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was signed by all patients. Primary endpoint was clinical 
benefit (CB).
Results  Twenty patients were enrolled. Main clinical 
outcomes were prolonged disease stabilization and par-
tial remission in 10/20 and 1/20 patients, respectively. CB 
was 55 %, and time to progression (TTP) was 21.1 weeks. 
Median TTP in patients who achieved CB was 35.6 weeks, 
and mean overall survival was 44.20 weeks. There were no 
grade 3/4 toxicities associated with treatment. Circulating 
endothelial cells (CECs) increased at the time of progres-
sion in patients who showed CB (P  =  0.014). Baseline 
CECs and circulating endothelial progenitor cells showed 
marginal associations with TTP. Serum VEGF decreased 
(P = 0.050), sVEGFR-2 increased (P = 0.005) and VEGF/
sVEGFR-2 ratio decreased during treatment (P =  0.041); 
baseline VEGF and VEGF/sVEGFR-2 were associated 
with TTP (P = 0.035 and P = 0.030, respectively), while 
sVEGFR-2 did not.
Conclusions  Treatment was effective, showing low tox-
icity profile and excellent tolerability. The combination 
had anti-angiogenic effect. Increased levels of CEC could 
be useful for detecting progression. Baseline VEGF and 
VEGF/sVEGFR-2 values could be useful as early predic-
tors of response.
Trial registration  ANMAT#4596/09.

Keywords  Angiogenesis · Biomarkers · 
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Introduction

In advanced breast cancer (ABC), once the first line of 
treatment has failed, either the response rates or the clinical 

Abstract 
Background  Preclinical results showing therapeutic 
effect and low toxicity of metronomic chemotherapy with 
cyclophosphamide (Cy) +  celecoxib (Cel) for mammary 
tumors encouraged its translation to the clinic for treating 
advanced breast cancer patients (ABCP).
Patients and methods  A single-arm, mono-institutional, 
non-randomized, phase II, two-step clinical trial (approved 
by Bioethics Committee and Argentine Regulatory Author-
ity) was designed. Patients received Cy (50 mg po.d) + Cel 
(200  mg p.o.bid). Patient eligibility criteria included: 
ABCP who progressed to anthracyclines, taxanes and 
capecitabine, ≤4 chemotherapy schemes, with good perfor-
mance status. Several pro- and anti-angiogenic molecules 
and cells were determined as biomarkers. Informed consent 
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benefits decrease with the subsequent treatments [1]. More-
over, even after all the advances made in new treatments, 
the prognosis of this kind of patients continues to be poor 
[2].

Metronomic chemotherapy (MCT) poses a new para-
digm in cancer therapy: “Less is more when adminis-
tered chronically” [3]. The anti-tumor effect is achieved 
through an antiangiogenic mechanism demonstrated in 
preclinical and clinical studies, which showed a decrease 
in serum vascular endothelial growth factor (VEGF) [4, 5], 
an increase in serum thrombospondin-1 (TSP-1) [6] and 
serum soluble VEGF receptor 2 (sVEGFR-2) [7], or the 
inhibition of both, local and circulating endothelial cells 
(CECs) and circulating endothelial progenitor cells (CEPs) 
[8]. Also, other mechanisms of action were described such 
as restoration of the immune response [9, 10], disruption 
of cancer stem cells niche [11] or abolishment of host pro-
tumorigenic and pro-metastatic effects found on standard 
chemotherapy [12]. Cyclophosphamide (Cy) is one of the 
most used drugs in cancer treatment and is one of the ear-
liest cytotoxic drugs used in MCT [13]. Celecoxib (Cel), 
a selective cyclooxygenase-2 inhibitor, has shown antitu-
mor activity for breast cancer cell lines, not only in vitro 
but also in vivo [14], and its use has been translated to the 
clinic [15].

This study evaluates the toxicity, tolerability and clini-
cal effect of MCT with Cy and Cel in ABC patients, who 
progressed after standard chemotherapy, and the potential 
role as predictors of response of several pro- and anti-angi-
ogenic molecules and cells.

Patients and methods

Eligibility

Patients were required to have histopathologically con-
firmed ABC progressing after no more than four lines of 
chemotherapy. Other inclusion criteria were: acceptable 
bone marrow, renal and liver function, normal calcemia, 
at least one lesion according to RECIST criteria and more 
than 3  months of life expectancy. Also all patients must 
be recovered from any prior cancer treatment before their 
inclusion. Signed informed consent was obtained from 
all patients. The complete inclusion and exclusion crite-
ria are given in supplementary material 1. The protocol 
was approved by institutional bioethics committee and by 
A.N.M.A.T. (Argentine Regulatory Agency, #4596/09).

