
CLINICAL TRIAL

HER2 status of circulating tumor cells in patients with metastatic
breast cancer: a prospective, multicenter trial

Tanja Fehm • Volkmar Müller • Bahriye Aktas • Wolfgang Janni •

Andreas Schneeweiss • Elmar Stickeler • Claus Lattrich • Christian R. Löhberg •
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Abstract There is a growing body of evidence that HER2

status can change during disease recurrence or progression

in breast cancer patients. In this context, re-evaluation of

HER2 status by assessment of HER2 expression on circu-

lating tumor cells (CTCs) is a strategy with potential

clinical application. The aim of this trial was to determine

the HER2 status of CTCs in metastatic breast cancer

patients comparing two CTC assays. A total of 254 patients

with metastatic breast cancer from nine German university

breast cancer centers were enrolled in this prospective

study. HER2 status of CTCs was assessed using both the

FDA-approved CellSearch� assay and AdnaTest Breast-

CancerTM. Using the CellSearch assay, 122 of 245 (50%)

patients had C5 CTCs, and HER2-positive CTCs were

observed in 50 (41%) of these patients. Ninety of 229

(39%) patients were CTC positive using AdnaTest

BreastCancer, and HER2 positivity rate was 47% (42 of

90). The rate of breast cancer patients with HER2-negative

primary tumors but HER2-positive CTCs was 32% (25 of

78) and 49% (28 of 57) using the CellSearch assay and
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AdnaTest BreastCancer, respectively. Considering only

those patients who had CTCs on both tests (n = 62),

concordant results regarding HER2 positivity were

obtained in 50% of the patients (31/62) (P = 0.96, j =

-0.006). HER2-positive CTCs can be detected in a rele-

vant number of patients with HER2 negative primary

tumors. Therefore, it will be mandatory to correlate the

assay-dependent HER2 status of CTCs to the clinical

response on HER2-targeted therapies.

Keywords Breast cancer � Circulating tumor cells �
HER2 � Metastasis

Abbreviations

CK Cytokeratin

CTC Circulating tumor cell

DAPI 40,6-diamidino-2-phenylindole.

FDA Food and drug administration

HER2 Human epidermal growth factor receptor 2

EpCam Epithelial cell adhesion molecule

ER Estrogen receptor

FISH Fluorescence in situ hybridization

FITC Fluorescein isothiocyanate

IHC Immunohistochemistry

MUC1 Mucin 1

N/A Not available

PR Progesterone receptor

RT-PCR Reverse transcriptase polymerase chain reaction

Introduction

Human epidermal growth factor receptor 2 (HER2) is a

transmembrane tyrosine kinase receptor encoded by a

proto-oncogene located on chromosome 17q21. The HER2

proto-oncogene is amplified or overexpressed in approxi-

mately 20% of invasive primary breast cancers [1–3]. A

positive HER2 status has been linked with aggressive

tumor behavior and resistance to cytotoxic and endocrine

therapy [3–5]. Patients with HER2 amplification and/or

overexpression are eligible for HER2-targeted treatment

[6–8]. As a consequence, strategies for response prediction

and monitoring are of high clinical relevance.

The methods used to select patients that are suitable for

HER2-targeted therapy are based on the immunohisto-

chemical (IHC) detection of HER2 protein overexpression

and the demonstration of HER2 gene amplification by

fluorescence in situ hybridization (FISH) in the primary

tumor [9]. In recent years, there has been a growing body

of evidence that the HER2 status of the primary tumor may

be different from metastatic disease and changes might

occur during treatment. A discrepancy between the primary

tumor and distant metastases has been observed in 7–26%

of cases [10–19].

In many patients with metastatic breast cancer, the

re-evaluation of HER2 status by a tissue biopsy of the met-

astatic lesion is not feasible due to location of the meta-

static site. In addition, HER2 status may vary between

different metastatic sites and also change during treatment.

Therefore, determination of the HER2 status of circulating

tumor cells (CTCs) might be a strategy with potential

clinical application. So far, no large prospective studies

have been reported comparing different methods for CTC

detection and characterization.

