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Abstract Background Circulating tumor cells (CTCs) in the peripheral bloodmay play amajor role
in the metastatic spread of breast cancer. This study was conducted to assess the role of
CTCs to determine the prognosis in terms of survival in metastatic breast cancer patients.
Methods This prospective study of 36 patients was conducted at the Hospital from
April 2016 to May 2018. Details of each patient related to the demographic profile,
tumor type, treatment, and follow-up information were recorded. The number of CTCs
in the peripheral blood was measured by Celsee PREP 400 sample processing system
and Celsee Analyzer imaging station.
Results There was a positive correlation between the number of site of metastasis
with number of CTCs (p-value<0.001). In the patients with clinical/partial response, a
significant reduction in the number of CTCs after 1 month of therapy was observed (p-
value¼0.003). When the number of CTCs at baseline and 6 months were compared
with the positron emission tomography response at 6 months, a statistically significant
difference in CTCs in patients having partial response after 6 months was observed (p-
value¼0.001). On comparison with the responder groups, a statistically significant
reduction in CTCs at baseline and 6 months was observed (p-value¼0.001). Patients
with CTCs less than 5 and more than or equal to 5 after 1 month of treatment had a
mean progression-free survival of 11.1 months and 7.5 months (p-value¼0.04) and a
mean overall survival of 11.6 and 9.6 months (p-value¼0.08), respectively.
Conclusion Assessment of CTCs provides amore quantifiable response than radiograph-
ic evaluation and at a much earlier time point and is also a better predictor of survival.
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Introduction

Breast cancer is the most frequently diagnosed cancer
worldwide accounting for 23% of the total cancer cases and
14% of the cancer deaths.1 Different prognostic factors for
breast cancer have been identified over the yearswith an aim
to identify patients with an unfavorable prognosis and to
improve the treatment strategies according to the individual
risk (recurrence and mortality).2,3

Circulating tumorcells (CTCs), thebreakawaycancercells in
the peripheral blood detached from the solid primary tumor,
may survive in theperipheral blood for several years andplaya
major role in themetastatic spreadofbreastcancer.Around2.5
and 0.01% CTCs have been reported to form micrometastases
and macrometastasis, respectively.4 CTCs with the use of
multiple sampling provide a so-called real-time “liquid biop-
sy” that greatly helps in treatment selection and optimiza-
tion.5–8 In addition to TNM staging, CTCs may help in
predicting disease progression in lymph node negative
patients and thereby help in decision making regarding the
need for therapy and to monitor treatment efficacy. In breast
cancer, measurable CTCs after first line of therapy can help in
making early changes in treatment and a second-line therapy
can be chosen.9,10 Earlymetastatic relapsehas been correlated
with the identificationofCTCs in theperipheralblood inbreast
cancer and has also been identified as the predictors of
progression-free survival (PFS) and overall survival (OS).11,12

Enumeration and analysis of CTCs can distinguish between
high- and low-risk profiles for PFS and OS.13 Genetic and
molecular analyses of CTCs provide insight in the metastatic
process and the effectiveness of therapy.10

This study was conducted to assess the role of CTCs to
determine the prognosis in metastatic breast cancer by
correlating with patient’s outcome after chemotherapy in
terms of survival in metastatic breast cancer patients.

Methods

This prospective study was conducted in the Department of
Medical Oncology and Department of Pathology at our
hospital from April 2016 to May 2018. This study was
approved by the Institutional Review Board (Ethics commit-
tee) of our hospital. Written informed consent was taken
from all the patients before the initiation of this study.
Thirty-six patients with clinically or radiologically proven
newly diagnosed metastatic breast cancer with no history of
prior treatment for cancer were included in the study.
Patients with Eastern Cooperative Oncology Group (ECOG)
score performance status 3 and 4 and any associated comor-
bidity or malignancy were excluded from the study.

Details of each patient related to the demographic profile,
investigations, tumor type, histopathology details, treat-
ment, and follow-up information were recorded. Pathologi-
cal diagnosis of the patientswas confirmed using core needle
biopsy. Distant metastasis was diagnosed with appropriate
imaging modality like positron emission tomography-com-
puted tomography (PET-CT), X-ray chest or CT chest, ultra-
sonography abdomen or CT abdomen and if needed, bone

scintigraphy. All patients underwent PETscan after 3months
and after completion of systemic therapy, that is, 6 months
after starting systemic therapy.

