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Abstract

Purpose—Discordance between HER2 expression in tumor tissue (tHER2) and HER2 status on
circulating tumor cells (cHER2) has been reported. It remains largely underexplored whether
patients with tHER2™/cHER2* can benefit from anti-HER?2 targeted therapies.

Methods—cHER?2 status was determined in 105 advanced-stage patients with tHER2™ breast
tumors. Association between cHER?2 status and progression-free survival (PFS) was analyzed by
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univariate and multivariate Cox models and survival differences were compared by Kaplan-Meier
method.

Results—Compared to the patients with low-risk cHER2 (cHER2* <2), those with high-risk
cHER2 (cHER2™* >2) had shorter survival time and an increased risk for disease progression
(hazard ratio [HR] 2.16, 95% confidence interval [CI] 1.20-3.88, 2= 0.010). Among the patients
with high-risk cHER2, those who received anti-HER?2 targeted therapies had improved PFS
compared with those who did not (HR 0.30, 95% CI 0.10-0.92, A= 0.035). In comparison, anti-
HER?2 targeted therapy did not affect PFS among those with low-risk cHER2 (HR 0.70, 95% ClI
0.36-1.38, P=10.306). Similar results were obtained after adjusting covariates. A longitudinal
analysis of 67 patients with cHER?2 detected during follow-ups found that those whose cHER2
status changed from high-risk at baseline to low-risk at first follow-up exhibited a significantly
improved survival compared to those whose cHER2 remained high-risk (median PFS: 11.7 weeks
vs. 2.0 weeks, log-rank £=0.001).

Conclusions—In advanced-stage breast cancer patients with tHER2™ tumors, cHER? status has
the potential to guide the use of anti-HER2 targeted therapy in patients with high-risk cHER2.

Keywords

Circulating tumor cell (CTC); human epidermal growth factor receptor 2 (HER2); breast cancer;
progression-free survival (PFS)

Background

Breast cancer, the most common cancer in women, accounts for 30% of all new cancer
diagnoses and remains the second leading cause for cancer-related deaths in the United
States [1]. Treatment for breast cancer is mainly guided by tumor tissue-based molecular
markers (e.g., estrogen receptor (ER), progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER2)) together with clinical parameters (e.g., tumor stage, grade, age,
menopausal status) [2]. Among these prognostic factors, HER2 is overexpressed in 15-20%
of breast tumors and confers an aggressive phenotype associated with unfavorable outcomes
[3, 4]. Significantly improved prognosis has been achieved since the landmark targeted
therapy trastuzumab (Herceptin) and several other anti-HER2 agents were approved to treat
breast cancer patients with HER2 overexpression in tumor tissue (tHER2") [3, 5]. Patients
with HER2-negative tumors (tHER2™) usually do not receive anti-HER2 agents because they
are not effective. However, since breast cancer is a heterogeneous disease [6, 7], controversy
has persisted over whether a portion of breast cancer patients with tHER2™ tumors may have
HER2-positive cells in their circulation, and if so, whether these patients may benefit from
anti-HER?2 targeted therapies [8, 9].

Tissue biopsies are currently used to determine tHER2 status to guide the use of anti-HER2
targeted therapies. However, tissue biopsies are invasive procedures and thus not always
obtainable; they are also constrained by incomplete representation of the entire tumor bulk
due to intratumoral heterogeneity [6]. Moreover, cancer progresses dynamically and
becomes even more heterogeneous as tumors change their molecular features to withstand
attacks from therapies and the immune system [10]. To promptly and accurately detect these
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changes and adjust treatment plans, repeated tumor biopsies would be needed, which is not
feasible in real clinical settings [11]. Thus, novel non-invasive strategies are needed to
determine HER?2 status in real-time in order to guide the use of anti-HER? targeted therapies
more effectively.

