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Abstract Tumor cell dissemination in bone marrow (BM)

and lymph nodes is considered an important step in systemic

disease progression and is associated with poor prognosis.

Only invasive cancers are assumed to shed isolated tumor

cells (ITC) into the bloodstream and infiltrate lymph nodes.

However, latest studies indicate that tumor cell dissemina-

tion may occur before stroma invasion, i.e., in ductal carci-

noma in situ (DCIS). Therefore, the purpose of this study was

to examine the incidence of ITC in bone marrow and sentinel

lymph nodes (SN) in patients diagnosed with DCIS and its

correlation with clinicopathological factors. 266 patients

who were treated at the Department of Gynecology and

Obstetrics (University Hospital Tuebingen, Germany)

between 2003 and 2009 with DCIS were included into this

study. BM aspirates were analyzed by immunocytochemis-

try (pancytokeratin antibody A45-B/B3) using ACIS system

(Chromavision) according to the ISHAGE evaluation crite-

ria. SN were analyzed in 221 of these patients by extensive

step sectioning and hematoxylin–eosin staining. In 34 of 266

patients (13%), ITC in BM could be detected. There was no

correlation found between tumor size, grading, histology, or

Van Nuys Prognostic Index and tumor cell dissemination. In

two cases, metastatic spread into lymph nodes was observed

(pN1mi), whereas in one case, ITC in lymph nodes were

detected; however, additional sectioning and immunohisto-

chemical staining of the primary lesion in the cases with

positive SN did not reveal invasive cancer. Interestingly, all

the three patients were BM negative. Tumor cell dissemi-

nation may be detected in patients diagnosed with DCIS.

Either these cells have started already to disseminate from

preinvasive mammary lesions or from occult invasive

tumors or represent the earliest step of microinvasion in a

preinvasive lesion. The clinical relevance of these cells has

to be further evaluated.
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Abbreviations

BM Bone marrow

CK Cytokeratin

DIN Ductal intraepithelial neoplasia

DCIS Ductal carcinoma in situ

DTC Disseminated tumor cell(s)

HE Hematoxylin-eosin

ITC Isolated tumor cell

n.s. Not significant

SN Sentinel node

SLNB Sentinel lymph node biopsy

VNPI Van Nuys Prognostic Index

Introduction

Ductal carcinoma in situ (DCIS), the most common kind of

non-invasive breast cancer, is defined as a proliferation of

malignant cells at their site of origin, without invasion
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across the ductal basement membrane [1]. The incidence of

DCIS seems to have increased dramatically in the past two

decades as a result of widespread application of screening

mammography, accounting for 10–15% of all newly

diagnosed breast cancer cases [2, 3]. It is widely assumed

that preinvasive lesions are unable to produce metastasis

since the tumor is limited to epithelial layer and does not

reach blood or lymphatic vessels. However, several epi-

demiology studies with long follow-up estimated breast

cancer specific mortality in DCIS patients at ca. 1–2%

despite surgical in sano removal of the tumor [4]. This

might be due to the axillary micrometastasis observed in

up to 3% DCIS patients and/or the presence of occult

(micro-)metastases at the time of surgery, implying occult

microinvasion or an invasive lesion that was not detected

by standard pathological workup of the specimen [5, 6].

Based on animal models, Hüsemann at el. [7] showed

recently that tumor cells can disseminate even from earliest

epithelial alterations, such as carcinoma in situ, and may

subsequently cause metastasis. These findings add to our

understanding of breast cancer progression and challenge

the prevailing view of tumor cell dissemination as a rela-

tively late event in the metastatic cascade [8]. Unclear

natural history of DCIS, its biological heterogeneity, and

inability to predict potential invasive course of the lesions

have made an optimal management of DCIS challenging.

The pathology of ductal carcinoma in situ requires thus

further investigation.

Further, it is very likely that microinvasive foci in the

primary tumor during conventional histopathological

analysis are not detected. The currently available tech-

niques can only perform a representative sampling of a

ductal carcinoma in situ. This is especially true for large

lesions involving one or more segments of the breast.

Therefore, additional assays, such as sentinel node biopsy

and detection of disseminated tumor cells (DTC), may help

to identify patients with occult or missed microinvasion

and thus contribute to adequate staging.

The aim of the present study was to evaluate tumor cell

dissemination to bone marrow (BM) in a large cohort of

266 patients treated for DCIS in Women’s University

Hospital in Tuebingen, Germany.

