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Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA

Abstract

This phase 1 study evaluated the safety and tolerability of antiangiogenic therapy using vandetanib 

and metronomic cyclophosphamide and methotrexate in metastatic breast cancer. Eligible patients 

had metastatic breast cancer with 0–4 prior chemotherapy regimens. All received 

cyclophosphamide 50 mg daily, methotrexate 2.5 mg days 1–2 weekly, and vandetanib daily in 3 

dose-escalation cohorts: 100 mg (C1), 200 mg (C2), and 300 mg (C3). The primary endpoint was 

safety and tolerability; secondary endpoints included response rate and evaluation of platelet-

associated proteins. Twenty three patients were treated and evaluable for toxicity. Common mild 

toxicities included nausea, vomiting, LFTs abnormalities, fatigue, and rash. Three episodes of 

dose-limiting toxicity occurred in C3. In all cohorts, 1/3 of patients required vandetanib dose 

reduction, and 22 % ended therapy for toxicity. Of the 20 response-evaluable patients, 10 % 

demonstrated partial response and 15 % stable disease ≥24 weeks. Proteomic analyses 

demonstrated changes in platelet content of angiogenesis regulators, including vascular endothelial 

growth factor and platelet factor 4, with exposure to therapy. This regimen was tolerable at a 

maximum vandetanib dose of 200 mg; modest clinical activity was observed in this heavily 

pretreated population. Changes in the platelet proteome may serve as pharmacodynamic markers 

of angiogenesis inhibition. Metronomic chemotherapy is an attractive partner with biologics and 

deserves further study in metastatic breast cancer.
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Introduction

Angiogenesis mediated through the vascular endothelial growth factor (VEGF) pathway is 

thought to play a relevant role in breast cancer [1, 2]. VEGF interaction with its receptor 

(VEGFR 1–3) leads to proliferation signaling in endothelial and possibly tumor cells as well 

[3]. Combining the anti-VEGF agent bevacizumab with chemotherapy has demonstrated 

activity in the treatment of multiple solid tumor types, including HER2-negative metastatic 

breast cancer (MBC) [4–6]. Small molecule tyrosine kinase inhibitors directed against 

targets in the angiogenic pathway, including VEGFR, platelet-derived growth factor receptor 

(PDGFR), and c-kit, have been under investigation in MBC and other solid tumors.

Vandetanib is an orally bioavailable 4-anilinoquinazoline which selectively inhibits the 

tyrosine kinase activity of VEGFR2 as well as epidermal growth factor receptor (EGFR) and 

rearranged during transfection (RET) receptor. Phase I monotherapy trials demonstrated 

satisfactory tolerability with a maximum tolerated dose (MTD) of 300 mg; common adverse 

effects (AEs) included rash, diarrhea, and QTc prolongation [7]. In non-small cell lung 

cancer (NSCLC), the addition of vandetanib to chemotherapy improves survival endpoints 

[8, 9]. Activity has also been observed in medullary thyroid cancer, likely through RET 

inhibition [10, 11], leading to FDA approval in April 2011. A phase II study of vandetanib 
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monotherapy in pretreated MBC demonstrated tolerability, but limited single agent clinical 

activity (no responses, one prolonged stable disease) [12].

Metronomic chemotherapy, defined by a frequent, continuous dosing schedule, is thought to 

work through inhibition of tumor angiogenesis [13]. Actively dividing endothelial cells are 

more sensitive to chemotherapy than tumor cells; exposure to a frequent low-dose schedule 

can compromise the endothelial cell repair system with less systemic toxicity, leading to 

antiangiogenic effects and ultimate tumor death [14]. Preclinical data suggest synergistic 

activity from the combination of metronomically dosed chemotherapy with a biologic agent 

targeting VEGFR2 in both tumor xenografts and transgenic mouse models [15, 16]. In 

MBC, metronomic chemotherapy alone has demonstrated antitumor activity with minimal 

toxicity [17–19]. Combination antiangiogenic therapy by means of metronomic 

chemotherapy and the anti-VEGF antibody bevacizumab has been explored in both MBC 

and ovarian cancer with or without additional chemotherapy; in each setting, the 

combination provides efficacy with minimal toxicity [20–24].

