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Background: This study was intended to determine the clinical significance of circulating tumour cells (CTCs) in patients with
advanced gastric cancer (AGC), particularly the potential role of CTCs for dynamic monitoring of the therapeutic response.

Methods: A single-centre, prospective study was undertaken in 136 patients with newly diagnosed AGC. The patients’ CTCs were
enumerated using CellSearch at baseline and at the first response evaluation. In 15 patients whose clinical condition permitted
longitudinal study, CTCs were longitudinally enumerated during treatment.

Results: Following 6 weeks of chemotherapy, an unfavourable post-therapy CTC level (X3 CTCs per 7.5ml) was closely correlated
with the objective response rate (P¼ 0.016) and the disease control rate (P¼ 0.013), and it also independently predicted a shorter
progression-free survival and overall survival. Particularly, conversion to a favourable CTC level following therapy improved the
prognosis, but patients who changed to an unfavourable CTC level fared significantly worse. Elevated CTCs during therapy may be
associated with a poor prognosis.

Conclusions: Post-therapy CTC level may help in evaluating therapeutic response in patients with AGC and predicting their prognosis.
In addition, changes in CTCs following therapy may be useful in rapidly identifying ineffective treatments and poor prognosis.

Gastric cancer (GC) remains one of the most common causes of
cancer deaths worldwide (Jemal et al, 2011). Despite improvements
in cancer diagnosis and therapy, about two-thirds of patients with
GC are still diagnosed with advanced gastric cancer (AGC) in
many developing countries, including China (Shen et al, 2013).
Chemotherapy or targeted therapy remain mainstays of treatment
for AGC (Hartgrink et al, 2009; Shen et al, 2013). Unfortunately,
diminished sensitivity to chemotherapy and the invariable
development of acquired resistance limit the efficacy of treatment.
In general, o60% of patients with AGC have an effective response
to chemotherapy, which results in overall 5-year survival rates as
low as 20% (Hartgrink et al, 2009; Shen et al, 2013). Identification
of tumour tissue-based biomarkers related to therapeutic respon-
siveness may help screen sensitive patients before therapy
(Scartozzi et al, 2009; Gao et al, 2011; Lu et al, 2011; Liang and

Kim, 2013; Wang et al, 2014). However, as it is challenging to
obtain tumour tissues repeatedly in AGC patients, tumour tissue-
based biomarkers may be inappropriate to serve as continuous
real-time monitors of acquired resistance during clinical therapy
(Alix-Panabières and Pantel, 2013; Haber and Velculescu, 2014).

Circulating tumour cells (CTCs) in peripheral blood are an
attractive alternative that might provide the ability to repeatedly
and non-invasively monitor therapeutic responses in cancer
patients (Yu et al, 2011; Alix-Panabières and Pantel, 2013; Balic
et al, 2013; Haber and Velculescu, 2014). A number of studies have
reported that enumeration of CTCs using CellSearch (Veridex,
Raitan, NJ, USA) can be used for predicting chemotherapy
effectiveness in various cancers, including metastatic breast cancer
(Cristofanilli et al, 2004, 2005; Mostert et al, 2009; Castle et al,
2014), castration-resistant prostate cancer (de Bono et al, 2008;

*Correspondence: Professor L Shen; E-mail: linshenpku@163.com
2These authors contributed equally to this work.

Received 14 August 2015; revised 8 October 2015; accepted 26 October 2015

& 2016 Cancer Research UK. All rights reserved 0007 – 0920/16

FULL PAPER

Keywords: circulating tumour cells; advanced gastric cancer; therapeutic response; survival; prognosis

