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Background: The enumeration of circulating tumour cells (CTCs) with the EpCAM-based CellSearch system has prognostic
significance in patients with metastatic breast cancer (MBC). The aim of this study was to explore potential differences in the
detection and prognostic significance of CTCs in MBC according to immunohistochemical subtypes of breast cancer.

Methods: CellSearch CTC counts were obtained from 154 MBC patients before first-line systemic treatment between November
2007 and August 2012. Patients were categorised in five subgroups according to immunohistochemical surrogate definitions of
intrinsic subtypes in breast cancer based on hormone receptor status, HER2/neu status and histological grade. Differences in
progression-free (PFS) and overall survival (OS) were assessed relative to the cut-off value of =5 CTCs per 7.5ml blood.

Results: No significant differences were observed in the absolute CTC counts (P=0.120) or in CTC positivity rates according to
>1 and =5 CTCs per 7.5ml blood detection thresholds (P=0.165 and P=0.651, respectively) between immunohistochemical
subtypes. However, very high CTC counts, defined as =80 CTCs per 7.5ml, were observed more frequently in patients with
Luminal A and triple negative (TN) breast cancer (P=0.024). In the total study population, the presence of =5 CTCs was the single
most significant prognostic factor for both PFS and OS in multivariate analysis (P<0.001). A more limited prognostic impact, not
reaching statistical significance, was observed in patients with HER2-positive disease as opposed to patients with Luminal A,
Luminal B-HER2-negative and TN disease.

Conclusion: The detection of EpCAM + CTCs was not clearly associated with any of the immunohistochemical subtypes of breast
cancer in patients with MBC before first-line treatment. Potentially clinically relevant differences were however observed at very
high CTC counts. Furthermore, our data suggest a lower prognostic significance of CTC evaluation in HER2-positive patients
with MBC.

The enumeration of circulating tumour cells (CTCs) has repeatedly = metastatic breast cancer (MBC; Cristofanilli et al, 2004; Pierga et al,
been shown to be a strong prognostic factor with respect to  2012; Zhang et al, 2012). The CellSearch system (Veridex, Raritan,
progression-free (PES) and overall (OS) survival in patients with  NJ, USA) is currently the only platform that has acquired FDA
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clearance (Kahan, 2004) for clinical use of CTC enumeration and
has found the most widespread implementation in clinical and
translational research units. With this system, CTCs are isolated
from whole blood based on the immunomagnetic labelling of
EpCAM, a transmembrane protein expressed in the majority of
human epithelial cancers, and the subsequent (immuno)fluores-
cent labelling of cytokeratins 8/18/19, CD45 and the cell nucleus
using DAPI to allow correct CTC identification among the
remaining co-enriched white blood cells.

Human breast cancer is a grouping of many different disease
entities. This became obvious during initial genome-wide gene-
expression profiling studies and has led to the adoption of a
molecular taxonomy encompassing at least four main molecular
subtypes (the Luminal A and B, basal-like and HER2-enriched
subtype; Perou et al, 2000). The clinical relevance of this taxonomy
has been investigated and confirmed by many research groups
(Sorlie et al, 2003; Sotiriou et al, 2003; Van Laere et al, 2007). The
robustness of this taxonomy was recently reconfirmed in a large
study combining profiling data of DNA copy number arrays, DNA
methylation, exome sequencing, messenger RNA arrays, micro-
RNA sequencing and reverse-phase protein arrays of primary
breast cancers from 825 patients (The Cancer Genome Atlas
Network, 2012). As molecular profiling data are not routinely
available in a clinical setting, the 12th St Gallen International
Breast Cancer Conference (2011) Expert Panel has introduced
more pragmatic surrogate definitions to approximate these
intrinsic subtypes using immunohistochemical staining results of
oestrogen (ER) and progesterone (PR) receptors, the detection of
overexpression and/or amplification of the HER2/neu oncogene,
and Ki-67-labelling index and/or histological grade (Goldhirsch
et al, 2011).

