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ABSTRACT

Background. Disseminated tumor cells (DTC) in the bone

marrow (BM) of primary breast cancer (BC) patients are a

promising surrogate marker of micrometastatic spread and

an independent predictor of poor prognosis for disease-free

survival (DFS) and overall survival (OS). The present

study aims to analyze DTCs as an independent prognostic

factor for DFS/OS in tumor biology and bisphosphonate

treatment.

Methods. A total of 504 patients with operable primary

BC and a median observation time of 72.3 months [lower

quartile (LQ) 58.1; upper quartile (UQ) 82.8] have been

included. DTCs were detected via immunohistochemistry

as MUC-1 positive cells in the BM of 59.13 % (298 of 504)

of the patients. The immunophenotyping of cancer cells

was achieved immunohistochemically as well.

Results. For luminal A/B carcinoma patients, we observed

a significant benefit of BM DTC negativity with respect to

DFS (luminal A, P = 0.0498; luminal B, P = 0.0224). In

triple-negative patients, DTC-negative BM was associated

with a longer OS (P = 0.0326). In a multivariate Cox

survival analysis relating to DFS and OS, the DTC status

was identified as an independent prognostic factor for DFS

in luminal A/B BC (P = 0.0071). A multivariate Cox

survival analysis among DTC-positive patients with lumi-

nal immunophenotype showed bisphosphonate application

(P = 0.0326) to be an independent prognostic factor for

DFS.

Conclusions. The findings of our multivariate analyses

reveal BM DTC positivity as an independent risk factor for

DFS particularly in luminal A/B BC patients. This might

be a novel criterion for the identification of candidates most

likely to benefit from additional adjuvant therapy possibly

including bisphosphonates.

Survival of primary breast cancer (BC) patients has con-

tinuously improved over the last decades, foremost as a result

of earlier diagnosis. In the long term, however, despite sur-

gical treatment and further adjuvant therapy a significant

number of patients will still suffer from distant metastasis,

since current systemic therapy strategies are able to prevent

only a minority of BC recurrences.1–5 Consequently, it is of

crucial importance to determine which BC patients will

benefit from which therapeutic approach.

This firstly requires the identification of patients who are

at high risk for the development of distant metastases. The

conventional clinical and tumor-biologic characteristics do

not sufficiently take into account the variety of immuno-

logical features of the primary tumor or the potency of

single BC cells to survive, thus leading to minimal residual

disease.2 Therefore, the differentiation of tumor subtypes

according to their immunophenotype as well as further

characterization of single cells from the micrometastatic
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spread may be instrumental in better identifying high-risk

patients.

Intrinsic BC molecular subtypes can be defined surro-

gately by a 6-biomarker (ER, PR, Ki-67, HER2, EGFR,

and CK 5/6) immunohistologic panel as luminal A, luminal

B, luminal HER2, HER2-enriched, basal-like, or triple-

negative phenotype-non-basal. In this context, luminal A

tumors (ER or PR positive, HER2 negative, Ki-67\ 1 %)

have the best clinical prognosis.6

On the other hand, disseminated tumor cells (DTCs) can

be detected in the bone marrow (BM) of a major proportion

of primary BC patients at the time of first diagnosis, while

detection of those cells is not observed in healthy

donors.2,7–13 DTCs as a promising surrogate marker of

micrometastatic spread (i.e., minimal residual disease)

turned out to be an independent predictor of poor prognosis

in regard to disease-free and overall survival (OS).2,8,11,14

One promising issue in BC treatment now is the prog-

nostic and clinical relevance of DTCs for risk stratification in

BC molecular subtypes. Hartkopf et al. recently published

data on the prevalence of DTCs in different intrinsic sub-

classes of BC, showing a higher incidence especially in more

aggressive (ER/PR/HER2-negative) tumors.15 Furthermore,

a clinical benefit in DTC-positive patients after bisphos-

phonate treatment has been detected in general.15 This is in

accordance with the data published by Diel et al. in 1998

showing a protective effect of bisphosphonates not only in

regard to osseous, but also relating to visceral metastases.16

In the present study, we are building upon a recently

published, large monocentric cohort of 1378 primary BC

patients with one of the longest follow-ups.2 In this latter

publication, a significantly higher incidence of distant

metastases, a reduced disease-free survival (DFS), and a

diminished OS in DTC-positive patients were observed.

