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Background: Circulating tumor cells (CTCs) have been reported to predict clinical outcome in metastatic breast cancer
(MBC). Biology of CTCs may differ from that of the primary tumor and HER2-positive CTCs are found in some patients
with HER2-negative tumors.
Patients and methods: Patients with HER2-negative MBC were screened for participation in DETECT III and IV trials
before the initiation of a new line of therapy. Blood samples were analyzed using CELLSEARCH. CTCs were labeled
with an anti-HER2 antibody and classified according to staining intensity (negative, weak, moderate, or strong staining).
Results: Screening blood samples were analyzed in 1933 patients with HER2-negative MBC. As many as 1217 out of the
1933 screened patients (63.0%) had �1 CTC per 7.5 ml blood; �5 CTCs were detected in 735 patients (38.0%; range 1-
35 078 CTCs, median 8 CTCs). HER2 status of CTCs was assessed in 1159 CTC-positive patients; �1 CTC with strong HER2
staining was found in 174 (15.0%) patients. The proportion of CTCs with strong HER2 staining among all CTCs of an
individual patient ranged between 0.06% and 100% (mean 15.8%). Patients with estrogen receptor (ER)- and
progesterone receptor (PR)-positive tumors were more likely to harbor �1 CTC with strong HER2 staining. CTC
status was significantly associated with overall survival (OS). Detection of �1 CTC with strong HER2 staining was
associated with shorter OS [9.7 (7.1-12.3) versus 16.5 (14.9-18.1) months in patients with CTCs with negative-to-
moderate HER2 staining only, P ¼ 0.013]. In multivariate analysis, age, ER status, PR status, Eastern Cooperative
Oncology Group performance status, therapy line, and CTC status independently predicted OS.
Conclusion: CTC detection in patients with HER2-negative disease is a strong prognostic factor. Presence of �1 CTC with
strong HER2 staining was associated with shorter OS, supporting a biological role of HER2 expression on CTCs.
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INTRODUCTION

Circulating tumor cells (CTCs) are considered a strong in-
dependent prognostic factor in metastatic breast cancer
(MBC).1 Despite the high prognostic relevance of CTC
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counts demonstrated in numerous studies, their clinical
utility in guiding therapy decisions remains unclear.2

Beyond enumeration of CTCs, CTC phenotype has been
proposed as another important predictor for clinical
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outcome and treatment responsiveness. In this context,
several studies showed a discordance in the expression of
predictive markers such as the HER2 status between pri-
mary tumor, metastatic tissue, and CTCs.3-6 Although cur-
rent guidelines recommend re-evaluation of the receptor
status using metastatic tissue,7,8 treatment decisions in the
metastatic setting are often based on the receptor status of
the primary tumor. Another aspect that needs to be
considered is the well-described heterogeneity between
various metastatic sites and the ability to acquire or loose
targetable features during disease progression.9 Which of
these cell populations should be taken into account when
choosing systemic therapy for an MBC patient remains to be
clarified.

The DETECT trials, a large study program on CTC-based
therapy interventions, were initiated to address these is-
sues. Blood samples from MBC patients with HER2-negative
primary tumor and/or metastasis, who are potential can-
didates for the DETECT III or IV trials, are screened for the
presence of CTCs.10 Depending on the presence of CTCs and
their HER2 status, patients can be enrolled in different
randomized and nonrandomized studies within the DETECT
program. This analysis aimed at evaluating the HER2 status
of CTCs in nearly 2000 patients screened for study partici-
pation and at examining its clinical significance.

MATERIAL AND METHODS

The DETECT study concept has been previously described in
detail.10 Briefly, this prospective, multicenter, open-label
clinical trial program consists of two phase III studies
(DETECT III, NCT01619111 and DETECT V/CHEVENDO,
NCT02344472) and one phase II study (DETECT IV,
NCT02035813; Supplementary Figure S1, available at
https://doi.org/10.1016/j.esmoop.2021.100299). Patients
with MBC were screened for presence of CTCs in peripheral
blood before the start of first- or later-line therapy in one
of the participating study sites (>100 in Germany). The
trials were conducted in accordance with the Declaration
of Helsinki and approved by the responsible ethical com-
mittees (DETECT III: 525/2011AMG1; DETECT IV: MC-LKP-
668; DETECT V: 113/15) and all local ethical committees.
In this analysis, only patients with HER2-negative MBC
screened for participation in DETECT III and IV were
included. Survival results of the interventional part of this
cohort, that is, patients receiving HER2-targeted treatment
with lapatinib, were excluded from this analysis and will be
reported elsewhere. First-line therapy was defined as
therapy initiated within 6 weeks after the first diagnosis of
metastatic disease.