Questions to what extent this molecular heterogeneity affects
the detection and prognostic significance of CTCs as assessed with
the CellSearch system have not been fully elucidated. Experiments
with cell line models have shown that, particularly, cell lines with a
normal-like gene expression profile - all of which being used had
the triple-negative (TN) phenotype - were less efficiently recovered
by the system (Sieuwerts et al, 2009). Furthermore, it has been
demonstrated that EpCAM is variably expressed between intrinsic
subtypes at the level of the primary tumour with the highest
expression observed in HER2+ and the lowest expression
observed in Luminal A tumours (Soysal et al, 2013). In addition,
several retrospective studies have been reported in which potential
differences in the detection and prognostic significance of CTCs
according to immunohistochemically defined subtypes of breast
cancer were explored (Giordano et al, 2012; Munzone et al, 2012;
Wallwiener ef al, 2012). However, these studies included a majority
of patients that were already pretreated for metastatic disease,
potentially confounding the normal biological behaviour of CTCs.
Here we report on the detection and prognostic significance of
CTCs according to immunohistochemically defined subtypes of
breast cancer in a large, single-centre and clinically uniform patient
cohort of 154 patients with MBC before the start of first-line
treatment. The results of this study are reported in compliance
with the REMARK guidelines, if applicable (McShane et al, 2005).

MATERIALS AND METHODS

Patients and sample collection. We retrospectively searched our
institutional database for patients with MBC who had undergone
CTC evaluation before first-line treatment for metastatic disease
between November 2007 and August 2012. All patients were
recruited at the Oncology Centre of GZA Hospitals Sint-
Augustinus (Antwerp, Belgium). Since the introduction of the
CellSearch system in our research unit in November 2007, patients

with breast cancer presenting with a new diagnosis of metastatic
disease are systematically proposed to participate in a translational
research programme aiming at the quantification and molecular
characterisation of CTCs. Clinical, histopathological, treatment
and survival data of all participating patients are collected from in-
hospital electronic medical records and entered in a database,
which is regularly updated. Treatment re-evaluations are being
performed every 6-8 weeks as a standard of care. Results on CTC
counts were not shared with the treating physician or the patient at
the time of treatment evaluation. Follow-up (FU) blood samples
under treatment were not systematically collected, but taken into
account for this study whenever available. All patients gave written
informed consent for CTC assessment and collection of clinico-
pathological and survival data according to a protocol approved by
the ethical review boards of GZA Hospitals Sint-Augustinus
(Antwerp, Belgium) and the University of Antwerp (file number
UA A11-18).

Definition of immunohistochemical subtypes. Patients were
categorised into five subgroups based on the St Gallen surrogate
definitions of intrinsic breast cancer subtypes (Goldhirsch et al,
2011), taking into account hormonal receptor status (ER/PR),
HER2/neu status (hereafter referred to as HER2) and Bloom-
Richardson (BR) histological grade. Hormonal receptor status was
considered positive when an Allred score >3 was reported. HER2
status was considered positive when a positive FISH result —
defined as a ratio of HER2 over CEP17>2.2 - was documented or
when in the absence of a FISH result an immunohistochemal score
of 3+ according to the 2007 ASCO-CAP guidelines for
immunohistochemical testing of HER2 was reported. Patients
with BR grade I-II, ER- and/or PR-positive and HER2-negative
tumours were classified as ‘Luminal A’. Patients with BR grade III,
ER- and/or PR-positive and HER2-negative tumours were
classified as ‘Luminal B-HER2 negative’. Patients with ER- and/
or PR-positive and HER2-positive tumours of any grade were
classified as ‘Luminal B-HER2 positive’. Patients with ER/PR
negative and HER2 positive of any grade were classified as ‘HER2
positive (non-luminal)’ and patients with tumours that were
negative for both ER/PR and HER2 regardless of BR grade were
classified as “TN’. Patients with bilateral breast tumours of different
immunohistochemical phenotypes that could not be classified
unambiguously in one subgroup were entered in the database as
having missing data for the discordant variable(s) and the
subgroup variable.

CTC enumeration. CTC enumeration was performed with the
FDA approved CellSearch system (Veridex, LLC) using the IVD
CellSearch CTC kit according to manufacturer’s instructions as
described before (Van Der Auwera et al, 2010). Positive CellSearch
CTC control samples were run in all batches containing patient
samples and were within the predefined limits in all experiments.
Image galleries of each CTC sample were analysed by two
experienced readers. Questionable interpretations were evaluated
again until consensus was reached. Results of CTC enumeration
are always reported as the number of cells per 7.5 ml of blood.