Blood-based liquid biopsies using circulating tumor cells (CTCs) hold great clinical
promise, as their non-invasive nature allows for rapid and repeated sampling that makes
feasible close monitoring of treatment response and disease progression [6]. CTCs are shed
into the bloodstream from the primary or metastatic lesions, have high malignancy potential,
and represent arguably the most important subset of tumor cells to monitor and treat [12].
HER2 expression has been detected on CTCs from breast cancer patients, even those with
tHER2™ tumor, and up to 50% discordance in the HER2 status between CTC and tumor
tissue has been reported [13-20]. According to an important mechanistic study by Jordan et
al. [21], patients with tHER2™ primary tumors may acquire HER-positive CTCs that exhibit
more proliferative potential than HER2-negative CTCs. Moreover, HER2-postive and
HER2-negative CTCs may spontaneously interconvert during treatment, which indicates a
potential mechanism of drug resistance [21]. This seminal study further strengthens that the
dynamic change of HER2 status on CTCs (cCHER2) during breast cancer treatments is much
more complicated than we have believed and warrants more investigations. However, despite
these intriguing lines of evidence, few studies have reported the prognostic roles of cHER2*
in tHER2™ breast cancer patients [22, 23], especially in those receiving anti-HER?2 targeted
therapies. Two clinical trials (NCT01619111 and NCT01975142) were launched recently to
assess whether anti-HER?2 agents (lapatinib and T-DM1) are efficacious in treating patients
who are tHER2/cHER2*. Both trials are still ongoing and thus have not yet provided a clear
answer. Our study sought to provide novel clues to answer this question by analyzing the
role of cHER?2 status in the survival of tHER2™ breast cancer patients, with a focus on the
effects of cHER2 status on the outcome of anti-HER2 targeted therapies.

Study subjects

Study subjects were female patients with advanced-stage (stage 111 and V) breast cancer
who were treated in the Sidney Kimmel Cancer Center at Thomas Jefferson University
Hospital. Only those patients who had tHER2™ breast tumor and never received anti-HER2
agents before baseline blood draw were included in the analyses of the current study.
According to the American Society of Clinical Oncology/College of American Pathologists
Clinical Practice Guideline [24], tHER2* was defined by positive staining (score 3+) in
immunohistochemistry (IHC), or a positive result using HER2 dual in situ hybridization
(DISH) when IHC staining was equivocal (score 2+); otherwise, tHER2™ was recorded
(Figure 1A). Demographic and clinical data, including age, ethnicity, body mass index,
menopausal status, tumor stage and grade, hormone receptor (HR) status, and tHER2 status,
were obtained by reviewing medical charts and/or pathological reports. Treatment data were
collected through chart review and/or consultation with treating physicians. Anti-HER2
targeted therapies were identified according to the use of any of the following medications:
trastuzumab, pertuzumab, T-DM1, lapatinib, and neratinib. After the initiation of a new
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therapy, the patients were followed first at 3-5 weeks, and then approximately every 6-8
weeks, which varied depdending on the treatment plans and patient conditions [25].
Progressive disease was evaluated according to the Response Evaluation Criteria in Solid
Tumors guideline [26]. Blood samples were collected at baseline and follow-up visits for
CTC enumeration and cHER2 detection. This study was approved by the Institutional
Review Board of Thomas Jefferson University and a written informed consent was obtained
from each patient.

CTC enumeration and cHER2 detection

Approximate 8 ml whole blood was collected into a CellSave Preservative Tube for CTC
enumeration using a CellSearch® CTC kit on the CellSearch System (Menarini Silicon
Biosystems, Huntingdon Valley, PA), the only U.S. Food and Drug Administration-approved
platform for CTC enumeration as an independent prognostic factor for metastatic breast
cancer. Briefly, CTCs were captured from the blood samples by anti-epithelial cell adhesion
molecule (EpCAM)-antibody-bearing ferrofluid. The isolated cells were then labeled with
fluorescently tagged monoclonal antibodies for epithelial cells (cytokeratin [CK] 8-, 18-, 19-
phycoerythrin) and leukocytes (CD45-allophycocyanin), and they were stained with the
nucleic acid dye 4’,6-diamidino-2-phenylindole (DAPI). CTCs were further characterized
for HER2 expression in the CellSearch system by using a fluorescently tagged anti-HER2
antibody (Menarini Silicon Biosystems) [27]. CTCs were defined as nucleated (DAPI
positive), epithelial (CK) positive, and CD45 negative. Positive HER2 expression on CTCs
was identified by comparing with reference CellSearch® images from breast cancer cell
lines as previously described [27, 28].

