
Abstract. Background/Aim: To investigate the association
between the number of circulating endothelial progenitor
cells (EPCs) in non-squamous non-small cell lung cancer
(NSCLC) and disease outcome, in combination
chemotherapy with and without bevacizumab. Materials and
Methods: We retrospectively identified 25 non-squamous
NSCLC cases, and divided them into high-EPC and low-EPC
groups. Within each group, we compared disease outcomes,
with or without the administration of bevacizumab. Results:
In the high-EPC group, chemotherapy with bevacizumab
produced a significantly higher tumor reduction rate and
objective response rate, with significantly longer
progression-free survival, compared to chemotherapy without
bevacizumab (p<0.001, p=0.010, and p<0.001, respectively).
However, in the low-EPC group, there were no significant
differences in disease outcomes in groups with versus those
without bevacizumab. Conclusion: The number of EPCs may
be a useful biomarker to guide decision-making in the use of
bevacizumab in non-squamous NSCLC.

Non-small-cell lung cancer (NSCLC) is the most common
type of lung cancer, accounting for approximately 80% of
the total cases (1). Recently, it has become possible to tailor
chemotherapy treatment for lung cancer according to its
histological type or the presence of genetic variation (2-4).

For non-squamous NSCLC, the use of bevacizumab is the
standard approach in combination with chemotherapy (5, 6).

Bevacizumab is a humanized monoclonal antibody that
specifically targets vascular endothelial growth factor
(VEGF). One study reported bevacizumab down-regulated
the expression of B-cell lymphoma 2 protein, VEGF and E-
cadherin and inhibited vasculogenesis in MCF-7 breast
cancer cell implantation onto chick embryo chorioallantoic
membrane (7). In non-squamous NSCLC patients, response
rates and progression-free survival were improved by
treatment with conventional chemotherapy in combination
with bevacizumab (5, 6). It is known that bevacizumab
prevents tumor neovascularization and improves the arrival
rate of chemotherapy for an additional anti-tumor effect.
However, bevacizumab sometimes causes severe adverse
events, including hypertension, proteinuria, and
gastrointestinal hemorrhage (5). In addition, in terms of
health economics, the use of bevacizumab increases the cost
of treatment (8). Thus, the situations in which the effects of
chemotherapy could be enhanced by the use of bevacizumab
remain unknown.

Bevacizumab targets tumor angiogenesis, which is
involved in tumor growth and metastasis (9). Neoplastic
cells, stimulated by cytokines from pre-existing cells, secrete
various cytokines including VEGF, platelet-derived growth
factor (PDGF), interleukin (IL)-8, and IL-10. These
cytokines promote tumor neovascularization (6, 10, 11).
Endothelial progenitor cells (EPCs) are cells showing the
presence of typical immunological cell surface markers,
CD34, CD133, and VEGF receptor-2 (VEGFR-2), and
originate from bone marrow (12, 13). Cytokines released
from tumors induce EPCs that mobilize in the blood, where
they differentiate into tumor vessels and cause tumor
neovascularization (9). These findings suggest that EPCs
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could be a potential biomarker for evaluation of the extent
of tumor angiogenesis (3). Results from a previous study
demonstrated that EPC counts in peripheral blood were
higher in NSCLC patients than in healthy individuals, and
treatment outcomes were improved in NSCLC patients with
low EPC counts relative to those with high EPC counts (4).
It is possible that high EPC counts cause increased tumor
neovascularization and diminish the effects of chemotherapy.
However, a previous report found no significant difference
in outcome between ‘high EPC’ and ‘low EPC’ cancer
patient groups, when both were treated with chemotherapy
in combination with bevacizumab (14). Thus, in cancer
patients with greater numbers of EPCs, bevacizumab may
enhance chemotherapy treatment efficacy more than in those
with fewer.

Therefore, we aimed to investigate whether treatment with
chemotherapy in combination with bevacizumab increased
efficacy more in patients who had non-squamous NSCLC
and high EPC counts than in those with low numbers of
EPCs. Then, we hypothesized that the number of EPCs
might become a useful biomarker for deciding whether or
not bevacizumab should be administered, in terms of adverse
events and health economics.