Detection of CTCs and evaluation of their HER2 status

Peripheral blood samples (7.5 ml) were collected into Cell-
Save tubes and examined using the standardized semi-
automatic CELLSEARCH assay (Menarini Silicon Biosystems;
Bologna, Italy). This Food and Drug Administration-approved
method is based on immunomagnetic enrichment for
2 https://doi.org/10.1016/j.esmoop.2021.100299
selection of CTCs by ferrofluid nanoparticles bound to
anti-EpCAM (epithelial cell adhesion molecule) antibodies.
After enrichment, cells were stained with fluorescent
anti-cytokeratin (epithelial cells) and anti-CD45 antibodies
(leukocyte marker) and then with 40,6-diamidino-
2-phenylindole (DAPI) to indicate the presence of a
nucleus.11 Enriched and stained CTCs were placed into the
CELLTRACKS ANALYZER for imaging and final check (CD45e,
cytokeratins 8, 18, and/or 19þ and DAPIþ). Patients with at
least one CTC were considered CTC positive. Assessment of
the HER2 status of CTCs was conducted using an anti-HER2
antibody.12 In situ hybridization was not used. HER2
expression was categorized as negative [immunohisto-
chemistry score (IHC) 0], weak (IHC 1þ), moderate (IHC 2þ),
or strong (IHC 3þ) according to Riethdorf et al.12 based on
the comparison of HER2-specific immunofluorescence of cell
lines with known expression of HER2 (Figure 1). All experi-
ments were performed at four reference laboratories with
trained scientists and peer-reviewed systems in an estab-
lished laboratory network.13 In each laboratory, two inde-
pendent readers evaluated each sample regarding the CTC
status and HER2 expression of these CTCs. HER2 expression
of CTCs had to be confirmed by all analyzing laboratories
using an online evaluation tool. The status of predictive
markers, such as estrogen, progesterone, and HER2,
assessed in primary tumor and/or metastatic tissue was
documented for each patient. In most patients the receptor
analysis was available from primary tumor tissue only.
Statistical analysis

Chi-square test and Fisher’s exact test were used to eval-
uate the relationship between CTC detection and HER2
status and clinicalepathological factors. P-values <0.05
were considered statistically significant. Data cut-off for this
analysis was 16 September 2020. Survival data were
analyzed using log-rank tests, univariable, and adjusted
multivariable cox regressions.

RESULTS

Screening blood samples were analyzed in 1933 patients
with HER2-negative MBC with HER2 status determined in
tumor tissue. The HER2 status of the primary tumor was
available in 1660 patients and of metastatic tissue in 1061
patients. Median age was 62 years (range 25-89 years). Of
these, 102 were enrolled in the DETECT III and 213 in the
DETECT IVa/b trials, respectively (Supplementary Figure S2,
available at https://doi.org/10.1016/j.esmoop.2021.100299).
Detection of circulating tumor cells

A total of 1217 out of the 1933 screened patients (63.0%)
had �1 CTC per 7.5 ml blood; �5 CTCs were detected in
735 patients (38.0%; range 1-35 078 CTCs, median 8 CTCs,
mean 1489). CTC positivity was associated with estrogen
receptor (ER)-positive tumors and worse Eastern Coopera-
tive Oncology Group (ECOG) status (Table 1).
Volume 6 - Issue 6 - 2021
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Figure 1. HER2 status of circulating tumor cells analyzed by immunocytochemistry.
APC, allophycocyanin; CK, cytokeratin; DAPI, 40,6-diamidino-2-phenylindole; PE, phycoerythrin.
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HER2 status of the circulating tumor cells

HER2 status of CTCs was assessed in 1159 CTC-positive
patients. Altogether, 179 205 CTCs were analyzed with
respect to their HER2 status; 2% showed strong, 6%
Table 1. CTC status and patients’ characteristics (significant P values are
shown in bold)