Materials and methods

After written informed consent bone marrow samples were

intraoperatively obtained from 266 primary DCIS patients

who were treated at the Department of Gynaecology and

Obstetrics (University Hospital of Tuebingen, Germany, a

certified and multidisciplinary breast center) during March

2003–December 2009. Patients with DCIS larger than

2 cm (based on mammogram) received a sentinel lymph

node biopsy (SLNB) and BM aspiration as a routine pro-

cedure since in case of invasive breast cancer a second

surgery can be avoided. None of the patients had history of

cancer. 10–20 ml BM was aspirated from posterior iliac

crest into syringes containing heparin anticoagulant under

local or general anesthesia using Jamshidi’s technique [9].

This analysis was approved by the ethics committee of the

University of Tuebingen (502/2010A).

Immunocytochemistry

Tumor cell isolation and detection was performed based on

the recommendations for standardized tumor cell detection

[10]. Bone marrow samples were separated by density cen-

trifugation 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) For

detection of cytokeratin (CK)-positive tumor cells, slides

were fixed in 4% neutral buffered formalin for 10 min and

rinsed in PBS. Automatic immunostaining was performed on

the DAKO Autostainer using the monoclonal mouse A45-B/

B3 antibody (Micromet, Germany) and the DAKO-APAAP

detection kit (DakoCytomation, Denmark) according to the

manufacturer’s instructions. The A45-B/B3 antibody is

directed against common cytokeratin epitopes including the

CK heterodimers 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, Deisenhofen).

For each patient, 2 9 106 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 [11]. Criteria for detection of dissemi-

nated tumor cells were based on the recommendations of the

European ISHAGE Working group for standardization of

tumor cell detection and the consensus statements [10], [12].

Histopathological evaluation of sentinel lymph nodes

and primary tumors

Sentinel lymph nodes were sliced in 2-mm intervals, fixed in

10% buffered formalin for at least 24 h and embedded in

paraffin. At least three step sections in 500 micron intervals

were cut, stained with routine hematoxylin-eosin (HE) stain,

and evaluated for metastasis by light microscopy by a

pathologist. In equivocal cases, suspicious areas were

immunostained with anti-cytokeratin–antibody (AE1/AE3).

Primary tumors were sampled for histology in at least 0.5-cm

intervals. Sections were evaluated by HE-staining. Cases

with areas suspicious for invasion were submitted for
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immunohistochemical staining with an antibody against

smooth muscle myosin heavy chain. This antibody specifi-

cally stains 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 inde-

pendent pathologists.

Statistical analysis

Chi-squared test was used for examining the association

between positive bone marrow status and clinicopatho-

logical factors. Statistical analysis was performed using

SPSS (Version 15). P-values less than 0.05 were consid-

ered statistically significant.

Results

Patients’ characteristics

A total of 266 patients diagnosed with DCIS were included

into the study. 66 of 266 tumors (25%) were B15 mm, 99

(37%) between 16 and 40 mm, and 101 (40%) C41 mm.

With regard to grading, 51 of these 266 patients (19%)

presented with ductal intraepithelial neoplasia (DIN) grade

1c, 110 (41%) with DIN 2, and 105 (40%) with DIN 3. 200

of 266 (75%) primary tumors were ER-positive, and 202 of

266 (76%) showed PR-positivity. 44 tumors were both

estrogen and progesterone receptor negative. Clinicopath-

ological data are summarized in Table 1. The distribution

of patients is summarized in recommendations for tumor

marker prognostic studies (REMARK) diagram (Fig. 1)

[13].

Incidence of DTC

Bone marrow aspirates were obtained intraoperatively

from 266 patients with newly diagnosed ductal carcinoma

in situ of the breast (Fig. 2). Disseminated tumor cells were

detected in 34 of 266 (13%) of all BM aspirates. The

number of CK-positive cells ranged from 1 to 3 per 2 9 106

mononuclear cells (Fig. 3).

Correlation between presence of DTC

and clinicopathological factors

17% of the patients at Van Nuys Prognostic Index (VNPI)

Group I were BM positive compared to 12 and 19% at

VNPI Group II and III, respectively. There was no statis-

tical correlation between bone marrow involvement and

established clinicopathological factors including VNPI

(P = 0.312) (Tables 1, 2).

Metastatic spread into the lymph node

221 patients underwent SLNB. In two out of 221 (1%),

patients metastatic spread into lymph nodes was observed

(pN1mi; histology of the primary tumor in both cases: DIN

2, tumor size: 6.0 and 4.5 cm, respectively). In addition, in

one patient with a large (10 cm) DIN 1c-lesion isolated

tumor cells in the lymph node were detected (Fig. 4). In

these three cases additional sectioning of the primary lesion

was performed, but it did not reveal invasive cancer.

Interestingly, all the three patients were BM negative.