Statistical analysis

Clinical endpoint analyzed in this study was progression-free survival (PFS), which was
defined as the time from the date of baseline blood draw to the date of clinical progression,
death from any cause, or last follow-up, whichever came first. Patients who remained
progression-free and still alive at last follow-up were censored. Comparisons of
demographic and clinical variables were performed using a student’s #test for continuous
variables and a ;(Ztest for categorical variables. The optimal cut-off value of HER2-positive
CTCs for separating patients into high-risk (cHER2* >2) and low-risk (cHER2" <2,
including those with negative cHER?2) groups was determined using receiver operating
characteristic curve analysis [29]. Kaplan-Meier method was used for plotting survival
curves, and differences in survivals were compared using a log-rank test. The association
between PFS and cHER?2 status was evaluated using hazard ratios (HRs) with 95%
confidence intervals (Cls) by univariate and multivariate Cox proportional hazards models,
adjusting for significant demographic and clinical variables. The proportional hazards
assumption was validated using the test based on Schoenfeld residuals. SAS (\Version 9.4,
SAS Institute, Cary, NC), and STATA (\Version 11.0, STATA Corp., College station, TX)
were used for statistical analyses. All Pvalues were 2-sided, and a £< 0.05 was considered
statistically significant.

Breast Cancer Res Treat. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al. Page 5

Results

Patient characteristics

A total of 105 patients with advanced-stage breast cancer with tHER2™ tumor were included
in our analyses. The majority of the patients were Caucasians (84.8%), overweight or obese
(73.3%), and post-menopausal (83.8%), and their tumors were mostly metastatic (85.7%),
poorly differentiated (66.7%), and HR-positive (62.9%) (Table 1). After baseline blood
draw, 53 (50.5%) patients received hormonal therapy, 84 (80.0%) received chemotherapy,
and 67 (63.8%) received targeted therapy (21 received anti-HER?2 targeted therapies). CTCs
were detected in 62 (59.0%) patients, with =5 CTCs detected in 32. Using the CellSearch
system, HER2-positive and HER2-negative CTCs were identified (Figure 1B). Of the 19
patients found to have HER2-positive CTCs, 15 had high-risk cHER2 (cHER2" >2). No
significant difference was observed for demographic and clinical variables between patients
with positive vs. negative cHER2 or high-risk vs. low-risk cHER2 (Table 1).

The association between cHER?2 status and patient PFS

During a median follow-up of 87.8 weeks (interquartile range 19.9-111.4 weeks), 83
patients developed progressive diseases. As expected, patients with elevated (=5) CTCs had
an increased risk for disease progression (Supplementary Table S1 and Supplementary
Figure S1). Poor survival was observed when cHER2* was detected (Supplementary Figure
S2A). Compared to patients with low-risk cHER2, those with high-risk cHER2 had a
significantly unfavorable PFS with an HR of 2.16 (95% CI 1.20-3.88, £=0.010, Table 2),
as well as a shorter survival (4.6 weeks vs. 20.0 weeks, log-rank £=0.008, Figure 2A).
Among patients with low-risk cHER2, those with and without CTCs exhibited similar
survival (18.3 weeks vs. 20.7 weeks; log-rank £=0.419, Supplementary Figure S2B).

