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Summary The aim of the present study was to evaluate clin-
ical activity, and the pharmacodynamic and pharmacokinetic
profiles, of oral metronomic vinorelbine (VNR) plus dexameth-
asone (DEX) in metastatic castration-resistant prostate cancer
(mCRPC) patients. Fourty-one patients (92 % chemotherapy-
resistant) received 30 mg/day VNR p.o. thrice a week plus
1 mg/day DEX p.o. until disease progression. Plasma soluble
B cell antigen 7 homolog 3 (sB7-H3), vascular endothelial
growth factor (VEGF), and thrombospondin-1 (TSP-1), were
measured by ELISA. Plasma VNR was detected using a LC-
MS-MS system. The fraction of patients free of progression,
defined by criteria of the Prostate Cancer Clinical Trials

Working Group 2, at 3 months was 61 %. PSA decrease
≥50 % from baseline was observed in 35 % of patients.
Median PFS and OS were 4 months (95 % CI, 2.8–6.9) and
17.5 months (95 % CI, 10.8–24.5), respectively. Toxicity was
mild, and no grade 4 toxicities were found. The mean plasma
VNR Cmax ranged from 1 to 2.7 ng/ml (Tmax 1.1 h) and no
evidence of drug accumulation was found. A moderate rela-
tionship was found between plasma sB7-H3 and PSA values
(r = 0.565; P = 0.0094) at the baseline. Increased PFS (11.3 vs.
2.8 months; P = 0.0298) was observed in patients with sB7-H3
levels <30.25 ng/mL. Plasma VEGF AUC0-24day increased in
non-responders (P < 0.0001), whereas responders maintained
higher plasma TSP-1 AUC0-24day (P = 0.0063). In conclusion,
metronomic VNR plus DEX showed favourable activity, and a
low toxicity profile, in mCRPC patients. Plasma sB7-H3,
VEGF and TSP-1 levels are potential pharmacodynamic
markers at the reached low plasma concentrations of vinorel-
bine metronomically administered.
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Introduction

Metronomic chemotherapy can be defined as the frequent, reg-
ular administration of drug doses that maintain a low,
prolonged, and active, range of plasma concentrations of drugs
with a more favourable toxicity profile [1]. Metronomic che-
motherapy is an attractive option for palliative andmaintenance
treatment of metastatic castration-resistant prostate cancer
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(mCRPC). That is in part due to its excellent safety profile and
the relative low rate of severe toxicities associated with its
administration, especially for elderly and frail mCRPC patients
[2–4]. In the last few years, mCRPC patients have been en-
rolled in clinical trials where metronomic oral cyclophospha-
mide was incorporated into the treatment regimens [4]. Thus,
oral cyclophosphamide has been evaluated as a monotherapy
[5], combined with corticosteroids [6–9], or given as part of
complex combination regimens, which included celecoxib
[10, 11], thalidomide [12], methotrexate [13], or docetaxel [2].

The semisynthetic vinka alkaloid vinorelbine (VNR), a cy-
totoxic microtubule-binding agent, is currently available as an
oral formulation, which is suited for chronic and prolonged
administration – and therefore for metronomic scheduling
[14]. Indeed, metronomic oral vinorelbine at different doses
(i.e. 30, 40 and 50mg/day, three times perweek) has produced
interesting phase I-II clinical results, both as a monotherapy
[15, 16] and given in combination with metronomic capecita-
bine [17, 18]. Oral VNR has also been combined with cyclo-
phosphamide [19], and with bevacizumab [20], in metastatic
breast and in non small cell lung cancer. A preliminary eval-
uation of the clinical use of metronomic VNR at 30 mg/day in
metastatic prostate cancer patients was performed in small
subsets of patients in phase I [16] and phase IB [15] studies
(n = 6 and n = 8, respectively). Recent additional report in-
cludes a small (n = 14) retrospective evaluation of prostate
cancer patients [21].

Metronomic VNR has been shown to have anti-endothelial
activity in vitro [22, 23], and an antiangiogenic effect in vivo
[24]. However, to date, no pharmacodynamic markers for
antiangiogenic or immunological mechanisms of action have
been studied in prostate cancer patients treated with a metro-
nomic VNR regimen. Vascular endothelial growth factor
(VEGF), a proangiogenic factor, and thrombospondin-1
(TSP-1), an endogenous inhibitor of angiogenesis, have been
shown to be promising biomarkers of metronomic schedule
activity [11, 25], whereas the B cell antigen 7 homolog 3 (B7-
H3) have been associated to prostate cancer spread and out-
come [26]. The aims of the present study were to evaluate in
advanced CRPC patients the clinical activity, as well as the
pharmacokinetic and pharmacodynamic profiles, of regimen
of oral metronomic VNR plus dexamethasone (DEX).

