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Abstract Biomarkers of bone turnover, including urine

N-telopeptide (uNTx), have been used as surrogate mea-

sures of response to bone-targeted therapies. Vascular

endothelial growth factor (VEGF) levels correlate with

extent of bone metastases. We assessed whether vandeta-

nib, an inhibitor of VEGF, epidermal growth factor

receptor and RET signalling, improved uNTx response

when added to fulvestrant (F) in breast cancer patients with

bone metastases. Postmenopausal patients with bone pre-

dominant, hormone-receptor-positive metastatic breast

cancer were randomised to F (500 mg IM days 1, 15, 29,

then monthly) with either vandetanib (100 mg PO OD)

(FV) or placebo (FP). The primary objective was uNTx

response. Secondary objectives included PFS, OS, RECIST

response, pain scores and toxicity. Sixty-one patients were

allocated to FV and 68 to FP. Out of 127 analyzable

patients, an uNTx response occurred in 66 % for FV and

54 % for FP (p = 0.21). No difference was detected

between groups for PFS; HR = 0.95 (95 % CI 0.65–1.38)

or OS HR = 0.69 (95 % CI 0.37–1.31). For the 62 patients

with measurable disease, clinical benefit rates were 41 and

43 %, respectively (p = 0.47). Serious adverse events were

similar, 3.3 % for FV versus 5.9 % for FP. Elevated

baseline uNTx ([65 nM BCE/mmol Cr) was prognostic for

PFS, HR = 1.55 (95 % CI 1.04–2.30) and for OS,

HR = 2.32 (95 % CI 1.25–4.33). The addition of vande-

tanib to fulvestrant did not improve biomarker response,

PFS or OS in patients with bone metastases. Baseline bone

turnover was prognostic for PFS and OS.
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Introduction

Breast cancer patients with bone metastases limited to the

skeleton frequently have indolent disease with a prolonged

disease course. Our increased understanding of the inter-

action between cancer cells in bone and stromal elements

such as osteoclasts has led to the extensive use of bone-

targeted agents such as bisphosphonates and RANKL

antibodies for patients with bone metastases. To date, these

therapies have had no impact on either progression free or

overall survival (OS) [1]. In patients with bone metastasis,

vascular endothelial growth factor (VEGF) levels correlate

with extent of bone disease [2] and suppression of VEGF

concentrations are associated with improved outcomes [3].

In addition, members of the VEGFR receptor family

(VEGFR-1, VEGFR-2 and VEGFR-3) [4] and epidermal

growth factor receptor (EGFR) signalling pathways are

recognised targets for breast cancer therapy.

Vandetanib (AstraZeneca, Macclesfield, UK) is a once-

daily oral agent that targets VEGFR and EGFR signalling,

[5] as well as RET (rearranged during transfection) tyro-

sine kinase [6]. RET tyrosine kinase is involved in breast

tumour growth and endocrine resistance [7, 8]. Vandetanib

has shown anti-tumour activity both as a single agent or in

combination therapy in a number of malignancies includ-

ing non-small-cell lung cancer [9] and medullary thyroid

cancer [10]. Vandenib has been evaluated both as a single

agent [11, 12] and in combination with chemotherapy [13]

in patients with refractory metastatic breast cancer (MBC).

Breast cancers that are metastatic to bone are often

hormone-receptor-positive and, in postmenopausal women

with metastatic disease, first and second line endocrine

therapies frequently include aromatase inhibitors (AI) and

tamoxifen. The oestrogen receptor down regulator, fulve-

strant, has demonstrated activity after both tamoxifen and

AI [14].

We hypothesised that the use of agents which target VEGF

and EGFR signalling could potentially enhance the effects of

fulvestrant in inhibiting the growth of bone metastases. We,

therefore, conducted a randomised, double-blind, multicentre,

phase II study (ZAMBONEY; NCT00811369) to investigate

whether the addition of once-daily oral vandetanib to fulve-

strant could reduce bone resorption in postmenopausal

patients with bone only or bone predominant metastatic,

hormone-receptor-positive breast cancer.

Patients and methods

Patients

The main inclusion criteria were postmenopausal woman

with either radiologically confirmed bone only or

predominant metastases to bone and an oestrogen -receptor-

positive (ER?) and/or progesterone-receptor-positive

(PgR?) primary tumour. Patients’ disease had to fulfil one of

the following criteria for endocrine resistance: (i) disease

progression on tamoxifen or on an AI as first or second line

therapy for metastatic disease or (ii) development of meta-

static disease while on treatment with tamoxifen or an AI in

the adjuvant setting or (iii) disease progression after dis-

continuation of prior adjuvant endocrine therapy. Patients

additionally had to have bone lesions which were lytic,

sclerotic or mixed, either in the absence or the presence of

measurable disease as defined by response evaluation criteria

in solid tumours (RECIST) criteria. Determination of ’bone

predominant’ disease was left up to the treating investigator.

