIS at the
University Hospital Tuebingen, Germany were included
into this analysis. BM was analyzed by immunocyto-
chemistry (pancytokeratin antibody A45-B/B3) using
ACIS system (Chromavision) according to the ISHAGE
evaluation criteria. Sentinel nodes were analyzed in 316
patients by step sectioning and hematoxylin—eosin staining.
DTCs were detected in 63 of 404 patients (16 %). No
correlation was observed between BM status and tumor
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size, grading, histology or Van Nuys prognostic index. In
two cases, metastatic spread into lymph nodes was
observed; isolated tumor cells were found in one patient.
After a median follow-up of 45 months (range
3-131 months), 3 % of BM positive patients died com-
pared to 1 % of BM negative patients (p = 0.254). Relapse
of any kind was observed in 7 % of patients with DTCs vs.
5 % of patients without DTCs (p = 0.644). The differences
in overall (p =0.088) and disease-free survival
(p = 0.982) calculated by log-rank test were not statisti-
cally significant. Tumor cell dissemination may be detected
in patients diagnosed with DCIS. Whether these cells dis-
seminate from real preinvasive mammary lesions or rep-
resent the earliest step of microinvasion, remains unclear.
A longer follow-up may be necessary to accurately assess
clinical value of these cells in DCIS patients.
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Abbreviations
ADH  Atypical ductal hyperplasia
BM Bone marrow

CK Cytokeratin

CTC Circulating tumor cell(s)

DIN Ductal intraepithelial neoplasia
DCIS  Ductal carcinoma in situ

DTC Disseminated tumor cell(s)

HE Hematoxylin—eosin

ITC Isolated tumor cell

SN Sentinel node

SLNB Sentinel lymph node biopsy
VNPI  Van Nuys prognostic index
Introduction

The past two decades have seen increasingly rapid
advances in the field of tumor cell dissemination in patients
with solid tumors. Disseminated tumor cells (DTCs) are
routinely detected in the bone marrow (BM) of 20-40 %
non-metastatic breast cancer patients; their presence
strongly predicts poor clinical outcome [1]. Recent evi-
dence suggests that the ability of cancer cells to enter
circulation and persist at secondary homing sites is
acquired at much earlier time point during disease pro-
gression than initially assumed [2]. Current hypotheses
place the onset of tumor cell spread at small clinically
undetectable invasive lesions. However, animal model
studies demonstrated that tumor cells can disseminate even
from earliest epithelial alterations, such as ductal carci-
noma in situ (DCIS) [2]. These findings challenge the
prevailing view that preinvasive lesions are unable to cause
metastatic growth since the tumor, limited to epithelial
layer, does not reach blood or lymphatic vessels.

DCIS is defined as a proliferation of malignant cells
without invasion across the basement membrane [3]. The
incidence of DCIS has increased in the past years due to
widespread introduction of mammography screening pro-
grams, accounting for 10-15 % of all newly diagnosed
breast cancers [4, 5]. According to epidemiological data,
breast cancer specific mortality in DCIS patients is esti-
mated at 1-2 % despite optimal removal of the primary
tumor [6]. Further, (micro-)metastases in axillary lymph
nodes are detected in 1-6 % DCIS patients [7-9]. We
previously reported that DTCs may be detected in BM of
patients diagnosed with pure DCIS [9].

These observations prompt several questions: Do in situ
carcinomas have the ability to shed tumor cells into the
blood circulation? Are tumor cells derived from preinva-
sive lesions clinically relevant? Is DTC presence a result of
a (micro)invasive lesion missed by standard pathological
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workup of the specimen? Additional assays, such as sen-
tinel node biopsy (SLNB) or DTC detection, might have
the potential to identify patients with such occult
microinvasion.

In this study, we aimed to evaluate the prevalence and
clinical value of DTC status in a large group of 404 patients
diagnosed with pure DCIS at the Comprehensive Cancer
Center, University of Tuebingen, Germany.

Materials and methods

After written informed consent BM samples were intra-
operatively obtained from 404 primary DCIS patients who
were treated at the Department of Gynecology and
Obstetrics (Comprehensive Cancer Center, University
Hospital of Tuebingen, Germany, a certified and multi-
disciplinary breast cancer center) within the period of
March 2003-December 2012. Patients with DCIS larger
than 2 cm (based on mammography) received a SLNB as a
routine procedure in accordance with current treatment
guidelines. None of the patients had history of cancer. This
analysis was approved by the ethics committee of the
University of Tuebingen (502/2010A). Following data
were documented for each patient: age, menopausal status,
grading, tumor size, hormone receptor status, and Van
Nuys prognostic index (VNPI, a score for predicting the
risk of local recurrence, based on tumor size, margin width
and pathological criteria).

