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IMPORTANCE The choice between chemotherapy and endocrine therapy as first-line
treatment for hormone receptor–positive, ERBB2 (also known as HER2)-negative metastatic
breast cancer is usually based on the presence of clinical features associated with a poor
prognosis. In this setting, a high circulating tumor cell (CTC) count (�5 CTCs/7.5 mL) is a
strong adverse prognostic factor for overall survival and progression-free survival (PFS).

OBJECTIVE To compare the efficacy of a clinician-driven treatment choice vs a CTC-driven
choice for first-line treatment.

INTERVENTIONS In the CTC arm, patients received chemotherapy or endocrine therapy
according to the CTC count (chemotherapy if �5 CTCs/7.5 mL; endocrine therapy if <5
CTCs/7.5 mL), whereas in the control arm, the choice was left to the investigator.

DESIGN, SETTING, AND PARTICIPANTS In the STIC CTC randomized, open-label, noninferiority
phase 3 trial, participants were randomized to a clinician-driven choice of first-line treatment
or a CTC count–driven first-line treatment choice. Eligible participants were premenopausal
and postmenopausal women 18 years or older diagnosed with hormone receptor–positive,
ERBB2-negative metastatic breast cancer. Data were collected at 17 French cancer centers
from February 1, 2012, to July 28, 2016, and analyzed June 2019 to October 2019.

MAIN OUTCOME AND MEASURES The primary end point was the investigator-assessed PFS
in the per-protocol population, with a noninferiority margin of 1.25 for the 90% CI of the
hazard ratio.

RESULTS Among the 755 women in the per-protocol population, the median (range) age
was 63 (30-88) years [64 (30-88) years for the 377 patients allocated to the CTC arm and
63 (31-87) years for the 378 patients allocated to the standard arm]; 138 (37%) and 103 (27%)
received chemotherapy, respectively. Median PFS was 15.5 months (95% CI, 12.7-17.3) in the
CTC arm and 13.9 months (95% CI, 12.2-16.3) in the standard arm. The primary end point was
met, with a hazard ratio of 0.94 (90% CI, 0.81-1.09).

CONCLUSIONS AND RELEVANCE This randomized clinical trial found that the CTC count may be
a reliable biomarker method for guiding the choice between chemotherapy and endocrine
therapy as the first-line treatment in hormone receptor–positive, ERBB2-negative metastatic
breast cancer.
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A bout two-thirds of newly diagnosed metastatic breast
cancers (MBCs) display a hormone receptor–positive,
ERBB2 (also known as HER2)-negative phenotype.1

In addition to being the principal component of breast can-
cer biology and genomic landscapes,2,3 hormone receptor
status was first characterized as a strong predictive factor
of response to endocrine therapy.4 In the context of hor-
mone receptor–positive MBC, a key question therefore
became whether endocrine therapy or chemotherapy, when
administered as first-line therapy, would be the most bene-
ficial treatment in terms of survival and quality of life.
In 2003, a meta-analysis5 of published data aggregated
692 patients from 6 trials conducted between 1963 and 1995;
compared with up-front endocrine therapy, first-line chemo-
therapy yielded higher toxicity and response rates but no
longer overall survival (OS). Because of the palliative context
of MBC, endocrine therapy has been then established as
the preferred first-line treatment of hormone receptor–
positive, ERBB2-negative MBC by all expert consensus.6-8

Experts, however, acknowledge exceptions to the syste-
matic use of endocrine therapy as up-front therapy: patients
with a rapidly evolving disease, clinically meaningful symp-
toms, impaired general condition, and/or life-threatening
disease, commonly referred to as visceral crisis.9 Until
recently, real-life studies repeatedly reported that chemo-
therapy is administered as first-line therapy in 15% to 50%
of patients with hormone receptor–positive, ERBB2-negative
MBC.10-15