Contemporary evaluation of angiogenesis inhibition requires study of potential biomarkers 

which identify successful drug targeting and predict treatment benefit. To date, the 

assessment of circulating angiogenesis regulators has not demonstrated consistent 

correlation with response. Another avenue for investigation is the evaluation of platelet 

proteomics. Platelets actively and selectively sequester circulating angiogenesis regulatory 

proteins [25], including VEGF, basic fibroblast growth factor (bFGF), PDGF, platelet factor 

4 (PF4), connective tissue activating peptide (CTAPIII), and endostatin [26, 27]. In 

physiologic and tumor angiogenesis, this organization facilitates the controlled release of 

angiogenic regulators from tumor- or wound-aggregated platelets [25, 28, 29]. Platelet 

content of angiogenesis regulators is constant under normal, physiological, conditions [30], 

but changes significantly under pathological conditions, such as in the presence of a tumor 

[26, 27]. The platelet angiogenic profile is more inclusive than any single biomarker, can be 

examined in a quantifiable manner [30], and therefore is an attractive candidate biomarker 

for angiogenesis inhibitor therapy.

There is considerable interest in the exploration of multi-agent antiangiogenic blockade—a 

strategy which could provide increased activity over single agents alone and could 

potentially overcome resistance to single agent therapy [31]. Metronomic chemotherapy 

offers a defined antiangiogenic mechanism of action and a tolerable side effect profile, 

making it an attractive partner for combination antiangiogenic therapy, especially with 

another oral antiangiogenic agent. This phase I dose-escalation study was designed to 

explore the safety and tolerability of the all-oral combination regimen of metronomic 

cyclophosphamide and methotrexate with the VEGFR inhibitor vandetinib in MBC, and to 

monitor the effect of exposure to antiangiogenesis therapy on the platelet angiogenic profile.

Patients and methods

Patients

Eligible patients had MBC of any histologic subtype (estrogen and/or progesterone receptor 

positive, HER2 positive, and/or triple-negative) with up to 4 prior chemotherapy regimens, 
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and no prior exposure to VEGFR or EGFR kinase inhibitors. Prior exposure to bevacizumab 

was permitted. At least 2 weeks washout from prior therapy was required. Other eligibility 

criteria included ECOG performance status ≤2, adequate hepatic [AST/ALT < 2.5 × upper 

limit of normal (ULN), total bilirubin ≤ 1.5 × ULN], renal (serum creatinine ≤ 1.5 × ULN), 

and hematologic parameters (absolute neutrophil count ≥1,500/mcL; platelets ≥100,000/

mcL; hemoglobin ≥9 g/dL; prothrombin time ≤ ULN). Patients were required to have 

adequate cardiac function (LVEF > 45 %), no evidence of QTc prolongation (≥480 ms), and 

no use of concomitant QTc-prolonging medication. Measurable disease was not required. 

Patients were excluded for uncontrolled blood pressure, therapeutic anticoagulation, recent 

clinically significant cardiac event, or untreated CNS metastases.

All treatment occurred within the facilities of the Dana-Farber/Harvard Cancer Center (DF/

HCC); the study protocol was approved by the Institutional Review Committee of the 

DF/HCC and all patients gave informed consent.

Study design and treatment plan

This was an investigator-initiated phase 1 trial designed to treat 3 sequential cohorts of 8 

patients each with escalating doses of daily oral vandetanib (C1, 100 mg; C2, 200 mg; C3, 

300 mg) and continuous metronomic chemotherapy (cyclophosphamide 50 mg PO qd, and 

methotrexate 2.5 mg PO bid, day 1 and 2 of each week). Treatment was administered in a 

28-day cycle, and accrual into the next cohort commenced once all the subjects in the 

previous cohort safely completed 1 cycle of therapy with ≤2 experiencing dose-limiting 

toxicity (DLT). Patients with progressive disease before the completion of cycle 1 were to be 

replaced. Protocol treatment was planned to continue until time of tumor progression or 

undue toxicity.