Immunocytochemistry

DTC detection was performed as described in detail pre-
viously [9]. Tumor cell isolation and detection was per-
formed based on the recommendations for standardized
tumor cell detection [10]. Briefly, 10-20 ml BM was
aspirated from posterior iliac crest into syringes containing
heparin anticoagulant general anesthesia using Jamshidi’s
technique immediately prior to begin of breast surgery
[11]. All samples were processed within 24 h. BM aspi-
rates were separated by density centrifugation using Bicoll
(density 1,077 g/ml, Biochrom, Germany). Mononuclear
cells were collected from the interphase layer and were
spun down onto a glass slide (Hettich cytocentrifuge,
Germany) (106 MNC/spot) and air-dried overnight at room
temperature. For detection of cytokeratin(CK)-positive
tumor cells, slides were fixed in 4 % neutral buffered for-
malin for 10 min and rinsed in PBS.

Staining of slides and DTC identification

Automatic immunostaining was performed on the DAKO
Autostainer using the monoclonal mouse antibody A45-B/
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B3 (Micromet, Germany) and the DAKO-APAAP detec-
tion kit (DakoCytomation, Denmark) according to the
manufacturer’s instructions. The A45-B/B3 antibody is
directed against common CK epitopes including the het-
erodimers 8/18 and 8/19. The malignant breast cell line
MCF-7 was used as a positive control. Leukocytes of a
healthy volunteer served as negative control. In addition,
isotype matched myeloma protein conjugated to FITC was
included as negative staining controls (Sigma, Deisenho-
fen). For each patient 2 x 10° cells were analyzed on two
slides. Analysis was performed on the Automated Cellular
Imaging System (ACIS, ChromaVision Medical Systems,
San Juan, Capistrano, CA). Details of this system have
been described in detail elsewhere [12]. Criteria for
detection of DTCs were based on the recommendations of
the European ISHAGE Working group for standardization
of tumor cell detection and the consensus statements [10,
13].

Histopathological evaluation of sentinel lymph nodes
and primary tumors

Preparation of sentinel nodes (SNs) was conducted as
described previously [9]. Briefly, SN were sliced in 2 mm
intervals, fixed in 10 % buffered formalin and embedded in
paraffin. At least three step sections in 500 pm intervals
were cut, stained with routine hematoxylin—eosin (HE)
stain and evaluated for metastasis by light microscopy by
an experienced pathologist. In equivocal cases suspicious
areas were immunostained with anti-CK-antibody (AE1/
AE3). Primary tumors were sampled for histology in at
least 0.5 cm intervals. Sections were evaluated by HE-
staining. In 35 % of the cases, we found areas suspicious
for invasion. Specifically, these cases showed cancerisation
of lobules or involvement of small glandular structures in
areas of sclerosing adenosis. Tissue sections of these areas
were submitted for immunohistochemical staining with an
antibody against smooth muscle myosin heavy chain or
basal CKs (CK 5/6 or CK 5/14). These antibodies specif-
ically stain the myoepithelial cell layer surrounding non-
invasive intraductal carcinomas. Therefore, lack of this
staining would indicate invasive growth. All primary
tumors were examined by an experienced pathologist;
cases with lymph node metastasis were evaluated by at
least two independent pathologists.

Statistical analysis

Chi-squared test and Fisher’s exact test were used to
evaluate the relationship between DTC detection and
clinicopathological factors. For the survival analysis, we
considered in separate analyses the following primary end

points: (1) death and (2) relapse, defined as distant or local
disease recurrence, or both. Survival intervals were mea-
sured from the time of BM aspiration to the time of death
or of the first clinical, histological, or radiographic diag-
nosis of relapse. We constructed Kaplan—Meier curves and
used the log-rank test to assess the univariate significance
of the parameters. All reported p values are two-sided.
Statistical analysis was performed by SPSS, version 17.0
(SPSS Inc., Chicago, IL, USA).