The number of CTCs in the peripheral bloodwasmeasured
before giving chemotherapy and subsequently after first cycle
and 6 months of starting chemotherapy. The integrated CTCs
analysis system consists of Celsee PREP 400 sample processing
system (for performing single cell analysis of CTCs directly
from blood samples) and Celsee Analyzer imaging station.14

A novel microfluidic slide at the core of the Celsee PREP
confirmed the isolation of CTCs in the respective compart-
ments.14 Following the cell capturing, cells were stained first
with DAPI (4’,6-diamidino-2-phenylindole), a fluorescent
nuclear stain, while nucleated cells were stained with the
primary antibody cocktail, anti-PanCK and anti-CD45. The
antibody against CD45 was used as a marker for background
leukocytes. Filters for DAPI (nucleus), pan cytokeratin
[PanCK], an epithelial marker, and CD45, a leukocyte marker
were used in the standard assay. A DAPIþ , PanCKþ , and
CD45-cell was classified as a CTC.10,11

The comparison of the baseline tumor burden to the
tumor size and burden after palliative chemotherapy by
imaging was done to assess the clinical response to chemo-
therapy. The Response Evaluation Criteria in Solid Tumors
guidelines version 1.1 was used15 to quantitatively assess the
clinical response to chemotherapy. The primary outcome
was survival. Response to therapy and survival were calcu-
lated at the end of 1 year.

Statistical analysis was done using SPSS version 20 for
Windows (SPSS Inc, Chicago, Illinois, United States). Chi-
squared test, Fisher’s exact test, Mann–Whitney test, and
Wilcoxon rank-sum test were used as applicable (p-value
<0.05 was considered as significant). The correlation be-
tween CTCs and metastasis was assessed using Pearson’s
correlation coefficient. Kaplan–Meier methodwas employed
for the survival analysis.16

Results

Altogether, 36 patients were included in the study and the
mean agewas 50 years (range: 34–76 years). The distribution
of pre- and postmenopausal womenwas similar in the study
group (50% each). In terms of performance status, the
majority of the patients were ECOG1 (50%). A total of 56
and 47% patients were estrogen receptor/progesterone re-
ceptor positive and human epidermal growth factor receptor
2 (HER-2) positive, respectively. On histology, around 55%
patients were classified as low or moderate grade. The
demographic profile of the patients is depicted in ►Table 1.

All the patients were in the phase of initiating their first
line of therapy for metastatic breast cancer. Docetaxel along
with epirubicinwas themost commonly used regimen in this
study (42%) followed by docetaxel, carboplatin, and trastu-
zumab with or without pertuzumab in HER-2/neu positive
patients. The rest of the patients were given paclitaxel alone,
docetaxel alone or paclitaxel and trastuzumab. Before evalu-
ation at 1 year, eight patients were withdrawn from the
study. Three of these patients were lost to follow-up, four
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died and one had unexpected severe cardiac symptoms and
stopped the treatment.

In this study, lymph nodes were the most common site of
metastasis (86%) followed by lungs, liver, bones, brain, skin
and soft tissue, pleura and adrenal. Twenty-two patients
had three or more metastasis. In all the 36 patients, the
mean number of CTCs were 13.8 with range varying from 0

to 48. At baseline, 27 (75%) patients had CTCs more than or
equal to 5. There was a positive correlation between the
number of site of metastasis with number of CTC (p-value
<0.001) (►Fig. 1).

In terms of the clinical efficacy determined at 3 months, 4
(11%) patients had complete response (CR), 19 (54%) patients
had partial response (PR), 7 (20%) patients had stable disease
(SD), 5 (15%) patients had progressive disease (PD), and one
patient could not be evaluated as he was lost to follow-up
(►Table 2). In the patientswith CR, themean number of CTCs
was 21 (median: 17) before starting the treatment that
decreased to 4.25 after one cycle of chemotherapy (p-value
¼0.14). However, in the patients with PR, after one cycle of
chemotherapy the mean number of CTCs significantly de-
creased to 6.3 from 12.9 (p-value¼0.001). When both the
responder groups (CR and PR) were considered together, a
significant reduction in the number of CTCs after 1 month of
therapy was observed (p-value¼0.003). In comparison to
thebaseline values, the patientswith PD showed a significant
increase in their CTCs at 1 month.

Similarly, when the number of CTCs at baseline and
6monthswere comparedwith the PET response at 6months,
a statistically significant difference in CTCs in patients having
PR after 6 months was observed (p-value¼0.001). When the
patients with CR and PR were combined together, a statisti-
cally significant reduction in their CTCs at baseline and
6 months was observed (p-value¼0.001) (►Table 3).

When taking a cutoff of more than or equal to 5 CTCs, 16
patients with CR or PR had more than 5 CTCs at baseline that
further decreased to 6 patients at 6 months. Similarly, three
patients with PD hadmore than or equal to 5 CTC at baseline
that increased to four patients at 6 months (►Table 4).