From this population we could define a subgroup of 504

patients in whom a tumor-biologic assessment by

immunohistochemistry (IHC) had been performed and who

were included in the present study. The central question of

the present article is now the impact of DTCs within the

different intrinsic, tumor-biologic subclasses in regard to

overall and DFS as well as the clinical impact of bisphos-

phonate treatment in those specific subgroups. We, hereby,

aim to define novel criteria for the identification of DTC-

positive candidates most likely to benefit from additional

adjuvant therapy possibly including bisphosphonates.

METHODS

Patient Cohort

In a recent study, BM samples were acquired from 1378

primary BC patients in a monocenter observation trial at

the Breast Unit of Heidelberg University Hospital, Ger-

many.2 In a subgroup of 504 patients, a tumor-biologic

assessment by IHC had been performed. Those patients

were included in the present study. The study protocol had

been approved by the ethics committee of the University of

Heidelberg, Germany. Informed consent was obtained from

all participating patients.

From 1987 to 1998, primary BC patients underwent

surgery of the breast with BM aspiration for analysis of

DTCs. Exclusion criteria were regional or distant metas-

tasis within 3 months after surgery, breast biopsy and/or

lumpectomy before definitive surgery, and a history of

other malignant disease or simultaneous second primary

tumor as well as incomplete follow-up data. Furthermore,

neoadjuvantly pretreated patients and patients with recur-

rent BC have been excluded. If patients received

clodronate, the daily dose administered was 1600 mg

orally for 2 years.16 Follow-up was performed between

March and September 2005 by assessing patients’ records

or, if the last visit was more than 6 months before, by

contacting the patients or their physicians by mail and/or

phone.

Bone Marrow Aspiration, Immunocytology, and

Immunohistochemistry

BM samples were acquired under standardized condi-

tions during primary surgery.17 The immunocytochemical

staining method was presented in detail in our previous

study.8 In short, the aspirate was separated by density

centrifugation (Ficoll) and the cell suspension (4–5 9 106

cells) was smeared onto slides. Immunocytochemical

staining with the avidin–biotin complex technique was

performed using murine monoclonal antibody 2E11

directed against the MUC-1 molecule, which is very

common on BC cells while it is absent or poorly expressed

in normal mammary gland.18 Thus, the MUC-1-specific

antibody 2E11 does positively react with more than 96 %

of primary BCs. This method is sensitive enough to rec-

ognize 1 positive cell in 106 normal BM cells. Both

positive and negative controls were analyzed against 4

smears per patient. The membrane and cytoplasm of tumor

cells stained bright red. Smears were defined as positive if

containing 1 or more than 1 stained cell. Furthermore,

immunopositive cells were only classified as tumor cells if

nuclei were clearly enlarged or atypical and clusters of 2 or

more positive cells were present (in case of multiple cells).

This procedure follows the morphological criteria as pro-

posed by a European Working Group (with coauthor I.D.

serving as member).19 All slides were assessed by 2

independent investigators with an interobserver agreement

of more than 99 %. In discordant findings, patients were

considered to be tumor cell negative. Analyses were done
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TABLE 1 Patients and tumor characteristics of 504 operable primary BC patients with (n = 298) and without (n = 206) disseminated tumor

cells in BM. Data are presented as mean ± SD or n (%)

Characteristic BM negative (n = 206) BM positive (n = 298) All (n = 504) P value

Age (years)

Mean ± SD 52.6 ± 6.8 52.3 ± 7.2 52.4 ± 7.1 n.s.

Histology

Ductal invasion 154 (75.5 %) 217 (72.8 %) 371 (73.9 %) n.s.