Patients and methods

Study design and patient selection

This was a multicenter, prospective, non-randomized phase II
clinical study (PROMET-3) which was approved by the inde-
pendent local ethics committee (Sottocomitato Etico per la
Sperimentazione Clinica, Azienda USL 6; approval number:
scs 2009–0060) and was registered in the European Clinical

Trial Database EudraCT (registration number 2009–015116-
17). Patients provided their written informed consent to par-
ticipate in this study, and in the related pharmacokinetic and
pharmacodynamic assessments.

Eligibility criteria at baseline included age of ≥18 y, histo-
logical diagnosis of prostate adenocarcinoma, failure of prior
docetaxel chemotherapy, the inability or unwillingness to re-
ceive docetaxel, disease progression according to the criteria
of the BProstate Cancer Clinical Trials Working Group 2^
released in 2008 [27] (for trial entry, patients were considered
to have disease progression if they had two consecutive in-
creasing PSA level measurement above a reference value, or
radiographic evidence of disease progression in either soft
tissue or bone), and ongoing androgen deprivation therapy
with a serum testosterone level of 50 ng per deciliter or less
(≤2.0 nmol per liter). Other inclusion criteria included: PSA of
≥2 ng/mL; Eastern Cooperative Oncology Group (ECOG)
performance status of ≤2; adequate bone marrow function
(leukocytes, ≥3000/mL; neutrophil count, ≥1500/mL;
haemoglobin level, ≥10 g/dL; platelets, ≥100,000/mL); ade-
quate liver function (total serum bilirubin level, <1.5 mg/dL;
aspartate aminotransferase and alanine aminotransferase, <3
upper normal limit); adequate renal function (serum creatinine
level, <1.5 mg/dL), and life expectancy of ≥3 months.
Antiandrogen therapy (flutamide and bicalutamide) was
discontinued at least 6 wk. before enrollment, at which point
evidence for PSA progression was required. The use of low-
dose megestrol acetate for amelioration of symptoms was
allowed. LHRH analogues (leuprolide), corticosteroids, and
zoledronic acid were allowed if their administration started
at least 4 weeks before the beginning of this study, and were
associated with rising PSA levels.

Exclusion criteria at baseline included uncontrolled meta-
bolic diseases, active infections, high risk of thromboembolic
events without prophylactic treatments, untreated
haemorrhagic gastric disease, or the presence of brain
metastases.

Treatment

All eligible patients received 30 mg VNR p.o. three times a
week plus 1 mg DEX p.o. daily. This treatment was continued
without interruption except for the advent of unacceptable
toxicity, disease progression, deterioration of performance sta-
tus, or patient’s refusal to continue. No dose reduction for
observed toxicities was applied.

Clinical evaluation

Pretreatment evaluations included a survey of the patient’s
medical history, a physical examination that assessed weight,
vital signs, and ECOG performance status. Patients also
underwent electrocardiogram plus cardiovascular
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examinations, complete blood count and complete serum bio-
chemistry (creatinine, glycemia, sodium, potassium, calcium,
lactate dehydrogenase, aspartate aminotransferase, alanine
aminotransferase, γGT, ALP, total bilirubin, PT, aPTT,
fibrinogen, and D-dimer) analysis. PSA serum levels were
measured, and pain evaluation was conducted according to
the visual analogical scale (VAS). Measurable disease evalu-
ation (if applicable) was performed. Every 2 weeks during the
course of treatment, patients underwent a physical examina-
tion, and toxicity was assessed by the National Cancer
Institute-Common Terminology Criteria for Adverse Events
(NCI-CTCAE), followed by a blood count, and serum creat-
inine evaluation. Every 4 weeks the blood count and partial
serum biochemistry (creatinine, total bilirubin, calcium, PT,
aPTT, fibrinogen, and D-dimer) were repeated. Every 8 weeks
an electrocardiogram was taken, alongside a physical and car-
diovascular examination. At this time, a toxicity record, blood
count, complete serum biochemistry, and measurable disease
evaluation were performed. PSA serum levels were measured
every 2 weeks throughout the course of this study.