The clinical validity of the circulating tumor cell (CTC)
count (assessed by the CellSearch system [Menarini Silicon
Biosystems]) as a prognostic marker was first reported
15 years ago in a study on 177 patients with MBC.16 This
seminal demonstration showed that a CTC count of 5 cells
per 7.5 mL or greater was associated with a shorter OS and
progression-free survival (PFS) and prompted its clearance
for clinical use by the US Food and Drug Administration
(FDA).17 The CTC count later reached a level of evidence 1
as a prognostic marker following the results of a pooled
analysis of 1944 patients with MBC.18 Multivariate analyses
confirmed that the 3 prominent prognostic markers in
patients with MBC are tumor subtype, performance status,
and baseline CTC count. This result suggested that, in a
population of patients with hormone receptor–positive,
ERBB2-negative MBC with homogeneous performance
status, baseline CTC count may be a more reliable, standard-
ized, and reproducible prognostic factor than the character-
istics commonly used by clinicians to drive their treat-
ment decision.

In addition, we hypothesized that a CTC-driven
treatment choice would lead to a lower rate of up-front
chemotherapy than a clinician-driven choice, as nume-
rous studies have shown that chemotherapy is of-
ten used as first-line therapy.10,11 The STIC CTC study
was therefore set up to evaluate the clinical utility
of CTC count as a stand-alone biomarker to guide the
choice between chemotherapy and endocrine therapy
as first-line therapy for hormone receptor–positive,
ERBB2-negative MBC.

Methods

Study Design and Participants
The STIC CTC trial was an open-label, randomized, multi-
center, phase 3, noninferiority trial evaluating a CTC-driven
treatment choice vs a clinician-driven choice in patients with
hormone receptor–positive, ERBB2-negative MBC. Data were
collected at 17 French cancer centers from February 1, 2012,
to July 28, 2016, and analyzed June 2019 to October 2019.
Women 18 years or older diagnosed with a hormone receptor–
positive, ERBB2-negative MBC were recruited in 17 French
centers before any endocrine therapy or chemotherapy for their
metastatic disease (Figure 1). Both premenopausal and post-
menopausal patients could be included, as well as patients who
relapsed during adjuvant endocrine therapy. The clinical con-
dition of patients had to be adequate for receiving endocrine
therapy or chemotherapy, with a life expectancy of more than
3 months and an Eastern Cooperative Oncology Group perfor-
mance status of 3 or less.

Patients were enrolled by the investigators and randomly
allocated (1:1) to the clinician-driven choice (standard arm) or
to the CTC-driven treatment choice (CTC arm). The random-
ization was done with permuted blocks of 6 patients at the sta-
tistics department of the study sponsor and was stratified by
trial center and by performance status (0-1 vs 2-3). This study
was a parallel, open-label trial; the CTC count was assessed in
all included patients but remained masked if patients were
allocated to the standard arm to not influence the physician’s
choice.

All patients provided written informed consent before en-
rollment. This clinical trial was approved by a national ethics
committee (CPP Ile-de-France 3). The protocol can be found
in Supplement 1. This study followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guideline.

Procedures
Before randomization, investigators had to declare their best
treatment recommendation. Patients for whom endocrine
therapy or chemotherapy was clinically recommended will be
hereby referred to as clinical low or clinical high risk, respec-
tively. The CTC counts were assessed using the FDA-cleared

Key Points
Question Can the circulating tumor cell (CTC) count be used as an
alternative to the clinical evaluation as the basis for determining
the first-line treatment choice (chemotherapy or endocrine
therapy) in hormone receptor–positive, ERBB2 (also known as
HER2)-negative metastatic breast cancer?

Findings In this randomized clinical trial that allocated 778
patients to a clinician-driven choice arm or a CTC-driven choice
arm, the CTC arm was noninferior for progression-free survival.

Meaning The CTC count may be a reliable biomarker for choosing
between chemotherapy and single-agent endocrine therapy as the
first-line treatment in hormone receptor–positive ERBB2-negative
metastatic breast cancer.
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CellSearch system, as previously described.19 Each patient eli-
gible for randomization had 2 risk estimates successively cap-
tured by the study clinical report form: the one established by
the investigator (clinical low or clinical high) and the one de-
termined by the CTC status (CTC low if <5 CTCs/7.5 mL or CTC
high if ≥5 CTCs/7.5 mL).