Safety and tolerability

Evaluation for adverse events utilized the National Cancer Institute common toxicity criteria 

for adverse events (CTCAE) v3.0. Subjects were monitored for toxicity every other week for 

the first 8 weeks (2 cycles) of therapy. Safe completion of protocol therapy was defined as 

≤2 patients experiencing DLT. DLT was defined during cycle 1 of therapy and included 

refractory hypertension despite adequate drug therapy, excessive QTc prolongation, any 

grade 3/4 non-hematologic toxicity, any grade 4 hematologic toxicity with clinical sequelae, 

grade 4 hematologic toxicity without clinical sequelae which failed to resolve in 1 week 

when treatment was withheld, or toxicity not resolving to ≤grade 1 within 3 weeks when 

treatment was withheld. If ≥3 DLTs occurred at any dose level, accrual was to cease and the 

study would terminate. EKGs to monitor QTc interval were performed every 2 weeks for the 

first 2 cycles and then once per cycle; QTc prolongation was defined as a single QTc value 

of ≥550 ms or an increase of ≥100 ms from baseline. Vandetanib dose reductions were 

permitted for ≥grade 3 toxicity; however, metronomic chemotherapy doses remained fixed. 

Specific text and tables were included in the protocol to optimize early and aggressive 

management of hypertension.
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Tumor response evaluation

Baseline imaging was performed within 3 weeks before the initiation of study treatment. 

Response was assessed every 2 cycles by response evaluation criteria in solid tumors 

(RECIST) [32].

Correlative studies

Platelet proteomics—SELDI-ToF mass spectroscopy of platelet extracts was performed 

to prospectively evaluate platelet angiogenic profiles. Blood samples were collected at 

baseline and after 4 and 8 weeks of treatment. Platelets were prepared as previously 

described [27]. Briefly, platelets were isolated from 1 mL of plasma by centrifugation and 

lysed in 100 μL 9 M urea (U9 buffer, BioRad, Hercules CA). The platelet lysates were then 

fractionated by strong anionic exchange by means of a stepwise pH gradient as per the 

Serum Fractionation Kit instructions (BioRad). Fraction 1, containing the flow through and 

pH9 wash, was placed onto chips coated with copper utilizing the IMAC ProteinChip Arrays 

(BioRad) and then analyzed by SELDI-ToF MS on a ProteinChip System 4000 Enterprise 

Auto-biomarker System (PCS4000, BioRad). Resultant spectra were analyzed for 

differential expression of proteins by ProteinChip Data Manager Software 3.5.0 (BioRad).

ELISA quantification of VEGF, PF-4, and human actin—In order to quantify protein 

levels, platelet pellets were lysed in 100 μL 0.05 % Triton-X 100 and diluted with 900 μL of 

PBS, pH 7.2, to make a 10× dilution stock. VEGF and PF-4 DuoSet® sandwich ELISA kits 

(R&D systems, Minneapolis, MN) were used according to the suggested protocol using 

R&D reagents and plates. Samples were diluted and loaded in duplicate with each protein 

assay repeated. Results were assayed using a Victor 3 multi label reader (PerkinElmer, 

Waltham, MA) at 450 nm with a 650 nm correction. Data were exported into Excel for 

analysis. Total actin levels in 1 mL of PRP were quantified using PathScan® actin ELISA 

kits (Cell Signaling, Danvers, MA) and used to normalize VEGF and PF-4 data.

Cardiac analysis—Correlative analysis of the effect of vandetanib and metronomic 

chemotherapy on blood pressure, markers of vascular nitric oxide production, and in vivo 

vascular function was performed on a subset of patients, and the results have been 

previously described [33].

Statistical considerations—The primary objective of the study was to determine the 

safety and toxicity of combination therapy with vandetanib and metronomic chemotherapy 

in MBC. Planned accrual was to stop at any time if ≥3 patients in a cohort experienced DLT, 

since the probability of observing ≥3 patients with a DLT would be 0.11, 0.20, 0.78, or 0.86 

for a true DLT rate of 15, 20, 45, or 50 %, respectively. At that time, the lower dose level 

would be declared the MTD.