Pharmacodynamic evaluation

Venous blood withdrawals were performed using Vacutainer
blood collection tubes containing heparin/EDTA on day 1 (i.e.
pretreatment), and on day 28 after initiation of therapy. On day
28, samples were taken prior to VNR administration. Plasma
samples were analyzed by immunoenzymatic assays (ELISA)
for total concentrations of soluble B cell antigen 7 homolog 3
(sB7-H3), thrombospondin 1 (TSP-1), and vascular endothe-
lial growth factor-A (VEGF-A; R&D Systems, Minneapolis,
MN). These ELISAs were carried out according to the manu-
facturer’s instructions. Optical density was determined using a
Multiskan Spectrum microplate reader (Thermo Labsystems,
Milan, Italy) set to 450 nm (with a wavelength correction of
540 nm). The results were expressed as nanograms of B7H3,
and picograms of TSP-1 or VEGF, per milliliter of plasma.

Pharmacokinetic evaluation

Blood samples (4 ml each) for pharmacokinetic assays were
taken from an indwelling i.v. cannula placed in an antecubital
vein at baseline, and thereafter at 0.25, 0.5, 0.75, 1, 1.5, and
2 h after VNR oral dose for days 1, 28 and 112, of this study.
Blood tubes were centrifuged (5 min; 400 g.; 4 °C) to separate
the plasma, which was stored at −80 °C. Plasma concentra-
tions of VNR were quantified using a LC-MS-MS system.
Briefly, 500 μl of plasma samples were mixed with 1.1 ml
of acetonitrile, with the addition of 50 μl of vinblastine
(50 nM) as an internal standard. After agitation and centrifu-
gation (18,620 x g. for 15 min), the supernatant was collected
and evaporated under nitrogen flow until it was completely
dry. The residue was reconstituted in 200 μl ACN/H2O 30/

70 % v/v. An aliquot (20 μl) of the reconstituted extract was
then directly injected into a LC-MS-MS system, using a
Waters Acquity Ultraperformance Liquid Chromatography
(UPLC) coupled with aWaters Xevo TQ-S mass spectrometer
(Milford, USA). The flow rate through the column (a Waters
Acquity UPLC BEH C18 1.7 μm 2.1 × 50 mm column
protected by a Waters Vanguard BEH C18 1.7 μm guard car-
tridge) was 0.5 ml/min. TheMSmethodwas based on positive
ion mode Multiple Reaction Monitoring (MRM), and the
monitored transitions were 390.3 → 122.2 m/z (quantifier),
390.3→ 658.1, 390.3→ 357.1 m/z (qualifiers) for VNR, and
406.2 → 376.2 (quantifier), 406.2 → 271.6, 406.2 → 255.2
(qualifiers) for vinblastine. The MS parameters were opti-
mized to achieve maximum sensitivity.

Individual plasma concentration profiles of VNR were
fitted according to a one-compartment, extravascular with
lag-time model by use of nonlinear least squares regression
analysis (MwPharm software, version 3.60; MediWare,
Groningen, The Netherlands). The area under the curve
(AUC0→2h) of VNRwas calculated by the trapezoidal method
for the area from time 0 to 2 h after VNR administration. The
maximum plasma concentration (Cmax) and time to reach
Cmax (Tmax) were identified from the inspection of vinorelbine
concentration–time plots.

Endpoints and response criteria

The primary endpoint of this study was to evaluate the per-
centage of patients that did not show progression within the
first 3 months of metronomic oral VNR plus DEX therapy.
Progression was defined on the basis of changes in PSA, bone
metastases, and measurable disease as follows [27]: i) first
PSA increase that is >25 % and >2 ng/mL above the nadir,
and which is confirmed by a second value 3 or more weeks
later, ii) appearance of 2 or more additional lesions for the first
reassessment only, iii) use of Response Evaluation Criteria in
Solid Tumors (RECIST) criteria in nodal and visceral sites.
Secondary end points were the following: a) PSA-based out-
come, defined by a decrease of ≥50 % from baseline, and then
maintained for at least 12 wk. (in accordance with the consen-
sus guidelines of the Prostate Cancer Clinical Trials Working
Group 2), b) objective response rate according to RECIST
criteria [28], c) toxicity (NCI-CTCAE), d) duration of PSA
response, e) time to PSA progression, f) pain control (VAS), g)
overall survival, h) pharmacokinetic parameters of metronom-
ic VNR, and i) ability to modulate plasma sB7-H3, and TSP-1
and VEGF levels.