The effect of anti-HER?2 targeted therapy on patients PFS based on cHER?2 status

Anti-HER? targeted therapy was usually used in patients with tHER2* tumors. To
investigate whether patients with tHER2~ but cHER2™" could benefit from anti-HER2
targeted therapy, we categorized the patients into four groups, including those with (1) low-
risk cHER2 who received anti-HER? targeted therapy; (2) low-risk cHER2 who did not; (3)
high-risk cHER2 who received anti-HER?2 targeted therapy; and (4) high-risk cHER2 who
did not. Among the patients with high-risk cHER2, those who received anti-HER2 targeted
therapies had a significantly improved PFS (HR = 0.30, 95% CI 0.10-0.92, £=0.035,
median PFS: 9.0 weeks vs. 4.1 weeks, log-rank £=0.045) compared to those who did not
receive anti-HER? targeted therapies (Table 2 and Figure 2B). Among the patients with low-
risk cHER2, patients who received and who did not receive anti-HER? targeted therapy
exhibited similar survivals (HR = 0.70, 95% CI 0.36-1.38, A= 0.306, median PFS: 17.1
weeks vs. 20.0 weeks, log-rank £=0.311). Similar results were obtained when patients
without CTC were excluded from this analysis (Supplementary Figure S3).

To determine if cHER2 status was an independent predictor for PFS, we first assessed the
association between each demographic or clinical variable and PFS using univariate Cox
analysis, and then added those significant variables into multivariate Cox analysis. The
following factors were significantly associated with patient PFS in univariate analysis: tumor
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stage (P = 0.006); numbers of previous chemotherapy (£ = 0.022), hormonal therapy (P=
0.009), and chemotherapy after baseline blood draw (2= 0.004); and CTC enumeration (P=
0.025; Supplementary Table S1). After adjusting covariates, patients with high-risk cHER?2
continued to be at an increased risk for progression (HR = 1.93, 95% CI 1.03-3.61)
compared to those with low-risk cHER2 (Table 2). Multivariate analyses showed similar
results as univariate analyses, again indicating a significantly decreased risk for progression
when patients with high-risk cHER2 received anti-HER?2 targeted therapies (Table 2).

Changes of cHER?2 status and patient survival

We further evaluated the prognostic value of cHER2 status change in patients who had at
least one follow-up. Among the 105 patients included in this study, 67 were analyzed for
cHER?2 status at their first follow-up (median time from baseline to first follow-up blood
draw: 11.0 weeks, interquartile rang: 7.0-15.9 weeks). We separated these 67 patients into
four groups according to their cHER2 status at baseline and first follow-up, including (1)
low-risk cHER? at both baseline and first follow-up; (2) low-risk at baseline but high-risk at
first follow-up; (3) high-risk at baseline but low-risk at first follow-up; and (4) high-risk at
both baseline and first follow-up. None of the patients fit in group 2, likely due to the small
patient numbers. The best survival was observed in group 1 (median PFS 17.1 weeks) and
the worst survival was observed in group 4 (median PFS 2.0 weeks). Notably, patients in
group 3, whose cHER2 decreased from high-risk to low-risk at the first follow-up, had
higher survival (median PFS 11.7 weeks) compared to group 4 (log-rank 2= 0.002) but still
slightly worse than group 1 (log-rank £=0.453, Figure 3A).