Statistical analysis. Data were analysed using the statistical
software package SPSS Statistics version 20 (IBM, Armonk, NY,
USA). Differences in continuous CTC counts and categorical
variables were tested using non-parametric Kruskal-Wallis and
Mann-Whitney U-tests. Associations of CTC positivity rates
according to >1, >5 and >80 CTCs per 7.5ml blood cut-off
points and clinicopathological variables were tested with Pearson’s
%°-test. A multivariate logistic generalised linear regression model
was used to estimate the association of relevant clinicopathological
variables with CTC positivity rates of =5 CTCs per 7.5 ml blood.
The prognostic value of CTC evaluation was assessed relative to the
previously determined prognostic cut-off value of <5 (favourable
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Table 1. Patient characteristics and associations with CTC counts

No. of patients with >5 CTC
Multivariate logistic GLM
model
No. of patients with Effect estimator No. of patients with
Variable All patients =1 CTC Univariate (95% Cl) P-value >80 CTC
154 (100%) 105 (68%) 0 (46%) — — 20 (13.0%)

Age
<Median 7 (50%) 9 (64%) 0 (39%) 1 — 9 (12%)
>Median 7 (50%) 56 (73%) 40 (52%) 1.8 (0.9-3.9) 0.122 1(14%)

P=0.226 P=0.106 P=0.632
Molecular subgroup
Luminal A 6 (36%) 39 (70%) 29 (52%) 1 — 11 (20%)
Luminal B-HER2-negative 9 (19%) 16 (55%) 10 (35%) 7 (0.2-2.2) 0.593 2 (7%)
Luminal B-HER2-positive 5 (23%) 21 (60%) 16 (46%) 1(0.8-6.1) 0.154 1 (3%)
HER2-positive (non-luminal) 14 (9%) 12 (86%) 7 (50%) 9 (0.5-7.6) 0.335 1 (7%)
Triple negative 6 (10%) 13 (81%) 8 (50%) 1(0.5-8.0) 0.292 5 (31%)
Not classified (missing data) 4 (3%) — — — — —

P=0.165 P=0.651 P=0.024
Histological subtype
Invasive ductal carcinoma® 128 (83%) 3 (65%) 48 (38%) 1 — 2 (9%)
Invasive lobular carcinoma® 25 (16%) 1 (84%) 21 (84%) 12.2 (3.2-45.0) <0.001 8 (32%)
Missing data 1 (1%) — — — — —

P=0.060 P<0.001 P=0.002
Number of organs involved
<3 89 (58%) 6 (63%) 3 (37%) 1 — 9 (10%)
>3 65 (42%) 49 (75%) 37 (57%) 1.7 (0.8-3.8) 0.177 1(17%)

P=0.101 P=0.015 P=0.214
Bone metastasis
Absent 45 (29%) 1 (47%) 9 (20%) 1 4 (9%)
Present 108 (70%) 4 (78%) 61 (57%) 5.5 (2.3-13.6) <0.001 16 (15%)
Missing data 1 (1%) — — — —_ —_

P<0.001 P<0.001 P=0.322
Visceral metastasis
Absent 67 (44%) 45 (67%) 30 (45%) 1 — 8 (12%)
Present 87 (56%) 0 (69%) 40 (46%) 1.5 (0.6-3.5) 0.358 12 (14%)

P=0.812 P=0.882 P=0.735
Abbreviations: Cl = confidence interval; CTC = circulating tumour cells; GLM = generalised linear regression model. Bold values indicate significant P-values (P<0.05).
®Including one patient with invasive medullar carcinoma and one patient with mixed invasive ductal and apocrine carcinoma.

Including three patients with mixed invasive ductal carcinoma and invasive lobular carcinoma.

prognosis) vs =5 (unfavourable prognosis) CTCs per 7.5 ml blood
(Cristofanilli et al, 2004). Endpoints were PFS and OS. PES was
defined as the time from baseline CTC evaluation to clinical or
radiological progression, or death from any cause, whichever came
first. Overall survival was defined as the time from baseline CTC
evaluation to death from any cause. Patients who had not shown
disease progression or were still alive at the date of last FU were
censored for PFS and/or OS, respectively. Survival data were last
updated on 28 February 2013, after which date the data were
locked. Survival curves were calculated with Kaplan-Meier
estimates and compared using the log-rank test. Follow-up times
were calculated from the reverse Kaplan-Meier estimator accord-
ing to Schemper and Smith (1996). Cox’s proportional hazard

regression models were used for univariate and multivariate (using
the conditional backward stepwise elimination procedure with a
0.05 threshold for entry in the model and 0.10 threshold for
exclusion) analysis of prognostic impact of relevant variables. All
univariate analyses were run on complete cases only. For
multivariate models, missing values (occurring in 5-15% of cases
depending on the variables included in the tested models) were
imputed using the multiple imputation procedure, using logistic
regression as imputation method for categorical variables generat-
ing five imputed data sets for which results were pooled. For all
statistical tests, P-values were calculated two-sided and considered
statistically significant when <0.05. Statistical trends were
assumed for P-values between 0.05 and 0.10.
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RESULTS