Statistical analyses

According to single stage design Fleming, as amended by
A’Hern [29], with P0 = 35 %, P1 = 55 %, α = 0.05, and
β = 0.20, the enrollment of 41 patients was required. The null
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hypothesis was defined on the basis of a previous study on
metronomic chemotherapy conducted by our group [11]. We
estimated that if at least 20 patients were free of progression at
3 months of treatment, then that would be indicative of ther-
apeutic efficacy worthy of further investigation.

Response duration was calculated from the time of first
objective response to time of progression. Progression free
survival (PFS) and overall survival (OS) were calculated from
the date of first chemotherapy administration to the date of
progression or death/loss to follow-up, respectively. PFS and
OS were analyzed by GraphPad Prism software (package ver-
sion 5.0; Graph- Pad Software Inc., San Diego, CA), using the
product limit method of Kaplan and Meier and comparing
survival curves using both the log-rank test and the Gehan-
Wilcoxon test. The log-rank test was also used to test differ-
ences in PFS between subgroups of patients.

Statistical analysis by ANOVA, followed by the Student–
Newman–Keuls test, was used to assess any differences in the
pharmacokinetic and/or pharmacodynamic data. Correlations
between pharmacodynamic and PSA level parameters were
investigated by a linear regression analysis. Cut-off values
for the pharmacodynamic parameter represented by sB7-H3
levels were found with a nonparametric receiver operating
characteristic (ROC) analysis, performed to assess the accura-
cy of sB7-H3 levels to discriminate between patient re-
sponders and non-responders. Statistical analyses were per-
formed using the GraphPad Prism.

Results

Characteristics of enrolled patients and of administered
treatment

From December 2009 to January 2011, 41 patients from two
Italian institutions were enrolled in this study. All patients
were clinically assessable. Baseline patient characteristics
are listed in Table 1.

Prior hormonal therapy was administered in 39 patients
(95%) and it was represented by antiandrogens (i.e. flutamide,
bicalumide) and LHRH agonists (i.e. leuprolide). In two pa-
tients this information was not available. Previous docetaxel
regimens (i.e. 75 mg/m2 every 3 weeks) had been adminis-
tered to 35 patients (85 %). Six patients (15 %) were consid-
ered unable to receive docetaxel, or they refused docetaxel
treatment. Three patients received metronomic oral VNR
and DEX as a first line treatment, and the other patients re-
ceived VNR plus DEX following metronomic oral cyclophos-
phamide therapy. The mean number of previous regimens was
2.5 (range 0–5) and twenty patients (49 %) received two or
more lines of chemotherapy. Previous regimens were as fol-
lows: mitoxantrone - 8 patients (20 %), metronomic oral cy-
clophosphamide - 4 patients (10 %), estramustine - 3 patients

(7 %), epirubicin - 2 patients (5 %), sorafenib - 2 patients
(5 %), etoposide - 1 patient (2.5 %), carboplatin - 1 patient
(2.5 %), sunitinib and gefitinib - 1 patient (2.5 %).

Zoledronic acid was administered to 28 patients
(68 %) who had evidence of bone metastases. The me-
dian duration of metronomic chemotherapy was 170 days
(range, 28–545 days).

Toxicity

All patients were evaluated for treatment associated toxicity
(Table 2). Metronomic VNR was generally well tolerated and
no NCI-CTCAE grade 4 toxicities were reported in the 41
patients. No major cardiovascular events or toxicity-related

Table 1 Patient characteristics (n = 41)

Characteristics n (%)

Age median (range) 73 (63–86)

≥ 75 years (%) 18 (44 %)

ECOG performance status, n (%)

0 15 (37)

1 23 (56)

2 3 (7)

Metastatic disease, n (%) 38 (93)

Sites of metastatic disease

Bone 35 (85)

Nodes 16 (39)

Lungs 1 (2)

Measurable disease (RECIST criteria)

Yes 9 (22)

No 32 (78)

Prior Hormonal therapy

1 2 (5)

2 8 (20)

> 2 29 (70)

Not available 2 (5)

Prior radiotherapy 15 (37)

Prior prostatectomy 20 (49)

Prior chemotherapy

1 18 (44)

≥ 2 20 (49)

Docetaxel-based chemotherapy 35 (85)

Serum PSA

Median (ng/ml) 652.38

Range 3.46–9032

Gleason score

< 7 2 (5)

≥ 7 26 (63)

Not available 13 (32)

ECOG Eastern Cooperative Oncology Group, PSA Prostate Specific
Antigen, RECIST Response Evaluation Criteria In Solid Tumors
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deaths were observed. NCI-CTCAE grade 3 toxicities were
nonhematologic: these included asthenia (6 patient; 15 %),
and anorexia (5 patients; 13 %).