Materials and Methods

Patient selection. Patients who had been diagnosed with advanced
non-squamous NSCLC (inoperable stage IIIA, stage IIIB, or stage
IV), but who had not yet received any treatment, were selected. We
selected patients continually after diagnosis. Patients with brain
metastases, bronchial luminal lesions, or infiltration of the large
vessels were treated with carboplatin and paclitaxel. Other patients
were treated with carboplatin, paclitaxel, and bevacizumab. Patients
were diagnosed in Akita University Hospital from January 2012 to
November 2015, and were free of additional malignant tumors,
severe diabetes mellitus, wounds, or inflammatory diseases that
might influence the number of EPCs. Before patient enrollment, the
study was approved by our institutional ethics committee, and all
patients provided informed consent before participating. Patients
were staged according to the seventh edition of the tumor, node,
metastasis (TNM) classification (15).

Study design. The aim of this study was to determine whether any
association exists between EPC counts in non-squamous NSCLC
patients and their response to combined chemotherapy and
bevacizumab treatment. EPCs were defined as CD34- and VEGFR-
2-positive cells. We divided patients into two groups according to
their EPC level (‘high EPC’ and ‘low EPC’ groups) to evaluate
whether there was a treatment benefit of bevacizumab according to
the number of EPCs. The cutoff for a high versus low level of EPCs
was 1,000 EPCs/ml of peripheral blood, in accordance with
previous studies (4, 16). Both groups (with vs. without
bevacizumab) received chemotherapy and the tumor reduction rate,
progression-free survival, objective response rate, and disease
control rate were compared between the patients who were treated
with chemotherapy only and those who had the combination
regimen. Treatment efficacy was assessed using computed

tomography (CT) after two courses of chemotherapy, according to
the Response Evaluation Criteria in Solid Tumors (RECIST; ver.
1.1) (17). In addition, we evaluated the correlation between the
number of EPCs and the curative effects, and serum levels, of
VEGF-A, IL-8, IL-10, and PDGF-BB.

Flow cytometry. Flow cytometry was used to measure the number of
EPCs in peripheral blood before chemotherapy. Peripheral blood was
collected into tubes containing EDTA using 21-gauge needles. To
quantify the EPC content, fluorescence-activated cell sorting (FACS)
analysis was performed, following the procedure from a previous
study (4).  Mononuclear cells were isolated from peripheral blood
using Ficoll-Hypaque density gradient centrifugation. The expression
of cell surface antigens was determined by two-color
immunofluorescence staining, as described in a previous study (18).
After centrifugation, the mononuclear cell layer was carefully
transferred into a new tube, mixed with red cell lysis buffer for >10
min at 4˚C, and washed twice in phosphate-buffered saline
containing 0.3% bovine serum albumin (BSA). A 100 μl volume of
mononuclear cells from peripheral blood was incubated at 4˚C for
30 min while being protected from light, along with 20 μl of
fluorescein isothiocyanate (FITC)-conjugated anti-human CD34 (BD
Biosciences, San Jose, CA, USA) and 20 μl of R-Phycoerythrin
(PE)-conjugated anti-human VEGFR-2 (R&D Systems, Minneapolis,
MN, USA). Appropriate fluorochrome-conjugated isotype-matched
immunoglobulin (Ig) G1 and IgG2a antibodies were used as negative
controls for each patient. Cells were washed three times to remove
unbound antibodies and finally re-suspended in 900 μl of FACS
solution. After appropriate gating, cells that were identified as CD34-
and VEGFR-2-positive were determined to be circulating EPCs in
peripheral blood, and expressed as the number of cells per ml of
blood using a Cytomics FC500 flow cytometer and CXP software
(both Beckman Coulter, Miami, FL, USA).

Enzyme-linked immunosorbent assay (ELISA). The concentrations
of VEGF-A, IL-8, IL-10, and PDGF-BB (all from Cloud-Clone
Corp., Houston, TX, USA) were assessed using ELISA in serum
samples obtained from all patients via 21-gauge needles prior to
chemotherapy. ELISA was performed according to the
manufacturer’s instructions.

Statistical analysis. Categorical data were compared between groups
using Fisher’s exact probability test. Continuous data were
compared using Student’s t-test if the sample distribution was
normal, or with the Mann-Whitney U-test if the sample distribution
was asymmetric. Progression-free survival was defined as the time
from commencement of treatment to disease progression or death
from any cause; the curve was estimated using the Kaplan-Meier
method and evaluated with a log-rank test. p-Values<0.05 were
considered to be significant. All statistical analyses were carried out
using EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan) (19), a graphical user interface for R software (ver.
2.13.0; R Development Core Team, Vienna, Austria). EZR is a
modified version of R commander software (ver. 1.6.3) that includes
statistical functions used frequently in biostatistics.