Patient population. In total, 154 patients with MBC, who had
undergone CTC evaluation before the start of first-line treatment,
were identified. A REMARK diagram schematically illustrating the
patient selection for this study is shown in Supplementary Figure 1.
Median age of the study population was 62.1 years (32.9-90.8 years
range). Five or more CTCs were detected in 70 (45.5%) patients.
Fifty-six (36.4%) patients were classified as Luminal A, 29 (18.8%)
patients as Luminal B-HER2 negative, 35 (22.7%) patients as
Luminal B-HER2 positive, 14 (9.1%) patients as HER2 positive
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Figure 1. Number of CTCs per 7.5ml blood according to
immunohistochemical subtype.

(non-luminal) and 16 (10.4%) patients as TN. Four (2.6%) patients
could not be classified due to missing data (n=3) or a history of
bilateral breast tumours of different immunohistochemical pheno-
type (n=1). Thirty-six (23.4%) patients had metastatic disease
limited to the bone. A FU CTC count after the initiation of
treatment was available for 75 of 154 (48.7%) patients. Other
patient characteristics are summarised in Table 1.

Administered treatments. Administered first-line treatments
were as follows: 79 (51.3%) patients were treated with cytotoxic
chemotherapy, 72 (46.8%) patients received endocrine treatment as
primary therapy, 44 of 49 (89.8%) patients with HER2-positive
disease received anti-HER2 directed therapies (including trastuzu-
mab, lapatinib, pertuzumab and TDM1) as part of their first-line
treatment and 9 (5.8%) patients received bevacizumab. In total, 25
patients were treated in the experimental arm of clinical studies
with an investigational agent. One elderly patient with limited bone
disease from a TN tumour was treated with radiotherapy and
bisphosphonates alone.

Association of CTC counts and clinicopathological variables.
Associations of CTC counts at different cut-off points with
clinicopathological variables and immunohistochemical subtypes
are summarised in Table 1. Median numbers of CTCs were 3
(range 0-32492) in the total study population, 6 (range 0-32492)
in patients in the Luminal A subgroup, 1 (range 0-1161) in
patients in the Luminal B-HER2-negative subgroup, 2 (range
0-115) in patients in the Luminal B-HER2-positive subgroup,
5 (0-86) in patients in the HER2-positive (non-luminal) subgroup
and 5 (0-1101) in patients in the TN subgroup (Figure 1). No
statistically significant difference was observed in the absolute
number of CTCs between immunohistochemically defined sub-
types (P =0.120). No associations were found between any of the
immunohistochemically defined subtypes and CTC detection at a
>1 CTC per 7.5ml threshold or CTC positivity rates at the >5
CTCs prognostic cut-off point. However, the detection of highly
elevated CTC counts above an arbitrarily chosen threshold
of 80 CTCs (corresponding to <15% of patients in the entire
study population) was observed significantly more frequently in
patients with Luminal A and TN primary tumour characteristics
(P=0.024). Significantly higher numbers of CTCs were observed
in patients with lobular carcinomas (median: 35; range: 0-32492)

Table 2. Summary of survival data for progression-free and overall survival according CTC count and immunohistochemical subtype

| PFS H 0s |
CTC Median survival Log-rank Median survival Log rank

Subgroup < or =5 | All | Events (months) P-value Events (months) P-value

All <5 84 52 17.6 (14.7-20.5) <0.001 21 NR <0.001
>5 70 55 2 (5.8-12.6) 35 26.3 (16.7-35.9)

Luminal A <5 27 17 18.5 (15.1-21.9) 0.023 4 NR 0.003
>5 29 22 5(4.8-14.2) 15 21.0 (13.1-28.9)

Luminal B-HER2-negative <5 19 14 16.6 (8.7-24.5) 0.051 6 NR 0.057
=5 10 8 0 (0.1-10.0) 5 26.3 (0.1-56.0)

Luminal B-HER2-positive <5 19 10 17.6 (10.7-24.5) 0.301 5 NR 0.382
>5 16 12 11.7 (9.1-14.3) 7 31.3 (25.8-36.8)

HER2-positive (non-luminal) <5 7 4 19.0 (10.0-28.0) 0.311 0 NR 0.197
>5 7 5 10.1 (0.3-19.9) 1 NR