Treatment plan and follow‑up

All patients received Cy 50 mg p.o. daily plus Cel 400 mg 
(200 mg p.o. bid).

Baseline evaluation includes history taking, physical 
examination, chest X-ray, abdominal and pelvic ultrasound 
or CT scan and complete biochemical and hematologi-
cal tests. Patients’ follow-up was performed every 14 days 
during the first 6 months, and every 28 days thereafter, and 
consisted of physical examination and hematologic tests. 
Toxicity and response were evaluated every 2  months or 
earlier, if it was necessary. Patients were followed until 
progression or death. All the adverse events (AE) were 
recorded, assessed according to Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.03 and fol-
lowed until their resolution.

Study design and endpoints

For this prospective, mono-institutional, single-arm, non-
randomized, phase II clinical trial, sample size calculation 
was based on an optimal two-stage minimax design [16]. 
Assuming an alpha error of 0.05 and beta error of 0.20, it 
was required to recruit a total of 20 patients, 15 in the first 
stage and five in the second.

The primary endpoint was clinical benefit (CB), which 
was defined as complete response (CR) + partial response 
(PR)  +  prolonged stable disease (pSD) ≥24  weeks. 
Response was assessed every 2 months by RECIST. Time 
to progression (TTP) was defined as the  time  from the 
beginning of treatment to time of disease progression (PD). 
Progression-free survival (PFS), response rate (RR) and 
overall survival (OS) were also calculated.

Biomarker assessments

Samples were collected at baseline, at the first three visits 
and every 2 months thereafter.

Cellular biomarkers

Quantification of CECs and CEPs by flow cytometry was 
carried out on peripheral blood collected in tubes with 
EDTA and separated by Ficoll–Hypaque gradient. Anti-
CD45-FITC (BD Pharmingen, USA) was used to exclude 
hematopoietic cells, and anti-CD31-ALEXA Fluor® 488 
(BD Pharmingen) and anti-CD133-PE (Miltenyi Biotec, 
Germany) were used to determine the percentages of CECs 
and CEPs, respectively. Samples were evaluated using a 
Coulter Epics XL flow cytometer.

Serological biomarkers

Serum levels of VEGF, fraction C of VEGF (VEGF-C), 
sVEGFR-2, sVEGFR-3 and TSP-1 were evaluated by 
ELISA (Quantikine© ELISA kit, R & D Systems Inc, 
Minneapolis, MN, USA) according to manufacturer’s 
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instructions. Blood samples were allowed to clot for 2  h. 
After centrifugation, serum was collected and stored at 
−20 °C until used.

Statistical analyses

Variations in cellular and serological biomarkers were 
analyzed with ANOVA for repeated measurements. The 
association between baseline values of VEGF, sVEGFR-2, 
sVEGFR-3 and VEGF/TSP-1, VEGF/sVEGFR-2, VEGF-
C/sVEGFR-2 and VEGF-C/sVEGFR-3 ratios with TTP 
was evaluated using Spearman’s correlation coefficients. A 
multiple regression analysis was used to evaluate the good-
ness of prediction. To confirm the prediction, the 50th per-
centile of the baseline value was set as a cutoff value and 
PFS curves were calculated. Group-specific survival curves 
were calculated by Kaplan–Meier test. Also, a multivari-
ate logistic regression analysis was carried out to evaluate 
association of response with hormonal receptor status and 
baseline ECOG status. All statistical tests were one-sided 
with significance defined as a P value <0.05. STATA was 
used for the analysis (StataCorp: Stata Statistical Software: 
Release 6.0, College Station, TX, USA, 1999), and Graph-
Pad Prism® version 3.0 (GraphPad Software, San Diego, 
CA, USA) was used for the graphics.

Results

Demographic characteristics

During the period 2008–2013, 20 female patients were 
included. The median age at diagnosis was 45.5  years 
(range = 36–72). All patients had advanced disease, three 
of them since diagnosis, and were heavily pretreated. All 
patients that were positive for hormone receptors or Her2/
neu had previously received hormonal therapy and trastu-
zumab. Demographic characteristics of patients and tumors 
are summarized in Table 1.