Lobular invasion 34 (16.7 %) 49 (16.4 %) 83 (16.5 %)

Other 16 (7.8 %) 32 (10.7 %) 48 (9.6 %)

Missing 2 0 2

Tumor size (mm)

Mean ± SD 24.9 ± 17.1 25.2 ± 18.9 25.1 ± 18.1 n.s.

Missing 14 29 43

T stage

1 96 (47.8 %) 142 (48.5 %) 238 (48.2 %) n.s.

2–4 105 (52.2 %) 151 (51.5 %) 256 (51.8 %)

Missing 5 5 10

Nodal status

0 113 (62.4 %) 135 (53.4 %) 248 (57.1 %) n.s.

1 68 (37.6 %) 118 (46.6 %) 186 (42.9 %)

Missing 25 45 70

Grading

1 21 (10.9 %) 32 (11.8 %) 53 (11.4 %) n.s.

2 99 (51.6 %) 154 (56.6 %) 253 (54.5 %)

3 72 (37.5 %) 86 (31.6 %) 158 (34.1 %)

Missing 14 26 40

ER

Negative 66 (34.2 %) 84 (29.1 %) 150 (31.1 %) n.s.

Positive 127 (65.8 %) 205 (70.9 %) 332 (68.9 %)

Missing 13 9 22

PR

Negative 94 (49.5 %) 125 (43.6 %) 219 (45.9 %) n.s.

Positive 96 (50.5 %) 162 (56.4 %) 258 (54.1 %)

Missing 16 11 27

HER2

Negative 158 (77.8 %) 232 (81.4 %) 390 (79.9 %) n.s.

Positive 45 (22.2 %) 53 (18.6 %) 98 (20.1 %)

Missing 3 13 16

Ki-67

Negative 68 (34.2 %) 88 (30.3 %) 156 (31.9 %) n.s.

Positive 131 (65.8 %) 202 (69.7 %) 333 (68.1 %)

Missing 7 8 15

Phenotype

HER2 positive 45 (23.9 %) 53 (19.4 %) 98 (21.3 %) n.s.

Luminal A 56 (29.8 %) 70 (25.6 %) 126 (27.3 %)

Luminal B 54 (28.7 %) 102 (37.4 %) 156 (33.8 %)

Triple negative 33 (17.6 %) 48 (17.6 %) 81 (17.6 %)

Missing 18 25 43

Surgery

Breast conserving therapy 145 (70.7 %) 202 (68.5 %) 347 (69.4 %) n.s.

Mastectomy 60 (29.3 %) 93 (31.5 %) 153 (30.6 %)
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without knowledge of patients’ clinical or histopathologi-

cal results.

All immunohistochemical stainings regarding the level

of HER2/neu and Ki-67 expression as well as the estrogen

and progesterone hormone receptor (ERa and PR) status

were performed according to protocols of the Department

of Pathology, Heidelberg University Hospital. Intrinsic

subtypes were defined by IHC measurements of ER, PR,

Ki-67, and HER2/neu as surrogate markers. Patients were

regarded as HER2/neu-positive only in case of a 3? score

in IHC or amplification in fluorescence in situ hybridiza-

tion (FISH). Relating to the proliferation index, a threshold

of C14 % was interpreted as ‘‘high’’ Ki-67 status and

discriminated between luminal A and B patients.20,21

Statistics

Correlations of DTCs with established prognostic

markers were analyzed by v2 test or t test according to the

distribution of the data. Distant DFS was defined as sur-

vival without the development of distant metastases, while

OS means the entire length of time that patients diagnosed

with BC are still alive. Survival curves were calculated by

means of the Kaplan–Meier estimate, and the comparison

of 2 survival curves was based on the log-rank test

according to Peto and Peto. A multivariate Cox regression

analysis was performed to assess the independent prog-

nostic value of DTCs adjusted for intrinsic phenotype

prognosis. The impact of each variable in the Cox

regression model was tested by the Wald v2 test and

described by the risk ratio (i.e., the hazard ratio). All

reported probabilities are 2-sided, and P values of\0.05

were regarded as statistically significant.