Results
Patients characteristics

404 patients diagnosed with pure DCIS were included into
the analysis. Clinicopathological data are summarized in
Table 1. 20 % of tumors were <15 mm, 33 % between 16
and 40 mm, and 47 % measured >41 mm. With regard to
grading, the majority of patients presented with ductal
intraepithelial neoplasia (DIN) grade 3 (44 %) and DIN 2
(38 %), followed by 18 % with DIN lc. 75 % of the
tumors were ER-positive and 69 % showed PR-positivity.
Median age of all patients was 55 years. The distribution of

Table 1 Clinical characteristics of patients

n (%) DTC positive (%) p value
Total 404 63 (16)
Menopausal status 0.475
Premenopausal 112 (28) 21 (19)
Postmenopausal 290 (72) 42 (14)
Histology 0.857
DIN 1c 61 (18) 11 (18)
DIN 2 124 (38) 19 (15)
DIN 3 146 (44) 22 (15)
Tumor size 0.231
<15 mm 74 (20) 7 (10)
1640 mm 125 (33) 23 (18)
>41 mm 176 (47) 28 (16)
ER status 0.464
Negative 98 (25) 12 (12)
Positive 298 (75) 49 (16)
PR status 0.927
Negative 122 31) 19 (16)
Positive 272 (69) 42 (15)
Van Nuys prognostic index 0.218
1-4 points 44 (16) 5(11)
5-7 points 148 (54) 20 (14)
8-9 points 80 (29) 17 (21)

BM bone marrow, DIN ductal intraepithelial neoplasia, ER estrogen
receptor, PR progesterone receptor
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404 patients with pure ductal
carcinoma in situ

| |

Sentinel node biopsy in 316
patients

Intraoperative bone marrow
biopsy in all 404 patients

| |

Two patients with positive sentinel
node; one patient with isolated
tumor cells in sentinel node

DTC detectablein 63 patients

Fig. 1 Patient distribution diagram according to the Recommenda-
tions for Tumor Marker Prognostic Studies (REMARK)

patients is summarized in a Recommendations for Tumor
Marker Prognostic Studies (REMARK) diagram (Fig. 1)
[14].

DTC detection in DCIS patients

BM aspiration was conducted in general anesthesia
immediately before begin of surgery. DTCs were detected
in 63 of 404 (16 %) of patients. Figure 2 shows a typical
DTC from a breast cancer patient. The number of detected
DTCs ranged from 1 to 3 per 2 x 10° mononuclear cells.
11 % of patients at VNPI Group I were BM positive
compared to 14 and 21 % at VNPI Group II and III,
respectively (p = 0.218). Median age of patients with DTC
was 54 years compared to 56 years in the DTC negative
group. No correlation was observed between DTC detec-
tion and established clinicopathological factors (Table 1).

Lymph node metastasis in DCIS patients

316 of 404 patients (78 %) underwent SLNB. In two (1 %)
patients metastatic spread into lymph nodes was observed
(histology of the primary tumor in both cases: DIN 2,
tumor size: 6.0 and 4.5 cm, respectively). One patient with
a large (>10 cm) DIN Ic lesion presented with isolated
tumor cells (ITCs) in one of four removed SN (Fig. 3). All
these patients were DTC negative. Additional sectioning of
the primary tumor was performed in all three cases but did
not reveal invasive cancer.

DTC detection and survival
A follow-up was available in 356 patients. Only these

patients were included into survival analysis. Median fol-
low-up was 45 months (range 3-131 months). Six deaths
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Fig. 2 Disseminated tumor cell with typical cytomorphology and
staining pattern (positive cytokeratin staining, large nucleus, high
nuclear to cytoplasmic ratio, nucleus partially covered by cytokeratin
staining, nucleus granular; immunocytochemistry using A45-B/B3
pancytokeratin antibody)
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Fig. 3 Micrometastasis in a lymph node of a patient diagnosed with
pure DCIS. Additional sectioning of the primary tumor did not reveal
an invasive focus

and 20 relapses of any kind occurred during follow-up
(Table 2). A relapse was defined as diagnosis of distant
metastasis (eight patients) and/or local recurrence (invasive
recurrence in seven cases, non-invasive recurrence in nine
cases) and/or contralateral cancer (three patients). 3 % of
BM positive patients died compared to 1 % of BM nega-
tive patients. The rate of relapse of any kind was 7 % in
patients with DTC vs. 5 % in DTC negative cases. The
differences in overall survival (OS) and disease-free sur-
vival (DFS) calculated by log-rank test were not statisti-
cally significant (OS: p = 0.088, DFS: p = 0.982).
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Tab!e 2 .P resence Of_ DTCs and Death Any relapse Distant metastasis Local recurrence Contralateral
survival in DCIS patients cancer