British Journal of Cancer (2016) 114, 138–145 | doi: 10.1038/bjc.2015.417

138 www.bjcancer.com |DOI:10.1038/bjc.2015.417

mailto:linshenpku@163.com
http://www.bjcancer.com


Scher et al, 2009; Miyamoto et al, 2014), metastatic colorectal
cancer (Cohen, 2009; Cohen et al, 2009; Rahbari et al, 2010;
Lim et al, 2014), non-small cell lung cancer (Krebs et al, 2011;
Wang et al, 2013; Alama et al, 2014), and small cell lung cancer
(Hou et al, 2009, 2012; Hiltermann et al, 2012). Continuous
enumeration of CTCs in these cancers has been successfully
achieved, and the findings of a number of studies suggest that
patients with persistently unfavourable CTC level and those who
convert to an unfavourable CTC level post therapy may exhibit
limited sensitivity to current treatments (Cristofanilli et al, 2004,
2005; Danila et al, 2007; de Bono et al, 2008; Cohen, 2009).
Consequently, real-time monitoring of the CTC level might help in
rapidly identifying therapeutic resistance and might allow the
selection of effective therapies without waiting for radiographic
evidence of response or non-response.

In patients with AGC, clinical evidence of the value of CTCs in
predicting and monitoring therapeutic responses remains limited
(Tang et al, 2013; Tsujiura et al, 2014). A study of 52 Japanese
AGC patients suggested that an unfavourable CTC level at 2 or 4
weeks after beginning chemotherapy may be correlated with an
inferior therapeutic outcome, as patients with unfavourable CTC
level at these time points had shorter median progression-free
survival (mPFS) and overall survival (mOS) in comparison with
patients with favourable CTC levels (Matsusaka et al, 2010).
However, more robust data based on studies of longer duration are
needed to confirm the predictive ability of CTCs in AGC.
Importantly, as noted above, changes in CTCs in response to
therapy need to be studied further to confirm their value in real-
time monitoring of therapeutic efficacy and their capacity to
rapidly identify therapeutic resistance during treatment.

To investigate the clinical significance of CTCs in AGC, we
undertook a single-centre, prospective study of Chinese patients
with newly diagnosed AGC (ClinicalTrials.gov identifier
NCT01625702). The correlation of changes in CTC levels with
the patients’ clinical prognoses and the value of serial changes of
CTC levels in individual patients during therapy were investigated
to evaluate if CTCs can be used to monitor the response to AGC
therapies.

MATERIALS AND METHODS

Patients and sample collection. A total of 138 patients with newly
diagnosed AGC were prospectively enrolled in the study at the
Peking University Cancer Hospital between July 2012 and July
2014. The patients were 418 years of age and had histologically
confirmed, locally advanced or recurrent and/or metastatic
adenocarcinoma of the stomach or gastroesophageal junction.
Patients who had received no prior treatment for advanced/
metastatic disease and who had Karnofsky performance status
X60, adequate organ function, and measurable or non-measurable
but evaluable disease were eligible for the study. The enrolled
patients were mainly treated with first-line paclitaxel (PTX) or
platinum (DDP)-based chemotherapy, the regimens for which
were similar to those used by us in a previous study (Gao et al,
2011). After 6 weeks of treatment (two cycles of chemotherapy),
evaluation of the clinical response was performed by computed
tomography according to RECIST version 1.1 criteria (Eisenhauer
et al, 2009). For GC, the primary tumour has been considered
unmeasurable according to RECIST. Therefore, uni-dimensional
measurement of lymph nodes or distant metastases is suggested in
assessing response using clinical imaging. Responses were
categorised as partial responses (PR, i.e., at least a 30% decrease
in the sum of diameters of target lesions), progressive disease
(PD, i.e., at least a 20% increase in the sum of diameters of target
lesions), or stable disease (SD, neither sufficient shrinkage to

qualify as a PR nor a sufficient increase to qualify as PD)
(Eisenhauer et al, 2009).

Peripheral blood samples of 7.5ml were collected from the
patients for CTC enumeration. The blood samples were drawn
before therapy (baseline) and at the time of the first response
evaluation (after 6 weeks of therapy). In 15 patients whose clinical
condition permitted, serial blood samples were collected at
intervals of 6 weeks.

Consent forms were provided in writing to all patients to inform
them that their blood samples were to be used for future research.
The study was approved by the Ethics Committee of Peking
University Cancer Hospital and was performed according to the
principles of the Declaration of Helsinki.