RESULTS

Patient Characteristics

A total of 504 patients with operable primary BC were

included in the study cohort.

DTCs as MUC-1 positive cells were detected in the BM

of 59.13 % (298 of 504) of those patients. Patient and

tumor characteristics, immunophenotypes, and bisphos-

phonate treatment in relation to the detection rate of BM

DTCs are presented in Table 1. Interestingly, the preva-

lence of DTCs in the patient cohort does not significantly

correlate with any of the patients’ clinicopathological

characteristics. In particular, no significant difference

between the DTC-positive and DTC-negative groups was

found with respect to tumor size, histological type, staging,

grading, or nodal status. Nor were hormonal receptor (ER/

PR), HER2 and proliferation marker Ki-67 statuses statis-

tically varying (Table 1). Of note, surgical approach and

adjuvant therapeutic regimens in regard to chemotherapy,

endocrine therapy, bisphosphonate treatment, and radiation

did not differ either between DTC-positive and DTC-neg-

ative groups (Table 1).

TABLE 1 continued

Characteristic BM negative (n = 206) BM positive (n = 298) All (n = 504) P value

Missing 1 3 4

Adj. chemotherapy

Not performed 155 (76.0 %) 232 (79.2 %) 387 (77.9 %) n.s.

Performed 49 (24.0 %) 61 (20.8 %) 110 (22.1 %)

Missing 2 5 7

Endocrine therapy

Not performed 93 (48.2 %) 124 (45.3 %) 217 (46.5 %) n.s.

Performed 100 (51.8 %) 150 (54.7 %) 250 (53.5 %)

Missing 13 24 37

Radiation

Not performed 60 (30.5 %) 70 (24.3 %) 130 (26.8 %) n.s.

Performed 137 (69.5 %) 218 (75.7 %) 355 (73.2 %)

Missing 9 10 19

Clodronate therapy

Not performed 132 (64.1 %) 188 (63.1 %) 320 (63.5 %) n.s.

Performed 74 (35.9 %) 110 (36.9 %) 184 (36.5 %)

BM bone marrow, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2, Ki-67 (nuclear protein,

proliferation marker), n.s. not significant
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DFS and OS Relating to Immunophenotypes

Next, patient groups arranged according to their

immunophenotype were analyzed in a long-term follow-up

with a median observation time of 72.3 months [lower

quartile (LQ) 58.1; upper quartile (UQ) 82.8]. In this

context, luminal HER2 and HER2-enriched groups were

merged into a surrogate HER2-positive subtype, which did

not imply any changes in the statistical significance com-

pared with the single groups before merging. Figure 1

shows Kaplan–Meier analyses of DFS (Fig. 1a) and OS

(Fig. 1b) with respect to the immunophenotype while dis-

regarding the DTC status. As expected, luminal A patients

showed the longest survival time relating to both DFS and
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FIG. 1 a Kaplan–Meier analysis of patients’ disease-free survival

with respect to the BC immunophenotype while disregarding the BM

DTC status. b Kaplan–Meier analysis of patients’ overall survival

relating to the BC immunophenotype while disregarding the BM DTC

status. HER2 human epidermal growth factor receptor 2
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OS. Interestingly, HER2-positive patients had a poor

clinical outcome comparable with that of triple-negative

patients, as trastuzumab was not administered in the time

when patients underwent surgery. DFS in the luminal A

group was significantly longer than that in HER2-positive

(P\ 0.0001), luminal B (P = 0.0006), and triple-negative

(P\ 0.0001) groups, respectively. Concordantly, patients

with luminal A immunophenotypic BC had also a benefit

regarding OS compared with HER2-positive (P\ 0.0001),

luminal B (P = 0.0066), and triple-negative (P\ 0.0001)

groups, respectively. These findings are compatible with a

representative character of our study cohort.