In the clinician-driven choice arm, patients were treated
according to the clinical choice of treatment as defined by the
investigator (endocrine therapy if clinical low; chemo-
therapy if clinical high). In the CTC arm, the predefined clini-
cal choice of treatment was dismissed, and patients were
treated according to the CTC count: endocrine therapy if CTC
low or chemotherapy if CTC high. In each arm, the choice of
the agent(s) used for endocrine therapy or chemotherapy was
left to the investigator, as several options are available for first-
line endocrine therapy and chemotherapy.7 Premenopausal
women received adequate ovarian function suppression when
treated with endocrine therapy. The use of a targeted therapy
in combination with endocrine therapy or chemotherapy was
allowed, and maintenance endocrine therapy in patients who
had no tumor progression while receiving chemotherapy
was accepted.

Radiologic assessments were done locally by investiga-
tors using Response Evaluation Criteria in Solid Tumors, ver-
sion 1.1. Adverse events were graded according to the Com-
mon Terminology Criteria for Adverse Events, version 4.0.

Outcomes
The primary end point was PFS, defined as the time from ran-
domization to disease progression or death from any cause
within 2 years after randomization. Participants without any

events were censored for the primary analysis at 2 years after
randomization. Patients were evaluated for any sign of tumor
progression or adverse event every 2 months in addition to ra-
diologic assessments. An increase in tumor serum markers
alone could not define a progression.

Secondary end points were OS from the time of random-
ization, PFS in subgroup analyses (by treatment initially con-
sidered and CTC count), the rate of treatment changes (be-
tween the treatment initially considered by clinicians and that
finally administered), the rate of patients receiving endo-
crine therapy in each arm, and the occurrence of adverse
events. Quality of life and costs supported by the payer were
also estimated as part of a joint medico-economic analysis
that will be reported separately.

Statistical Analysis
The STIC CTC trial was designed to test the noninferiority of
the CTC-based decision arm compared with the clinician-
based decision arm, as we hypothesized that the number of
patients treated with chemotherapy would be lower in the CTC
arm, thus reducing the rate of chemotherapy-related adverse
events. For the primary end point, the hazard ratio (HR) of pro-
gression in the CTC arm compared with the standard arm was
estimated using a Cox proportional hazards model. The non-
inferiority hypothesis, sample size calculations, and hierar-
chical test procedures to assess superiority are detailed in the
eMethods in Supplement 2. The analysis of the primary end
point was to be performed when the number of events had
reached 498, with a minimum median follow-up of 1 year. Re-
sults shown below therefore include an analysis of the pri-
mary end point based on the 498 first PFS events, while sec-

Figure 1. Trial Profile

797 Patients included

19 Patients ineligible for randomization
17 For whom the CTC assay failed
2 Did not meet inclusion criteria

387 Patients allocated to clinician-driven
treatment choice

378 Patients were treated according to the
clinician-driven treatment choice and
included in per-protocol analysis

186 Clinlow CTClow

99 Clinlow CTChigh

275 Were Clinlow and received ET

103 Were Clinhigh and received CT
51 Clinhigh CTClow

52 Clinhigh CTChigh

9 Excluded from the per-protocol analysis
7 Did not receive assigned treatment
2 Withdrew consent

14 Excluded from the per-protocol analysis
7 Did not receive assigned treatment
3 Withdrew consent
2 Clinical condition altered
1 Investigator’s decision
1 Other

377 Patients were treated according to the
CTC-driven treatment choice and
included in per-protocol analysis
239 Were CTClow and received ET

187 Clinlow CTClow

52 Clinhigh CTClow

138 Were CTChigh and received CT
90 Clinlow CTChigh

48 Clinhigh CTChigh

391 Patients allocated to CTC-driven
treatment choice

778 Patients randomized 
(intention-to-treat population)

Clinhigh indicates patients requiring
chemotherapy according to the
clinician-driven choice; Clinlow,
patients requiring endocrine therapy
(ET) according to the clinician-driven
choice; CT, chemotherapy;
CTC, circulating tumor cell;
CTChigh, patients with �5 CTCs/7.5
mL; CTClow, patients with
<5 CTCs/7.5 mL.
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ondary end points are reported based on the total number of
events observed.