Secondary endpoints included overall clinical response rate (ORR) and the determination of 

treatment effects on the platelet angiogenesis profile. Confidence intervals for percents are 

based on the exact Binomial method. Toxicities were described by frequency and grade. 

Statistical techniques for the platelet proteomic analysis were performed as previously 

described [34]. Comparisons of proteins peaks were performed by rank sum t tests. Student t 
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test and ANOVA were used to assign significance to the ELIZA analysis. Both SAS (version 

6.12, SAS Institute, Cary, NC) and SPSS (version 16.0, SPSS Inc., Chicago, IL) software 

packages were utilized.

Results

A total of 25 patients were enrolled between July 2007 and April 2008. One patient in C2 

received <7 days of therapy and then went to hospice; she did not contribute toxicity 

information and was replaced. A patient in C3 was enrolled, but did not initiate therapy and 

was not included in the analysis. Characteristics of the remaining 23 patients are described 

in Table 1. Most patients had visceral metastases (83 %) and were heavily pretreated: 91 % 

had prior chemotherapy for MBC with a median of 2 prior chemotherapy regimens and/or 2 

prior hormonal therapy regimens. Nine patients (39 %) had prior bevacizumab exposure; of 

those, 7 patients had bevacizumab included in their most recent regimen, and 5 had at least a 

4 week bevacizumab washout since last dose (mean 5.1 weeks). One patient had prior 

exposure to the VEGFR inhibitor cediranib; although this was a protocol violation, she 

received treatment and is included in the analysis.

Enrollment

Of the remaining 23 patients, there were 8 patients in C1, 9 in C2, and 6 in C3. Three 

patients came off study before first restaging for reasons other than progressive disease, and 

did not contribute response information. The median cycles of therapy completed by all 

patients was 2 (mean 3.6, range of 0–11). The median number of weeks on study was 8 

(mean 13.8, range of 2–44).

A single episode of Cycle 1 DLT was observed in C1 [diarrhea, vomiting, and elevated liver 

function tests (LFTs)]. No DLT was observed in C2. Three episodes of DLT were observed 

in C3 (two with elevated asymptomatic LFTs and one with mucositis and rash). Given the 

observed frequency of DLT in C3, enrollment to the trial was stopped and the study was 

closed. Vandetanib 200 mg qd was identified as the MTD in combination with metronomic 

chemotherapy.

Toxicity

Full toxicity information by cohort is presented in Table 2. The most frequently reported 

toxicities (any grade) for all patients included elevated LFTs, 16 (70 %); diarrhea, 15 

(65 %); nausea/vomiting, 15 (65 %), and hyperglycemia, 15 (65 %). The most frequent 

reported grade 3 or 4 toxicities included elevated LFTs, 4 (17 %); rash, 3 (13 %); diarrhea, 2 

(9 %), and fatigue, 2 (9 %). The single patient in C1 who experienced Cycle 1 DLT 

contributed almost all grade 3/4 toxicity in that cohort. The majority of grade 3/4 events 

occurred in C3, the highest dose level.

A total of 5 (22 %) patients withdrew from the study due to severe or persistent toxicity. 

Reasons for withdrawal included reversible cerebrovascular event (1), pulmonary embolus 

(1), body rash and mucositis (1), persistent transaminase elevation (1), and asymptomatic 

myocarditis (1).

Mayer et al. Page 6

Breast Cancer Res Treat. Author manuscript; available in PMC 2017 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



There were 9 vandetanib dose reductions involving 8 of the 23 patients (35 %). Reasons for 

dose reductions included rash (2), mucositis (2), hypertension (1), elevated LFTs (1), and 

vomiting (1). The percentage of patients requiring dose reduction was higher with increasing 

dose (25 % C1, 30 % C2, and 50 % C3).