DFS and OS in BM DTCs and Immunophenotypes

Subsequently, the clinical prognosis of all molecular

subtypes depending on the presence of DTCs in patients’

BM was analyzed. Table 2 highlights the univariate com-

parison of disease-free and OS curves in BM DTC? and

BM DTC- patients with regard to the particular

immunophenotype. For luminal A and luminal B groups,

we observed a significant benefit of BM DTC-negative

patients with respect to DFS (luminal A, P = 0.0498;

luminal B, P = 0.0224), while the OS of patients with

DTC-negative luminal immunophenotypes was not signif-

icantly extended. In the subgroup of HER2-positive

patients, no influence of DTCs was detected on both overall

and DFS. In triple-negative patients, however, DTC-nega-

tive BM was associated with a longer OS compared with

DTC-positive BM (P = 0.0326).

As patients with luminal immunophenotypic BC and no

detectable BM DTCs had turned out to have survival

advantages, we consequently performed a multivariate Cox

survival analysis relating to DFS and OS with BM DTC

status and luminal immunophenotypes as adjusted covari-

ates (Table 3). In this multivariate analysis, DTC status

was identified as an independent prognostic factor for DFS

in the cohort of luminal BC patients with luminal A and

luminal B phenotypes as adjusted prognostic parameters

(P = 0.0071). With respect to the OS, DTC status turned

out to be only close to statistical significance (P = 0.0786).

In the next step, we included all patients into the

TABLE 2 Disease-free (upper panel) and overall survival (lower panel) relating to immunophenotype and DTC status

Immunophenotype (n = 461) Chi square DF P value (DFS: DTC? vs DTC-)

Luminal A 3.8491 1 0.0498*

Luminal B 5.2144 1 0.0224*

Triple negative 1.1904 1 n.s.

HER2 positive 2.7081 1 n.s.

Immunophenotype (n = 461) Chi square DF P value (OS: DTC? vs DTC-)

Luminal A 2.6150 1 n.s.

Luminal B 1.6767 1 n.s.

Triple negative 4.5642 1 0.0326*

HER2 positive 3.0802 1 n.s.

DTC disseminated tumor cells, DFS disease-free survival, OS overall survival, DF degrees of freedom, HER2 human epidermal growth factor

receptor 2, n.s. not significant

* Significant difference

TABLE 3 Multivariate Cox analysis with respect to disease-free and overall survival for luminal BC patients regarding the presence of DTCs in

BM: DTC?/- vs luminal A/B

Variable HR 95 % CI P value

Multivariate analysis regarding disease-free survival (n = 282)

Luminal A/B immunophenotypes 0.300 0.162–0.556 0.0001*

BM DTC status 2.282 1.252–4.160 0.0071*

Multivariate analysis regarding overall survival (n = 282)

Luminal A/B immunophenotypes 0.160 0.048–0.536 0.0030*

BM DTC status 2.405 0.904–6.395 0.0786

HR hazard ratio, 95 % CI 95 % confidence interval, BM bone marrow, DTC disseminated tumor cells

* Significant finding
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multivariate analysis and adjusted for HER2 and triple-

negative phenotype in addition to luminal A and B as

prognostic parameters. In this context, the triple-negative

phenotype has been set as reference parameter. In this

analysis we did not observe a significant prognostic impact

of DTC on DFS (P = 0.1655) or OS (P = 0.1605).

Subgroup Analysis of Bisphosphonate Treatment

Notably, an equivalent number of patients among the

DTC-positive and DTC-negative groups have received clo-

dronate-based bisphosphonate therapy (36.9 vs 35.9 %)

(Table 1). This raises the question whether bisphosphonate

administration might be of prognostic benefit for the treated

patient. Interestingly, bisphosphonate therapy turned out to

have a significantly positive impact on the DFS only of BM

DTC-positive luminal A/B patients (P = 0.0299), while

DTC-negative patients’ prognosis was not significantly

influenced by bisphosphonate treatment (P = 0.5385).