Triple negative <5 8 7 13.4 (9.2-17.6) 0.009 6 25.4 (16.0-34.8) 0.019
>5 8 8 1(0.7-3.5) 7 2.8 (0.1-9.3)

Abbreviations: CTC = circulating tumour cells; OS = overall survival; PFS =progression-free survival. Bold values indicate significant P-values (P<0.05).
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as compared with patients with ductal primary tumour histology
(median: 1; range: 0-1161; P<0.001), in patients with metastatic
disease in 3 or more organs (median: 8; range: 0-2262) as
compared with patients with metastases in less than 3 organs
(median: 1; range 0-32492; P=0.016) and in patients with bone
metastases (median: 7; range: 0-32492) as compared with patients
without bone metastases (median: 0; range: 0-886; P<0.001).
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No associations were observed between (unfavourable) CTC counts
and age or the presence of visceral metastatic disease (defined here
as metastases in the liver, lungs and/or brain). In multivariate
analysis, the presence of metastatic disease to the bone and invasive
lobular primary tumour histology were the only factors that were
significantly associated with the detection of >5 CTCs per 7.5ml

Figure 2. Kaplan-Meier curves of PFS for the entire study population and patients classified by immunohistochemical subtype relative to the >5
CTCs prognostic cutoff.
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Figure 3. Kaplan—Meier curves of OS for the entire study population and patients classified by immunohistochemical subtype relative to the >5
CTCs prognostic cutoff.
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Comparison of CTC prognostic value between immunohisto-
chemical subtypes. After a median FU of 27.7 months for PFS
and 29.1 months for OS, 107 patients had showed disease
progression under first-line treatment and 56 patients had died.
Median PFS was 12.0 (95% CI, 10.1-13.9) months in the total
study population. Median OS for all patients was 37.0 (95% CI,
28.2-45.7) months. The presence of >5 CTCs was associated with
a decreased OS and PFS in the total study population and all
immunohistochemical subtypes (Table 2). However, no statistical
significance was reached in patients with HER2-positive disease
(Table 2 and Figures 2 and 3) and only statistical trends of a
survival benefit in the <5 CTCs group were observed in patients
with Luminal B-HER2-negative disease. Patients with TN breast
cancer had the worst prognosis, especially when having >5 CTCs.
Longest OS was observed in patients with HER2-positive disease
regardless of CTC counts relative to the >5 CTCs cut-off point.

Multivariate survival analysis. Following parameters were eval-
uated for prognostic impact with respect to PES and OS in the
multivariate Cox regression analysis: CTC count (<5 vs >5),
age (< median vs > median), immunohistochemically defined
subgroup, histological subtype (ductal or lobular), the number of
organs affected by metastatic disease (<3 vs >3), presence of
visceral metastatic disease, presence of metastatic disease limited to
the bone, time-to-metastasis (<5 vs >5 years from diagnosis),
main treatment modality (chemotherapy or anti-hormonal treat-
ment) and serological markers CA15.3 and LDH (< upper limit of
normal (ULN) or >ULN). The presence of >5 CTCs was the only
factor that was significantly associated with both shorter PFS

Table 3. Results of multivariate Cox proportional hazards regression

analysis for progression-free and overall survival

| PFS |
Variable HR 95% ClI P-value
CTC (> vs <5) 2.6 1.7-4.0 <0.001
Bone-only metastatic disease 0.5 0.3-0.8 0.015
Molecular subgroup
Luminal A 1 — —
Luminal B-HER2-negative 1.5 0.8-2.6 0.132
Luminal B-HER2-positive 0.7 04-11 0.113
HER2-positive (non-luminal) 0.7 03-1.5 0.364
Triple negative 1.8 1.0-34 0.071
\ os |

HR 95% ClI P-value
CTC (= vs 5) 3.2 1.8-57 <0.001
Age (> vs < median) 25 1.4—-4.6 0.003
Time-to-metastasis (> vs 5 years 0.5 0.2-1.0 0.026
from diagnosis)
Visceral metastatic disease 1.7 1.0-3.1 0.056
Molecular subgroup
Luminal A 1 — —
Luminal B-HER2-negative 1.8 0.8—-4.0 0.146
Luminal B-HER2-positive 0.8 04-17 0.592
HER2-positive (non-luminal) 0.1 0.02—-11 0.057
Triple negative 2.0 0.9-43 0.097
Abbreviations: Cl=confidence interval; CTC=circulating tumour cells; OS=overall
survival. Bold values indicate significant P-values (P<0.05).

and OS. In addition, with respect to PFS the presence of metastatic
disease limited to the bone was significantly associated with longer
PES, whereas a statistical trend for shorter PFS was observed in
patients with TN breast cancer. For OS, additional associations
with decreased survival were observed for older age, metastatic
relapse within 5 years from diagnosis of the primary breast tumour,
the presence of visceral metastatic disease (trend) and TN tumour
phenotype (trend). A statistical trend for better OS was
furthermore observed for patients with non-luminal HER2-positive
breast cancer (Table 3).