Adverse events and toxicity

The hematologic AE associated with treatment were mild: 
anemia G2 (N = 9/20), leukopenia G1 (N = 2/20) and G2 
(N = 2/20), neutropenia G1 (N = 1/20) and G2 (N = 2/20) 
and thrombocytopenia G2 (N = 1/20). Those events were 
easily overcome with transitory reduction of Cy doses. 
Minimal gastrointestinal toxicity (dyspepsia) G1 was seen 
in 4/20 patients, without affecting compliance, and was 
easily reversed by administration of daily omeprazole 
20 mg v.o. There was no evidence of hepatic, renal or car-
diac toxicities associated with therapy. All the AE, whether 
related or not to the therapy, are summarized in Table 2.

Therapeutic response

The main responses were PR and pSD. PR was observed 
in one patient (RR =  5 %), while no complete responses 

Table 1   Demographic characteristics

a  ER estrogen receptors
b  PgR progesterone receptors

Age (median and range)

 At diagnosis 45.5 (36–72)

 At the beginning of MCT 57 (38–78)

Menopausal status

 Premenopausal 1

 Postmenopausal 19

Metastases location

 Bone 12

 Lung 11

 Liver 10

 Skin/soft tissue 6

 Brain 4

 Others 4

Number of metastases

 1 3

 2 9

 >2 8

Previous treatment

 Surgery 19

 Radiotherapy 17

Number of previous chemotherapy lines

 3 13

 4 7

ECOG performance status

 1 7

 2 10

 3 3

Histology

 Ductal carcinoma 14

 Lobular carcinoma 3

 Paget disease 1

 Others 2

ER statusa

 Positive 13

 Negative 7

PgR statusb

 Positive 9

 Negative 11

Her2/Neu status

 Positive 7

 Negative 10

 Unknown 3
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(CR) were seen. Stable disease was observed in 14/20 
patients (70  %) and pSD in 10/20 patients (50  %). Five 
patients showed progressive disease (PD). The RR was 5 % 
(CR + PR = 1/20) and the CB 55 % (11/20). The therapeu-
tic response is summarized in Table 3.

Mean TTP was 21.1  weeks (median  =  15.5; 
range  =  3–81) and among patients with pSD was 
35.6  weeks (median  =  27; range  =  24–81). PFS at 
24 weeks was 30 %. The OS rate, 1 year after enrollment 

in the trial, was 25  % and the mean OS 44.20  weeks 
(median  =  36; range  =  5–153). Significant longer OS 
(P = 0.0134) was seen in patients with CB (Fig. 1).

Cellular biomarkers

The percentages of CECs and CEPs did not show a 
defined trend during treatment. However, CECs showed a 

Table 2   Adverse events

N = 20
a  Associated with treatment; CPK, creatine phosphokinase; AP, alkaline phosphatase; there was no evi-
dence of grade IV toxicity

Grade

0 1 2 3

n % n % n % n %

Hematologic

 Anemia 7 35 3 15 9a 45 1 5

 Leukopenia 14 70 2a 10 2a 10 2 10

 Neutropenia 16 80 1a 5 2a 10 1 5

 Thrombocytopenia 19 95 1a 5

Non-hematologic

 Transaminasemia 18 90 1 5 1 5

 Elevated AP 14 70 2 10 4 20

 Elevated CPK 17 85 1 5 2 10

 Dyspepsia 15 75 4a 20 1 5

 Diarrhea 16 80 3 15 1 5

 Nauseas 15 75 3 15 2 10

 Vomits 18 90 2 10

 Anorexia 15 75 4 20 1 5

 Weight loss 19 95 1 5

 Asthenia 12 60 1 5 1 5

 Urticaria 19 95 1 5

 Dyspnea 11 55 5 25 3 15 1 5

 Hypertension 17 85 2 10 1

 Edema 19 95 1 5

 Cough 14 70 4 20 2 10

 Fever 19 95 1 5

 Ascites 17 85 1 5 1 5 1 5

 Pleural effusion 17 85 2 10 1 5

 Pruritus 17 85 3 15

 Abdominal pain 19 95 1 5

 Muscular pain 16 80 3 15 1 5

 Arthralgia–bone pain 11 55 5 25 3 15 1 5

 Alopecia 18 90 1 5 1 5

 Lymphatic edema 15 75 2 10 3 15

 Depression 14 70 5 25 1 5

 Headache 18 90 2 10

 Dysuria 18 90 1 5

 Neuralgia 18 90 2 10
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significant increase (P = 0.010) in patients with CB by the 
time of PD (Supplementary material 2).