Response

A total of 20 patients were considered evaluable for response; results are summarized in 

Table 3. Two patients (10, 95 %CI 1 to 32 %) were confirmed to have a partial response. The 

first, in C1, had triple negative disease and completed 13 weeks on study before removal for 

a minor cerebrovascular event. The other, in C2, had ER +/PR +/HER2− breast cancer and 

completed 47 weeks on therapy before documented progressive disease. A total of 13 

patients exhibited stable disease as their best response: 5 patients with stable disease ≥4 

months and 3 with prolonged stable disease ≥6 months (two ER+/PR+/HER2−, one triple 

negative). A total of 4 patients (20, 95 % CI 6 to 44 %) had progressive disease. Figure 1 

presents maximum decrease in tumor dimension as a waterfall plot.

Correlative proteomic analysis

Exploratory platelet proteomic analysis was performed in a subset of patients. There was no 

thrombocytopenia observed during the study, and peripheral platelet counts were stable with 

treatment exposure. Platelet lysates from 6 of 23 patients were of suitable quality for 

SELDI-ToF analysis (due to variability in collection techniques) [35]. Testing was 

performed at baseline and after 4 and 8 weeks of drug exposure (for 5 and 3 of the patient 

samples, respectively), and the results were compared to reference values for age-and 

gender-matched healthy controls. Twenty-six protein peaks exhibited significantly 

differential levels; of those, 10 were associated with drug exposure, suggesting a drug-

responsive pattern. The other 16 peaks varied across the cycles of therapy, were interpreted 

as potentially due to inter-individual variability, and were therefore excluded from the 

analysis. Figure 2 demonstrates two examples of proteins with differential levels associated 

with drug exposure. A peak, representing a polypeptide of approximately 12.5 kD, was 

found to be lower in patients at baseline when compared to controls (Fig. 2a). At 4 weeks, 

the 12.5 kD polypeptide, while still lower than controls, increased 2.5-fold over the baseline. 

At 8 weeks, the 12.5 kD polypeptide was further elevated (fourfold over baseline, p < 0.05) 

with levels comparable to controls. In contrast, a peak representing a protein of 

approximately 53.9 kD decreased upon treatment (Fig. 2b). At baseline, the 53.9 kD protein 

was approximately 16-fold greater in patients over controls (p < 0.05). At 4 weeks, the 53.9-

kD protein decreased by 66 % to a level approximately 5.5-fold greater than controls. At 8 

weeks, the levels in all but one outlier patient did not differ significantly between patients 

and controls. The sample quantity was insufficient for the identification of the proteins by 

sequencing. Owing to the small sample size under evaluation, correlation between changes 

in platelet proteomics and either response or toxicity could not be performed.

Of the 10 proteins with differential expression between the baseline and subsequent cycles, 

two were matched in mass and isoelectric point to candidate biomarkers VEGF and PF4. 

VEGF- and PF4-specific antibodies were used to immunologically confirm their identity. 

Because SELDI ToF permits mass spectrometry on very small amounts of biologic sample, 

Mayer et al. Page 7

Breast Cancer Res Treat. Author manuscript; available in PMC 2017 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



each patient’s platelets were analyzed separately (without pooling of samples) allowing for 

statistical analysis at each time point. As shown in Fig. 3, at baseline, the levels of intra-

platelet VEGF were notably higher in platelets from patients than in those of controls. With 

each subsequent cycle of therapy, intra-platelet VEGF “normalized,” and by the third cycle 

approached normal levels (Fig. 3 a). Although plasma VEGF levels have been previously 

described to rise with exposure to antiangiogenic therapy [36, 37], here, platelet VEGF was 

observed to decrease. PF4, an endogenous inhibitor of angiogenesis, was also noted to be 

elevated at the baseline and declined with each subsequent cycle (Fig. 3b), reaching ~ 50 % 

of the normal by the 3rd cycle. Considering the consistent treatment-dependent decline in 

the protein levels with each subsequent cycle, it is unlikely that these changes reflect 

residual effects from previous therapies.