Accordingly, our adjacent multivariate Cox survival analysis

relating to DFS and OS of exclusively DTC-positive

patients, with luminal immunophenotypes and bisphospho-

nate therapy as adjusted covariates, is shown in Table 4. This

multivariate analysis demonstrates bisphosphonate treat-

ment to be an independent prognostic factor for DFS

(P = 0.0326) in the cohort of luminal BC patients, whereas

OS does not appear to correlate statistically.

DISCUSSION

In BC most prognostic factors refer to the

immunophenotype of the cancer tissue and to common

clinical characteristics as tumor size and lymph node sta-

tus. Meanwhile, the immunocytochemical detection of

DTCs in BM of BC patients has also proved to be an

independent prognostic factor in that the detection of

epithelial cells inside the BM is significantly linked to a

poor clinical prognosis.2,8,10,22–28 Nevertheless, the prog-

nostic and clinical relevance of DTCs for risk stratification

in BC molecular subtypes remains largely unclear to date.

A pilot trial based on gene expression analysis utilizing

cDNA microarrays as well as the TP53 mutation status and

HER2 amplification revealed a particularly poor outcome

in luminal A subtype patients with DTC-positive BM.29 In

the present study, we suggest BM DTC positivity as an

independent risk factor for DFS predominantly in luminal

A/B BC patients but also for OS in triple-negative patients.

Additionally, however, we can show bisphosphonate

treatment to be a favorable, independent prognostic factor

in luminal A/B BC patients with BM DTCs.

With respect to the role of DTCs as a prognostic factor

for OS in triple-negative breast cancer (TNBC) patients,

our data obviously concurs with recent findings. Synnest-

vedt et al. detected a distinct cell subset in the BM of BC

patients that correlated with an unfavorable outcome in

triple-negative patients relating to overall and DFS.30

Those cells comprised characteristics of DTCs.30 Addi-

tionally, Hall et al. reported on the absence of DTCs in

TNBC patients who achieved a pathologic complete

remission (pCR) after neoadjuvant chemotherapy.31

Patients who achieve a pCR have significantly better out-

comes, irrespective of their intrinsic subtype.32,33 TNBC

patients with residual disease of the primary tumor fol-

lowing neoadjuvant chemotherapy experienced

significantly shorter disease-free and OS.33 The latter

finding might suggest a clinical impact of persisting DTCs

in triple-negative BC after (neo)-adjuvant chemotherapy.

This hypothesis, however, needs proving in further studies

using another BM aspiration after adjuvant chemotherapy.

Also relating to BM DTC positivity as an independent

risk factor for DFS particularly in luminal A/B BC patients,

our results agree with previous findings. In a preliminary

study, for instance, Synnestvedt et al. showed a poor

prognosis for patients with luminal A phenotype and BM

tumor cells.30 Likewise, in further studies of luminal A

patients with specific molecular signature, the presence of

BM DTCs was associated with significantly reduced sur-

vival rates.29,34

Consequently, in search of options to eradicate DTCs, 2

nitrogen-containing bisphosphonates—zoledronate and

TABLE 4 Multivariate Cox analysis of BM DTC positive patients regarding disease-free and overall survival for luminal subtype BC patients

and relating to bisphosphonate administration: Luminal phenotypes A/B versus clodronate therapy (performed/not performed)

Variable HR 95 % CI P value

Multivariate analysis relating to disease-free survival (n = 282)

Luminal A/B immunophenotypes 0.336 0.167–0.678 0.0023*

Clodronate therapy (performed/not performed) 1.883 1.054–3.365 0.0326*

Multivariate analysis relating to overall survival (n = 282)

Luminal A/B immunophenotypes 0.223 0.066–0.758 0.0162*

Clodronate therapy (performed/not performed) 1.597 0.674–3.781 0.2874

HR hazard ratio, 95 % CI 95 % confidence interval

* Significant finding
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ibandronate—have been identified as potential agents

capable of exerting cytotoxic effects on DTCs.35–38 Zole-

dronic acid (ZOL) in particular is a well-known inhibitor of

tumor angiogenesis, adhesion, invasion, and proliferation

steps in the metastatic cascade.39,40 In our subgroup anal-

ysis of BC patients with luminal A/B immunophenotype

and positive BM DTC status, we were able to show bis-

phosphonate treatment to be an independent prognostic

factor for DFS.