Serum biomarkers

Serum concentration of VEGF decreased (P  =  0.050) 
and sVEGFR-2 increased (P  =  0.005) during treatment, 
whereas non-significant variations were detected for 
VEGF-C, sVEGFR-3 and TSP-1. The VEGF/sVEGFR-2 
ratio decreased significantly during treatment (P = 0.041). 
On the other hand, non-significant variations for VEGF/

TSP-1, VEGF-C/sVEGFR-2 and VEGF-C/sVEGFR-3 
ratios were observed (Fig. 2).

Predictors of response and survival analysis

Each marker that showed significant variation during 
treatment was correlated with TTP. A significant associa-
tion between baseline VEGF (P =  0.011; Fig.  3a), base-
line VEGF/sVEGFR-2 (P = 0.029; Fig. 3c) and TTP was 
found. That was not the case for sVEGFR-2 (Fig.  3b). 
Association between baseline CECs and TTP was mar-
ginally significant (P =  0.075; Fig.  3d). When consider-
ing VEGF and VEGF/sVEGFR-2 in a multiple regression 
analysis, the goodness of the prediction was not improved 
(data not shown).

To confirm baseline VEGF and VEGF/sVEGFR-2 
ratio as predictors of response, the 50th percentile of 
each biomarker was set as a cutoff value to analyze 
the percentage of PFS. Patients who showed VEGF or 
VEGF/sVEGFR-2 values equal or lower than the cutoff 
were those who had longer TTP (P =  0.0001 Fig.  3e; 
P = 0.014, Fig. 3f).

In the multivariate analysis, the chance of pSD or PR 
was not associated with hormone receptor, HER-2/neu or 
baseline performance status ≤2. Finally, when analyzed 
together the three variables, they were not associated with 
treatment response.

Table 3   Therapeutic response

Prolonged stable disease: ≥24  weeks; stable disease: 
>8  weeks; response rate (CR  +  PR/n) 100; clinical benefit 
(CR + PR + SD > 24 weeks/n) 100

n = 20

n %

Complete remission 0 0

Partial remission 1 5

Stable disease 14 70

Prolonged stable disease 10 50

Disease progression 5 25

Response rate 5 %

Clinical benefit 55 %

Fig. 1   Progression-free 
survival and overall survival. a 
PFS progression-free survival 
(N = 20); mean 21.1 weeks 
(median 15.5, range 3–81). b 
OS overall survival (N = 20); 
mean 44.20 weeks (median 
36, range 5.14–232.14). c 
Overall survival stratified 
by clinical benefit; with CB: 
median, 45 weeks; without CB: 
21 weeks, P = 0.0134 (log-
rank, Mantel–Cox)

a b

c
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Discussion

The introduction of MCT in the field of cancer treatment 
has yielded the valuable outcome of overcoming drug 
resistance through the activation of several antitumor 
mechanisms. Moreover, together with the importance 
of obtaining CB, MCT offers economic benefits related 
to the reduced costs of low doses of already approved 
drugs, frequently off patent, and with low toxicity, 
avoiding the need of additional treatments and hospitali-
zations [17].

Our preclinical results with mammary tumors, treated 
metronomically with Cy  +  Cel or Cy  +  doxorubicin, 
showing therapeutic effect and low toxicity [18, 19] sug-
gested its translation to the clinic.

The AE were scarce, mild and, mainly, hematological. 
They were associated with chronic use of Cy, appeared 

after several weeks of medication and reverted with dose 
reduction. These types of AE are also the most frequently 
observed in MCT schemes using Cy [20, 21]. Dyspep-
sia was the only non-hematological AE associated with 
the chronic use of Cel and reversed with symptomatic 
treatment.

The RR obtained in this study was 5  %, which is low 
compared with those obtained with schemes combining 
Cy + methotrexate ± trastuzumab [4, 22]. However, since 
our patients were metastatic and heavily pretreated, it is not 
expected to obtain a high RR. Interestingly, CB was close 
to 60 %, which is similar to those reached with high-dose 
chemotherapy for metastatic breast cancer [23, 24], but 
with the advantage of avoiding toxicity. The CB is the most 
frequent outcome found in MCT schemes [21, 25, 26]. 
Since disease at this stage is not curable, preserving quality 
of life remains as one of the main goals.
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Fig. 2   Variations of serum markers and constructed ratios during 
treatment. a VEGF (N =  20): P =  0.050; b VEGF-C (N =  15*): 
P  =  0.128; c sVEGFR-2 (N  =  20): P  =  0.005; d sVEGFR-3 
(N =  15*): P =  0.128; e TSP-1 (N =  15*): P =  0.369. f VEGF/

sVEGFR-2 (N  =  20): P  =  0.041; g VEGF/TSP-1 (N  =  15*): 
P = 0.803; h VEGF-C/sVEGFR-2 (N = 15*): P = 0.293. i VEGF-
C/sVEGFR-3 (N = 15*): P = 0.177 (ANOVA for repeated measure-
ments). *Patients included in the first stage