The aim of this prospective multicenter trial was to com-

pare the HER2 status of CTCs in 254 patients with metastatic

breast cancer at the time of first diagnosis or disease pro-

gression obtained by the antibody-based CellSearch� System

and the reverse transcriptase polymerase chain reaction

(RT-PCR) approach, AdnaTest BreastCancerTM, and to

assess the concordance rate between these two techniques.

The CellSearch assay is an automated, standardized, and

FDA-approved method for detecting and enumerating tumor

cells [20–22]. AdnaTest BreastCancer is based on detection of

three tumor-associated transcripts by RT-PCR after immu-

nomagnetic enrichment of tumor cells [23, 24]. Both assays

have been frequently used in studies evaluating CTC detection

[19–26]. However, comparison between the two methods,

notably for HER2 expression, has not been performed in a

prospective, large, multicenter cohort to date.

Methods

Patients

A total of 254 patients with metastatic breast cancer from

nine German university breast cancer centers [Düsseldorf

(n = 4), Erlangen (n = 30), Essen (n = 46), Freiburg (n =

9), Hamburg (n = 79), Heidelberg (n = 18), Munich

(n = 16), Regensburg (n = 2), and Tübingen (n = 50)]

were enrolled in this prospective, open-label, non-random-

ized study. Inclusion criteria were epithelial invasive car-

cinoma of the breast with distant metastatic disease (M1),

age C18 years, the availability of primary tumor tissue

results for ER, PR, and HER2 and first diagnosis of meta-

static disease or disease progression (before start of new

treatment regimen). Blood was drawn before the start of a

new line of therapy. This included any therapy including

hormonal therapy and any line of treatment. All patients

gave their informed consent for the use of their blood sam-

ples. A web-based databank was designed for data man-

agement and on-line documentation (www.detect-study.de).

By the use of this interface, clinical investigators were

blinded for results of CTC testing and the investigators
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performing CTC testing were blinded for the clinical data of

the patients and the result of the CTC test results from the

other centers. The study was approved by local institu-

tional review boards (2007/B01). The trial was registered

in the Current Controlled Trials Registry at http://www.

controlled-trials.com (no. ISRCTN59722891).

Enumeration and characterization of CTCs

Detection of CTCs and assessment of HER2 status of CTCs

was performed using both AdnaTest BreastCancer (Adn-

agen AG, Langenhagen, Germany) and the CellSearch assay

(Veridex LLC, Raritan, NJ, USA) according to the manu-

facturers’ instructions without modifications. Table 1 sum-

marizes the technical features of each assay [20, 25, 26].

Sample preparation and analysis by AdnaTest BreastCancer

were performed by either of two centers (Departments of

Gynecology and Obstetrics, Essen (SK-B) or Tübingen

(TF); 173 and 81 tests, respectively). CTC analysis by the

CellSearch assay was performed by either of two centers

(Institute of Tumor Biology, University Medical Center,

Hamburg-Eppendorf (KP) or Department of Gynecology,

Munich (BR); 173 and 81 tests, respectively). These centers

have previously conducted a validation study and demon-

strated that samples could be stored and transported (up to

72 h) as well as examining the high inter- and intra-assay

concordance of the results in a multicenter setting [20].

Before the study was started, each breast cancer center

was assigned to send its samples only to the designated lab-

oratory for the CellSearch assay and AdnaTest BreastCancer,

respectively. Blood samples for AdnaTest BreastCancer were

shipped in cooled boxes at 4�C whereas samples for the

CellSearch assay were sent at room temperature based on the

manufacturer’s recommendation. All blood samples were

processed within 48 h for AdnaTest BreastCancer and 96 h

for the CellSearch assay, or otherwise discarded. Both

AdnaTest BreastCancer and the CellSearch assay were per-

formed independently and the investigators were blinded to

the results obtained by the other method.

AdnaTest BreastCancer

Two 5-ml EDTA blood samples were collected for CTC

isolation using the AdnaCollectTM blood collection tubes

(Adnagen AG) and stored at 4�C until further analysis.