The patients were grouped on the basis of the number of
CTCs (<5, �5) for calculating the survival. No statistical
difference was observed in terms of PFS when compared at

Table 1 Patient demographics

Characteristics n¼ 36 %

Mean age (years) 50.1 –

Menopausal status

Premenopausal 18 50

Postmenopausal 18 50

Performance status

ECOG0 10 28

ECOG1 18 50

ECOG2 8 22

ER/PR status

Positive 20 56

Negative 16 44

HER2 status

Positive 17 47

Negative 19 53

Histology

Low or moderate grade 20 55

High grade 16 45

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ER, estro-
gen receptor; HER2, human epidermal growth factor receptor 2; n,
number; PR, progesterone receptor.

Fig. 1 Correlation of number of circulating tumor cells (CTC) at baseline with number of sites of metastasis in each patient.
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baseline between the two groups (►Fig. 2). Patients with
baseline CTCs less than 5 and more than or equal to 5 had a
mean PFS of 9.8 and 8.6 months, respectively (p-value
¼0.37). However, statistically significant difference was
noted when these groups were compared at 1 month after
treatment. Post 1month of treatment, the patientswith CTCs
less than 5 andmore than or equal to 5 had amean PFS of 11.1
and 7.5 months, respectively (p-value¼0.04). In terms of OS,
there was no statistically significant difference in the
patients with CTCs less than5 and CTCs more than or equal
to 5 either at baseline or after 1 month of systemic therapy.
Patients with baseline CTCs less than 5 had amean OS of 10.2
months, whereas the patients with baseline CTCs more than
or equal to 5 had a mean OS of 10.4 months (p-value¼0.98)
(►Fig. 3). After 1month of treatment, patientswith CTCs less
than 5 andmore than or equal to 5 had amean OS of 11.6 and
9.6 months, respectively (p-value¼0.08).

Discussion

This study reports the data from 36 patients of metastatic
breast cancer treated with palliative systemic therapy and
investigated the role of CTCs and other clinicopathological
parameters (number of metastasis, hormonal status, and
response to therapy) as predictive and prognostic factors
in these patients. The role of the number of CTCs in predict-
ing early response to treatment and survival was also
evaluated.

The mean CTCs count at the beginning of the study in all
the 36 patients was 13.8 (0–48). At baseline, 27 (75%)
patients had CTCs more than or equal to 5 that has been
used as a cutoff in the previous studies.9,17 In a study by
Cristofanilli et al, it was observed that 49% patients with
metastatic breast disease had more than or equal to 5 CTCs;
however, none of the 145 normal subjects and 200 subjects

Table 2 Comparison of PET scan at 3 months with number of CTCs at baseline and after 1 month of systemic therapy

PET scan 3 months
n¼ 35

n (%) CTC baseline CTC 1 month p-Value

Mean Median Range Mean Median Range

Complete response 4 (11%) 21 17 2–48 4.25 4.5 0–8 0.14

Partial response 19 (54%) 12.9 9 0–34 6.3 4 0–14 0.001

Responders (CRþ PR) 23 (65%) 14.3 10 0–48 5.9 4 0–14 0.003

Stable disease 7 (20%) 17.6 11 1–38 17.2 13 0–44 0.83

Progressive disease 5 (15%) 7 5 3–15 18.2 18 12–25 0.02

Abbreviations: CR, complete response; CTC, circulating tumor cells; N/n, number; PET, positron emission tomography; PR, partial response.

Table 3 Comparison of PET scan at 6 months with number of CTCs at baseline and after 6 months of systemic therapy

PET scan at 6 months
n¼ 28

Number of patients CTC baseline CTC 6 months p-Value

Mean Median Range Mean Median Range

Complete response 4 21 17 2–48 2.75 2 0–7 0.12

Partial response 16 13.6 9.5 0–34 3.1 2 0–13 0.001

Responders (CRþ PR) 20 15.1 11.5 0–48 3 2 0–13 0.001

Stable disease 3 12.3 9 1–27 8.7 6 0–20 0.17

Progressive disease 5 16.8 11 0–38 21.2 23 0–43 0.11

Abbreviations: CR, complete response; CTC, circulating tumor cells; N/n, number; PET, positron emission tomography; PR, partial response.