This was not centrally determined or adjudicated.

Exclusion criteria included: anticipated life expectancy

less than 6 months, previous treatment with fulvestrant or

vandetanib, having received greater than one line of pallia-

tive chemotherapy, significant cardiovascular event within

3 months of study entry or a history of symptomatic

arrhythmias. In addition, patients with a history of congen-

ital long QT syndrome, QT prolongation or taking medica-

tions with a risk of QTc prolongation were excluded. While

prior treatment with VEGF TKIs was a study exclusion,

prior use of bevacizumab was permitted. Prior and contin-

uing bisphosphonate use was permitted as long as this was

commenced at least a month prior to study entry.

Study design and treatments

This trial was conducted in 13 Canadian cancer centres.

Patients provided written informed consent and the trial was

approved by all local research ethics committees. Patients

were randomly assigned (1:1) to receive vandetanib

(100 mg/day) plus fulvestrant (500 mg IM days 1, 15, 29

and every 28 days afterwards) or to placebo plus fulvestrant

using a web-based subject registration and randomization

system located at the Ontario Clinical Oncology Group

(OCOG) Coordinating and Methods Centre. A computer-

generated randomization schedule was used to allocate

patients using variable block sizes, within strata defined by

baseline fasting serum C-telopeptide (CTx) level (\400

ng/L, C400 ng/L) and clinical center. Active and placebo

tablets were identical. Study treatment was to continue until

disease progression, unacceptable toxicity or withdrawal of

consent. Toxicity-related dose adjustments were performed

in accordance with protocol-specified guidelines. Data and

study management were coordinated through OCOG.

Radiological assessments

Radiological tumour assessments were performed at base-

line and repeated every 12 ± 2 weeks until either disease
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progression or treatment intolerance. For patients with

measurable disease, radiological response was defined as

per RECIST Version 1.0 [15].

Laboratory studies

For patient stratification, Serum CTx (b-CrossLaps) for

study stratification was drawn in the morning following

an overnight fast. The sample was allowed to clot, and

centrifuged at 4 �C for 10 min at 3,400 revolutions per

minute. Aliquots of serum were shipped immediately on

dry ice to the central lab (Mount Sinai Hospital, Toronto)

for analysis. Serum CTx was measured by chemilumi-

nescence immunoassay using CrossLaps�. Intra-individ-

ual variance is less than 18 %, and the coefficient of

variation is \5 %. Specimens for urinary NTx were col-

lected as second pass specimens after an overnight fast

and stored in a -30 to -70�C freezer until batch shipped

to the central lab. Urine NTx was measured by compet-

itive-inhibition enzyme-linked immunosorbent assay

(ELISA). Assay range is from 20–3,000 nmol/L BCE,

with intra-assay variability of 7.6 % and inter-assay var-

iability of 4 %.

Outcomes

The primary outcome of a significant change in the bone

turnover marker urinary N-telopeptide (uNTx) level was

defined as a C30 % reduction in uNTx level from baseline

at any time. This definition was used by Vinholes et al. [16]

and was the approximate magnitude observed in recent

salvage bisphosphonate trials [17]. No minimum baseline

level of uNTx was mandated for study inclusion.

Secondary outcomes included progression-free survival

(PFS), defined as the time from randomization until disease

progression or death. Progression was defined according to

RECIST criteria [18] (where applicable), or for patients

with lytic or mixed bone lesions and no measureable dis-

ease, as the appearance of one or more new lytic lesions in

bone, the appearance of one or more new lesions outside of

bone or unequivocal progression of existing bone lesions.

PFS was measured locally, and no central adjudication of

disease progression was performed. Additional secondary

outcomes included response to therapy according to RE-

CIST criteria, OS (calculated from the date of randomi-

zation to the date of death by any cause), pain response as

measured by the Brief Pain Inventory (BPI) [19] and

FACT-BP [20] questionnaires, and number of study on

skeletal-related events (SREs). Safety was assessed by

recording adverse events using the National Cancer Insti-

tute Common Terminology Criteria for Adverse Events

(NCI-CTCAE), Version 3.0. The study was closed on 31

July 2013 on the basis of the Data Safety Monitoring

Committee recommendation. All patients still receiving

treatment at this time were censored for PFS and OS.

Statistical considerations

Based on our previous phase II study which evaluated

urinary markers in a similar group of patients, we postu-

lated that 15 % of patients on fulvestrant alone would have

a major ([30 %) drop in uNTx and with the addition of

vandetanib as many as 40 % of patients receiving combi-

nation therapy would have a drop in their urinary NTx

relative to baseline [9]. With alpha = 5 % (two sided),

power of 80 %, 57 patients per group were needed to detect

a difference of this magnitude using a Fisher’s exact test.

Assuming a conservative dropout rate of 10 %, total

accrual was set to 126 patients.