Clinical activity

All patients were evaluated for clinical activity. The fraction of
patients free of progression at 3 months was 61 % (n = 25).
According to the recommendations of the Prostate Cancer
Clinical Trials Working Group 2 [27], a confirmed PSA de-
crease of ≥50 % from baseline was observed in 14/41 (35 %)
patients. In Fig. 1a, a waterfall plot shows the percentage
change in PSA levels from baseline to 12weeks into the study,
as well as the maximal PSA decrease. Fourteen patients
(35 %) showed a PSA decrease ≥50%, and 25 (61 %) showed
a measurable PSA decrease.

According to RECISTcriteria, nine patients were evaluable:
we observed 6 patients with stable disease, 2 with a partial
response, and 1 with progression of disease.

Figure 1b shows a median PFS of 4 months (95 % CI, 2.8–
6.9 months) and a median OS of 17.5 months (95 % CI, 10.8–
24.5 months). Notably, 8/41 patients (20 %) continued to re-
ceive metronomic VNR plus DEX treatment beyond PSA or
disease progression, due to improvements in their symptoms
and in their quality of life, and following discussions with their
clinical practitioner. Moreover, 28 patients (68 %) received at
least 1 additional anticancer therapy after the end of this study.
Of these, eleven patients (27 %) received abiraterone, nine
patients (22 %) received mitoxantrone, five patients (12 %)
received a re-chellenge with docetaxel, and two patients (5 %)
received cabazitaxel, as subsequent treatments.

Pharmacokinetics

Table 3 reports the main pharmacokinetic parameters of the
oral 30 mg VNR dose. This dose was rapidly absorbed as
indicated by the Tmax that was achieved at 1.1 h (range, 0.25
to 2 h) after VNR oral administration at days 1, 28 and 112.
The measured mean plasma Cmax of VNRwas not significant-
ly different among the different timepoints analyzed (Table 3).
Moreover, the VNR AUC0→2h values at days 1, 28, and 112,
were constant during the course of treatment (Table 3). Thus,
no evidence was found for accumulation of VNR during the
first 16 weeks of treatment.

Pharmacodynamic evaluations

Pharmacodynamic analyses were performed in 20 patients.
Plasma samples were collected prior to the first VNR admin-
istration (i.e. baseline), and after 28 days of metronomic VNR
plus DEX treatment.

A significant, albeit moderate, relationship was found
between sB7-H3 plasma levels and serum PSA values

(r = 0.565; P = 0.0094; Fig. 2a) at baseline. Thus, in
parallel with an increase of PSA levels, a moderately signifi-
cant increase of plasma sB7-H3 levels was noted.
Furthermore, we found a significant increased in PFS (11.3
vs. 2.8 months; P = 0.0298; Fig. 2b) in patients with plasma
levels of sB7-H3 below a cutoff value of 30.25 ng/mL, as
obtained by ROC analysis.

To interpret the pharmacodynamic parameters in relation to
biochemical responses, we defined patients as responders if
they showed a decrease in PSA levels of ≥50 % and a PSA
stabilization of ≥3 months. Figure 3a shows that plasma levels
of TSP-1 (measured by the TSP-1 AUC0–28 day) were signif-
icantly higher in responders (n = 15) vs. non-responders (n =
5; Fig. 3a). In contrast, in that same period, plasma VEGF
levels (measured by the VEGFAUC0–28 day) significantly in-
creased in non-responders compared to responders (Fig. 3b) in
the period day 1 – day 28.

Discussion

This study describes the clinical, pharmacokinetic, and phar-
macodynamic, evaluation of oral metronomic VNR given
with DEX for the treatment of metastatic CPRC previously
treated with docetaxel and other chemotherapeutic drugs.

Our primary objective was to assess the clinical efficacy of
a metronomic oral VNR plus DEX regimen.We observed that
61 % of patients (n = 25) were free of progression 3 months
into this metronomic study, far beyond our expected target
(i.e., of having at least 20 out of 41 treated patients showing
such a response), with a confirmed PSA ≥50 % decrease in
35 % of patients, and a median PFS of 4 months. Median OS
was 17.5 months. All the enrolled patients were old adults,
with nearly half (44 %) of them of age 75 years or older.