We then assessed the associations of the dynamic change of cHER2 status with patient
survival, using serial blood samples collected from individual patients. Figure 3 depicts the
numbers of CTCs and cHER2* at multiple visits of two metastatic patients with HR*/
HER2~ (Luminal, Figure 3B) or HR™/HER2~ (triple negative, Figure 3C) tumors. The
patient with luminal cancer had 22 CTCs at baseline, among which 13 were cHER2*. After
the initiation of a combined chemotherapy (liposomal doxorubicin) and anti-HER2 targeted
therapies (trastuzumab and lapatinib), CTC number decreased to zero and subsequent
imaging tests showed significant improvement in bone metastasis, indicating partial
response to treatment. The patient then developed progressive disease with gradually
elevated CTC counts and re-appearance of cHER2* (2 HER2-positive among 3 CTCs). After
the regimen was changed to another chemotherapy plus targeted therapies containing an
anti-HER2 agent, CTC number decreased but HER2 expression on CTCs stayed positive,
and the disease further progressed, signifying treatment resistance. The triple negative breast
cancer (TNBC) patient had 3 CTCs at baseline, none of which was cHER2*. The patient
then failed in multiple lines of chemotherapy, with persistently increasing CTC numbers and
new metastases to multiple organs. At week 67 after treatment initiation, 106 CTCs were
detected, including 13 that acquired cHER2* during treatment. Right after this sharp
increase in CTCs, the patient received a combination therapy of chemotherapy
(capecitabine) plus anti-HER2 targeted therapies (trastuzumab and pertuzumab). Two weeks
later, imaging test revealed that the patient responded to the combination therapy, and both
CTCs and cHER2™ significantly dropped.
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Discussion

Tumor progression is a complex process with highly dynamic changes in tumor markers.
Breast cancer patients with HER2-negative primary tumors may have HER2-positive
metastases or vice versa [8]. Systemic therapies may influence the prevalence of certain
tumor subclones over others, and anti-HER2 targeted therapy may exert selective pressures
on HER2-positive tumor cells [8]. In contrast to tissue-based biopsies, CTCs represent an
attractive alternative for repetitive non-invasive evaluations of important tumor markers,
such as HER2 status, in real-time. High levels of tHER2* have been demonstrated to be
associated with poor survival [3, 9]. Several studies recently suggested the potential
prognostic values of cHER2 status in breast cancer [16-18, 22, 23, 30-35]. Consistently, in
our current study with a relatively long follow-up time of two years, we found that in
advanced-stage breast cancer patients whose tumors were HER2-negative, the presence of
HER2-positive CTCs, especially high-risk cHER2, was associated with poor PFS. This
finding aligns with those from a recent observational study demonstrating that in gastric
cancer, the acquisition of cHER2* phenotype during treatment correlated with the
development of therapeutic resistance [29]. However, contradictory observations have also
been made by Beije et al. [22], who did not find a link between cHER2 status and disease
progression in metastatic breast cancer patients with tHER2™ tumors. Additional larger
studies are needed to further characterize the discrepancy.

Currently, the use of anti-HER? targeted therapies mostly depends on HER2 status of tumor
tissues [5]. Therefore, patients with tHER2™ usually do not receive these therapies [8].
However, previous studies showed that some patients with tHER2™ appeared to benefit from
trastuzumab therapy [36]. These observations raised the question of whether some tHER2™
breast cancer patients actually have HER2-postive CTCs, which may partially explain their
responses to anti-HER2 therapies [8, 9]. The value of cHER2 in predicting the outcome of
anti-HER2 therapy in patients with tHER2* metastatic breast cancer was suggested by a
previous study [32]; however, there are as yet limited reports in tHER2™ patients. The study
of Meng et al. [34] showed that in 9 metastatic breast cancer patients with tHER2™/cHER2*
who were treated with trastuzumab-containing regimens, 1 had a complete response and 2
had a partial response. In another multicenter phase Il trial of patients with tHER2™
metastatic breast tumor, 7 of 96 patients had HER2-positive CTCs and were eligible for
treatment with lapatinib. No objective tumor responses occurred in this study population,
and disease stabilization, lasting 254 days, was observed in only 1 patient [23]. The data in
our present study suggested that anti-HER2 targeted therapies were associated with better
survival in patients with high-risk cHER2 but not in those with low-risk cHER2,
independent of other significant demographic and clinical prognostic factors. This
observation is clinically plausible, because higher levels of relevant genomic markers may
predict better responses to targeted or immune therapies [37-40]. It is also physiologically
plausible and seems to coincide with the results from the elegant study by Jordan et al. [21]
showing that the vast majority of tHER2™ breast tumors acquire cHER2™* that influence
tumor response to anti-HER?2 therapies. Nonetheless, despite the intriguing data that are
reasonable and supported by previous mechanistic findings, our study is limited by its
relatively small sample size. Thus, the discrepant observations among different
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aforementioned studies still need to be disentangled in future larger and prospective
investigations. Another issue worth noting is that the cut-off of >2 cHER2* to separate high-
risk vs. low-risk was determined based on the data in the current study with limited sample
size and may change in future larger studies.