Results
Patient characteristics. From January 2012 to November
2015, 25 patients with untreated non-squamous NSCLC were
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enrolled in this study. The patients were 20 men and 5 women
with a median age of 65 years (interquartile range (IQR)=62-
71 years). Five patients had hypertension, three had
dyslipidemia and one had bronchial asthma. Of the total of 25
patients, 20 were former or current smokers and 5 had never
smoked. All patients were diagnosed with adenocarcinoma.
One patient was Stage IIIa, two were Stage IIIB and twenty-
two were Stage IV. One group of 14 patients received
chemotherapy, consisting of carboplatin (area under the curve
[AUC]=5 mg/l/h on day 1), paclitaxel (200 mg/m2 on day 1),
and bevacizumab (15 mg/kg on day 1). The remaining 11
patients received chemotherapy consisting of carboplatin
(AUC=5 mg/l/h on day 1) and paclitaxel (200 mg/m2 on day
1). Chemotherapy was administered over a 3-week period.

EPC, VEGF-A, IL-8, IL-10, and PDGF-BB levels and their
correlations with EPC count. The number of cells that were
both CD34- and VEGFR-2-positive (i.e., EPCs) was
determined by FACS analysis of peripheral blood samples
(Figure 1). Among our 25 patients, the mean circulating EPC
count was 1,138±680/ml (mean±standard deviation [SD]).
Serum levels of VEGF-A, IL-8, IL-10, and PDGF-BB were
measured using ELISA prior to administration of
chemotherapy. The VEGF-A level was 1,207.0±570.8 pg/ml,
the IL-8 level was 343.1±1,280.6 pg/ml, and the IL-10 level
was 58.4±105.1 pg/ml. The PDGF-BB level was
6,008.8±3,865.3 pg/ml. No correlation was apparent between
the number of EPCs and levels of VEGF-A, IL-8, IL-10, or
PDGF-BB.

Next, patients were divided into two groups according to
EPC level (‘high EPC’ and ‘low EPC’ groups). The cut-off
for a high versus low level of EPCs was defined as 1,000
EPCs/ml of peripheral blood. Patient characteristics in the
two groups are shown in Table I. The high EPC group
comprised 12 patients and the low EPC group had 13
patients. There were no significant differences in any of the
measured characteristics between the high and low EPC
groups. 

Efficacy of chemotherapy. We compared the tumor reduction
rate, progression-free survival, objective response rate, and
disease control rate between the high and low EPC groups,
and according to whether patients had received either
chemotherapy alone or the combination of chemotherapy and
bevacizumab. In the high-EPC group, the tumor reduction
rate of patients treated with bevacizumab was significantly
higher than that of those who had received chemotherapy
alone (p<0.001; Figure 2a, Table II). However, in the low-
EPC group, there was no significant difference in the tumor
reduction rate according to whether bevacizumab was part
of the treatment (p=0.82; Figure 2b, Table II). In the high
EPC group, progression-free survival of patients who had
received bevacizumab was significantly longer compared
with that of those who did not (p<0.001; Figure 3a).
However, in the low-EPC group, there was no significant
difference in progression-free survival according to whether
the patients had received bevacizumab (p=0.67; Figure 3b).
In the high-EPC group, the objective response rate of
patients who received bevacizumab was significantly higher
than that of those who received chemotherapy alone
(p=0.010; Table II). However, in the low-EPC group, there
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Table I. Characteristics of the ‘high EPC’ and ‘low EPC’ patients.

                                                  EPC high          EPC low           p-Value
                                                    (N=12)              (N=13)

Age (years)                                                                                          
   Median                                  63 (56-65)        71 (65-74)          p=0.051
Gender (male)                           10 (83%)          10 (77%)            p=0.59
Smoking History                                                                           p=0.32
   Never-smoker                        1 (8.3%)            4 (31%)                   
   Smoker                                  11 (92%)           9 (69%)                   
Pathologic stage                                                                            p=0.22
   III                                             0 (0%)             3 (23%)                   
   IV                                          12 (100%)         10 (77%)                  
Therapy                                                                                          p=0.43
   Carboplatin+Paclitaxel          4 (33%)            7 (54%)                   
   Carboplatin+Paclitaxel+        8 (67%)            6 (46%)                   
   Bevacizumab