CTC evolution over the course of treatment. For almost half of
the patients (75 of 154), CTC results from a second sample after
the initiation of treatment were available. The average interval
between baseline and FU CTC counts was 6 weeks (95% CI, 5-8
weeks). An early decline from >5 CTCs at the start of treatment to
<5 CTCs after 1-2 months of treatment was associated with a
shift towards a better PFS and OS in the total study population
(Figure 4). All but 1 out of 19 HER2-positive patients who had >5
CTCs before the start of treatment converted to counts <5 after
the initiation of treatment, including anti-HER2-directed agents.
The poorest CTC conversion rate (5 out of 17 patients) was
observed in patients with Luminal A tumours (Table 4). Of the 12
patients in this subgroup, who did not show an early CTC
conversion under treatment, 9 received hormonal treatment and 3
received chemotherapy alone.

DISCUSSION

With the introduction of the FDA-cleared CellSearch system early in
2004, the enumeration of CTCs has evolved to an established
prognostic factor in patients with MBC. In this study, we explored
potential differences in CTC detection and their prognostic
significance in clinically relevant subgroups of patients with MBC.
Similar subgroup analyses have been performed in three studies,
including patients with MBC across different lines of systemic
treatment for metastatic disease (Giordano et al, 2012; Munzone
et al, 2012; Wallwiener et al, 2012). Results of these studies are
summarised in Table 5. Several studies have however suggested that
different treatment modalities and particularly targeted treatments
can exhibit profoundly different effects on CTC counts and biology
(Bidard et al, 2010; Giuliano et al, 2011; Pierga et al, 2012), which
might affect the ‘natural’ distribution and characteristics of CTC
beyond first-line treatment. Therefore, in this study we have chosen
to exclusively include 154 patients with MBC who were previously
untreated for metastatic disease from our institutional database.

In contrast to the previous studies in which higher percentages of
>5 CTCs per 7.5ml were reported in patients with hormone receptor
positive/Luminal breast cancer (Table 5), we observed no statistically
significant differences in the absolute CTC counts or CTC positivity
rates at a detection limit of >1 CTC per 7.5 ml blood or the >5 CTCs
per 7.5ml prognostic cut-off point between the different immunohis-
tochemical subgroups. This observation is in agreement with other
studies reporting on CTC enumeration in patients with MBC before
first-line treatment (Giuliano et al, 2011; Pierga et al, 2012).

Given the differences in biology and the previously described
differences in EpCAM expression observed in primary breast
tumours and cell line models between the intrinsic subtypes of
breast cancer (Sieuwerts et al, 2009; Van Laere et al, 2009; Soysal
et al, 2013), the absence of any obvious association between the
detection rate of EpCAM-positive CTC and any of the immuno-
histochemical subtypes observed in our study and other studies in
patients with MBC before first-line treatment (Giuliano et al, 2011;
Pierga et al, 2012), is at least remarkable. However, very high CTC
counts - defined here as >80 CTCs per 7.5ml blood - were
observed significantly more frequently in patients with Luminal A
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Figure 4. Kaplan—Meier curves of PFS and OS for 75 patients who had undergone follow-up CTC evaluation under treatment 1-2 months after

baseline CTC evaluation.

Table 4. Evolution of CTC counts for 75 patients who had undergone
follow-up CTC evaluation under treatment 1-2 months after baseline

CTC evaluation according to immunohistochemical subtype

Patients
Patients with >5
with <5 CTC Patients
CTC baseline |with >5
All baseline | and <5CTC | CTC at
Subgroup patients | and at FU at FU FU
Luminal A 27 10 (37%) 5 (19%) 12 (44%)
Luminal 12 6 (50%) 3 (25%) 3 (25%)
B-HER2-negative
Luminal 20 7 (35%) 12 (60%) 1(5%)
B-HER2-positive
HER2-positive 9 3 (33%) 6 (67%) 0 (0%)
(non-luminal)
Triple negative 5 2 (40%) 2 (40%) 1 (20%)
Unclassified 2 — — —
(missing data)
P=0.018
Abbreviations: CTC =circulating tumour cells; FU=follow-up. Bold value indicates
significant P-value (P<0.05).