cHER2 status may interconvert between cHER2* and cHER2™ due to disease dynamics. A
study showed that /7 vitro, HER2" and HER2™ CTCs can interconvert spontaneously, with
cells of one phenotype producing daughters of the opposite within four cell doublings [21].
In breast cancer patients, cHER2* could be acquired during tumor progression and lost after
treatment with anti-HER2 regents [16, 34, 35]. For instance, Munzone et al. [16] reported
18% acquisition and 19% loss of cHER2* during a treatment containing trastuzumab.
Another study showed that a decrease of cHER2* was correlated with response to lapatinib
[35]. cHER2* at follow-up was also reported as an independent prognostic factor in a small
study of 52 patients [17]. The results from our pilot longitudinal analysis suggested that
patients whose cHER2 status changed from high- to low-risk at the first follow-up exhibited
a much better survival compared to those who remained high-risk at the first follow-up (11.7
weeks vs. 2.0 weeks, Figure 3A). However, it should be noted that the analysis is
exploratory, limited by the small sample size, and warrants future investigations.

The dynamic changes of CTCs and cHER2™ in individual patients substantiated our findings
obtained at population level. The luminal breast cancer patient (Figure 3B) with high-risk
cHER? at baseline quickly responded to a regimen containing anti-HER?2 agents, as
evidenced by the sharp initial drops to zero of both CTCs and cHER2*. In the TNBC patient
(Figure 3C) who had low CTCs and undetectable cHER2* at baseline, various
chemotherapies were used but the patient still showed constant disease progressions. During
the process, cHER* stayed undetectable until week 67, when it reached 13. The patient then
received a combination regimen that contains anti-HER2 targeted agents, and responded
almost immediately to the new regimen, with CTCs decreasing from 106 to 28 and cHER2*
decreasing back to undetectable. This case again provided intriguing data for the potential
role of high-risk cHERZ2 in guiding the use of anti-HER? targeted therapy, even in TNBC
patients who have extremely limited treatment options compared to other breast cancer
subtypes. On the other hand, it should also be noted that, after anti-HER2 targeted therapy
eliminated cHER2*, the re-acquisition of cHER2* during follow-up could possibly signify
treatment resistance to anti-HER?2 agents (Figure 3B). These findings highlight the
importance of longitudinal evaluations.

In summary, our study leveraged an ongoing clinic-based cohort of breast cancer patients
with longitudinal blood collection, CTC enumeration, and cHER2 detection, and revealed
encouraging novel insights supporting that high-risk, but not low-risk cHER2, could
potentially guide the use of anti-HER2 targeted therapy in treating advanced-stage breast
cancer patients with HER2-negative tumors. Importantly, our data need to be interpreted
with caution due to the limitations of the present study (e.g., relatively small sample size,
heterogeneous treatments, lack of independent validations). Ideally, the question tackled in
our study should be answered using strictly designed and adequately powered clinical trials.
Nonetheless, before the data of the two ongoing clinical trials [4] are satisfactorily
completed, large retrospective studies with sufficient independent validations are critically
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warranted to provide evidence that may open more treatment avenues for breast cancer
patients with HER2-negative tumors.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. HER2 expression in tumor tissue and circulating tumor cell.
(A) HER2-positive and HER2-negative breast tumors; (B) HER2-positive and HER2-

negative CTCs. HER2, human epidermal growth factor receptor 2; CTC, circulating tumor
cell.
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Figure 2. Kaplan-Meier plots for patient outcomes.
Differences in progression-free survival were compared in risk groups stratified by (A)