Data are n (%) or median (IQR).
Figure 1. Representative flow cytometric analysis of the number of
CD34/vascular endothelial growth factor receptor-2 (VEGFR-2) double-
positive cells. E1: CD34-/VEGFR-2+, E2: CD34+/VEGFR-2+, E3:
CD34-/VEGFR-2–, E4: CD34+/VEGFR-2–.



was no significant difference in the objective response rate
according to whether the patients had received bevacizumab
(p=0.59; Table II). In the high- and low-EPC group, there
was no significant difference in the disease control rate
according to the presence or absence of bevacizumab (p=1;
Table II). There was no correlation between improved
outcomes and levels of VEGF-A, IL-8, IL-10, or PDGF-BB
in either the high- or low-EPC group.

Discussion

This study investigated the relationship between the number
of EPCs in non-squamous NSCLC patients and their disease
outcomes following treatment with chemotherapy in
combination with bevacizumab. It was demonstrated that the
tumor reduction rate and objective response rate were
significantly higher in patients with high EPC levels who
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Figure 3. Comparison of progression-free survival according to the presence or absence of bevacizumab in the high EPC group (a). Comparison of
progression-free survival according to the presence or absence of bevacizumab in the low EPC group (b).

Figure 2. Comparison of reduction rate according to the presence or absence of bevacizumab in the high endothelial progenitor cell (EPC) group
(a). Comparison of reduction rate according to the presence or absence of bevacizumab in the low EPC group (b).



received chemotherapy in combination with bevacizumab
compared with those who received chemotherapy alone. In
addition, progression-free survival was significantly
prolonged in the ‘high EPC’ patients who had received the
combination treatment. Conversely, there was no significant
difference in the tumor reduction rate, progression-free
survival, objective response rate, or disease control rate
among patients with low EPC levels according to the
presence or absence of bevacizumab. There were no
correlations between the level of EPCs and levels of VEGF-
A, IL-8, IL-10, and PDGF-BB, nor between the levels of
VEGF-A, IL-8, IL-10, and PDGF-BB and disease outcome.
These results support our hypothesis that the efficacy of
chemotherapy may be improved in ‘high EPC’ non-
squamous NSCLC patients by administering bevacizumab.

Prior studies have shown that angiogenesis plays an
important role in tumor progression, and that EPCs are
mobilized from bone marrow into sites of tumor
neovascularization (20). Recently, several studies have shown
that tumor angiogenesis does not arise solely from endothelial
cell proliferation and the sprouting of new capillaries; EPCs
also participate in tumor angiogenesis and the development of
tumor tissue vasculature (18, 21). Therefore, EPCs could
potentially serve as surrogate markers of tumor angiogenesis
status (3). Previous studies have reported that the number of
peripheral blood EPCs in lung cancer patients is significantly
higher than in healthy controls (4, 16, 22). These results
support the idea that tumor angiogenesis is accelerated, and
that greater numbers of EPCs are mobilized from bone
marrow (and thus are found in peripheral blood), in lung
cancer patients relative to healthy individuals.

There have been several reports investigating the
relationship between EPC levels in peripheral blood and
cancer patients’ clinical presentations. One study reported
that overall survival in NSCLC patients with high pre-
treatment EPC numbers in peripheral blood was significantly
shorter compared with that of patients with low pre-treatment
EPC levels. (16). Morita et al. reported that, in NSCLC
patients with low pre-treatment EPC levels in peripheral
blood, progression-free survival was prolonged, and tumor
reduction rates were higher, than in patients with high pre-

treatment EPC numbers (4). It is possible that high levels of
EPCs reflect less normalized tumor vessels and a
chemotherapy response that is worse than in patients with
low EPC levels. However, another study reported that the
number of EPCs decreased rapidly in rectal cancer patients
receiving bevacizumab (23). In addition, in rectal cancer, the
number of EPCs was not predictive of clinical outcome when
patients were treated with chemotherapy in combination with
bevacizumab (14). Following these studies, we assessed the
hypothesis that, in patients with high EPC levels, the use of
bevacizumab would normalize the tumor vasculature when
administered along with chemotherapy to non-squamous
NSCLC patients (24). We also developed the hypothesis that
the gap in clinical outcomes, between high and low EPC
non-squamous NSCLC patients treated with chemotherapy
in combination with bevacizumab, could be narrowed.
Therefore, in our study, we divided these patients into ‘high
EPC’ and ‘low EPC’ groups. We found that the reduction rate
and objective response rate were significantly higher, and
progression-free survival was significantly prolonged, among
the ‘high EPC’ patients receiving chemotherapy plus
bevacizumab compared with those receiving chemotherapy
alone. However, in the low EPC group, there was no
significant difference in clinical outcome according to
whether or not bevacizumab was administered. Regarding
the disease control rate in the high EPC group, there was no
significant difference with versus without bevacizumab
administration. One reason for this result might be that
treatment efficacy was assessed after only two courses of
chemotherapy. 