Table 2 Maximum toxicity per patient expressed by National Cancer
Institute-Common terminology criteria for adverse events (NCI-CTCAE)
grades

Toxicity G1 n (%) G2 n (%) G3 n (%) G4 n (%)

Neutropenia 1 (2.5) 0 (0) 0 (0) 0 (0)

Thrombocytopenia 2 (5) 1 (2.5) 0 (0) 0 (0)

Anemia 6 (15) 8 (19) 0 (0) 0 (0)

Asthenia 13 (32) 9 (22) 6 (15) 0 (0)

Anorexia 4 (10) 6 (15) 5 (13) 0 (0)

Nausea 7 (17) 3 (7) 0 (0) 0 (0)

Vomiting 1 (2.5) 0 (0) 0 (0) 0 (0)

Diarrhea 7 (17) 0 (0) 0 (0) 0 (0)

Stomatitis 4 (10) 0 (0) 0 (0) 0 (0)

Cardiovascular events 0 (0) 0 (0) 0 (0) 0 (0)

Peripheral neurotoxicity 4 (10) 0 (0) 0 (0) 0 (0)

Hepatic toxicity 2 (5) 3 (7) 0 (0) 0 (0)
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When we began this study, there was no standard of care for
the second-line setting for CPRC after progression on docetaxel
[30]. At that time (i.e. the end of 2009), data from studies on
metronomic cyclophosphamide in CRPCwere available [6, 11]
suggesting a promising role for metronomic chemotherapy in
this setting. Therefore we decided that metronomic VNR
should be investigated as a palliative treatment after docetaxel
treatment. It is important to note that after our study began,
numerous phase II-III clinical trials reported on the activity of
several second line chemotherapies in mCRPC patients [30]. In
some cases, interesting antitumor activity was noted, frequently
coupled with a severe toxicity profile (usually high-grade

hematological toxicities). Second-generation anti-hormonal
agents (abiraterone and enzalutamide) have since been ap-
proved for the treatment of mCRPC, on the basis of their ability
to improve overall survival and their good safety profiles in
men with mCRPC after treatment with docetaxel [31, 32].
Nonetheless, whilst enzalutamide and abiraterone represent
breakthroughs in the treatment of mCRPC, there is a substantial
proportion of patients (20–40%) that show no response to these
drugs or, after an initial response, who subsequently develop
drug resistance [33], typically as a consequence of the acquisi-
tion of AR splice variants (i.e. AR-V2, AR-V7). On the other
hand, cabazitaxel plus prednisone in the TROPIC phase III
clinical trial showed significant prolonged OS compared to
mitoxantrone plus prednisone, and has consequently been
adopted as one of the standard treatments after docetaxel. The
median OS in the cabazitaxel arm was 15.1 months, compared
to 12.7 months in the mitoxantrone arm (p < 0.0001), whereas
the median time to PSA progression was 6.4 vs. 3.1 months,
respectively (P = 0.001). The percentage of patients showing
PSA response in the cabazitaxel arm was 39.2 % [34].
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Fig. 1 Awaterfall plot showing the maximal change from baseline (at 12
wk. or at any time point) of PSA levels after VNR plus DEX therapy a.
Actuarial progression-free survival (PFS), and overall survival (OS),

curves calculated by the Kaplan-Meier method from the first day of
metronomic VNR plus DEX administration b

Table 3 Pharmacokinetic parameters of oral metronomic vinorelbine

Parameter (units) Day 1 (n = 17) Day 28 (n = 16) Day 112 (n = 7)

AUC0→2h (h·ng/mL) 1.57 ± 0.54 0.85 ± 0.31 0.98 ± 0.44

Tmax (h) 1.10 ± 0.13 1.13 ± 0.15 1.14 ± 0.20

Cmax (ng/mL) 2.74 ± 1.22 1.03 ± 0.35 2.11 ± 1.00
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However, hematological adverse drug reactions were noted in
the majority of enrolled patients, including grade 3 or greater
neutropenia (82 % of cases with cabazitaxel) and leucopenia
(68 %) [34]. Though cabazitaxel has also demonstrated activity
against AR-V7-positive circulating tumor cells [35], new che-
motherapeutic strategies are warranted to improve both activity
and tolerability profiles, and also to overcome drug resistance
[34, 36, 37]. In that regard, our results with metronomic VNR
plus DEX given to patients after docetaxel (or following their
refusal to take docetaxel) show a good profile of haematologi-
cal toxicity if compared with other chemotherapeutic regimens,
suggesting a possible future role of metronomic VNR 30 mg/
day in the palliative treatment of mCRPC patients, especially in
older (>75 years) patients.