cHER?2 status, or (B) cHER?2 status in combination with anti-HER2 targeted therapies.
cHER2, human epidermal growth factor receptor 2 phenotype on circulating tumor cell.
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Figure 3. Dynamic changes in cHER2 status and patient outcomes.
(A) Associations between changes of cHER2 status from baseline to first follow-up and

patient progression-free survival. Longitudinal monitoring of cHER2 status using serial
blood samples collected from metastatic breast cancer patients with hormonal receptor (HR)
positive (B) or HR-negative (C) tumor. cHER2, human epidermal growth factor receptor 2
phenotype on circulating tumor cell; PR, partial response; PD, progressive disease.
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Table 1
Characteristics of breast cancer patients (N=105)
Variables To(toii’) N C,I S7§5 C,I 5335 P I:(i?gg\ée i&sliitgg P tgvégzsl( E EFEZ P
N=86 N=19 N=90 N=15
(Asgs)(years)' mean (ﬁ’:g) (ﬁ:g) (igzg) 0979 548(118) 557(9.4) 0775 550(1L7) 54.9(9.6) 0.990
<54.6 52(495) 37(50.7) 15(46.9) 0719 43 (50.0) 9(474) 0836 44(489)  8(533) 0.750
>54.6 53(50.5) 36(49.3) 17 (53.1) 43(500) 10 (52.6) 46 (511)  7(46.7)
Ethnicity
Caucasian 89(84.8) 62(84.9) 27(844) 0329 73(849)  16(842) 0701  76(84.4)  13(86.7) 0.403
An’?;ri‘g:;‘ 13(124) 10(13.7)  3(9.4) 11 (12.8) 2 (10.5) 12 (13.3) 1(6.7)
Other 3(29) 1(14)  2(63) 2(2.3) 1(5.3) 2(2.2) 1(6.7)
BMI (kg/m?)
<25 28(26.7) 22(30.1) 6(188) 0318  25(29.1) 3(158) 0372 27(30.0) 1(67) 0112
225 - <30 35(333) 25(34.3) 10(31.3) 29 (33.7) 6 (31.6) 30(333)  5(33.3)
230 42 (40.0) 26(35.6) 16 (50.0) 32(37.2) 10 (52.6) 33(36.7)  9(60.0)
Menopause status
Post 88(83.8) 61(836) 27(844) 0917 71(826)  17(895) 0732 75(83.3)  13(86.7) 1.000
Pre 17(16.2) 12(16.4) 5(15.6) 15 (17.4) 2(10.5) 15(16.7) 2 (13.3)
Tumor stage
1 15(14.3) 13(17.8) 2(63) 0142  14(16.3) 1(53) 0296  15(16.7) 00) 0121
v 90(85.7) 60(822) 30 (93.8) 72(837)  18(94.7) 75(83.3)  15(100)
Tumor grade
siftooderately 25(238) 18(247) 7(21.9) 0017 21(244)  4(2L1) 0190 21(233)  4(267) 0.274
di Poorly 70(66.7) 52(71.2) 18 (56.3) 59(686)  11(57.9) 62(68.9)  8(53.3)
ifferentiated
Unknown 1095 3(41)  7(21.9 6(7.0) 4(21.1) 7(7.8) 3(20.0)
Tumor subtype
(Lrnﬁ‘i;;)ERz_ 66(62.9) 41(562) 25(781) 0032 52(60.5)  14(73.7) 0281 55(6L1)  11(733) 0.364
(Tr';';e' :]"e'égﬁz\;e) 39(37.1) 32(438) 7(2L9) 34 (39.5) 5(26.3) 35(389)  4(26.7)
Baseline cancer
antigen 15.3
Normal 13(124) 9(123) 4(125) 0473  11(12.8) 2(105) 0213 12(13.3) 1(6.7) 0476
Elevated 22(21.0) 13(17.8) 9(28.1) 15 (17.4) 7(36.8) 17(189)  5(33.3)
Unknown 70(66.7) 51(69.9) 19 (59.4) 60(69.8) 10 (52.6) 61(67.8)  9(60.0)
Number of previous
hormone therapy
lines
0 62(59.1) 47(64.4) 15(46.9) 0045 53 (616) 9(47.4) 0179  56(62.2)  6(400) 0.105
1 17(16.2) 13(17.8) 4 (12.5) 15 (17.4) 2(10.5) 15(16.7) 2 (13.3)
>2 26(24.8) 13(17.8) 13 (40.6) 18 (20.9) 8 (42.1) 19(21.1)  7(46.7)
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. . ri High-
Variables To(t(%,) N C,I 5755 C,I 5335 P ,\éellgllg_lgi\ée E:)ES_IE;I%/; P t;vé :ZS’I‘( HrIiESI'__\fZ P
B B N=90 N=15
Number of previous
chemotherapy lines
0 32(305) 22(30.1) 10(31.3) 0215  28(32.6) 4(211) 0614  29(32.2) 3(20.0) 0.339
1 24(229) 20(27.4) 4(125) 19 (22.1) 5 (26.3) 22 (24.4) 2(13.3)
>2 49 (46.7) 31(425) 18 (56.3) 39 (45.4) 10 (52.6) 39(43.3)  10(66.7)
Hormonal therapy
No 52(49.5) 39(53.4) 13(40.6) 0227  41(47.7) 11(57.9) 0.420 44 (48.9) 8(53.3) 0.750
Yes 53 (50.5) 34 (46.6) 19 (59.4) 45 (52.3) 8 (42.1) 46 (51.1) 7(46.7)
Chemotherapy
No 21(20.0) 17(233) 4(125) 0203  19(22.1) 2(105) 0351 19 (21.1) 2(13.3)  0.730
Yes 84 (80.0) 56 (76.7) 28 (87.5) 67 (77.9) 17 (89.5) 71(78.9)  13(86.7)
Targeted therapy
No 38(36.2) 28(38.4) 10(31.3) 0486  30(34.9) 8(42.1) 0553  32(35.6) 6 (40.0)  0.740
Yes 67 (63.8) 45 (61.6) 22 (68.7) 56 (65.1) 11 (57.9) 58 (64.4) 9 (60.0)