and TN breast cancer. Although the prognostic significance of CTC
enumeration has been studied mostly relative to the >5 CTCs cut-
off point as determined in the seminal paper by Cristofanilli et al
(2004), several research groups have shown that even beyond this
cut-off point increasing risks of both progression and death can be
observed with increasing numbers of CTCs (Botteri et al, 2010;
Giordano et al, 2011). This idea of using CTC count as a continuous
variable has recently been further conceptualised with the
development of prognostic nomograms that could predict clinical
outcome in patients with MBC starting first-line treatment as a
function of baseline CTC counts (among other prognostic
parameters) based on the pooled data of a large population of
446 patients (Giordano et al, 2013). In this study, the authors were
able to show that continuous CTC counts up to 80 CTCs per 7.5 ml
blood could lead to a significantly more powerful prediction of OS
than a dichotomised CTC count. Moreover, in our patient
population, the presence of >80 CTCs per 7.5ml blood was
associated with a further worsening in clinical outcome when
compared with the classical =5 CTCs per 7.5ml cut-off point
(Supplementary Figure 2 and Supplementary Table 1), suggesting
that patients with extremely high CTC counts might represent a
subset of patients with particularly aggressive tumour biology.

Our study furthermore confirms the presence of >5 CTC per
7.5 ml as the single most significant prognostic factor for both PFS
and OS in patients with MBC before the start of first-line
treatment, irrespective of classical prognostic factors such as site
and extent of metastatic disease and serological markers. Although
the presence of >5 CTCs was associated with decreased median
survival times in all immunohistochemically defined subgroups, a
more limited, not statistically significant prognostic value of CTC
enumeration was observed in patients with HER2-positive breast
cancers. Therefore, our data independently confirm those reported
by Giordano et al (2012) both with regard to PFS and OS in a large
and clinically more uniform population of patients with MBC
before first-line treatment. Similar results with respect to PFS have
also been reported by Munzone et al (2012) and Wallwiener et al
(2012). However, when evaluating OS, in the study of Munzone
et al (2012), the presence of >5 CTCs maintained its predictive
value for poorer outcome in all breast cancer subtypes. In the study
of Wallwiener et al (2012), a decreased prognostic significance of
having >5 CTCs before the start of a new line of treatment was
observed only in HER2-positive patients who had already been
pretreated with trastuzumab.

An impressive observation in this study is the remarkably
good prognosis with respect to OS in the patients with
HER2-positive MBC and particularly in those patients with non-
luminal HER2-positive disease. This observation is in keeping
with the exceptional disease control rates that are currently
standard of care for patients suffering from HER2-amplified
MBC and reflects the high efficacy of targeted treatment options
that are now available for these patients (Swain et al, 2013). Further
in line with these findings and the results from previous studies
(Giuliano et al, 2011; Pierga et al, 2012), CTCs were found to be
cleared more efficiently from the bloodstream over the course of
treatment in HER2-positive patients treated with HER2-targeting
agents than in patients with Luminal/HER2-negative and TN
breast cancers. The excellent clinical outcome combined with this
rapid clearance of CTCs in nearly all of our patients in this
subgroup most probably explains the lesser degree of prognostic
significance in this group.

Equally impressive as the excellent clinical outcome observed in
HER2-positive patients in this study is the poor prognosis observed
in patients with TN disease. This particularly holds true for the
patients with unfavourable CTC counts. Interestingly, four of the
five patients within this subgroup having >80 CTCs per 7.5ml
blood died within 1 year from diagnosis of metastatic disease.
Although these data have to be interpreted cautiously given the
limited number of patients in this analysis, this further underscores
the need for accurate identification and better characterisation of
patients with extremely high CTC counts, as these might be in
most urgent need for more aggressive treatment.
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Table 5. Overview of published studies that have specifically addressed potential differences in CTC detection and prognostic significance between