Characteristics N ‡1 n (%) P value ‡5 CTCs,
n (%)

P value

Total 1933 1217 (63.0) 735 (38.0)
Age, years 0.556 0.824
�50 1588 995 (62.7) 602 (37.9)
<50 345 222 (64.3) 133 (38.6)

Hormone receptor statusa 0.010 <0.001
ER and/or PR positive 1556 1005 (64.6) 634 (40.7)
Triple negativeb 266 150 (56.4) 74 (27.8)

ER statusa 0.011 <0.001
Positive 1510 977 (64.7) 616 (40.8)
Negative 312 178 (57.1) 92 (29.5)

PR statusa 0.777 0.218
Positive 1313 834 (63.5) 522 (39.8)
Negative 500 314 (62.8) 183 (36.6)

Menopausal status 0.388 0.950
Premenopausal 263 163 (62.0) 102 (38.8)
Postmenopausal 1444 935 (64.8) 563 (39.0)

ECOG 0.020 <0.001
0 929 587 (63.2) 337 (36.3)
1-3c 581 401 (69.0) 274 (47.2)

Therapy line after
blood sampling

0.698 0.182

First line 603 383 (63.5) 242 (40.1)
Further line 1318 825 (62.6) 487 (36.9)

CTC, circulating tumor cell; ECOG, Eastern Cooperative Oncology Group; ER, estro-
gen receptor; PR, progesterone receptor.
a Assessed in the primary tumor.
b Defined as ER and PR negative.
c Including 73 patients with ECOG 2-3.
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intermediate, and 15% weak staining intensity, whereas
77% were HER2 negative. At least one CTC with strong HER2
staining was found in 174 (15.0%) patients, and 408 pa-
tients (35.2%) had at least one CTC with moderate or strong
staining (Table 2, Supplementary Figure S3, available at
https://doi.org/10.1016/j.esmoop.2021.100299). The pro-
portion of CTCs with strong HER2 staining among all CTCs of
an individual patient ranged between 0.06% and 100%
(mean 15.8%). Patients with positive hormone receptor
status were more likely to present with HER2-positive CTCs
(Table 2). Most patients with strong CTC-HER2 staining also
had CTCs with negative to moderate staining, possibly
reflecting tumor heterogeneity. Patients with higher CTC
counts were more likely to have at least one CTC with
strong HER2 staining (1-10 CTCs: 5.0%; 11-50 CTCs: 20.4%;
51-100 CTCs: 25.7%; and >100 CTCs: 42.9%, P < 0.001).

Survival analysis

In survival analysis, we focused on patients with HER2-
negative tumors who did not receive anti-HER2 therapy to
evaluate the prognostic impact of HER2-positive CTCs in
HER2-negative MBC. Therefore, 52 patients receiving
experimental HER2-targeted therapy with lapatinib in the
interventional arm of the DETECT III trial were excluded
from this survival analysis.

Median follow-up was 38 months; follow-up data were
available for 1435 patients with 873 deaths. The following
causes of death were reported: due to disease progression
(n ¼ 695), accident (n ¼ 1), suicide (n ¼ 1), not related (n ¼
7), other (n ¼ 2), and unknown (n ¼ 185). Progression of
disease was reported in 865 patients (local progression in
113 cases and/or distant progression in 836 patients).
https://doi.org/10.1016/j.esmoop.2021.100299 3
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Table 2. Patients’ characteristics and correlation with HER2 status of the
CTCs

Characteristics N ‡1 CTC with
strong
staining, n (%)

P value ‡1 CTC with
moderate or
strong staining,
n (%)

P value

Total 1159 174 (15.0) 408 (35.2)
Age, years 0.363 0.271
�50 954 139 (14.6) 329 (34.5)
<50 205 35 (17.1) 79 (38.5)

Hormone receptor
statusa

0.001 <0.001

ER and/or PR
positive

964 161 (16.7) 369 (38.3)

Triple-negativeb 137 8 (5.8) 27 (19.7)
ER statusa 0.011 0.001
Positive 940 155 (16.5) 356 (37.9)
Negative 161 14 (8.7) 40 (24.8)

PR statusa 0.002 <0.001
Positive 798 138 (17.3) 318 (39.8)
Negative 296 29 (9.8) 76 (25.7)