Abbreviations: BMI, body mass index; CTC, circulating tumor cell; cHER2, human epidermal growth factor receptor 2 phenotype on circulating
tumor cell; HR, hormonal

receptors; SD, standard deviation.

cHER2™ <2, including those with negative cHER2
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Table 2
Association of cHER2 status with PFS and effect of anti-HER? targeted therapy stratified by cHER?2 status

Variables N Univariate analysis Multivariate analysis”

HR (95% Cl) P HR (95% CI) p

CcHER? status
Low-risk 90 1.00 1.00
High-risk 15 2.16(1.20-3.88) 0.010 1.93(1.03-3.61) 0.041

Anti-HER? targeted therapy according to cHER2 status
High-risk cHER2 without anti-HER? targeted therapy 1.00 1.00
High-risk cHER2 with anti-HER?2 targeted therapy 6 0.30(0.10-0.92) 0.035 0.30(0.10-0.93) 0.037
Low-risk cHER2 without anti-HER?2 targeted therapy 75 1.00 1.00
Low-risk cHER2 with anti-HER?2 targeted therapy 15 0.70(0.36-1.38) 0.306 0.72(0.35-1.48) 0.368

©o

Abbreviations: Cl, confidence interval; cHER2, human epidermal growth factor receptor 2 phenotype on circulating tumor cell; HR, hazard ratio;
PFS, progression-free survival.

*
Adjusted for significant variables in univariate analysis, including tumor stage, numbers of previous chemotherapy, hormonal therapy and
chemotherapy after baseline blood draw, and CTC enumeration.
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