CTC enumeration. CTCs were enumerated by the CellSearch
system as described previously (Matsusaka et al, 2010). In brief,
7.5ml blood samples were drawn into 10ml CellSave Vacutainer
tubes (Becton Dickinson, Franklin Lakes, NJ, USA) containing
ethylenediaminetetraacetic acid and cell fixative. Samples were kept
at room temperature for up to 72 h, followed by processing with a
semi-automated system (CellPrep) and a CellSearch Epithelial Cell
Kit. Cells expressing epithelial cell adhesion molecule were
captured with antibody-coated ferrous particles, and cell nuclei
were labelled with 40,6-diamidino-2-phenylindole. Fluorescent
dye-labelled monoclonal antibodies against leukocytes (CD45-
allophycocyan) and cytokeratins (CK8, 18, 19-phycoerythrin) were
used to distinguish epithelial cells from leukocytes. Further
identification and enumeration of CTCs were performed using
the CellSpotter Analyzer, a semi-automated fluorescence-based
microscopy system that permits computer-generated reconstruc-
tion of cellular images. CTCs were defined as nucleated cells with
CK-positive and CD45-negative staining.

Statistical analyses. The primary end point of the study was OS.
Based on an unfavourable threshold level ofX3 CTCs per 7.5ml of
blood, it was assumed that the ratio of patients in the favourable
and unfavourable CTC groups would be 4 : 1 and that the
study would last for 29 months, with patient accrual (entry)
occurring in the first 18 months and 10% of patients dropping out
during the study. Based on these assumptions, a minimum of 102
patients, 20 in the unfavourable CTC group and 82 in the
favourable CTC group, was the number calculated to achieve
80% power for detecting an improvement of 8.5 months in the
mOS in the favourable CTC group compared with a mOS
of 7.5 months in unfavourable CTC group (two-sided log-rank
P-value of 0.1).

Statistical analysis was performed using SPSS 18.0 software
(SPSS Inc., Chicago, IL, USA). The correlations of CTC numbers
with clinicopathologic characteristics and clinical responses were
assessed using, respectively, Pearson w2-test and Fisher’s exact test.
The threshold of CTCs established was based on nonparametric
receiver operating characteristic (ROC) analysis, and optimal
cutoff values were determined to maximise the Youden index. The
Youden index (sensitivityþ specificity� 1) is determined by
selecting a point that maximises the number of subjects who are
classified correctly and gives equal weight to sensitivity and
specificity (Youden, 1950). PFS was defined as the time from initial
blood collection to the date clinical progression was confirmed or
was censored at the last follow-up. OS was defined as the time from
initial blood collection to the date death occurred or was censored
at the last follow-up. Kaplan–Meier survival plots for PFS or OS
were generated based on CTC levels before and after therapy, and
the survival curves were compared using log-rank tests. Cox
proportional hazards regression was used to determine the
univariate and multivariate hazard ratios of PFS and OS. Baseline
and post-therapeutic CTC numbers and standard clinical factors
including liver and peritoneal metastases, the Lauren classification,
human epidermal growth factor receptor 2 (HER2) status, and the
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type of treatment were subjected to univariate analysis for both PFS
and OS. Significant parameters in the univariate analysis were then
included in the multivariate analysis. A two-sided P-value o0.05
was considered statistically significant.

RESULTS

Patient characteristics. Of the 138 Chinese patients with AGC
who were prospectively enrolled in the study between July 2012
and January 2014, 136 met the study’s inclusion/exclusion criteria.
The flow of patients in the study is summarised in Supplementary
Figure S1, and the clinicopathological characteristics of the 136
evaluable patients are shown in Supplementary Table S1. At the
time the clinical response was analysed, 106 patients (78.0%) were
assessable, of whom 85 (80.2%) had progressive disease; 75 (70.8%)
of these patients died. The median follow-up time was 28.3
months, and the mPFS and mOS were 6.5 months (95% CI
5.1–8.0 months) and 14.0 months (95% CI 11.8–16.2 months),
respectively.