Discussion

In this phase I study of vandetanib and metronomic chemotherapy in pretreated MBC, the 

all-oral combination was generally tolerable with commonly observed toxicities including 

nausea, vomiting, LFTs abnormalities, fatigue, and rash. These toxicities were generally 

mild and expected with a VEGFR antagonist and metronomic therapy. Important rare 

toxicities included a cerebrovascular event, pulmonary embolus, and myocarditis. As 

vascular toxicity has been observed with VEGFR inhibitors, these toxicities are possibly 

related to vandetanib exposure. The vandetanib MTD was 200 mg daily. Within this heavily 

pretreated cohort, including many with prior exposure to bevacizumab, modest activity from 

the combination was observed with 10 % demonstrating a response to therapy, 15 % with 

prolonged stable disease, and a clinical benefit rate of 25 %. Indirect comparisons suggest 

improved activity compared with single agent therapy [12].

Multiple VEGFR inhibitors are either approved or in the development for the treatment of 

advanced solid tumors [38]. Trials of VEGFR monotherapy for MBC have suggested limited 

activity to date, [12, 37, 39, 40] although this lack of response may reflect refractory disease 

in pretreated patients, small sample size, or response not easily identified using traditional 

clinical tools. Disease stabilization rates in these studies have been higher, reflecting the 

dichotomy between radiologic response and disease stabilization often seen with biologic 

agents [41]. Combination therapy using VEGFR inhibitors and chemotherapy may hold 

more promise [42–44]; however, significant toxicity has been observed with these 

combinations, often requiring dose reduction [42]. A recent small randomized phase 2 trial 

combining vandetanib with docetaxel in pretreated MBC demonstrated tolerability of the 

combination although the addition of vandetanib at a dose of 100 mg did not improve 

clinical outcomes [45].

There has been interest in combining antiangiogenic therapy to target the VEGF pathway in 

a sequential fashion with a goal of increased activity and reduced resistance to therapy. 

However, studies combining VEGFR inhibitors and bevacizumab have been fraught with 

significant toxicity [46, 47]. Metronomic chemotherapy provides an attractive partner in 

combination with an anti-VEGF biologic given the favorable toxicity profile and activity 

against endothelial cells. In this study, although observed activity was modest, metronomic 

chemotherapy appears to have not contributed much additive toxicity, and thus remains a 
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desirable partner for future study. It is possible that further study of vandetanib with either 

metronomic antiangiogenic chemotherapy or standard dose chemotherapy in less heavily 

pretreated populations may identify a more robust efficacy signal.

Multiple correlative studies have attempted to identify accurate serologic biomarkers which 

reflect target specificity and predict response to antiangiogenic therapy [48]. To date, 

measurement of serum VEGF has been a promising biomarker of exposure to anti-VEGF 

therapy, as elevated VEGF levels have been observed after treatment with VEGFR inhibitors 

[36, 37]. Furthermore, baseline VEGF level may be predictive of benefit from treatment with 

vandetanib in NSCLC [49]. However, the relationship between serum/plasma VEGF level 

and either response to therapy or exposure to drug has not been consistent. Circulating 

endothelial cells (CECs) have also been examined as a predictive tool for antiangiogenic 

therapy. However, results have been variable with studies showing both increases and 

decreases in CEC levels after drug exposure [23, 50, 51]. In addition, non-standardized 

methodology for specimen collection and analysis has complicated comparisons. Recent 

data have also suggested a role for pharmacogenomic or gene expression analysis as 

methods to identify the best candidates for antiangiogenic therapy [52, 53]. Overall, more 

robust markers predictive of response to angiogenesis inhibitors are needed.

In this study, an open-ended sequential proteomic analysis of platelets was conducted with 

no bias to angiogenesis-related proteins. Yet, in the total proteomic analysis, two of the 

proteins identified as differentially expressed were found to be angiogenesis regulators, 

VEGF and PF4. Both reflected longitudinal changes with therapy. This finding suggests that 

the analysis of platelet angiogenesis regulators may emerge as a marker of exposure to 

antiangiogenic therapies. Future larger studies are warranted to further explore the utility of 

platelet proteomics as a pharmacodynamic marker of exposure to treatment, and possibly as 

a marker of activity in patients lacking visible clinical response.