DTC positive 2.3 %) 4 (7 %) 23 %) 305 %) 0 (0 %)

n =358

DTC negative 4 (1 %) 16 (5 %) 6 (2 %) 13 (4 %) 31 %)

n =298

Total 6 (2 %) 20 (6 %) 8 (2 %) 16 (4 %) 3(1 %)

Discussion
Tumor cell dissemination in DCIS

Metastatic spread of cancer cells into the blood circulation
and throughout patient’s body had been classically regar-
ded as a relatively late event in the evolution of malignant
tumors. According to the research results of the last dec-
ades, however, hematogenous tumor cell dissemination
may occur at the earliest stages of malignant disease,
possibly long before the tumor becomes clinically apparent
[15]. So far, the exact time point of the onset of such spread
remains under discussion. Theoretically, preinvasive
lesions of the breast are not able to shed tumor cells; DCIS
is generally assumed to have excellent survival rates
reaching 100 %. This simplistic view of DCIS lesions has
been challenged by the observation that 1-3 % of patients
with pure DCIS present with metastatic spread to the
axillary lymph nodes at time of diagnosis and a proportion
of patients will be diagnosed with distant relapse years
after successful primary treatment of DCIS [6, 16].

This is the largest study so far on hematogenous and
lymphatic tumor cell dissemination in DCIS. We evaluated
BM samples and SNs from 404 patients; primary lesions
were examined by extensive step sectioning to exclude the
possibility of microinvasion. DTCs were detected in the
BM of 16 % of patients. This is in accordance with pre-
vious smaller studies (Tables 3, 4). Most authors used
immunocytochemical detection of DTCs using A45-B/B3
antibody against common epitopes on several CKs

including CK 8, 18, and 19. Sanger et al. analyzed BM
aspirates from 19 patients with pure DCIS as well as seven
patients with microinvasive breast cancer using two anti-
bodies against different CKs (A45-B/B3 and AE1/AE3
against different CKs such as CK 1-8, 10, 14, 15, 16, 19)
[17]. DTCs were detected in 21 % of DCIS patients, as
opposed to 57 % of patients with microinvasion. Only one
study reported on circulating tumor cells (CTCs) in patients
with preinvasive breast lesions. Franken et al. examined
CTCs in peripheral blood of DCIS patients using the FDA-
approved CellSearch system [18]. CTCs were detected in
nine out of 48 patients (19 %). However, authors also
reported a surprisingly high (15 %) CTC positivity rate in

Table 4 Axillary node involvement in patients with ductal carci-
noma in situ

References No. of patients SN positive (%)
with SLNB
Present study 316 2 (1)
Intra et al. [8] 854 12 (1)
Intra et al. [33] 223 7(3)
Banys et al. [9] 2212 2 (1)
Cox et al. [34] 195 26 (13)
Kelly et al. [35] 134 312
Mabry et al. [7] 171 10 (6)
Katz et al. [36] 110 8 (7)
Zavagno et al. [37] 102 1(1)

SN sentinel node, SLNB sentinel lymph node biopsy
* These patients were included into present analysis as well

Table 3 Hematogenous tumor cell dissemination in patients with pure DCIS

Author No. of patients Method Blood/BM DTC/CTC positive (%)
Present study 404 ICC (CK; A45-B/B3) BM 16

Banys et al. [9] 266" ICC (CK; A45-B/B3) BM 13

Franken et al. [18] 48 CellSearch Blood 19°

Sanger et al. [17] 19 ICC (CK; A45-B/B3 and AE1/AE3) BM 21

Husemann et al. [2] 39 ICC (CK; A45-B/B3) BM 13

BM bone marrow, CK cytokeratin, CTC circulating tumor cells, DTC disseminated tumor cells, /CC immunocytochemistry

? These patients were included into present analysis as well
® >1 CTC (no cut off)
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patients with benign breast tumors and patients with DCIS
and benign disease were excluded from survival analysis.

Progression from non-invasive lesions to invasive
breast cancer

The concept of an early stage in tumor progression which is
not yet able to produce metastasis developed in the first
half of the twentieth century with the introduction of the
term “in situ carcinoma” [19, 20, 21]. The malignant
potential of in situ lesions varies strongly; lobular carci-
noma in situ is widely regarded as an indicator for
increased risk of future malignancy, while DCIS is con-
sidered a direct anatomical precursor of invasive cancer
and represents a truly preinvasive lesion [22]. With the
development and wide introduction of high-quality mam-
mography, DCIS is the most rapidly growing subgroup of
breast carcinomas, representing 10-25 % of all newly
diagnosed breast cancer cases. It is generally accepted that
DCIS may progress to invasive disease and thus require
therapeutic intervention.