Menopausal status 0.506 0.210
Premenopausal 152 26 (17.1) 62 (40.8)
Postmenopausal 893 134 (15.0) 317 (35.5)

ECOG 0.574 0.117
0 551 88 (16.0) 188 (34.1)
1-3c 386 67 (17.4) 151 (39.1)

Therapy line 0.988 0.443
First line 371 56 (15.1) 137 (36.9)
Further line 780 118 (15.1) 270 (34.6)

CTC, circulating tumor cell; ECOG, Eastern Cooperative Oncology Group; ER, estro-
gen receptor; PR, progesterone receptor.
a Assessed in the primary tumor.
b Defined as ER and PR negative.
c Including 60 patients with ECOG 2-3.
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Overall survival

CTC status was significantly associated with overall survival
(OS), independently of the cut-off value (1 CTC or 5 CTCs)
used (Figure 2A). Median OS in patients with �1 CTC was
15.5 months [95% confidence interval (CI) 14.2-16.8
months] compared with 37.2 months without CTCs (95% CI
32.7-41.7 months) and 12.0 months with �5 CTCs (95% CI
10.0-14.0 months) compared with 28.6 months with <5
CTCs (95% CI 25.5-31.6 months). Patients with �1 CTC with
strong HER2 staining had shorter OS than those with CTCs
with negative-to-moderate staining only [median OS 9.7
(95% CI 7.1-12.3) versus 16.5 (14.9-18.1) months, respec-
tively, P ¼ 0.013, hazard ratio 1.360; Figure 3A]. When a
different cut-off for HER2 positivity of CTCs was considered
(i.e. presence of �1 CTC with moderate or strong HER2
staining), OS was not significantly different between the
two groups [median OS in patients with �1 CTC with
moderate or strong HER2 staining: 14.9 (95% CI 10.6-19.2)
versus 15.7 (14.4-17.1) months in patients with CTCs with
HER2 negative/weak staining only, respectively, P ¼ 0.917,
Supplementary Figure S4A, available at https://doi.org/10.
1016/j.esmoop.2021.100299]. In multivariate analysis, only
age, ER status, progesterone receptor (PR) status, ECOG
performance status, therapy line, and CTC counts but not
the HER2 status of CTCs predicted OS (Table 3).
4 https://doi.org/10.1016/j.esmoop.2021.100299
Progression-free survival

CTC status significantly predicted shorter progression-free
survival (PFS; Figure 2B). Median PFS in patients with �1
CTC was 7.1 months (95% CI 6.1-8.2 months) compared
with 8.8 months without CTCs (95% CI 7.7-9.9 months) and
6.0 months in those with �5 CTCs (95% CI 4.8-7.3 months)
compared with 8.5 months in patients with <5 CTCs (95%
CI 7.6-9.5 months). No significant association was found
between the HER2 status of CTCs defined as presence of
�1 CTC with strong HER2 staining and PFS in univariate
analysis (P ¼ 0.498, hazard ratio 0.877; Figure 3B). Patients
with �1 CTC with moderate or strong HER2 staining had
similar PFS as patients with CTCs with HER2-negative/weak
staining only [median PFS: 6.9 months (95% CI 5.2-8.5
months) versus 7.1 (95% CI 5.7-8.4 months), P ¼ 0.240;
Supplementary Figure S4B, available at https://doi.org/
10.1016/j.esmoop.2021.100299]. In multivariate analysis,
only therapy line and hormone receptor status, but not
other factors significantly predicted PFS (Supplementary
Table S1, available at https://doi.org/10.1016/j.esmoop.
2021.100299).
DISCUSSION

In this large multicenter analysis with nearly 2000 patients,
we observed a prognostic impact of CTC detection in pa-
tients with HER2-negative disease. To our knowledge, this is
the largest patient cohort in this context.