Establishment and validation of AdnaTest BreastCancer

has been described in detail elsewhere [23, 24, 26]. In

brief, blood samples were incubated with a ready-to-use

antibody mixture (against GA 73.3 and MUC1) commer-

cialized as AdnaTest BreastCancerSelectTM (Adnagen AG)

according to the manufacturer’s instructions. The labeled

cells were extracted by a magnetic particle concentrator.

Subsequently, mRNA isolation from lysed, enriched cells

was performed with a Dynabeads mRNA DIRECTTM

Micro Kit (Dynal Biotech GmbH, Hamburg, Germany).

SensiscriptTM Reverse Transcriptase (QIAGEN GmbH,

Hilden, Germany) was used for the reverse transcription in

combination with oligo(dT) coupled Dynabeads� of the

mRNA DIRECTTM Micro Kit (Dynal Biotech GmbH)

[26]. The analysis of tumor-associated mRNA isolated

from CTC tumor cells was performed in a multiplex

polymerase chain reaction (PCR) for three tumor-associ-

ated transcripts (HER2, MUC1, and GA733-2) and the

housekeeping gene b-actin. GA 73.3 refers to the EpCAM

epitope and the GA733-2 transcript refers to EpCAM

mRNA. The primers generate fragments of the following

sizes: GA733-2, 395 base pairs (bp); MUC1, 293 bp; and

HER2, actin, 114 bp. Visualization of the PCR fragments

was carried out with a 2100 Bioanalyzer (Agilent Tech-

nologies Inc., Santa Clara, CA, USA) using DNA 1000

LabChips and the Expert Software Package (version

B.02.03.SI307). The test was considered CTC positive if a

PCR fragment of at least one tumor-associated transcript

(MUC-1, GA 773-2, or HER2) and a fragment of the

control gene b-actin (internal PCR control) was clearly

detected (peak concentration of [15 ng/ll) in both blood

samples. CTCs were considered HER2 positive if a PCR

fragment of the HER2 transcript (peak concentration of

[15 ng/ll) was present.

Table 1 Assay technical data

for AdnaTest BreastCancer and

the CellSearch assay

a Using CellSave tubes
b Using AdnaCollect blood

collection tubes

CellSearch assay AdnaTest BreastCancer

Storage before processing 96 h (room temperature)a 48 h (4�C)b

Immunomagnetic separation (IS) Yes Yes

Antibodies for IS EpCAM MUC1, EpCAM

Enrichment 10,000–100,000 times *10,000 times

Detection targets CK CD45 EpCAM, HER2, and MUC1

Detection method Immunofluorescence RT-PCR

Detection limit One cell per 5 ml Two cells per 5 ml

Specificity 95–100% 95%

Quantitative Yes No

Reference Riethdorf et al. [20, 25] Hauch et al. [26]
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CellSearch assay

Two 7.5-ml blood samples were collected into CellSave

tubes (Veridex Inc.). The CellSearch Epithelial Cell Test

(Veridex Inc.) was applied for CTC enrichment and enu-

meration. The method has been described in detail else-

where [20]. In brief, CTCs are captured from peripheral

blood by anti-epithelial cell adhesion molecule (EpCAM)-

antibody-bearing ferrofluid and subsequently identified by

cytokeratin-positivity/negativity for the leukocyte common

antigen CD45 and 40,6-diamidino-2-phenylindole (DAPI)

staining to ensure the integrity of the nucleus. A blood

sample was positive when at least five CTCs were present

based on the prognostically relevant cut-off as previously

published [21, 22]. HER2 expression of CTCs was char-

acterized within the CellSearch assay by addition of a

fluorescein isothiocyanate (FITC)-labeled anti-HER2 anti-

body (CellSearch tumor phenotyping reagent HER2, Veri-

dex Inc.), as described previously [25, 27, 28]. To evaluate

the intensity of HER2 immunostaining, approximately 500

breast cancer cells from cell lines with known HER2 status

(MCF-7: no HER2 gene amplification, MDA-MB-453: 2- to

3-fold HER2 gene amplification, SK-BR-3 and BT474:

5- to 7-fold HER2 gene amplification) were spiked into

7.5 ml blood from healthy donors and were processed under

identical conditions with the CellSearch assay. The inten-

sity of the HER2-specific immunofluorescence was cate-

gorized into negative (0), weak (1?), moderate (2?), and

strong (3?). CTCs were considered HER2 positive if at

least one CTC had strong HER2 staining (3?) based on the

cut-off level published by Riethdorf et al. [25].