Cancer Chemother Pharmacol	

1 3

Mean TTP in this study was 21.1 weeks, and 35.6 weeks 
for patients who achieved CB. Similar results were found 
by other authors [4, 22, 27]. Also, the OS was longer in 
those patients with CB. However, two studies reported 
longer OS using metronomic capecitabine for advanced 
disease, both with excellent outcomes [28, 29].

Hematopoietic cells and bone marrow-derived CEPs 
are required for tumor angiogenesis. Both, CECs and 
CEPs, were proposed to be direct targets of MCT [8] and 

have been extensively studied as prognostic and predictive 
biomarkers in clinical trials using antiangiogenic agents 
and MCT, but the results have indicated high inconsist-
ency [30, 31]. In our study, variations of CECs and CEPs 
did not show a clear trend but, interestingly, patients who 
showed CB evinced an increase in CECs level at the time 
of PD, suggesting its use as a potential biomarker for 
follow-up. However, some of the limitations in the use of 
CECs as biomarkers are their low concentration in blood 

c d

e f

a b

Fig. 3   Association between biomarkers baseline values and time 
to progression and survival analysis. a Baseline VEGF (N  =  20): 
r = −0.5055, P = 0.011; b baseline sVEGFR-2 (N = 20): r = 0.271, 
P  =  0.162; c baseline VEGF/sVEGFR‑2 (N  =  20): r  =  −0.451, 
P  =  0.029; (Spearman’s correlation); d baseline CEC (N  =  20): 

r = 0.364, P = 0.075; e VEGF (N = 20), median survival = 23 and 
7  weeks, P  =  0.0001; f VEGF/sVEGFR-2 (N  =  20), median sur-
vival =  26 and 11  weeks, P =  0,014. Kaplan–Meier and log-rank 
tests. PFS progression-free survival
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and the heterogeneity in the methods used to detect them, 
making their quantification not accurate or comparable. 
The importance of VEGF and its receptors has been exten-
sively reviewed [32–35]. As expected, MCT with Cy + Cel 
reduced VEGF and increased sVEGFR-2 levels, dem-
onstrating its antiangiogenic mechanism of action. The 
decrease in VEGF has also been reported in other MCT 
studies [4, 5, 36]. However, its usefulness as a predictive 
biomarker of response has not been proved yet and remains 
controversial [31].

No significant changes in serum concentrations of 
VEGF-C and sVEGFR-3 were found during treatment, 
suggesting that it would not affect lymphangiogenesis.

TSP-1 inhibits proliferation, growth, motility and adhe-
sion of tumor endothelial cells, and its expression may 
be involved in the regulation of tumor angiogenesis [6]. 
Our results showed that serum TSP-1 was not related to 
response or PD. Indeed, other clinical MCT trials evaluated 
TSP-1 levels without finding a consistent behavior. Hence, 
it does not seem to be a useful biomarker, at least for MCT 
treatments [37–40].

The association of baseline VEGF and VEGF/
sVEGFR-2 ratio with TTP was significant, and patients 
with values below both 50th percentiles showed higher 
TTP, suggesting them as potential candidates for predic-
tor biomarkers of response to MCT. Interestingly, baseline 
serum VEGF was a better predictor than VEGF/sVEGFR-2 
ratio. However, larger studies are needed for establishing 
their utility. As previously proposed [7], it would be inter-
esting that those groups that have worked, or are presently 
working, in MCT trials determine baseline VEGF and 
sVEGFR-2, calculate the ratio and analyze its association 
with therapeutic response.

In summary, MCT combining Cy + Cel showed low tox-
icity and CB as main outcome. The decrease of VEGF and 
the increase of sVEGFR-2 confirmed the anti-angiogenic 
effect of the scheme. Also, potential predictive biomark-
ers of response (baseline VEGF and VEGF/sVEGFR-2) 
and follow-up (CECs) were identified. The need for finding 
noninvasive biomarkers to predict response to cancer thera-
pies has not yet been fulfilled. Hence, we believe that the 
results herein described may help to achieve such a goal.
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