CTCs are accepted as a strong prognostic factor in MBC.
Recently, a large, pooled analysis confirmed that high CTC
counts, defined as the presence of at least five CTCs per 7.5
ml peripheral blood, significantly predict poor clinical
outcome.1 Our study confirms the feasibility of CTC deter-
mination in a multicenter setting. Despite a prognostic
value shown in numerous studies, the clinical utility of CTC
characterization is not yet well defined.2 While CTC dy-
namics during systemic therapy for MBC reflect clinical
response to treatment, switching to an alternative chemo-
therapy regimen in case of persisting high CTC levels did not
improve outcome in the randomized SWOG 0500 trial.14 To
date, STIC CTC remains the only study showing that CTC
counts can guide treatment decisions in MBC (i.e. the
choice between first-line chemotherapy and endocrine
therapy), but its clinical relevance is somewhat limited due
to introduction of CDK4/6 inhibitors which were not used in
either arm of the trial.15

Beyond simple enumeration of CTCs, characterization of
detected cells may provide insights into targetable features
of metastatic disease. In clinical practice, while current
guidelines recommend re-evaluating the receptor status
before starting a new line of therapy,7,8 conducting a biopsy
of a metastatic site is omitted in many patients due to
invasiveness of the procedure and concerns for patient’s
well-being, as well as technical and logistical challenges. In
such cases, systemic treatment is usually based on pheno-
typic features of the primary tumor tissue, frequently
Volume 6 - Issue 6 - 2021
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Figure 2. KaplaneMeier plot of (A) overall survival and (B) progression-free survival stratified by circulating tumor cell (CTC) counts.
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obtained several years earlier. However, multiple studies
have shown that expression profiles may differ between
primary tumor, metastatic tissue, and CTCs, and the reasons
A
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for this discordance are assumed to relate to tumor het-
erogeneity, change in tumor biology over time, and effects
of prior treatment on clonal subsets.3,5,16-20 According to a
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Table 3. Multivariate analysis of overall survival

Variables P value Odds ratio (95% CI)

Therapy line <0.001 0.610 (0.496-0.750)
Age 0.031 0.770 (0.607-0.976)
CTC counts (�5 versus <5) <0.001 1.478 (1.203-1.815)
HER2 status of CTCs 0.275 1.166 (0.885-1.535)
Hormone receptor statusa <0.001 0.401 (0.310-0.518)
ECOG <0.001 1.476 (1.223-1.781)

CI, confidence interval; CTC, circulating tumor cell; ECOG, Eastern Cooperative
Oncology Group.
a Positive status defined as ER and/or PR positive.
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recent meta-analysis, up to 9.5% of patients with HER2-
negative primary tumor acquire a positive HER2 status in
metastatic tissue and, conversely, 21% of patients initially
HER2 positive become HER2 negative in the metastatic
setting.5

We have evaluated the methods for HER2 determination
used here in a multicenter setting of an independent pilot
study.13 In our cohort, the HER2 status of CTCs was signif-
icantly associated with OS. These results confirm data pre-
viously reported by Wang et al.21 In this study, the HER2
status of CTCs from 105 advanced-stage breast cancer pa-
tients with HER2-negative tumors was analyzed. In contrast
to our study, the optimal cut-off value for HER2-positive
CTCs was two cells, that is, patients with �2 HER2-
positive CTCs had a shorter survival time and an increased
risk for disease progression, compared with those with �1
HER2-positive CTCs (hazard ratio 2.16, 95% CI 1.20-3.88, P
¼ 0.010).

In our study, the impact of HER2-positive CTCs on prog-
nosis was observed even though the proportion of HER2-
positive CTCs among all CTCs of an individual patient
ranged widely (0.06%-100%, mean 15.8%) and in the ma-
jority of patients most CTCs had negative-to-weak HER2
staining. Further, we did not observe an association be-
tween the proportion of CTCs with positive HER2 status
among all CTCs and clinical outcome (data not shown).
Although HER2 expression was not prognostic in multivar-
iate analysis, our findings support a biologic impact of HER2
expression on CTCs. As only a proportion of HER2-positive
tumor cells are sufficient to define a primary tumor or a
metastatic site as HER2 positive,22 it seems possible that
these cells have distinct biological behavior and their
detection in the circulation reflects this. This hypothesis is
supported by the findings of Jordan et al.23 indicating that
HER2 status of CTCs may change, and this might contribute
to progression of breast cancer and acquisition of drug
resistance.