Determination of the HER2 status in the primary tumor

The HER2 status of the primary tumor was obtained from

the patient’s chart. In all participating centers, the HER2

status had been determined by the HercepTestTM (Dako,

Glostrup, Denmark) and/or the Pathvysion� Kit (Vysis,

Downers Grove, IL, USA). All pathology laboratories had

participated in ring experiments and were certified labo-

ratories for HER2 detection. A central review of the HER2

status of the primary tumor was therefore not performed.

The cut-off level for HER2 positivity were based on the

ASCO/CAP guidelines [9].

Statistical analysis

Primary endpoint of the study was the rate of HER2-

positive CTCs with each method. Secondary endpoints

were the concordance between the two methods in HER2-

positive CTC detection. The study was performed in

accordance with REMARK criteria [29, 30]. Relationships

between categorical variables were investigated using

contingency tables. In case of independent data, Fisher’s

exact test was used to evaluate the relationship, whereby

P values \0.05 indicate statistically significance. When

paired data were considered in terms of assessing the

reliability of test results of the methods, agreement and

consistency were regarded via Cohen’s kappa (j) and

McNemar-test, respectively. Statistical analysis was per-

formed using SAS version 9.2.

Results

Patient characteristics

A total of 254 patients with metastatic disease were

enrolled between December 2007 and May 2009. The

clinical characteristics of the patients are summarized in

Table 2 for the total cohort and the sub-groups that were

CTC positive by CellSearch assay and AdnaTest Breast-

Cancer, respectively.

Detection of CTCs and determination of HER2

expression with the CellSearch assay

A total of 245 of 254 blood samples (two 7.5-ml blood

tubes) could be analyzed for the presence of CTCs by the

CellSearch assay. Nine samples had to be excluded due to

technical issues: test failure (n = 6), hemolysis of blood

sample (n = 2), and insufficient blood volume (n = 1). At

least one CTC was detected in 180 of 245 patients (73%)

(Table 3). The average number of tumor cells was 177 cells

per 7.5 ml (range, 1–6389; median, 4). Using the estab-

lished cut-off level of five cells, 122 of 245 (50%) meta-

static patients were considered CTC positive at the time of

first diagnosis or disease progression. Presence of CTCs

was only associated with extent of metastatic disease

(P \ 0.05) (Table 2).

All CTCs were further characterized for HER2 expres-

sion within the CellSearch system by addition of an FITC-

labeled anti-HER2 antibody. Cases were categorized as

HER2-positive CTC if at least five CTCs were detected and

at least one CTC showed strong immunostaining (3?) for

HER2. Based on this definition, 72 (59%) of the 122 CTC-

positive patients, were classified as HER2 negative and 50

(41%) as HER2 positive by immunofluorescence. Table 4

summarizes the distribution of combinations regarding

HER2 immunostaining of CTCs in individual patients.

The mean ratio between number of HER2-positive

CTCs and total number of CTCs was 0.31, ranging from

0.1 to 1 in HER2-positive blood samples. The percentage

of HER2-positive CTCs was [10% in 64% of patients
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(32/50), [30% in 40% of patients (20/50), and [50% in

26% patients (13/50).

Correlation of HER2 status between CTCs and corre-

sponding primary tumor was determined. Of those patients

with detectable CTCs, primary tumors were HER2 negative

in 78 patients and HER2 positive in 31 patients. HER2 status

was unknown or inconclusive due to missing FISH analysis

in 15 cases. HER2-positive CTCs in HER2-negative pri-

mary tumors were seen in 25 of the 76 patients (33%).