Antiangiogenesis therapy has had an established role in the care of patients with advanced 

solid tumors. VEGFR inhibitors have been the focus of multiple ongoing studies; however, 

their future role in the majority of malignancies is unclear at this time. Significant interest 

exists in combination therapy with more than one biologic, including angiogenesis 

inhibitors, although efforts to date have been limited by toxicity. In this phase 1 trial, the 

combination of vandetanib and metronomic chemotherapy was well tolerated at the MTD 

with modest activity in a pretreated patient population. Although response rates were 

limited, the lack of additional toxicity with the combination supports further exploration of 

the regimen. Combination therapy by means of metronomic dosing and biologics, or 

traditional chemotherapy, would be of interest in less heavily pretreated breast cancer 

populations.
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Fig. 1. 
Waterfall plot describing maximum change in target lesion diameter. A total of 20 patients 

contributed more than one imaging evaluation. The best overall response is demonstrated
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Fig. 2. 
Longitudinal changes in platelet proteome with therapy. Figures illustrate examples of 

detectable changes in the levels of platelet-associated proteins by SELDI-ToF analysis. Two 

examples are presented for differentially expressed proteins in platelet lysates from 6 breast 

cancer patients treated with vandetanib and metronomic chemotherapy compared with 

matched normal controls. Time points are pre-treatment (baseline), 4-weeks drug exposure, 

and 8-weeks drug exposure. Both graphs represent mean ± SEM. a At baseline, levels of a 

12.5-kD protein are low, but with subsequent exposure to protocol therapy, protein levels 

rise, reaching levels comparable to healthy controls at 8 weeks of therapy. b In contrast, the 

levels of a 53.9-kD polypeptide are high at baseline; by 8 weeks of therapy, levels of this 

protein decrease to about 50 % normal
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Fig. 3. 
Levels of intra-platelet VEGF and PF4 “normalize” with exposure to therapy. VEGF and 

PF4 were identified as differentially expressed between platelets of normal subjects and 

patients with breast cancer, and demonstrated dynamic change with exposure to therapy. All 

measurements were repeated on 2 separate occasions, and the graph represents the mean of 

the two measurements ± SEM. At baseline, the levels of VEGF (Fig. 3a) and PF4 (Fig. 3b) 

were notably higher in platelets of patients with breast cancer than in those of normal 

controls. With each subsequent cycle, the levels of both of these proteins “normalized,” and 

by the third cycle VEGF closely approached levels in platelets of normal healthy subjects
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Table 1

Baseline patient and tumor characteristics

Characteristic No. of patients (%) N = 23

Median age in years (range) 49 (29–71)

Median ECOG performance status (range)   0 (0–2)

 0 15 (65 %)

 1–2   8 (35 %)

HR positive 16 (70 %)

TNBC   7 (30 %)

HER2 positive (IHC 3+ or FISH amplified)   1 (4 %)

Sites of metastases

 Chest wall/soft tissue/lymph nodes   4 (17 %)

 Visceral (lung or liver) 19 (83 %)

 CNS   1 (4 %)

Prior adjuvant chemotherapy 18 (78 %)

Prior therapies for metastatic disease

 Prior chemotherapy for metastatic disease 21 (91 %)

 Median number chemotherapy regimens (range)   2 (0–4)

 Prior biologic therapy for metastatic disease

  Bevacizumab   9 (39 %)

  Cetuximab   2 (9 %)

  Cediranib   1 (4 %)

 Prior trastuzumab or lapatinib exposure*   2 (9 %)

 Prior hormonal therapy for metastatic disease 14 (61 %)

 Median number hormonal therapy regimens (range)   2 (0–4)

ECOG Eastern Cooperative Oncology Group, TNBC triple negative breast cancer (ER–/PR–/HER2–)

*
One patient had previously received trastuzumab for HER2-negative breast cancer
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Table 3

Best Response by RECIST (n = 20 evaluable)

No. of patients (%)

Complete response      (0)

Partial response   2 (10 %)

Stable disease 13 (65 %)

Stable disease ≥4 months   5 (25 %)

Stable disease ≥6 months   3 (15 %)

Progressive disease   5 (25 %)
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