The primary end point (2-year PFS) was evaluated in the
per-protocol population, and a complementary PFS analysis
was performed in the intention-to-treat population, as recom-
mended for noninferiority trials.20 The OS was evaluated in the
per-protocol population, but an intention-to-treat analysis
was also conducted.

For the secondary end point, the PFS and OS curves were
estimated using the Kaplan-Meier method and compared be-
tween the 2 arms using a log-rank test. Preplanned subgroup
analyses were conducted with a log-rank test to compare PFS
between subgroups defined by baseline clinical characteris-
tics but also by the CTC count and the treatment choice of the
clinician (chemotherapy or endocrine therapy) for PFS and
OS. All analyses were done with the R software, version 3.4.4
(R Project for Statistical Computing).

Results
Patients
Between February 1, 2012, and July 28, 2016, 797 patients were
included at 17 centers in France. Because 19 patients were not
eligible for randomization and were excluded (Figure 1), 778
participants were randomized to the clinician-driven choice
arm (n = 387) or to the CTC-driven choice arm (n = 391). Among
the 755 women in the per-protocol population, the median
(range) age was 64 (30-88) years for the 377 patients allo-
cated to the CTC arm and 63 (31-87) years for the 378 allo-
cated to the standard arm. The characteristics of the patients
were balanced across the trial groups at baseline (eTable 1 in
Supplement 2). Overall, 289 patients (38.3%) were CTC high.

In the standard arm, the 275 (72.7%) patients who were
considered clinical low by the investigator received endo-
crine therapy, and the 103 (27.2%) who were considered clini-
cal high received chemotherapy, whereas in the CTC arm, the
239 (63.4%) CTC low patients received endocrine therapy, and

the 138 (36.6%) CTC high patients received chemotherapy.
Overall, 463 (61.3%) patients had a concordant clinical and CTC
risk assessment, either clinical low/CTC low (363 patients,
78.4%) or clinical high/CTC high (100 patients, 21.6%). On the
other hand, 292 patients (38.7%) had a discordant CTC and
clinical assessment: 189 (64.7%) patients were clinical low/
CTC high, and 103 (35.3%) patients were clinical high/CTC low.
Details of the treatment allocation can be found in Figure 1.

The treatments planned and actually delivered were re-
corded (eTable 2 and eTable 3 in Supplement 2). Planned treat-
ments were similar between the 2 arms. Capecitabine was over-
all more often used in the CTC arm compared with the standard
arm (23.9% vs 7.9%), as it was frequently prescribed to clini-
cal low, CTC high patients allocated to the CTC arm and
switched from endocrine therapy to chemotherapy.

Safety
The rate of grade 3 or 4 adverse events was low in both arms
(eTable 4 in Supplement 2). Overall, there was a higher rate of
chemotherapy-related adverse events of any grade in the CTC
arm, with a higher incidence of anemia (20.4% vs 14.6% in the
standard arm), alopecia (15.1% vs 10.6%), and vomiting (8.2%
vs 4.8%).

Clinical Utility
The primary end point analysis was performed on the first 498
PFS events: 250 (50.2%) in the standard arm and 248 (49.8%)
in the CTC arm. Median PFS was 13.9 months (95% CI, 12.2-
16.3) in the standard arm and 15.5 months (95% CI, 12.7-17.3)
in the CTC arm (Figure 2A). The primary end point was met
with an HR for progression in the per-protocol population for
the CTC arm of 0.94 (90% CI, 0.81-1.09). Because the upper
limit of the CI was lower than the noninferiority margin of
1.25, the null hypothesis that the PFS in the CTC arm would
be worse was rejected, and the noninferiority of the CTC arm
compared with the standard arm was concluded. The pre-
planned test for superiority was not significant. Similar re-
sults were observed when considering all events (n = 542

Figure 2. Kaplan-Meier Curves of Progression-Free Survival (PFS) and Overall Survival (OS)
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A, The PFS for each arm in the per-protocol population after 498 events had occurred; B, The OS for each arm in the per-protocol population when considering all
events. CTC indicates circulating tumor cell; HR, hazard ratio.
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events) in the per-protocol population but also in the intention-
to-treat population (eFigure 1 in Supplement 2). There was no
OS difference between the 2 arms (Figure 2B), with an HR of
0.91 (95% CI, 0.71-1.16).