Bevacizumab sometimes causes severe adverse events,
including hypertension, proteinuria, and gastrointestinal
hemorrhage (5). In addition, bevacizumab therapy is expensive
(8). We investigated whether we could predict the patients who
would respond well or poorly to bevacizumab; the results of
our study indicate that the efficacy of chemotherapy may be
improved in high EPC non-squamous NSCLC patients by
administering bevacizumab. Thus, the EPC count in peripheral
blood may become a useful biomarker, indicating whether
treatment of non-squamous NSCLC with chemotherapy should
or should not include bevacizumab. 
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Table II. Comparison of the reduction rate, objective response rate, and disease control rate according to the presence or absence of bevacizumab
in the high- and low-EPC groups.

                                                             EPC high                    EPC high                p-Value                  EPC low                    EPC low                p-Value
                                                              Bev (+)                       Bev (–)                                                  Bev (+)                      Bev (–)

Reduction rate (%)                                                                                                                                                                                                         
  mean (±SD)                                    41.3 (±10.6)                 5.4 (±6.9)                 <0.001                22.4 (±19.6)               24.9 (±17.2)                0.82
Objective response rate (%)                    87.5                               0                         0.010                        33.3                            57.1                       0.59
Disease control rate (%)                          100                              100                           1                            100                             100                          1



It has been reported that several cytokines, such as VEGF,
PDGF, IL-8, and IL-10, play important roles in the
mobilization of EPCs and tumor angiogenesis. These
cytokines have potential as biomarkers of tumor angiogenesis
status, so we examined the correlation between the levels of
VEGF-A, PDGF-BB, IL-8, and IL-10 and the number of
EPCs, as well as the effects of treatment. One study reported
that the level of serum VEGF-A in cancer patients was
significantly higher than that in healthy controls (25). Also,
high levels of PDGF are known to be related to poor disease-
free and overall survival in NSCLC (26). PDGF-BB in
particular acts on the PDGF β receptor, which stimulates
pericyte development and promotes angiogenesis (27). IL-8,
which was originally described as a proinflammatory
chemotactic factor for neutrophils, is known to promote
tumor angiogenesis (28). Another report found that high IL-
8 levels in the serum of advanced NSCLC patients were
correlated with short overall survival (29). IL-10 expression
was also correlated with clinical outcome in NSCLC patients
(11). Recently, several studies have shown that the genomic
variants of IL-10 may serve as biomarkers for various types
of cancer, such as leukemia (30), renal cell carcinoma (31)
and lung cancer (32). In NSCLC, IL-10 polymorphisms may
become biomarkers that predict prognosis. However, in our
study, there was no correlation between EPC level, or clinical
outcome, and levels of VEGF-A, IL-8, IL-10, or PDGF-BB.
We surmise that EPCs are mobilized by multiple factors,
including various cytokines, and the level of EPCs is reflected
in the tumor angiogenesis status.

We acknowledge several limitations associated with our
study. First, the sample size was small at 25. It will be
necessary for us to recruit more patients in future studies.
Second, there may have been a selection bias with respect to
whether patients received chemotherapy with or without
bevacizumab. In some patients not treated with bevacizumab,
their tumors had invaded major blood vessels or had
produced a brain metastasis, which may already confer a
poor prognosis. However, as the patients in our study were
chosen in the same condition between the high EPC group
and low EPC group, we do not consider it likely that this
bias significantly influenced our results. Third, we conducted
only univariate analyses. In the future, we will recruit more
patients to this study and conduct multivariate analyses.

In conclusion, in our study, the clinically beneficial effects
of chemotherapy in combination with bevacizumab were
significantly greater, compared to those of chemotherapy
alone, among ‘high EPC’ non-squamous NSCLC patients.
However, there was no significant difference in the clinical
outcomes of ‘low EPC’ non-squamous NSCLC patients
according to whether bevacizumab was administered. The
EPC count may become a useful biomarker of whether
bevacizumab would be advantageous for certain non-
squamous NSCLC patients.
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