Table 4 Comparison of patients with more than or equal to 5 CTCs at baseline, after 1 month and after 6 months of systemic
therapy with PET scan at 6 months

Treatment efficacy at 6 months n CTC �5 at baseline CTC �5 at 1 month CTC �5 at 6 months

Complete response 4 3 2 1

Partial response 16 13 8 5

Stable disease 3 2 2 2

Progressive disease 5 3 3 4

Total 28 21 15 12

Abbreviations: CTC, circulating tumor cells; n, number; PET, positron emission tomography.
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with benign breast disorders had more than or equal to 5
CTCs.9 Similarly, another recent study from Japan showed
that 32% patients with metastatic breast disease had more
than or equal to 5 CTCs in the peripheral blood.17 Fehm et al
and Hayes and Smerage have shown a prevalence of more
than or equal to 5 CTCs inmetastatic breast cancer to the tune
of 60 to 70%.18,19 In our study, a higher percentage of patients
showing increased CTCs may be due to the delay in presen-
tation and late stage presentation as pointed out by various
Indian studies due to the lack of proper awareness and
screening programs.20 At 3 months, complete clinical re-
sponse was observed in 4/35 (11%) patients and partial
clinical response in 19/35 (54%) patients. SD and PD were
seen in 7/35 (20%) and 5/35 (15%) patients, respectively.
Those patients with complete clinical response did not show
a significant decrease in their mean CTCs count; however,
when the patients with complete and PR were included, this
difference was statistically significant. Similarly, when the
mean CTCs at baselinewere comparedwith themean CTCs at
6 months in patients showing PR at 6 months after systemic
therapy, a significant decrease in mean CTCs was observed.
This points out toward the inference that the difference in the
CTCs at baseline and 1 month can predict the clinical

response at 3 and 6 months. There was no difference in
PFS at baseline or before starting systemic therapy in patients
with less than 5 CTCs in comparison to the patients with
more than or equal to 5 CTCs; however, this difference was
statistically significant when the PFS was compared in both
the groups after 1 month of systemic therapy. Although
statistically there was no difference in OS in patients with
less than 5 CTCs in comparison to those with more than or
equal to 5 CTCs at baseline or at 6 months, the present data
suggests that the CTC status after the treatment may be a
prognostic marker. In addition, CTCs were useful to estimate
the treatment efficacy as a predictive marker. These results
suggest that keeping a track on the number of CTCs may
contribute in predicting the efficacy of the treatment. In
particular, the prognosis of radiologically responding
patients (SD and PR) was divided into good and unfavorable
prognosis groups according to the number of CTCs. Similarly,
radiologically nonresponding patients (PD) were also divid-
ed into these two groups depending on the number of CTCs.
Furthermore, in this report, radiological disease progression
patients with more than or equal to 5 CTCs demonstrated a
significantly worse prognosis than the patients with CTCs
less than 5.21

Fig. 2 Kaplan–Meier graph showing progression-free survival when compared between the two groups with circulating tumor cell (CTC) less
than 5 and CTC more than or equal to 5 at (A) baseline (B) 1 month of treatment.

Fig. 3 Kaplan–Meier graph showing overall survival when compared between the two groups with circulating tumor cell (CTC) less than 5 and
CTC more than or equal to 5 at (A) baseline and (B) 1 month of treatment.
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Many a times, in the absence of measurable disease, it
becomes extremely difficult to ascertain treatment response
radiologically. Also, in the patients in whom the lesions are
difficult to assess, it becomes complex and a cause of concern
for the treating physician, and hence, the assessment of CTCs
might be a useful predictor of treatment efficacy in addition
to the tumor markers.

This study brings to light an important finding that
especially in metastatic breast cancers, the frequency of
CTCs before initiating a new therapy and at follow-up may
be very useful predictors of PFS. This finding could not be
replicated in terms of OS, although a trendwas observed that
may be due to the small sample size of the patients. A reliable
estimate of disease progression and survival earlier than the
estimations made with the use of traditional imaging meth-
ods (3–4 weeks vs. 10–12 weeks after the initiation of
therapy, respectively) using the CTCs levels cutoff point of
more than or equal to 5 could be made.

The results of this study can be utilized in both standard
care and clinical research and can spare the patient from life-
threatening toxicities with more effective therapeutic
options for the patient22 however, this needs to be prospec-
tively assessed in clinical trials designed to investigate this
question. CTCs may prove to be an effective tool in assessing
the response of novel therapeutic agents apart from its
clinical utility.23 CTCs could also become a validated end
point for prospective clinical trials.

In conclusion, the number of CTCs has a biological as well
as clinical importance in breast cancer patients with meta-
static disease. Assessment of CTCs provides a more quantifi-
able response than radiographic evaluation and at a much
earlier time point than the radiologic studies and are also a
better predictor of survival than the radiographic response.
In future, CTCs may become an integral part of the diagnosis
and management strategies in breast cancer.
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