Several trials examining the impact of zoledronate

(ZOL) treatment in high-risk early-stage BC were all cap-

able of demonstrating reduced DTC numbers in patients’

BM. These studies suggested that ZOL might deliver its

antitumor effect via directly eradicating DTCs with a pos-

itive impact on patients’ survival.35–37,41 Large clinical

studies, named ABCSG-12 and ZO-FAST, respectively,

likewise reported significant benefit in terms of prolonged

DFS in premenopausal women if conventional adjuvant BC

therapy was combined with ZOL treatment.42–44 The final

results of the ABCSG-12 study after 94-month follow-up

suggest that twice-yearly ZOL enhances the efficacy of

adjuvant endocrine treatment, and this benefit is maintained

long-term.43 In the ZO-FAST trial, postmenopausal BC

women received adjuvantly the aromatase inhibitor letro-

zole combined with ZOL.44 At 36-month follow-up, the

ZOL group showed a significantly improved DFS.

Those two studies, therefore, are in accordance with our

findings showing a clinical benefit of bisphosphonate

treatment especially in BC patients with luminal A/B

immunophenotype and positive BM DTC status.

In contrast, however, to the aforementioned findings,

data from the phase III AZURE study did not suggest a

substantial benefit in terms of DFS for ZOL added to

standard adjuvant chemotherapy or endocrine therapy in

the overall early BC patient group.45,46 This might be

inconsistent with our findings. However, zoledronic acid

did significantly reduce the development of bone metas-

tases and, for women with established menopause,

improved disease outcomes.46 Furthermore, patients from

the AZURE trial might be different from those of the

present trial, as in the AZURE study 96 % of the patients

received adjuvant chemotherapy and all of them showed

lymph node involvement. Therefore, a comparison with the

present data has to be drawn with caution.

In the adjuvant therapy of operable primary BC patients,

inconsistent findings in the literature underscore the

importance of defining additional criteria as prerequisite

for the identification of candidates most likely to benefit

from bisphosphonate treatment. The results of our multi-

variate analysis suggest BM DTC positivity as an

independent risk factor for DFS particularly in luminal A

and B BC patients and demonstrate survival advantages for

DTC-positive luminal patients receiving bisphosphonates.

This data implies potential consequences for reshaping

adjuvant therapy strategies including bisphosphonates.

Admittedly, a limitation of our study is the high detection

rate of MUC-1 positive cells inside the BM compared with

other studies using cytokeratin (CK), epithelial membrane

antigen (EMA), or epithelial cell adhesion molecule

(EpCam) antibodies. On the other hand, the overall observed

impact of immunopositive BM cells on disease-free as well

as OS is comparable in all studies regardless of the technique

of cell detection used. Clearly, as to date no final consensus

has been established to standardize the laboratory protocols

for micrometastasis detection, a comparative evaluation of

the various DTC immunostaining techniques is highly

desirable with respect to sensitivity and specificity rates of

the different antibodies available presently.

Our findings are also limited by the retrospective nature

of the study. Subgroup analyses should therefore be inter-

preted with caution. Significant and also nonsignificant

findings might be due to a small sample size. Of course, to

confirm the clinical benefit of bisphosphonate treatment

further prospective trials are needed. In this context, at our

institution a nonrandomized, prospective phase II study is

currently being performed to analyze the impact of the

monoclonal antibody denosumab on DTCs in patients with

early-stage breast cancer (NCT01545648).

Last but not least, in future studies, especially gene

signature analyses of the primary tumor tissue should be

taken into account to further individualize potential adju-

vant therapy options.
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