Factors determining the ability of non-invasive DCIS
lesion to progress to invasive breast cancer remain yet to be
cleared. According to genomic-based studies, DCIS is a
genetically advanced disease with distinct patterns of
genomic alterations, such as loss of heterozygosity (LOH)
at chromosome 16q in low-grade DCIS and 13q loss and
high level amplifications of 17q12 and 11q13 in high-grade
DCIS [23]; chromosomal instability occurs thus before
histological cancer invasion [24].

Husemann et al. chose an animal-based model that
mimics progression of human breast cancer to examine
tumor cell dissemination from preinvasive lesions [2].
Interestingly, DTCs became detectable in BM of transgenic
mice at an early stage of the disease when extensive his-
topathological analysis of the breast tissue revealed areas
of atypical ductal hyperplasia (ADH) but no higher grade
lesion. However, electron microscopy could clearly show
the invasion of epithelial cells through the basement
membrane within ADH lesion. The malignant nature of
detected DTCs was confirmed as proof of principle by
single-cell comparative genomic hybridization.

In the metastatic cascade, two key steps are the intrav-
asation of cells from the primary lesion and their successful
extravasation at secondary sites. In theory, these cells may
become fully malignant during this process and form
metastasis independently from the primary lesion and even
before the transition from non-invasive to invasive lesion at
the primary site has taken place. Data from animal-based
models suggest that such a phenomenon is indeed possible.
Podsypanina et al. showed that tumor cells injected into the
circulation of engineered mice are able to bypass
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transformation at the primary site and form metastatic lung
noduli upon oncogene induction [25]. These findings sug-
gest that normal untransformed cells are able to persist in
the blood circulation and secondary sites and form metas-
tasis independently of the progression at the primary site.

Clinical relevance of DTC detection in DCIS

In our study, presence of tumor cells in BM of DCIS
patients was not associated with clinical outcome. Hypo-
thetically, if single tumor cells are able to leave the primary
lesion and reach secondary sites, such as BM, an occult
(micro-)invasive focus must be assumed, even if the
pathological workup of the tumor confirms the diagnosis of
pure DCIS. Whether such new diagnostic information is of
clinical relevance, remains unclear. Upgrading of the T
stage from Tis to Tlmi does not necessarily change
patient’s expected prognosis since microinvasive breast
cancer has excellent survival rates, comparable to pure
DCIS [26-30]. Conclusive data on the prognostic impact of
microinvasion are pending. Parikh et al. presented long-
term follow-up (median: 9 years) of 72 patients with mi-
croinvasive breast cancer and 321 patients with pure DCIS;
patients in both groups had favorable outcomes, reaching
10-year OS rate of 93.2 % in case of pure DCIS and
95.7 % for microinvasive cancer (p = 0.95) [27]. Micro-
invasion did not predict for worse breast relapse-free sur-
vival either (89.0 vs. 90.7 %, respectively, p = 0.36).
Theoretically, omission of a microinvasive focus may
result in undertreatment; however, the optimal manage-
ment of microinvasive breast cancer is as yet undefined.
Data about the epidemiology and clinical relevance of this
entity has been so far limited by its uncommon incidence
and lack of standardized clinical trials. With regard to local
therapy, breast-conserving surgery followed by radiother-
apy is generally considered an oncologically safe approach
for both pure DCIS and microinvasive cancer, simple
mastectomy being the alternative for patients with large
lesions. The overall incidence of axillary lymph node
metastasis is higher than in pure DCIS and estimated at
2-10 % [27, 29, 31, 32]; therefore, in contrast to pure
DCIS, most guidelines accept SLNB as a standard proce-
dure for axillary staging in patients with microinvasion.
The need for adjuvant systemic therapy in microinvasive
breast cancer remains controversial since there have been
no clinical trials specifically addressing the role of endo-
crine, cytotoxic or targeted therapy in this subgroup of
patients. Possible clinical consequences of tumor stage
upgrading from Tis to Tlmi are discussed in Table 5.
Hypothetically, presence of DTCs might serve as an
additional risk indicator and be helpful in discussing
adjuvant endocrine therapy with patients with pure DCIS.
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Table 5 Management of pure ductal carcinoma in situ and microinvasive breast cancer

Pure DCIS Microinvasive breast cancer Clinical consequence of
microinvasion
Prognosis Excellent Excellent [26-30] None
Breast surgery  Breast-conserving surgery plus radiotherapy is Breast-conserving surgery plus radiotherapy = None

a safe option with low rates of local
recurrence; importance of negative margins

is a safe option with low rates of local
recurrence; importance of negative margins