Discordant HER2 expression was also found in patients

with HER2-positive primary tumors, where 13 of 31 (42%)

patients had exclusively HER2-negative CTCs. The corre-

lation between HER2 status of CTC and corresponding

primary tumor was fair (P = 0.02, j = 0.23). Results are

summarized in Table 5.

Detection of CTCs and determination of HER2

expression with AdnaTest BreastCancer

A total of 229 blood samples (two 5-ml blood tubes) could

be analyzed for presence of CTCs by AdnaTest Breast-

Cancer. Twenty-five blood samples had to be excluded, in

most cases, due to insufficient blood volume (n = 12) fol-

lowed by failure of the assay to pass quality control (n = 7),

and time until processing [48 h (n = 6). The overall

detection rate for CTCs was 39% (90 of 229 patients). No

correlations were observed between CTC positivity and any

clinicopathological characteristic (Table 2).

A blood sample was considered as HER2-positive CTC,

if the blood sample was considered CTC positive based on

the cut-off level described above and the transcript for

Table 2 Clinical characteristics

of patients and effect on CTC

positivity rate according to

assay used

a Data missing for some

patients
b ER, PR, and HER2 status of

the primary tumor
c Negative, IHC 0/1? or FISH

negative, positive, IHC 3? or

FISH positive; unknown, not

determined or IHC 2? and

FISH not performed

CellSearch CTC positive (n = 245) AdnaTest CTC positive(n = 229)

No./totala (%) P value No./totala (%) P value

Total (N = 254) 122/245 (50) 90/229 (39)

Menopausal status

Pre (n = 82) 44/80 (55) 0.25 37/78 (47) 0.07

Post (n = 172) 78/165 (47) 5/2151 (35)

Histology

Ductal (n = 203) 93/194 (48) 0.48 71/184 (39) 0.26

Lobular (n = 25) 15/25 (60) 11/20 (55)

Other (n = 26) 14/26 (54) 8/25 (32)

ER statusb

Negative (n = 77) 33/74 (45) 0.27 27/70 (39) 0.85

Positive (n = 176) 89/170(52) 63/158 (40)

PR statusb

Negative (n = 102) 47/99 (47) 0.51 36/91 (40) 0.98

Positive (n = 151) 75/145 (52) 54/137 (39)

HER2 statusb,c

Negative (n = 145) 76/139 (55) 0.174 57/126 (45) 0.10

Positive (n = 77) 31/75 (41) 22/73 (30)

Unknown (n = 32) 15/31 (48) 11/30 (37)

Metastatic site

Bone (n = 35) 14/35 (40) 0.07 8/30 (27) 0.19

Visceral (n = 100) 39/96 (41) 34/91 (37)

Both (n = 119) 69/114 (61) 48/108 (44)

Metastatic site

One site (n = 85) 34/84 (41) 0.03 24/75 (32) 0.11

Multiple sites (n = 169) 88/161 (55) 66/154 (43)

Disease-free interval

B12 months (n = 65) 32/61 (53) 0.63 22/57 (39) 0.90

[12 months (n = 189) 90/184 (49) 68/172 (40)

Therapeutic setting

First line (n = 98) 48/94 (51) 0.43 37/88 (42) 0.51

Second line (n = 68) 28/65 (43) 26/62 (42)

CThird line (n = 86) 46/86 (53) 27/79 (34)
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HER2 was present. HER2-positive CTCs were detected in

42 of 90 CTC-positive patients (47%). Nine of these

patients had a HER2-positive primary tumor, whereas 28

patients were initially HER2 negative based on the

expression profile of the primary tumor (Table 5). There

was no correlation between HER2 expression of CTCs and

the corresponding primary tumor (P = 0.51, j = -0.09).