In a previous phase II trial of metronomic cyclophospha-
mide (50 mg p.o. daily) with celecoxib and DEX conducted in
28 patients with advanced CRPC, Fontana and colleagues [11]
observed a PSA response rate of 32 % and a PSA stabilization
of 18 %. Moreover, the median progression-free survival of
4 months (95 % CI, 2.8–6.9 months), observed in the present
study, was similar to that observed in a retrospective study by
Dickinson et al. [7] with a combined schedule of cyclophos-
phamide and DEX. These results compare favorably with
those noted in other metronomic chemotherapy trials (range
2.8–3 months) involving metronomic cyclophosphamide in

combination with celecoxib or methrotrexate [11, 13].
Furthermore, Nelius and colleagues noted in a small study
(17 patients) of metronomic cyclophosphamide (50 mg po
daily) plus DEX (1 mg po daily) given to patients with
taxane-resistant CRPC, that the PSA response was 24 % [9].

The favorable clinical activity, and the related toxicity pro-
file, that we observed with the metronomic 30 mg dose of
VNR produced maximum VNR plasma concentrations vary-
ing from 1 to 2.7 ng/ml, which were maintained for at least
112 days without any evidence of drug accumulation.
Moreover, no significant differences of AUCs were recorded
at different timepoints in this study. Previous work by
Briasoulis and colleagues [15, 16] described the plasma con-
centrations of VNR (in the metronomic setting), displaying
linear pharmacokinetics with a constant concentration:dose
ratio and a proportional increase in concentrations with esca-
lating administered doses [16]. Interestingly, the steady-state
concentration of the 30 mg VNR dose was 1.8 ± 1.10 ng/ml
[15], a value similar to the ones obtained in this study. This
indicates that VNR is clinically active against mCRPC in this
range of plasma concentrations.

The prolonged in vitro exposure of VNR, and of its active
metabolite, 4-O-deacetylvinorelbine, at pico- and nano-molar
concentrations, has been shown to be an effective inhibitor of
endothelial cell proliferation, and of endothelial-cell migration

0 5 10 15 20
0

20

40

60

80

100
sB7-H3 <30.25 ng/ml; 11.3 mos

sB7-H3 >30.25 ng/ml; 2.8 mos

*Log-rank P=0.0298

Time (months)

Pe
rc

en
t s

ur
vi

va
l

0 500 1000 1500 2000

0

20

40

60

80

r=0.565
P=0.0094

PSA [ng/ml]
so

lu
bl

e 
B

7-
H

3 
[n

g/
m

l]

BAFig. 2 Linear regression analysis
between serum PSA and plasma
soluble B cell antigen 7 homolog
3 (sB7-H3) levels in 20 patients at
day 1 before the beginning of
metronomic VNR treatment a;
PFS according to plasma sB7-H3
cutoff values obtained by a ROC
analysis at day 28 of metronomic
VNR therapy b

res
ponders

non res
ponders

10000

15000

20000

25000

30000

*P=0.0063

*

AU
C 0

-2
8 

TS
P1

 [d
ay

× 
ng

/m
l]

res
ponders

non re
sp

onders

0

5000

10000

15000

*

*P<0.0001AU
C

0-
28

 V
EG

F 
[d

ay
× 

pg
/m

l]

A BFig. 3 TSP-1 a and VEGF b
AUC0–28 days of patients (n = 20)
administered metronomic VNR at
30 mg/day, thrice a week.
Mean ± SD; responders were
defined as patients who had a
decrease of PSA of ≥50 % and a
PSA stabilization of ≥3 months

766 Invest New Drugs (2016) 34:760–770



[22, 23]. In addition, such doses also inhibit tube formation
and in vitro sprouting [22, 23]. Moreover, previous studies
showed that the optimal biologic dose of metronomic oral
VNR in mice decreases the mobilization and viability of bone
marrow–derived circulating endothelial progenitors (CEPs)
[24], increases the levels of apoptotic circulating endothelial
cells [38], and inhibits the growth of breast cancer in tumor
bearing mice [24] [38]. Our pharmacodynamic data in patients
is consistent with an antiangiogenic activity of the 30 mg
VNR metronomic schedule. Thus we observed an increase
in the AUC of plasma TSP-1 - an endogenous antiangiogenic
molecule and a mediator of the antiangiogenic effects of met-
ronomic chemotherapy [39] - and a decrease in the AUC of
plasma VEGF, a strong pro-angiogenic factor [40], in patients
that responded to the metronomic VNR plus DEX regimen
used in this study. Similar findings were previously described
by our group in colorectal cancer patients treated with metro-
nomic cyclophosphamide plus UFT [25], and also by
Camerini and colleagues [41] in NSCL elderly patients treated
with metronomic oral VNR.