In planned subgroup analyses according to baseline char-
acteristics, age older than 60 years was the only factor asso-
ciated with a PFS benefit of a CTC-driven treatment decision
(eFigure 2 in Supplement 2), with an HR of 0.76 (95% CI, 0.61-
0.94). Planned subgroup comparisons between the standard
and CTC arms in the concordant clinical low, CTC low and clini-
cal high, CTC high subgroups found no difference in PFS (HR,
1.03; 95% CI, 0.81-1.31; and HR, 0.90; 95% CI, 0.60-1.36, re-
spectively; Figure 3A and B) and OS (HR, 1.08; 95% CI, 0.71-
1.65; and HR, 0.90; 95% CI, 0.53 to 1.50, respectively; eFig-
ure 3A and B in Supplement 2). In the discordant clinical high,
CTC low subgroup, there was no difference in PFS (HR, 1.20;
95% CI, 0.79-1.84; Figure 3C) or OS (HR, 0.99; 95% CI, 0.48-
2.02; eFigure 3C in Supplement 2) between the standard and
CTC arms. However, in the discordant clinical low, CTC high
subgroup, PFS was significantly higher in the CTC arm (HR,
0.62; 95% CI, 0.45-0.84; Figure 3D), whereas OS was not sig-
nificantly different (HR, 0.69; 95% CI, 0.43-1.09; eFigure 3D

in Supplement 2). In a nonplanned analysis, we compared the
PFS of patients stratified by actual receipt of chemotherapy or
endocrine therapy in both arms (eFigure 4 in Supplement 2).

In another nonplanned subgroup analysis, we pooled the
discordant clinical high, CTC low and clinical low, CTC high sub-
groups and used a multivariate Cox model to compensate for
the lack of randomization between chemotherapy and endo-
crine therapy in these pooled subgroups. The PFS and OS were
significantly higher in patients treated with chemotherapy
compared with patients treated with endocrine therapy, with
an HR of 0.66 (95% CI, 0.51-0.87) and 0.62 (95% CI, 0.41-
0.95), respectively (eFigure 5 in Supplement 2). We investi-
gated the prognostic role of CTCs by comparing PFS and OS be-
tween the CTC high and CTC low groups in all 755 patients: PFS
and OS were significantly lower in the CTC high group, with
an HR estimated by the Cox model of 1.49 (95% CI, 1.27-1.76)
and 1.94 (95% CI, 1.52-2.49), respectively. Assessing whether
adapting the treatment strategy on the CTC count would de-
crease its prognostic impact, we found that the prognostic im-
pact of a high CTC count (compared with a low CTC count) was
lower in the CTC arm than in the standard arm for PFS (HR,
1.22; 95% CI, 0.97-1.54; and HR, 1.84; 95% CI, 1.47 to 2.31, re-

Figure 3. Kaplan-Meier Curves of Progression-Free Survival (PFS) for Each Arm, When Considering All Events
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subgroup. Clinhigh indicates patients requiring chemotherapy according to the clinician-driven choice; Clinlow, patients requiring endocrine therapy according to the
clinician-driven choice; CTC, circulating tumor cell; CTChigh, patients with �5 CTCs/7.5 mL; CTClow, patients with <5 CTCs/7.5 mL; HR, hazard ratio.
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spectively) and OS (HR, 1.64; 95% CI, 1.15-2.34; and HR, 2.24;
95% CI, 1.58-3.17, respectively).

Discussion
The STIC CTC trial is, to our knowledge, the first attempt to
demonstrate the clinical utility of a biomarker to guide the
choice of first-line treatment in hormone receptor–positive,
ERBB2-negative MBC, a setting characterized by a lack of pre-
dictive biomarker and high interphysician variability. The aim
of this trial was to demonstrate that using the CTC count, a
single and reproducible biomarker, was an alternative to the
highly multiparametric clinical choice. As a therapeutic de-
escalation was planned in at least 1 patient subgroup (clinical
high, CTC low), a noninferiority design was favored.