CTC numbers at baseline and their correlation with
clinicopathological characteristics. At baseline, X1 CTC (per
7.5ml) could be detected in 55.9% of patients. The median number
of CTCs detected at baseline was 1 (range, 0–1191) and the mean
number (± s.d.) was 42 (±144). After 6 weeks of therapy, the
median and mean number of CTCs were decreased to 0 (range
0–600) and 12 (±64) (Supplementary Figure S2), respectively. The
correlation between CTC numbers and clinicopathological char-
acteristics is shown in Table 1. CTC numbersX3,X4, andX5 per
7.5ml were detected significantly more frequently in patients with
primary tumours in the stomach than in those with primary
tumours in the gastroesophageal junction. In addition, the
proportion of patients with X1, X3, X4, and X5 CTCs per

7.5ml was significantly higher in patients with liver metastases
than in those without liver metastases. Other clinicopathological
characteristics such as the Lauren classification, peritoneal
metastases, and HER2 status were not significantly correlated with
CTC numbers.

Establishing the optimal threshold for CTCs. To establish the
optimal threshold of CTCs that most clearly predicts therapeutic
responsiveness, PFS and OS, ROC curves, and Youden indexes
were estimated for both baseline and post-therapy CTCs predicting
OS (Supplementary Figure S3A and B) (Youden, 1950). As shown
in Supplementary Figure S3B, the cutoff points of 1–3 for baseline
CTCs and 1–5 for post-therapy CTCs all exhibited larger Youden
indexes. When the areas under the ROC curves (AUC) for CTC
thresholds of 1–5 were compared, a cutoff value of 3 for both
baseline and post-therapy CTCs maximised the AUC area (0.583
for baseline CTCs; 0.648 for post-therapy CTCs) (Supplementary
Figure S3C and D). Therefore, the cutoff of X3 CTCs per 7.5ml
was selected as the unfavourable threshold for further
investigations.

Correlation between CTC numbers and therapeutic response as
assessed by imaging. At the first response evaluation, PR, SD, and
PD were achieved in 26 (24.5%), 70 (66.0%), and 10 (9.4%)
patients, respectively. The overall response rate (ORR) and disease
control rate (DCR) were 24.5% and 90.6%, respectively. As shown
in Table 2, the ORR and DCR were not significantly different in
patients with unfavourable and favourable numbers of CTCs at
baseline (24.4% and 86.7%, respectively, vs 24.6% and 93.4%,
respectively). However, following 6 weeks of therapy, the ORR and
DCR in the group with unfavourable post-therapy CTC numbers
were only 7.7% and 76.9%, respectively, which were significantly
lower than those observed in the group with favourable post-
therapy CTC numbers (30.0% and 95.0%, respectively; P¼ 0.016

Table 1. Prevalence of CTCs at baseline and their association with clinical characteristics (n¼136)

CTC numbers (per 7.5ml) (n% of patients)a

Variable No. of patients X1 X2 X3 X4 X5
All AGCs 136 76 (55.9) 65 (47.8) 57 (41.9) 52 (38.2) 48 (35.3)

Primary tumour site
Stomach 85 49 (57.6) 45 (52.9) 42 (49.4) 39 (45.9) 37 (43.5)
Gastroesophageal junction 51 27 (52.9) 20 (39.2) 15 (29.4) 13 (25.5) 11 (21.6)
(P-value)b (0.593) (0.121) (0.022) (0.018) (0.009)

Lauren classificationc

Intestinal 57 29 (50.9) 25 (43.9) 22 (38.6) 20 (35.1) 18 (31.6)
Diffuse 42 24 (57.1) 22 (52.4) 20 (47.6) 17 (40.5) 15 (35.7)
Mixed 32 20 (62.5) 16 (50.0) 13 (40.6) 13 (40.6) 13 (40.6)
(P-value) (0.556) (0.682) (0.657) (0.816) 0.689)

Sites of metastasis
Liver
Yes 36 25 (69.4) 20 (55.6) 20 (55.6) 20 (55.6) 18 (50.0)
No 100 51 (51.0) 45 (45.0) 37 (37.0) 32 (32.0) 30 (30.0)
(P-value)b (0.042) (0.186) (0.042) (0.011) (0.027)