Axillary No routine axillary lymph node dissection; SLNB is generally recommended; No routine  Yes; SLNB in case of
staging SLNB may be discussed in high-risk patients  axillary lymph node dissection microinvasion; impact on
(i.e., large lesions, high grade, comedo-type survival unclear [27]
necrosis)
Radiotherapy Recommended after breast-conserving Recommended after breast-conserving Addition of boost radiation in
surgery; no benefit from additional boost surgery; data on tumor bed boost in T1mi case of microinvasion
limited; boost may be discussed (impact on  possible; impact on
survival not demonstrated) outcome unclear
Endocrine Optional in some patients; tamoxifen therapy  Generally recommended in hormone receptor Possible; recommendation
therapy® lowers local recurrence risk without a proven  positive disease; however, untreated toward endocrine therapy
overall survival benefit [38] patients have excellent outcomes in case of microinvasion
Chemotherapy® Not recommended Not recommended None
Trastuzumab Not recommended Generally not recommended, HER2 status of None
therapy® microinvasive lesion has no impact on

outcome [30]

SLNB sentinel lymph node biopsy
% Recommendations may change in case of lymph node involvement

Conclusions

ITCs may be detected either in BM or axillary lymph nodes
of a significant proportion of patients diagnosed with pre-
invasive lesions of the breast. It is not yet clear whether
these cells derive from an occult microinvasive focus
within DCIS or whether epithelial cells are able to spread
from truly preinvasive lesions. Prognostic relevance of
DTC detection seems limited since both pure DCIS and
microinvasive breast cancer have excellent outcomes. A
deeper understanding of earliest stages of tumor progres-
sion is necessary; further studies on molecular and func-
tional characteristics of DTCs are needed to understand the
phenomenon of tumor cell dissemination. Longer follow-
up may be required to fully assess the clinical relevance of
DTCs in DCIS.

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Braun S, Vogl FD, Naume B, Janni W, Osborne MP, Coombes
RC, Schlimok G, Diel 1J, Gerber B, Gebauer G, Pierga JY, Marth
C, Oruzio D, Wiedswang G, Solomayer EF, Kundt G, Strobl B,
Fehm T, Wong GY, Bliss J, Vincent-Salomon A, Pantel K (2005)
A pooled analysis of bone marrow micrometastasis in breast
cancer. N Engl J Med 353(8):793-802

10.

. Husemann Y, Geigl JB, Schubert F, Musiani P, Meyer M,

Burghart E, Forni G, Eils R, Fehm T, Riethmuller G, Klein CA
(2008) Systemic spread is an early step in breast cancer. Cancer
Cell 13(1):58-68

. Sakorafas GH, Farley DR, Peros G (2008) Recent advances and

current controversies in the management of DCIS of the breast.
Cancer Treat Rev 34(6):483-497

. Ernster VL, Ballard-Barbash R, Barlow WE, Zheng Y, Weaver

DL, Cutter G, Yankaskas BC, Rosenberg R, Carney PA, Ker-
likowske K, Taplin SH, Urban N, Geller BM (2002) Detection of
ductal carcinoma in situ in women undergoing screening mam-
mography. J Natl Cancer Inst 94(20):1546-1554

. Ernster VL, Barclay J, Kerlikowske K, Grady D, Henderson C

(1996) Incidence of and treatment for ductal carcinoma in situ of
the breast. JAMA 275(12):913-918

. Ernster VL, Barclay J, Kerlikowske K, Wilkie H, Ballard-Bar-

bash R (2000) Mortality among women with ductal carcinoma
in situ of the breast in the population-based surveillance, epide-
miology and end results program. Arch Intern Med
160(7):953-958

. Mabry H, Giuliano AE, Silverstein MJ (2006) What is the value

of axillary dissection or sentinel node biopsy in patients with
ductal carcinoma in situ? Am J Surg 192(4):455-457

. Intra M, Rotmensz N, Veronesi P, Colleoni M, lodice S, Paga-

nelli G, Viale G, Veronesi U (2008) 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 patients
in 10 years. Ann Surg 247(2):315-319

. Banys M, Gruber I, Krawczyk N, Becker S, Kurth R, Wallwiener

D, Jakubowska J, Hoffmann J, Rothmund R, Staebler A, Fehm T
(2012) Hematogenous and lymphatic tumor cell dissemination
may be detected in patients diagnosed with ductal carcinoma
in situ of the breast. Breast Cancer Res Treat 131(3):801-808

