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Abstract There is increasing evidence that breast cancer evolves over time under the selection

pressure of systemic treatment. Today, treatment decisions in early breast cancer are based on

primary tumour characteristics without considering the disease evolution. Chemoresistant

micrometastatic disease is poorly characterised and thus it is not used in current clinical prac-

tice as a tool to personalise treatment approaches. The detection of chemoresistant circulating
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tumour cells (CTCs) has been shown to be associated with worse prognosis in early breast can-

cer. The ongoing Treat CTC trial is the first international, liquid biopsy-based trial evaluating

the concept of targeting chemoresistant minimal residual disease: detection of CTCs following

adjuvant chemotherapy (adjuvant cohort) or neoadjuvant chemotherapy in patients who did

not achieve pathological complete response (neoadjuvant cohort). This article presents the

rational and design of this trial and the results of the pilot phase after 350 patients have been

screened and provides insights that might provide information for future trials using the liquid

biopsy approach as a tool towards precision medicine (NCT01548677).

ª 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In breast cancer, results from metastatic and neo-

adjuvant studies inform about further development of a

drug in the adjuvant setting. However, there is emerging
evidence that results observed in metastatic and neo-

adjuvant studies might not always be applicable in the

adjuvant setting. Pathological complete response (pCR)

after neoadjuvant chemotherapy has been associated

with improved event-free survival (EFS) and overall

survival (OS) but pCR has not been validated as a

surrogate end-point for EFS and OS [1e3]. The pres-

ence of PIK3CA mutations was associated with
decreased pCR in several neoadjuvant trials evaluating

different anti-human epidermal growth factor 2 (HER2)

agents [4,5] but was not associated with differences in

disease-free survival (DFS) and OS when evaluated in

the adjuvant setting [6]. Moreover, lapatinib increased

the rates of pCR when added to trastuzumab for women

with HER2-positive breast cancer treated in the Neo-

adjuvant Lapatinib and/or Trastuzumab Treatment
Optimisation (NeoALLTO) trial [7] but failed to

significantly improve DFS when added to trastuzumab

in the ALTTO phase 3 trial [8]. These differences could

be at least partly due to the treatment that the patients

receive post-surgery. One might also hypothesise that

the clonal composition and molecular profile of che-

moresistant, micrometastatic disease might be different

from those of primary tumour. Our inability to capture
tumour heterogeneity and tumour evolution [9,10] and

adapt our treatment accordingly is considered a major

reason of cancer systemic treatment failure today. Thus,

new therapeutic approaches might be evaluated focus-

sing on real-time tumour evolution using a liquid biopsy

[11,12] rather than focussing on the primary tumour. To

test this hypothesis, one needs to evaluate the effects of a

drug directly on targeting circulating tumour
cells (CTCs), which can be captured easily from a simple

blood draw and are accessible to serial evaluation.

However, this hypothesis has not yet been validated

clinically. In this context, the ongoing European Orga-

nisation for Research and Treatment of Cancer

(EORTC) Treat CTC trial (clinical trials gov

NCT01548677) is evaluating whether six cycles of tras-

tuzumab decrease CTCs compared to observation (CTC

detection rate at week 18) in women with HER2-

negative early breast cancer who have completed (neo)

adjuvant chemotherapy and surgery.

2. Prognostic value of CTCs in early breast cancer

CTCs detected after curative surgery for breast cancer

are thought to be surrogates of minimal residual disease

(MRD). We have demonstrated that the detection of

cytokeratin 19 (CK19) messenger RNA (mRNA) in

peripheral blood of breast cancer patients either before

or after adjuvant chemotherapy was independently

associated with shorter DFS and OS [13,14]. Recently, a
prospective study of 2026 patients confirmed the inde-

pendent prognostic relevance of CTC detection using

the CELLSEARCH� technology both before and after

the administration of adjuvant chemotherapy [15]. The

association between CTC detection and poor outcome

in breast cancer has also been demonstrated by smaller

studies [16e18] and there are data including more than

2800 patients confirming these observations [19]. Since
the majority of these women have only few cells per

volume analysed, we performed an international study

to evaluate the inter-reader variability for CTCs [20].

We observed that the median inter-reader agreement for

CTC definition was lower for non-metastatic (91%)

compared to metastatic (98%) patients suggesting that

continuous training and independent image review are

important when considering using CTC detection for
treatment decisions in clinical trials in early breast can-

cer [20].

3. Pre-clinical and clinical data on trastuzumab efficacy in

HER2 non-amplified breast cancer

There are several lines of evidence that trastuzumab

may be effective at least in some patients with HER2
non-amplified tumours. Firstly, a subset of patients

with primary tumours who were found to be HER2

negative after central review, in two large adjuvant

trials, derived similar benefit from adjuvant
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