Comparison between CellSearch assay and AdnaTest

BreastCancer

Both methods could be performed successfully in 221

cases. A significant difference in CTC-positivity rates was

observed. The CTC-positivity rate was 53% for the

CellSearch assay compared to 40% for AdnaTest Breast-

Cancer (P \ 0.05). Concordance between the two assays

was 64%. The correlation between the two assays was fair

(P \ 0.01, j = 0.28). Sixty-two patients (28%) were CTC

positive by both methods, whereas either the CellSearch

assay or AdnaTest BreastCancer were exclusively positive

in 24% (54/221) and 12% (26/221), respectively (Table 6).

Concordance between the HER2 status revealed by

either the CellSearch assay or AdnaTest BreastCancer

could be only evaluated in the 62 patients who were CTC

positive with both assays. Concordant results were obtained

in 50% of the patients (31/62) (P = 0.96, j = -0.006).

Thirteen patients had HER2-positive CTCs by both assays.

HER2-positive CTCs were only detected by the CellSearch

assay in 15 patients (24%) and only by the AdnaTest

BreastCancer in 16 patients (26%) (Table 6). Data are

presented for different cut-off levels for the CellSearch

assay including 1 and 2 cells, respectively, in Table 3.

Discussion

HER2 is the most prominent target for novel therapeutic

approaches in breast cancer [6–8]. Currently, HER2 status

is determined at the time of initial disease diagnosis by

analyzing primary tumor tissue. However, several studies

have demonstrated that HER2 status may change during

disease progression. CTCs may be an ideal tool for reas-

sessment of predictive markers since the phenotype of

CTCs reflect the phenotype of the metastatic load at dif-

ferent sites [27–30].

In this study, we used the CellSearch assay and Adna-

Test BreastCancer because they are suitable for use in a

multicenter setting due to a highly standardized procedure

for CTC enrichment and detection [20, 23, 25, 26].

Table 4 Distribution of HER2 immunostaining score (0, 1?, 2?,

and 3?) combinations of CTCs analyzed by CellSearch assay in

individual patient samples (n = 122)

HER2 staining score of CTCs Number of patients (%)

CTC (0) 3 (3)

CTC (1?) 31 (25)

CTC (2?) 0

CTC (1? and 2?) 38 (31)

CTC (3?)a 2 (2)

CTC (1? and 3?)a 8 (6)

CTC (2? and 3?)a 2 (2)

CTC (1?, 2?, and 3?)a 38 (31)

HER2 positivea 50 (41)

Total 122 (100)

CTCs: 0 HER2 negative, 1? weakly stained, 2? moderate staining,

and 3? HER2 strongly stained
a Blood samples with HER2 positive CTCs based on the definition

for HER2-positive CTCs (C5 CTCs and C1 CTC with strong

immunostaining (3?)

Table 3 Concordance rate between CellSearch assay and AdnaTest BreastCancer based on frequently used cut-off levels (C1, C2, and C5 cells)

Cut-off CellSearch assay

CTC C1 cell CTC C2 cells CTC C5 cells

CTC positive, n (%) 180 (71%) 161 (66%) 122 (50%)

Concordance with AdnaTest (%) 53 56 64

P value 0.06 \0.001 \0.001

j 0.147 0.177 0.283

HER2-positive CTC, n (%) 29/73 (40%)a 29/69 (42%)b 28/62 (45%)

Concordance with AdnaTest (%) 52 52 50

P value 0.813 0.79 0.96

j 0.027 0.032 -0.006

a Cases were categorized as HER2-positive CTC if at least one CTC was detected and at least one CTC showed strong immunostaining (3?) for

HER2
b Cases were categorized as HER2-positive CTC if at least two CTCs were detected and at least one CTC showed strong immunostaining (3?)

for HER2
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The FDA-approved CellSearch assay is currently the

most frequently used approach, particularly, in on-going

clinical trials. CTCs are isolated by immunomagnetic

beads coated with antibodies against EpCAM and identi-

fied by cytokeratin positivity, positive nuclear staining, and

CD45 negativity [20]. Using only EpCAM to enrich CTCs

from blood is considered as one of the major limitations of

this assay. EpCAM might be heterogeneously expressed by

CTCs and be down-regulated as a consequence of the

metastatic process [31]. In addition, experimental data not

confirmed in the clinical setting suggest that normal-like

breast cancer cells are less efficiently captured by an

EpCAM-based approach, which may reduce the sensitivity

of this assay [32].