The pharmacodynamics of metronomic chemotherapy is
consistent with the concept that the therapy of cancer is a
complex approach involving both tumor cells and their micro-
environment, including microvessels and cells of immune sys-
tem [42]. While anti-angiogenesis is an important mechanism
of action of metronomic chemotherapy, other mechanisms,
including activation of anti-tumor immunity –mainly through
the suppression of regulatory T-cells - have also been identi-
fied [43]. Our data in mCRPC patients suggests that metro-
nomic VNR may also promote antitumor immunity. B7-H3
(CD276), a member of the B7 family of molecules, is often
induced in human tumors and numerous evidences implicat-
ing B7-H3 in tumor immune escape [44]. Indeed, these li-
gands may act as antigen-specific inhibitors of T-cell-
mediated antitumoral immunity [45]. B7-H3 was shown to
be highly expressed in prostate cancer and associated with
disease spread and poor outcome [26, 46]. High tumor B7-
H3 staining in primary prostate cancer has been associated
also with increased risk of recurrence measured by PSA after
salvage radiation therapy [47] and with clinical relapse [48].
The soluble form of B7-H3 (sB7-H3) was reported to be re-
leased from the cell membrane by matrix metalloproteinases
cleavage of monocytes, dendritic cells, activated Tcells and of
tumor cells [49]. Interestingly, our results describe a moderate
but significant correlation between sB7-H3 plasma levels and
serum PSA concentrations, suggesting that, at least in our
study, sB7-H3 plasma levels may be associated with the
PSA status. Indeed, although the PSA as a screening marker
for prostate cancer is of considerable controversy, its increased
expression is an effective indicator for the recurrence of this
tumor [50]. Moreover, a significant increased PFS was ob-
served in patients with plasma levels of sB7-H3 < 30.25 ng/
mL at day 28 of the metronomic VNR schedule. A similar cut-

off of circulating B7-H3 levels (30 ng/ml) was found by
Zhang and colleagues [51] and it served to distinguish patients
with NSCLC from those with other pulmonary diseases (or
healthy volunteers). Thus, lower plasma concentrations of
sB7-H3 after 1 month from the beginning of metronomic
VNRmay be considered as a promising biomarker of effective
therapeutic impact, whereas elevated sB7-H3 levels may re-
flect tumour progression. Furthermore, also the pro-
angiogenic factor VEGF has been described as a potent neg-
ative regulator of T cell infiltration of tumors, and thus, an
inhibitor of the immune control of tumors [52]. Interestingly,
TSP-1 has been shown to reverse this immunosoppressive
effects of VEGF, inhibiting the VEGF activity on proliferation
and T cell activation through the ligation of CD47 [53].

The present prospective phase II clinical trial is a pilot study,
and both clinical and pharmacokinetic/pharmacodynamic data
are exploratory by nature. The results and the statistical signif-
icances we present should be interpreted with caution as they
have as yet to be translated to a larger patient population. It
must be also acknowledge that low dose DEX alone has shown
activity in prostate cancer [54], and could have accounted for
some of the cancer control in our study. Indeed, in a recent
small phase II study, DEX alone in chemotherapy-naïve
mCRPC patients determined a > 50 % PSA decline in 54 %
of patients [50]. Nonetheless, the results we present may be
useful for the generation of hypotheses on the use of oral
VNR metronomic regimens that can be tested in subsequent
investigations in docetaxel-resistant patients. Thus, consider-
ation should be given to testing the combination of metronomic
VNR plus DEX in a larger patient population (i.e., in a random-
ized phase II trial of patients that previously received treatment
with the second-generation anti-hormonal agents, abiraterone
and enzalutamide) in order to better assess its clinical impact. In
conclusion, metronomic VNR plus DEX showed a favourable
toxicity profile and an interesting activity in elderly adults with
mCRPC. Plasma sB7-H3, VEGF and TSP-1 levels, at the
reached VNR plasma concentrations of 1–2.7 ng/ml, may rep-
resent interesting pharmacodynamic markers for the clinical
response of mCRPC patients treated with this schedule.
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