Peritoneum
Yes 24 15 (62.5) 12 (50.0) 10 (41.7) 11 (45.8) 8 (33.3)
No 112 61 (54.5) 53 (47.3) 46 (40.9) 46 (41.1) 44 (39.3)
(P-value) (0.313) (0.494) (0.605) (0.417) (0.382)

HER2 statusd

Positive 29 17 (58.6) 16 (55.2) 14 (48.3) 14 (48.3) 12 (41.4)
Negative 101 55 (54.5) 45 (44.6) 40 (39.6) 36 (35.6) 34 (33.7)
(P-value) (0.691) (0.313) (0.404) (0.218) (0.444)

Abbreviations: AGC¼ advanced gastric cancer; HER2¼ human epidermal growth factor receptor 2.
aUnless otherwise indicated.
bThe values highlighted in bold were statistically significant (Po0.05).
cFive patients had unavailable Lauren classifications.
dSix patients had unavailable HER2 status information.
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and P¼ 0.013). These results indicate that an unfavourable
post-therapy CTC level was closely correlated with a poor
therapeutic response.

The use of CTC numbers to predict PFS and OS. Kaplan–Meier
plots for predicting PFS and OS with the baseline CTC numbers
are shown in Figure 1A and B. The mPFS of patients with
unfavourable baseline CTCs was 5.7 months (95% CI 4.0–7.3
months). Although the mPFS was relatively shorter, it was still not
significantly different from that of patients with favourable baseline
CTCs (7.1 months, 95% CI 5.6–8.7 months, P¼ 0.095) (Figure 1A).
However, the mOS of patients with unfavourable baseline CTCs
(11.9 months, 95% CI 8.9–14.9 months) was significantly shorter
than that of patients with favourable baseline CTCs (17.7 months,
95% CI 14.1–21.3 months; P¼ 0.004) (Figure 1B). Further
analysis of the PFS and OS in patients receiving different
types of chemotherapy revealed that the predictive value of
CTCs may be more significant in patients receiving DDP-based

therapy in comparison with those receiving PTX-based therapy
(Supplementary Figure S4).

After 6 weeks of therapy, the mPFS of patients who still had
unfavourable CTC numbers was 3.6 months (95% CI 2.5–4.7
months), which was significantly shorter than that observed in
those with favourable post-therapy CTC numbers (7.7 months,
95% CI 6.1–9.2 months; P¼ 0.001) (Figure 1C). Similarly, patients
with unfavourable post-therapy CTC numbers had an inferior
mOS (8.0 months, 95% CI 2.3–13.7 months) in comparison with
those with favourable post-therapy CTC numbers (17.7 months,
95% CI 14.6–20.8 months; Po0.001 (Figure 1D). Thus, unfavour-
able CTC levels, especially after therapy, may help predict an
inferior PFS and OS.

To evaluate the independent predictive effect of CTCs for PFS
and OS, univariate and multivariate Cox proportional hazards
regression were performed. The results shown in Supplementary
Table S2 for the univariate analysis indicate that baseline CTCs,
peritoneal metastasis, HER2 status, and treatments were signifi-
cantly associated with OS, whereas the post-therapy CTCs and the
Lauren classification were significantly associated with both OS
and PFS. However, the multivariate analysis (Supplementary
Table S2) showed that only the post-therapy CTCs and the Lauren
classification remained as predictors of PFS and OS. Thus, after
adjusting for clinically significant factors, the post-therapy
CTC number remained an independent predictor of PFS
(HR 2.152, 95% CI 1.114–4.156; P¼ 0.022) and OS (HR 3.463,
95% CI 1.822–6.584; Po0.001) in patients with AGC.

Therapeutic assessments using combined post-therapy CTCs
and imaging. In view of the close correlation of post-therapy
CTCs with therapeutic response, PFS, and OS, it is reasonable to
deduce that therapeutic effectiveness and prognosis can be more
precisely evaluated using a combination of post-therapy CTCs and
imaging. As shown in Figure 2A, the OS for patients with PR or SD
assessed by imaging was significantly longer than that of patients
with PD. Combination with CTC enumeration revealed that the
OS of patients with favourable post-therapy CTC numbers and
non-PD (PR or SD, Group 1) was significantly longer than
that of patients with favourable post-therapy CTC numbers and
PD (Group 2), unfavourable post-therapy CTC numbers and
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Figure 1. Kaplan–Meier curves for PFS (A and C) and OS (B and D) in patients with favourable and unfavourable CTC numbers at baseline
(A and B) or post therapy (C and D).