In the overall population, the STIC CTC trial reached its pri-
mary objective and reported no overt survival difference be-
tween the 2 arms. While the overall rate of chemotherapy use
was not lower in the CTC arm, the reproducibility of the CTC
could allow for treatment standardization in this population.
The apparent superior benefit of the CTC-based strategy in
older adult patients might stem from the observed signifi-
cant association between older age and more systematic use
of endocrine therapy as the clinically favored treatment, what-
ever the other clinicopathologic characteristics. Using the CTC
count as a single biomarker is therefore a reliable, standard-
ized option to guide the treatment choice between single-
agent endocrine therapy and chemotherapy in hormone
receptor–positive, ERBB2-negative MBC.

Survival data further substantiate the prognostic impact
of CTC count. Interestingly, the prognostic impact of the CTC
count was reduced in patients randomized in the CTC arm,
suggesting that prognostic markers—and not only predictive
markers—might be partly “actionable” in MBC. In contrast to
our initial hypothesis, the CTC-driven treatment choice did
not lead to a de-escalation from chemotherapy to endocrine
therapy in the overall study population, with a higher rate of
patients treated with up-front chemotherapy in the CTC arm
(36.6%). However, the use of higher thresholds (eg, ≥10 CTC/
7.5 mL) could have yielded a lower rate of chemotherapy in
the CTC arm.

Unique findings were derived from the 38.7% of patients
who had a discordant CTC and clinical assessment (ie, in the
clinical low, CTC high and clinical high, CTC low subgroups).
The use of chemotherapy yielded a significantly longer PFS and
a non–statistically significant trend toward longer PFS in the
former and latter subgroups, respectively. Interestingly, when
pooling these 2 subgroups, chemotherapy was significantly as-
sociated with a benefit in both PFS and OS when compared with
endocrine therapy in a multivariate analysis. This last analy-

sis was unplanned and should be treated with caution, yet it
suggests that up-front chemotherapy could be beneficial to pa-
tients with intermediate-risk estimate.

Limitations
The STIC CTC trial has several limitations. First, the study was
conducted before the results of the first-line cyclin-
dependent kinase 4/6 (CDK4/6) inhibitors’ pivotal trials.21-24

While the STIC CTC results suggest that single-agent endo-
crine therapy is suboptimal in patients with intermediate prog-
nosis, first-line combinations of endocrine therapy with
CDK4/6 inhibitors have improved the outcome of these pa-
tients and have become the preferred first-line treatment op-
tion in patients without visceral crisis.

Noteworthy, as CDK4/6 inhibitors have been reimbursed
in France since 2015, most patients included in our trial should
have received CDK4/6 inhibitors as part of a further line of treat-
ment—a strategy that has not been proved inferior to the first-
line use of these drugs. Although the STIC CTC has a limited
utility for patients eligible for first-line CDK4/6 inhibitors, this
study highlights that the clinical prognostic assessment can
be usefully completed by the CTC count. To further explore
this potential in the CDK4/6 inhibitors era, CTC count is now
being evaluated as part of a phase 3 study (AMBRE trial,
NCT04158362) comparing first-line chemotherapy with en-
docrine therapy and abemaciclib in patients with hormone
receptor–positive, ERBB2-negative MBC with visceral metas-
tases and high tumor burden.

Second, although the CellSearch system is the only
FDA-cleared CTC detection technology for MBC, some
mesenchymal-like CTCs may be missed. The molecular char-
acterization of CTCs, which was not performed in our trial, can
also reveal cancer cell characteristics that may predict the
efficacy of endocrine therapy, CDK4/6 inhibitors, or
chemotherapy.25

Conclusions
The results of this trial demonstrate the reliability and clini-
cal utility of CTC count to guide the choice between single-
agent endocrine therapy and chemotherapy as first-line treat-
ment of hormone receptor–positive, ERBB2-negative MBC, at
the cost of a higher proportion of patients treated with che-
motherapy. On the other hand, our results suggest that clini-
cal low, CTC low patients (48.1% of the study population) have
an excellent prognosis, with an 18-month median PFS and a
50-month median OS. Future trials in this population could
focus on delaying the introduction of CDK4/6 inhibitors to limit
the associated adverse events or to evaluate more aggressive
strategies for patients with oligometastatic disease.
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