Discussion

Incidence of disseminated tumor cells in DCIS

This is the largest study so far concerning both hematog-

enous and lymphatic tumor cell dissemination in primary

DCIS patients. A total of 266 patients were included in the

study. Tumor cells in BM were detected by morphologic

criteria in addition to typical immunocytologic staining.

Overall incidence of positive BM status in patients with

pure DCIS was 13%, independent of prognostic factors

Table 1 Clinical characteristics of the included patients

n (%) N = 266 BM positive (%) P-value

Total 266 34 (13)

Menopausal status n.s.

Premenopausal 77 (29) 10 (13)

Postmenopausal 189 (71) 24 (13)

Histology n.s.

DIN 1c 51 (19) 10 (20)

DIN 2 110 (41) 13 (12)

DIN 3 105 (40) 11 (11)

Tumor size n.s.

B15 mm 66 (25) 6 (9)

16–40 mm 99 (37) 14 (14)

C41 mm 101 (38) 14 (14)

ER status n.s.

Negative 66 (25) 5 (8)

Positive 200 (75) 29 (15)

PR status n.s.

Negative 64 (24) 6 (9)

Positive 202 (76) 28 (14)

BM bone marrow, DIN ductal intraepithelial neoplasia, n.s. not

significant
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(Tables 1, 2). Similar findings were reported by Hüsemann

et al. [7]. High incidence of DTC detection in our study

raises several questions to be addressed by further inves-

tigation: (a) Do in situ carcinomas have the ability to shed

single tumor cells into the bloodstream or lymphatic sys-

tem? (b) Do cells derived from preinvasive lesions have

metastatic potential and is their potential similar to cells

shed by invasive tumors? and (c) Are in situ lesions with

tumor cells in secondary sites in fact ‘‘in-situ’’?

Early systemic spread of tumor cells

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 [14], [15], [16]. It is widely

accepted that in situ lesions may progress to invasive

disease and thus require therapeutic intervention. More-

over, it has been shown that chromosomal instability

occurs in breast cancer before histologic cancer invasion

[17]. As preinvasive lesions do not shed isolated tumor

cells into the lymph system or bloodstream, optimal sur-

gical removal of the tumor should by definition result in a

survival comparable to patients without cancer history.

However, breast cancer-specific mortality in women diag-

nosed and treated for DCIS, though low, is higher than in

general population [4]. 1–2% of DCIS patients will even-

tually die from breast cancer-associated death. In a study of

Cutuli et al. [18], distant metastasis in DCIS patients has

been observed, despite complete resection of their mam-

mary tissue. This might support the hypothesis that a part

of this group might already have had occult (micro-

)metastasis or foci of undetected invasive carcinoma at the

time of surgery. Nevertheless, in some cases, subsequent

invasive lesion may have evolved independently.

Fig. 1 Patient distribution

diagram according to the

recommendations for tumor

marker prognostic studies

(REMARK) *None of the three

patients had disseminated tumor

cells in bone marrow

Fig. 2 Ductal carcinoma in situ

with cancerisation of lobules

without evidence of invasion.

a–c HE-staining: a 509,

b 1009, c 4009 magnification.

d Lack of invasive growth is

demonstrated by positive brown

staining of myoepithelial cells

surrounding the DCIS cells

(anti-smooth muscle myosin

heavy chain; magnification

4009)
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Sentinel node biopsy in DCIS patients

In accordance with our findings, evidence has recently

accumulated that a significant proportion of DCIS patients

present with isolated tumor cells either in the blood system

or in the lymphatic nodes [6, 19, 20]. The value of axillary

staging in DCIS patients remains controversial. Numerous

studies reported that lymph node metastases were routinely

found in 1–7% patients diagnosed with DCIS without

definite evidence of invasion (Table 3). In our series, 1% of

DCIS patients showed metastatic spread into the lymph

node but additional sectioning of the primary tumor did not

reveal invasive growth. This seems low enough to abandon

complete axillary dissection due to its significant morbidity

[21]. The introduction of SLNB, however, has enabled

adequate axillary staging with minimal complication rate.

Several advantages of SLNB in DCIS patients are currently

under debate. (a) In a part of patients with DCIS diagnosed

using core biopsy, an invasive focus will be found at the

time of definite surgery, thus leading to a re-operation with

secondary SLNB [22, 23]. Since some concern has been

raised as to whether the disruption of lymphatic drainage

patterns during primary surgery affects the reliability of

secondary SLNB [24], one-step approach including exci-

sional biopsy combined with SLNB in selected patients

(e.g., high-risk DCIS, palpable and/or large lesions) is

currently recommended [25] (b) We cannot exclude the

possibility that microinvasion was missed in the primary

tumor. However, the rate of positive sentinel lymph nodes

in our patients was 1%. In comparison to other published

data this rate is one of the lowest (Table 3). Therefore, we

may assume that, in our collective, the histopathologic

evaluation of the primary specimen was at least adequate,

if not superior, in sensitivity. Nevertheless, considering that

even the most diligent histopathological analysis involves

representative stochastic assessment of a very low per-

centage (generally B0.1%) of the specimen, it may lead to

understaging of the disease [21]. In case of larger lesions, it

is practically impossible under diagnostic conditions to

evaluate every case of DCIS completely in step sections.