One major question is the potential targetability of HER2-
positive status on CTCs in patients in whom the primary
tumor and/or metastatic tissue were HER2 negative. In the
survival analysis, we did not include patients receiving
HER2-directed treatment based on the detection of HER2-
postive CTCs because this CTC-guided intervention might
have altered the clinical course of disease and improved
patient’s outcome. These patients were treated within our
pivotal DETECT III trial that examined the addition of
6 https://doi.org/10.1016/j.esmoop.2021.100299
lapatinib to standard treatment in this cohort. Preliminary
results indicate that patients may benefit from HER2-
targeted therapy in this setting.24 The final results are still
awaited. A possible clinical benefit from HER2-targeted
therapies in patients with HER2-negative tumors but
HER2-positive CTCs was also reported by Wang et al.21 By
contrast, Pestrin et al.25 reported disappointing results from
their proof-of-concept phase II trial on lapatinib in HER2-
negative MBC with HER2-positive CTCs. In this study, pa-
tients were defined as CTC-HER2 positive if �50% of CTCs
were HER2 positive. Altogether, seven patients with HER2-
positive CTC status received experimental anti-HER2 treat-
ment. None achieved objective response and only one
remained stable for 8.5 months. Another trial investigating
this issue was the Circe-T-DM1 trial.26 In this single-arm
study, patients with HER2-negative tumors but HER2-
amplified CTCs received the anti-HER2 antibodyedrug-
conjugate T-DM1. A total of 155 patients who were partially
heavily pretreated were screened; in 9.2%, at least one
HER2-positive CTC was detected, and 11 patients were
treated with T-DM1. Among these, only one achieved par-
tial remission. Therefore, the authors concluded that the
therapeutic approach is not promising. The reason for this
disappointing result might be the very low prevalence of
HER2-amplified CTCs among all detected CTCs (median
1.6%). In contrast to our study, analysis of the HER2 status
was based on in situ hybridization and not on
immunocytochemistry.

In the past decade, evaluation of targetable features
using circulating tumor DNA (ctDNA) has become widely
available due to development and implementation of vali-
dated genomic profiling. Recently, Guan et al.27 reported on
the feasibility of serial blood-based monitoring of HER2
copy numbers in ctDNA. In 15% of patients, the HER2 status
assessed in the ctDNA and tissue was discordant. While
high-level amplification in HER2 copy numbers of ctDNA
predicted better response to anti-HER2 therapy in patients
that were histologically HER2 positive, data on HER2 copy
numbers in HER2-negative patients have not been reported
in detail. By contrast, HER2 copy number increases in pa-
tients with HER2-negative primary tumor and/or metastasis
were rare in the plasmaMATCH study.28 However, a small
subset (1.7%) of patients with HR-positive HER2-negative
and triple-negative disease, assessed in prior tissue, had
HER2 amplification detected in ctDNA, probably reflecting
acquisition of HER2 amplification. Whether HER2 status
assessed in ctDNA rather than on CTCs can predict clinical
benefit from anti-HER2 treatment in patients with histo-
logically HER2-negative disease remains unclear.
Conclusions

We could show in our analysis that the presence of CTCs
with strong HER2 staining has a significant impact on
prognosis and might potentially be a useful tool to guide
therapy in metastatic disease. While the utility of pheno-
typing CTCs is obviously limited to patients with detectable
CTCs, the described approach offers the possibility to assess
Volume 6 - Issue 6 - 2021

https://doi.org/10.1016/j.esmoop.2021.100299
https://doi.org/10.1016/j.esmoop.2021.100299
https://doi.org/10.1016/j.esmoop.2021.100299
https://doi.org/10.1016/j.esmoop.2021.100299
https://doi.org/10.1016/j.esmoop.2021.100299
https://doi.org/10.1016/j.esmoop.2021.100299
https://doi.org/10.1016/j.esmoop.2021.100299
https://doi.org/10.1016/j.esmoop.2021.100299
https://doi.org/10.1016/j.esmoop.2021.100299


V. Müller et al. ESMO Open
the HER2 status in tumor cells other than those of the
primary tumor and metastatic site(s). Therefore patients in
whom an invasive tissue biopsy to reassess predictive fea-
tures of the disease is not possible might benefit from a
noninvasive blood sampling. In case a targetable marker,
such as the HER2 receptor, is detected using liquid biopsy,
this information might potentially guide therapy decisions.
Therefore, study concepts evaluating clinical outcomes of
patients whose treatment is based on a result of blood
examination, either using CTCs or ctDNA, are becoming a
major focus of oncological research.24,29,30 In this context,
our results should contribute to designing future clinical
trials.
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