Fehm T, Braun S, Muller V, Janni W, Gebauer G, Marth C,
Schindlbeck C, Wallwiener D, Borgen E, Naume B, Pantel K,
Solomayer E (2006) A concept for the standardized detection of

@ Springer



538

Breast Cancer Res Treat (2014) 144:531-538

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

disseminated tumor cells in bone marrow from patients with
primary breast cancer and its clinical implementation. Cancer
107(5):885-892

. Jamshidi K, Swaim WR (1971) Bone marrow biopsy with unal-

tered architecture: a new biopsy device. J Lab Clin Med
77(2):335-342

Bauer KD, de la Torre-Bueno J, Diel 1J, Hawes D, Decker WJ,
Priddy C, Bossy B, Ludmann S, Yamamoto K, Masih AS, Es-
pinoza FP, Harrington DS (2000) Reliable and sensitive analysis
of occult bone marrow metastases using automated cellular
imaging. Clin Cancer Res 6(9):3552-3559

Borgen E, Naume B, Nesland JM, Kvalheim G, Beiske K,
Fodstad O, Diel 1J, Solomayer EF, Theocharous P, Coombes RC,
Smith BM, Wunder E, Marolleau J-P, Garci J, Pantel K, The
European ISHAGE Working Group for Standardization of Tumor
Cell Detection (1999) Standardization of the immunocytochem-
ical detection of cancer cells in BM and blood. 1. Establishment
of objective criteria for the evaluation of immunostained cells.
Cytotherapy 5:377-388

McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M,
Clark GM (2006) Reporting recommendations for tumor marker
prognostic studies (REMARK). Breast Cancer Res Treat
100(2):229-235

Pantel K, Brakenhoff RH (2004) Dissecting the metastatic cas-
cade. Nat Rev Cancer 4(6):448-456

Ansari B, Ogston SA, Purdie CA, Adamson DJ, Brown DC,
Thompson AM (2008) Meta-analysis of sentinel node biopsy in
ductal carcinoma in situ of the breast. Br J Surg 95(5):547-554
Sanger N, Effenberger KE, Riethdorf S, Van Haasteren V,
Gauwerky J, Wiegratz 1, Strebhardt K, Kaufmann M, Pantel K
(2011) Disseminated tumor cells in the bone marrow of patients
with ductal carcinoma in situ. Int J Cancer 129(10):2522-2526

Franken B, de Groot MR, Mastboom WJ, Vermes I, van der Palen
J, Tibbe AG, Terstappen LW (2012) Circulating tumor cells,
disease recurrence and survival in newly diagnosed breast cancer.
Breast Cancer Res 14(5):R133

Wellings SR, Jensen HM (1973) On the origin and progression of
ductal carcinoma in the human breast. J Natl Cancer Inst
50(5):1111-1118

Broders AC (1932) Carcinoma in situ contrasted with benign
penetrating epithelium. JAMA 99:1670-1674

Bloodgood JC (1931) Border-line breast tumors. Ann Surg
93:235-249

Sakorafas GH, Tsiotou AG (2000) Ductal carcinoma in situ
(DCIS) of the breast: evolving perspectives. Cancer Treat Rev
26(2):103-125

Buerger H, Otterbach F, Simon R, Poremba C, Diallo R, Decker
T, Riethdorf L, Brinkschmidt C, Dockhorn-Dworniczak B, Bo-
ecker W (1999) Comparative genomic hybridization of ductal
carcinoma in situ of the breast-evidence of multiple genetic
pathways. J Pathol 187(4):396-402

Chin K, de Solorzano CO, Knowles D, Jones A, Chou W,
Rodriguez EG, Kuo WL, Ljung BM, Chew K, Myambo K,
Miranda M, Krig S, Garbe J, Stampfer M, Yaswen P, Gray JW,
Lockett SJ (2004) In situ analyses of genome instability in breast
cancer. Nat Genet 36(9):984-988

Podsypanina K, Du YC, Jechlinger M, Beverly LJ, Ham-
bardzumyan D, Varmus H (2008) Seeding and propagation of

@ Springer

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

untransformed mouse mammary cells in the lung. Science
321(5897):1841-1844

Colleoni M, Rotmensz N, Peruzzotti G, Maisonneuve P, Viale G,
Renne G, Casadio C, Veronesi P, Intra M, Torrisi R, Goldhirsch
A (2004) Minimal and small size invasive breast cancer with no
axillary lymph node involvement: the need for tailored adjuvant
therapies. Ann Oncol 15(11):1633-1639