Most prognostic studies have used the cut-off level for

CTC positivity of five cells (in 7.5 ml blood) in metastatic

breast cancer to distinguish patients with statistically

significant clinical outcome [20–22]. Based on this cut-off

level, 50% of our patients had at least five CTCs at the time

of first diagnosis or disease progression, which is in con-

cordance with the reported positivity rates from 36 to 61%

in other large studies [19–22, 33, 34]. The determination of

HER2 status of CTCs has been based on an immunofluo-

rescence staining score established by Meng et al. [28] and

Riethdorf et al. [25]. FISH would be the optimal method

for this task but the relocation of CTCs for FISH analysis

may be difficult and does not currently seem feasible in a

large clinical trial. A high concordance between immuno-

fluorescence and FISH analysis has been demonstrated by

Meng et al. [28], Riethdorf et al. [25], and Pestrin et al.

[35], suggesting that the immunofluorescence approach is

accurate. However, in the study of Pestrin et al. the cor-

relation between HER2 status of CTCs and primary tumor

was higher using the FISH technique. An appropriate cut-

off level for HER2 positivity of CTC-positive blood sam-

ples has not yet been established. Pestrin et al. [35] defined

CTC samples as HER2 positive if at least 50% of CTCs

demonstrated HER2 expression. Meng et al. [28] suggested

that at least 10 CTCs are necessary for optimal HER2

evaluation but did not exclude the possibility that fewer

CTCs may be sufficient to indicate that a patient is a

candidate for HER2-targeted therapy. The cut-off level

used in that study was also 50%. Riethdorf et al. [25]

investigated the percentage of HER2-positive CTCs in a

neoadjuvant setting using the threshold of one HER2-

positive CTC; however, the number of CTCs in non-met-

astatic patients is much lower than in the metastatic setting.

In our trial, a case was defined as HER2-positive CTC

when at least one CTC had a HER2 immunostaining score

of 3? and C5 CTCs were present (criterion for CTC

positivity). Based on these definitions, 72 (59%) of the 122

CTC-positive patients were classified as HER2 negative

Table 5 HER2 status of CTCs determined by the assays and correlation with primary tumor HER2 status

No. (%) P value

Total HER2 status of the primary tumor

Negative Positive Unknown

CellSearch assay

CTC positivea 122 76 31 15 0.02c (j = 0.226)

HER2 negative 72 (59) 51 (67) 13 (42) 8 (53)

HER2 positive 50 (41) 25 (33) 18 (58) 7 (47)

AdnaTest BreastCancer

CTC positiveb 90 57 22 11

HER2 negative 48 (53) 29 (51) 13 (59) 6 (54) 0.51c (j = -0.068)

HER2 positive 42 (47) 28 (49) 9 (41) 5 (45)

a HER2 positive if at least one cell is strongly stained for HER2 (3?)
b HER2 positive if a HER2 transcript has been detected
c Excluding those with unknown HER2 status

Table 6 Correlation for CTC positivity between CellSearch assay

and AdnaTest BreastCancer

CellSearch assay No. (%)

AdnaTest BreastCancer

Negative Positive Total

CTC positivity (n = 221)a

Negative 79 (36) 26 (12) 105 (47)

Positive 54 (24) 62 (28) 116 (53)

Total 133 (60) 88 (40) 221 (100)

HER2 status of CTC-positive samples (n = 62)b

Negative 18 (29) 16 (26) 34 (55)

Positive 15 (24) 13 (21) 28 (45)

Total 33 (53) 29 (47) 62 (100)

a P \ 0.01 (j = 0.28)
b P = 0.96 (j = -0.006)
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and 50 (41%) as HER2 positive by immunofluorescence

staining. HER2-positive CTCs in HER2-negative primary

tumors were seen in 25 of the 78 patients (33%), which is

in the range of conversion rates of 29–38% for initially

HER2-negative patients reported in other, smaller studies

[28, 35, 36]. However, modification of the cut-off level for

HER2 positivity may be necessary in the case of thera-

peutic decision-making.