immunohistochemically defined subtypes of breast cancer

Association subtypes—CTC prognostic
significance
Association subtypes—
Patient Subtype classification and CTC counts/positivity
Reference population | distribution rates PFS oS
Giordano N=517 HR-positive/HER2-negative >5 CTC associated with >5 CTC significantly only | =5 CTC significantly
et al, 2012 (45.8% first-line) | (56.4%) HR-positive/HER2-negative | associated with shorter associated with shorter OS
HR-positive/HER2-positive (9.7%) subtype PFS in HR-positive/ only in HR-positive/
HR-negative/HER2-positive (9.9 +) HER2-negative subtype HER2-negative and TN
TN (24.0%) subtypes; trend in HR-
positive/HER2-positive
subtype; no association in
HR-negative/HER2-
positive subtype
Munzone N=203 Goldhirsch et al, 2011 CTC more often found in =5 CTC significantly >5 CTC significantly
et al, 2012 (26.1% first-line) | (ER, PR, HER2, grade, Ki67): Lum A and Lum associated with shorter associated with shorter OS
Lum A (13.3%) B-HER2-negative subtype PFS in lumimal-HER2- in all subtypes
Lum B-HER2-negative (51.7%) negative subtypes but not
Lum B-HER2-positive (14.3%) in HER2-positive and TN
HER2-positive (11.8%) subtypes
Basal-like (8.9%)
Wallwiener N=486 HR-positive/HER2-negative (52%) >5 CTC associated with >5 CTC significantly >5 CTC significantly
et al, 2012 (37.7% first-line) | HER2-positive (24%) ER-positive status associated with shorter associated with shorter OS
HR-negative/HER2-negative (18%) PFS in HR-positive/HER2- | in all subtypes except for
negative and HR-negative/ | HER2-positive patients
HER2-negative subtypes that had been pretreated
but not in HER2-positive with trastuzumab
subtype
Abbreviations: Cl = confidence interval; CTC = circulating tumour cells; OS = overall survival, PFS = progression-free survival; TN = Triple negative.

Finally, in this study a strong association was observed between
lobular primary tumour histology and the occurrence of higher
CTC counts at the time of metastatic disease. In line with the
typical pathological characteristics of lobular carcinomas (Arpino
et al, 2004), most patients with lobular carcinoma in our study
population (19 out of 25 (76%)) exhibited Luminal A primary
tumour characteristics, representing 34% of all patients in the
Luminal A subgroup. Therefore, the stronger association of high
CTC counts in patients with lobular carcinoma is likely to account
at least in part for the slightly increased incidence of high CTC
counts in patients in the Luminal A subgroup. Indeed, when
classified according to CTC counts, 16 out of 29 (62%) Luminal A
patients with >5 CTCs and 7 out of 11 (64%) with >80 CTCs had
lobular primary tumour histology. Higher detection rates of
disseminated tumour cells in the bone marrow and (EpCAM + )
CTCs in the bloodstream have already been reported in patients
with stage I-III breast cancer (Vincent-Salomon et al, 2009;
Gainer et al, 2012). Interestingly, however, when evaluating
EpCAM expression immunohistochemically in 1365 primary
breast tumour, Soysal et al (2013) reported a lower EpCAM
positivity in only 26% of patients with lobular carcinoma as
compared with 51% in patients with ductal carcinoma. Lobular
carcinomas comprise ~10% of breast cancers and are charac-
terised histologically by the presence of small, non-cohesive cancer
cells attributed to the loss of E-cadherin, which might explain a
higher tendency for invasion of these cells in the bloodstream
(Arpino et al, 2004). This is furthermore supported by the clinical
observation that lobular carcinomas are more frequently associated
with diffuse and unusual dissemination patterns, including
metastatic disease to the gastrointestinal tract and the ovaries.

In this study, surrogate definitions for the classification of breast
cancer subtypes using crude pathological criteria have been used.

Although these definitions closely reflect therapeutically relevant
subgroups of breast cancer distinguished in every day’s clinical
practice, our results could not be used to draw any conclusion with
respect to potential differences in the detection or prognostic
significance of EpCAM-positive CTCs in intrinsic subtypes of
breast cancer as defined by global gene-expression profiling. Other
major limitations of this study are the retrospective, exploratory
nature of the analysis and - as accounts for most previously
published studies - the relatively small patient population to
conduct adequately powered subgroup analyses. Although overall
good concordances were observed with other studies, results from
this study have therefore to be regarded as hypothesis generating
and should be further tested in larger patient populations. From
this perspective, it will be of interest to see the results of the large
pooled analysis of European CTC data in patients with MBC,
which is currently ongoing. In addition, several prospective
interventional trials evaluating the potential beneficial effect on
clinical outcome of CTC-driven treatment approaches as compared
with traditional radiographic and clinical monitoring of treatment
effect in patients with MBC have now been initiated (Bidard et al,
2013). Results of these trials will have to be awaited in order to be
able to determine whether CTC enumeration and monitoring
could ultimately fulfil their promising role as a surrogate marker
for treatment efficacy c.q. resistance in the management of patients
with MBC.
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