Parikh RR, Haffty BG, Lannin D, Moran MS (2012) Ductal
carcinoma in situ with microinvasion: prognostic implications,
long-term outcomes, and role of axillary evaluation. Int J Radiat
Oncol Biol Phys 82(1):7-13

Sue GR, Lannin DR, Killelea B, Chagpar AB (2013) Predictors
of microinvasion and its prognostic role in ductal carcinoma
in situ. Am J Surg 206(4):478-481

Pimiento JM, Lee MC, Esposito NN, Kiluk JV, Khakpour N,
Carter WB, Han G, Laronga C (2011) Role of axillary staging in
women diagnosed with ductal carcinoma in situ with microin-
vasion. J Oncol Pract 7(5):309-313

Margalit DN, Sreedhara M, Chen YH, Catalano PJ, Nguyen PL,
Golshan M, Overmoyer BA, Harris JR, Brock JE (2013) Micro-
invasive breast cancer: ER, PR, and HER-2/neu status and clin-
ical outcomes after breast-conserving therapy or mastectomy.
Ann Surg Oncol 20(3):811-818

Intra M, Zurrida S, Maffini F, Sonzogni A, Trifiro G, Gennari R,
Arnone P, Bassani G, Opazo A, Paganelli G, Viale G, Veronesi U
(2003) Sentinel lymph node metastasis in microinvasive breast
cancer. Ann Surg Oncol 10(10):1160-1165

Shatat L, Gloyeske N, Madan R, O’Neil M, Tawfik O, Fan F
(2013) Microinvasive breast carcinoma carries an excellent
prognosis regardless of the tumor characteristics. Hum Pathol
44(12):2684-2689

Intra M, Veronesi P, Mazzarol G, Galimberti V, Luini A, Sac-
chini V, Trifiro G, Gentilini O, Pruneri G, Naninato P, Torres F,
Paganelli G, Viale G, Veronesi U (2003) Axillary sentinel lymph
node biopsy in patients with pure ductal carcinoma in situ of the
breast. Arch Surg 138(3):309-313

Cox CE, Nguyen K, Gray RJ, Salud C, Ku NN, Dupont E, Hutson
L, Peltz E, Whitehead G, Reintgen D, Cantor A (2001) Impor-
tance of lymphatic mapping in ductal carcinoma in situ (DCIS):
why map DCIS? Am Surg 67(6):513-519; discussion 519-521
Kelly TA, Kim JA, Patrick R, Grundfest S, Crowe JP (2003)
Axillary lymph node metastases in patients with a final diagnosis
of ductal carcinoma in situ. Am J Surg 186(4):368-370

Katz A, Gage I, Evans S, Shaffer M, Fleury T, Smith FP, Flax R,
Drogula C, Petrucci P, Magnant C (2006) Sentinel lymph node
positivity of patients with ductal carcinoma in situ or microin-
vasive breast cancer. Am J Surg 191(6):761-766

Zavagno G, Carcoforo P, Marconato R, Franchini Z, Scalco G,
Burelli P, Pietrarota P, Lise M, Mencarelli R, Capitanio G,
Ballarin A, Pierobon ME, Marconato G, Nitti D (2005) Role of
axillary sentinel lymph node biopsy in patients with pure ductal
carcinoma in situ of the breast. BMC Cancer 5:28

Wapnir IL, Dignam JJ, Fisher B, Mamounas EP, Anderson SJ,
Julian TB, Land SR, Margolese RG, Swain SM, Costantino JP,
Wolmark N (2011) Long-term outcomes of invasive ipsilateral
breast tumor recurrences after lumpectomy in NSABP B-17 and
B-24 randomized clinical trials for DCIS. J Natl Cancer Inst
103(6):478-488



	Detection and clinical relevance of hematogenous tumor cell dissemination in patients with ductal carcinoma in situ
	Abstract
	Introduction
	Materials and methods
	Immunocytochemistry
	Staining of slides and DTC identification
	Histopathological evaluation of sentinel lymph nodes and primary tumors
	Statistical analysis

	Results
	Patients characteristics
	DTC detection in DCIS patients
	Lymph node metastasis in DCIS patients
	DTC detection and survival

	Discussion
	Tumor cell dissemination in DCIS
	Progression from non-invasive lesions to invasive breast cancer
	Clinical relevance of DTC detection in DCIS

	Conclusions
	References