The calculated number of slides for a 30-mm DICS would

be at least 600 and for a 50-mm DCIS close to 1000.

Therefore, additional diagnostic tools, such as SLNB or

DTC detection, have the potential to identify patients

whose (micro-)invasive cancer was misdiagnosed as pure

DCIS.

Models of cancer progression

Hypothetical models of cancer progression have been

developed over the years. Two fundamental models of tumor

growth were discussed recently by Klein [8]. According to

the linear progression model, local progression within the

Fig. 3 Immunocytochemistry. Disseminated tumor cell with typical

cytomorphology and immunophenotype (positive cytokeratin-stain-

ing, large nucleus, high nuclear to cytoplasmic ratio, nucleus partially

covered by cytokeratin staining, and nucleus granular)

Table 2 DTC and Van Nuys Prognostic Index in DCIS patients

N (%) BM positive (%) P-value

Total 254 35 (14) n.s.

VNPI

Group 1 (1–4 points) 30 (12) 5 (17) n.s.

Group 2 (5–7 points) 172 (68) 20 (12) n.s.

Group 3 (8–9 points) 52 (20) 10 (19) n.s.

BM bone marrow, DCIS ductal carcinoma in situ, DTC disseminated

tumor cells, n.s. not significant, VNPI Van Nuys Prognostic Index

Fig. 4 Micrometastasis in a lymph node of the same patient as in

Fig. 1 (HE––staining; magnification 4009)
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primary tumor microenvironment leads to stepwise accu-

mulation of genetic and morphological abnormalities, after

which fully malignant cells leave the primary tumor and

form distant metastasis. However, epidemiological and

genetic data do not support the concept of linear cancer

progression [26, 27]. Engel et al. [28] indicated in a large

epidemiological study of more than 12,000 breast cancer

patients that metastasis might be initiated at a very early,

asymptomatic stage of the primary disease, suggesting that

cancer cells capable of metastasis are independent of primary

tumor size. The parallel progression model addresses these

important issues. In this model, tumor cell dissemination

occurs at the earliest stages of the disease, years before

diagnosis of the primary tumor. Consequently, persistent

tumor cells in secondary sites are evolving independently of

primary tumor. This phenomenon may lead to development

of cancer cell clones adapted to specific microenvironments.

Previously, we have reported a discrepancy in phenotype

between tumor cells from primary tumor and those detected

in blood and bone marrow of early breast cancer patients

[29, 30].

Fate of early-disseminated tumor cells

The key steps in the metastatic cascade are intravasation at

the primary site and subsequent extravasation at secondary

sites. As regards the first step, Hüsemann et al. [7] reported

that preinvasive lesions as early as ADH may show

microinvasion, which could be detected by electron

microscopy, even though no evidence of invasion was

observed after careful light microscopic inspection by an

experienced pathologist. These cells had the ability to

disseminate to bone marrow and other organs and dis-

played genomic aberrations. Hypothetically, such cells

may form metastasis independently and even before the

transition of primary lesion from non-invasive to invasive

which could be an explanation for lymph node involvement

in ductal carcinoma in situ. Experiments in animal models

suggest that such a phenomenon is indeed possible.

Podsypanina et al. [31] injected mammary cells engineered

to express inducible oncogenic transgenes into the blood

circulation of a mouse. Interestingly, these cells were able

to bypass transformation at the primary site and indepen-

dently develop into metastasis at distant sites upon onco-

gene induction.

Conclusions

In this article, we have shown that a significant proportion

of patients diagnosed with preinvasive mammary lesions

by current standards present with isolated tumor cells either

in bone marrow or in lymph nodes. This hypothesis sug-

gests that pathological diagnosis of preinvasive lesion in

the breast may nevertheless be accompanied by hematog-

enous and/or lymphatic tumor cell dissemination. One has

to consider that, in these cases, tumor cells disseminate

from occult invasive tumors or represent the earliest step of

microinvasion. SLNB and DTC detection may hypotheti-

cally add to adequate staging in DCIS patients with occult

or missed microinvasion. However, follow-up data are not

yet available. The issue of whether these patients should be

treated as patients with (micro)invasive disease remains

unclear. A deeper understanding of early metastatic out-

growth is essential for effective systemic cancer therapies

in the future.
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