Table 2. CTCs and their correlation with response (n¼106)

CTC numbers (per 7.5ml)

Outcome
No. of
patients

Baseline
First response
evaluation

X3 o3 X3 o3
Evaluable
patients (n (%))

106 (100.0) 45 (42.5) 61 (57.5) 26 (24.5) 80 (75.5)

PR (n (%)) 26 (24.5) 11 (24.4) 15 (24.6) 2 (7.7) 24 (30.0)
SD (n (%)) 70 (66.0) 28 (62.2) 42 (68.8) 18 (69.2) 52 (65.0)
PD (n (%)) 10 (9.4) 6 (13.3) 4 (6.6) 6 (23.1) 4 (5.1)

Overall response
(n (%))

26 (24.5) 11 (24.4) 15 (24.6) 2 (7.7) 24 (30.0)

(P-value) (0.586) (0.016)

Disease control
(n (%))

96 (90.6) 39 (86.7) 57 (93.4) 20 (76.9) 76 (95.0)

(P-value) (0.199) (0.013)

Abbreviations: PD¼progressive disease; PR¼partial response; SD¼ stable disease.
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non-PD (Group 3), and unfavourable post-therapy CTC numbers
and PD (Group 4) (Figure 2B). These results suggest that either
elevated CTCs or PD as assessed by imaging indicate ineffective
therapy and poor prognosis. Thus, CTCs in combination with
imaging may potentially be used to predict therapeutic end points
and need for treatment changes.

CTC changes in response to therapy. To further assess the benefit
of CTCs, serial changes in CTCs in response to therapy were
studied. Based on the change in CTC numbers from baseline to the
time of the first response evaluation, the assessable patients were
subdivided into four groups: Group 1, patients having persistently
favourable CTC numbers; Group 2, patients having favourable CTC
numbers at baseline who converted to unfavourable CTC numbers
post therapy; Group 3, patients having unfavourable CTC numbers
at baseline who converted to favourable CTC numbers post therapy;
and Group 4, patients having persistently unfavourable CTC
numbers. As shown in Figure 3, patients in Groups 1 and 3 had
almost equal PFS and OS benefits, which was also observed in
Group 2 and 4. However, the mPFS of Groups 1 and 3 (7.7 and 7.9
months, respectively) was considerably longer than that of Groups 2
and 4 (3.2 and 3.6 months, respectively). Similarly, the mOS of
Groups 1 and 3 (18.6 and 14.3 months, respectively) was also longer
than that of Group 4 (8.0 months). These findings indicate that
patients with persistently favourable CTCs or those exhibiting an
early conversion to favourable CTC numbers following therapy may
have an improved PFS and OS. In contrast, patients who have
persistently unfavourable CTCs or convert from favourable CTC
numbers at baseline to unfavourable CTC numbers post therapy
have an inferior PFS and OS.

Longitudinal changes of CTCs during therapy were monitored in
real-time in 15 patients. As shown in Figure 4, not all CTC changes
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were exactly correlated to the imaging results. Thirteen of the 15
assessable patients exhibited favourable CTC numbers when they
had an effective response to therapy (non-PD). In patients 4 and 15,
the CTC numbers were elevated when they are still non-PD.
However, the OS of these two patients of 12.2 and 11.4 months,
respectively, were relatively shorter than that of other patients. As

such, it seems that the elevated CTCs may indicate the poor
prognosis. Further, when resistance to therapy occurred (PD), CTC
levels were not consistently elevated in all patients. In patients with
favourable baseline CTC numbers (patients 1–6 in Figure 4), none
exhibited elevated CTCs when PD occurred. However, among five
patients with unfavourable baseline CTCs who had PD during the