AdnaTest BreastCancer was the other approach used in

our current trial. Here, CTCs are isolated by immunomag-

netic beads labeled with antibodies against MUC1 and

EpCAM. After isolation of the mRNA, transcripts encoding

epithelial-specific markers (GA 73.3, MUC1 and HER2)

were amplified by a multiplex PCR and detected by micro-

fluid gel electrophoresis. In contrast to RT-PCR approaches

mRNA expression levels cannot be quantified, which would

be desirable for therapy monitoring. In the present study, the

overall detection rate for CTCs was 39%, which is within in

the range of other published studies [33, 37]. However, using

the CellSearch assay, 50% of patients were CTC positive

with C5 CTCs per 7.5 ml blood despite the fact that only

EpCAM was used for CTC enrichment and RT-PCR

approaches are supposed to be more sensitive [38].

Overall agreement between AdnaTest BreastCancer

and the CellSearch assay was 64%, which is low given that

both assays should detect HER2-positive CTCs. Only one

other study has so far evaluated both techniques in a head-

to-head comparison [33]. The concordance rate was nearly

80% but another cut-off level (C2 CTCs) was used for the

CellSearch assay. In our study, we analyzed the concor-

dance rate between the assays using three different cut-off

levels (1, 2, and 5 cells). The concordance rate was highest

using the cut-off of five cells, which is mostly used

for patients with metastatic breast cancer. Nevertheless,

concordance rates of only 52–64% could be obtained

(Table 3).

Patients with HER2-positive CTCs were observed in 41

and 47% of cases using the CellSearch assay and AdnaTest

BreastCancer, respectively. However, no correlation was

observed between these assays regarding HER2 evaluation

of CTCs. Several explanations may account for this

observation. The CellSearch assay evaluates the HER2

status of individual cells by immunofluorescence, which is

important due to heterogeneity of CTCs. AdnaTest

BreastCancer determines the average HER2 expression of

all tumor cells. The test is not able to detect the hetero-

geneity in HER2 expression between different CTCs and to

determine the percentage of HER2-positive CTCs. To

define a gold standard in an ideal study setting, the HER2

status has to be re-assessed by each method and compared

to the HER2 status of the metastatic tissue. In our study,

biopsy of the metastatic tissue was optional and all patients

were encouraged to participate. One potential drawback of

our study is that only 30 of 252 patients finally accepted a

tissue biopsy. Since most of these patients were CTC

negative, no meaningful comparison could be performed.

Should we use CTCs for HER2 assessment despite these

caveats? Our findings and case reports from other studies

suggest that (1) initially HER2-negative patients can have

HER2-positive CTCs and (2) HER2-positive CTCs are

eliminated by HER2-targeted therapy, resulting in an

objective clinical response in initially HER2-negative

patients [27, 28].

Our study is the largest to compare HER2 CTC testing

with different methods. Advantages are the blinded data

entry, technical performance of the assays, and the multi-

center setting. To implement the HER2 status of CTCs as a

stratification parameter in future clinical trials it will be

necessary to define a gold standard for HER2 assessment.

Since repeated tissue biopsies are not feasible, an alterna-

tive seems to investigate the clinical response to HER2-

targeted therapy based on the changes in HER2-positive

CTCs in cancer patients [25]. Our present study is a step

toward the implementation of HER2 CTC status determi-

nation as a novel biomarker for the use of HER2-targeted

therapies.

Acknowledgements This work was supported by an unrestricted

research grant of Roche Pharma AG, Germany. Furthermore, this

study was partly supported by Adnagen (Langenhagen, Germany).

We thank Cornelia Coith, Susanne Hoppe, Sylke Krenkel, Oliver

Mauermann, Malgorzata Stoupiec, and Silke Dürr-Störzer for excel-
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