C
T

C
 n

um
be

r
C

T
C

 n
um

be
r

50

40

12

9

6

3

0

0 40 80 200 0 40 80 200 0 40 80 200

DDP+CAPE+T
Alive

DDP+CAPE+T
Alive

Patient 1 Patient 2 Patient 3

non-PD
non-PD

non-PD non-PD non-PD
PD

PD
PD

Time from blood draw (days) Time from blood draw (days) Time from blood draw (days)

OXA+CAPE
OS 18.7 m

C
T

C
 n

um
be

r

50

40

12
9

6
3

0

0 40 80 200 0 40 80 200 0 40 80 200

Patient 4 Patient 5 Patient 6

non-PD

non-PD
non-PD non-PD

non-PD

non-PD

Time from blood draw (days) Time from blood draw (days) Time from blood draw (days)

OXA+S-1
OS 12.2 m

OXA+CAPE
Alive

PTX+CAPE
OS 19.1 m

C
T

C
 n

um
be

r

50

40

12

9
6

3

0

0 40 80 200 0 40 80 200 0 40 80 200

DDP+CAPE+T
Alive

Patient 7 Patient 8 Patient 9

non-PD
non-PD

non-PD

non-PD

non-PD non-PD non-PD

non-PD

PD

PD

PD

Time from blood draw (days) Time from blood draw (days) Time from blood draw (days)

PTX+CAPE
OS 11.9 m

DDP+CAPE+T
OS 13.9 m

DDP+CAPE+T
OS 14.7 m

C
T

C
 n

um
be

r

50

40

12

9

6

3

0

0 40 80 200 0 40 80 200 0 40 80 200

Patient 10 Patient 11 Patient 12

non-PD non-PD
non-PD

non-PD
non-PD

non-PD
non-PD

non-PD

PD
PD

Time from blood draw (days) Time from blood draw (days) Time from blood draw (days)

DDP+CAPE+T
OS 13.6 m

DDP+CAPE+T
OS 20.0 m

50

40

12

9

6

3

0

0 40 80 200 0 40 80 200 0 40 80 200

non-PD
non-PD non-PD

non-PD
non-PD non-PD

non-PD

non-PD

Time from blood draw (days) Time from blood draw (days) Time from blood draw (days)

Patient 13 Patient 14
DDP+CAPE
Alive

DDP+CAPE+T
Alive

DDP+CAPE+T
OS 11.4 m

Patient 15

Figure 4. Longitudinal monitoring of CTC changes in response to therapy in patients 1–15. Patients 1, 3, 5, 7, 13, and 14 were still alive at the
time of analysis. DDP= cisplatin; CAPE=capecitabine; T= trastuzumab; OXA=oxaliplatin; PTX=paclitaxel.
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study (patient 7–11 in Figure 4), three of them (60%) (patients 7, 8,
and 9) exhibited unfavourable CTC numbers at the time of disease
progression. These results suggested that the dynamic changes of
CTCs may need to be monitored and the elevated CTCs may
correspond with an ineffective therapeutic response, especially in
patients with unfavourable baseline CTC numbers.

DISCUSSION

Although evidence of the effectiveness of CTCs for predicting
therapeutic responsiveness has been reported for various cancers
(Yu et al, 2011; Alix-Panabières and Pantel, 2013; Balic et al, 2013;
Haber and Velculescu, 2014), the evidence for AGC is currently
limited (Tang et al, 2013; Tsujiura et al, 2014). In this study, the
baseline CTC number was not significantly correlated with the
therapeutic response or PFS. However, patients with unfavourable
baseline CTC numbers did have a significantly shorter mOS
than patients with favourable CTC numbers. Following 6 weeks of
chemotherapy, unfavourable post-therapy CTC levels were sig-
nificantly correlated with an ineffective therapeutic response, and
these numbers independently predicted a decreased PFS and OS.
Although the results suggesting the predictive value of baseline
CTCs in patients with AGC need to be further verified in larger
sample-size studies, post-therapy CTCs clearly help in predicting
therapeutic responsiveness and the prognosis. Furthermore, a
combination of post-therapy CTC enumeration and imaging may
help to more precisely assess therapeutic responsiveness, as either
unfavourable post-therapy CTC numbers or PD may indicate
ineffective therapy and a poor prognosis.

Although a one-time assessment of CTCs may be important in
screening patients for therapeutic responsiveness, the change in
CTCs in an individual patient following a therapeutic intervention
appears most likely to be of significant clinical value. Therefore,
dynamic changes in CTCs in response to therapy were investigated
in the present study. As with previously reported, findings in
patients with metastatic breast cancer (Cristofanilli et al, 2004,
2005), castration-resistant prostate cancer (Danila et al, 2007; de
Bono et al, 2008), and metastatic colorectal cancer (Cohen, 2009),
AGC patients exhibiting an early conversion to favourable CTC
numbers after therapy appeared to have an improved PFS and OS.
In contrast, patients with persistently unfavourable CTCs or
conversion to unfavourable CTC numbers post therapy exhibited
an inferior PFS and OS, indicating a limited response to therapy.
Monitoring of dynamic changes in CTCs during therapy
in 15 AGC patients in our study indicated that CTC changes
in patients with unfavourable baseline CTC numbers seems to be
more correlated to the imaging results, and an increased CTC level
following therapy in individual patients may indicate potential
resistance to treatment. Consequently, CTCs may be a useful
alternative to imaging for assessing treatment resistance, which
underlines their potential in guiding treatment selection.

To confirm this hypothesis, additional studies of the significance
of CTCs in guiding changes in the treatment of AGC patients
should be designed. For example, it needs to be clarified whether
persistently unfavourable CTCs or a conversion to unfavourable
CTCs after therapy in AGC patients predicts therapy end points
and whether a switch to a new line of treatment can contribute to
an improved PFS or OS. In several recent randomised, phase III
clinical trials in breast cancer, evaluation of CTC changes were
incorporated into the study design to explore their predictive value
in guiding treatment selections (Castle et al, 2014). Similarly,
in a study of castration-resistant prostate cancer, CTCs were
explored as interim or potential surrogate markers for clinical end
points, with the hypothesis that an elevation of CTCs following
clinical treatment may be an early sign of therapeutic resistance

and a true indicator of the need for a treatment change (Miyamoto
et al, 2014).

In addition to CTC enumeration, identification of the CTC
subtype may help in diagnosing and selecting patients for
treatment, especially for targeted therapies. The molecular
characteristics of CTCs can also be expected to help in the
discovery of novel therapeutic agents and to facilitate their
selection in individual patients (Theodoropoulos et al, 2010;
Yu et al, 2011; Liang and Kim, 2013; Haber and Velculescu, 2014).
Indeed, our previous study of the phenotypic and karyotypic
characterisation of CTCs in AGC has suggested that the HER2
status of CTCs may help in predicting the therapeutic efficacy of
anti-HER2 targeted therapy (Li et al, 2014). In addition, different
ploidies of chromosome 8 in the CTCs of patients with AGC are
closely correlated with the sensitivity of and resistance to PTX
or DDP-based chemotherapy (Li et al, 2014). Thus, multiplex
molecular analysis of CTCs, via methods such as gene and protein
profiling, should further improve current therapeutic strategies
for AGC.

In conclusion, the findings of this study indicate that
unfavourable post-therapy CTC levels are closely associated with
a poor therapeutic outcome and are an independent predictor of an
inferior PFS and OS in Chinese patients with AGC. Moreover, a
combination of post-therapy CTC enumeration and imaging was
found to be a precise method for screening patients for therapeutic
responsiveness. Importantly, a persistently favourable CTC level or
an early conversion to a favourable CTC level following therapy
was found to indicate an improved prognosis. However, patients
with a persistently unfavourable CTC level or those who converted
to an unfavourable CTC level following therapy fared significantly
worse, implying a limited response to the treatment administered.
Longitudinal changes of CTCs in response to therapy may help in
rapidly indicating acquired resistance in individual patients before
they are radiographically evaluated. These results confirm the
clinical significance of CTCs for therapy predictions. Further
studies are ongoing to assess whether evaluation of the changes in
CTC numbers and the molecular profiling of CTCs are beneficial
for selecting treatment in patients with AGC.
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