Although the protocol-defined primary analysis was

based on Fisher’s exact test, the Mantel–Haenszel (M–H)

test was also performed accounting for the CTx classifi-

cation at baseline. For the secondary outcomes, treatment

arms were compared using Fisher’s exact tests, M-H tests,

Wilcoxon rank sum tests and using regression (logistic,

Cox, linear) models to adjust for strata. PFS and OS were

estimated using the Kaplan–Meier method. Baseline serum

CTx and uNTx were evaluated as potential prognostic and

predictive (testing for an interaction) factors for PFS and

OS using Cox regression analyses. Whether a change in

urine NTx by week 4 was prognostic for PFS and OS was

also tested using a landmark analysis. Baseline urine NTx

was defined using a continuous variable with a logarithmic

transformation (for statistical normalisation purposes), and

using a definition of normal versus abnormal ([65 nM

BCE/mmol Cr). Serum CTx was defined using the baseline

stratification of \400 versus C400. All tests were two-

sided and a p value of 0.05 or less was considered statis-

tically significant. Analyses were performed in SAS v9.2

(Cary, NC) and R (www.r-project.org).

Results

Patients

Between October 2009 and October 2011, 133 patients

were registered. Three of these patients were withdrawn

prior to randomization due to physician discretion, and one

patient was randomised in error (to FV) and subsequently

withdrawn prior to receiving any treatment. These patients

are excluded from all remaining analyses (Fig. 1). Of the

remaining 129 patients, 61 were assigned to receive FV and

68 to receive FP. All but 3 patients received fulvestrant and

vandetanib/placebo within one day of randomization; one

patient started treatment 29 days after randomization, a
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second patient 4 days after randomization, and one patient

(FV arm) withdrew and transferred their care to another

institution prior to receiving any treatment. One patient did

not have baseline uNTx measured (FV arm) but did have

all post-baseline uNTx measurements.

Baseline characteristics

Table 1 shows the baseline patient characteristics. Median

age was 59, 18 % had received 1 prior chemotherapy

regimen and 73 % prior endocrine therapy for MBC. The

women who received FV were less likely to have had

measurable disease by RECIST criteria (34.4 vs 58.8 %)

and less likely to have had prior chemotherapy (9.9 vs

25.0 %) for metastatic disease.

Primary outcome, urinary NTx response

Of the 59 women treated with FV and having baseline

uNTx, 39 (66.1 %) had a decline of 30 % or more in uNTx,

compared with 37 of 68 (54.4 %) of women in the FP arm

(difference = 11.7 %; 95 % confidence interval (CI) -5.2

to 28.6 %, Fisher’s exact p = 0.21, M–H p = 0.10). The

maximum decrease in uNTx at any time while on-treatment

for all patients is shown in a waterfall plot (Fig. 2).

No statistically significant difference between treatment

arms was observed for any supportive analysis using dif-

ferent definitions for the change in uNTx. This includes

analyses where only second pass urine samples were

included, using a drop of 50 % or more as the definition of

response, whether a drop occurred within the first 4 weeks

of treatment, and when examining the change in uNTx

from baseline as a continuous measure at selected time

points.

Secondary outcomes

Median PFS was 5.8 months (95 % CI 2.7–8.1) and

4.8 months (95 % CI 2.7–5.4), respectively, for FV and FP

(p value = 0.73, HR = 0.94 (95 % CI 0.64–1.36, Fig. 3a).

Registered (n=133)

Physician Discretion (n=3): 
- Wanted Systemic Chemotherapy 
- MRI Confirmed Dural Metastases 
- Alternate Treatment 

Baseline Urine (n=59) 

Vandetanib (n=61) 
1 patient never received treatment 

Baseline Urine (n=68) 

Placebo (n=68) 

30% Drop in Urine NTx at Any Time 
N=37 (54.4%)

Correctly Randomized (n=129) 

Randomized in Error to Treatment Arm 1 
and withdrew prior to any intervention 

30% Drop in Urine NTx at Any Time 
N=39 (66.1%) 

Randomized (n=130)

Serum CTx <400 ng/L (n=44) 
Serum CTx 400 ng/L (n=24) 

Serum CTx <400 ng/L (n=38) 
Serum CTx 400 ng/L (n=23) 

Progressed (n=55)
Median PFS=5.8 months 

Died (n=18)
12-month OS=90.0% 

Died (n=23)
12-month OS=77.9%

Progressed (n=63) 
Median PFS=4.8 months 

Fig. 1 Study flow diagram
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For those patients with measurable disease, clinical benefit

rates were 41 and 43 %, respectively. At the time of study

closure, 41 women had died, 18 in the FV treatment arm

and 23 on FP. Two-year OS was 64.6 % (95 % CI

43.7–79.4 %) and 60.6 % (45.5–72.7 %) for FV and FP

patients (p = 0.30, Fig. 3b). No statistically significant

difference in any outcome including on-study SREs

(Table 2) or FACT-BP pain scores (Table 3) was observed.

Statistically significant differences in BPI average pain and

severity scores were observed.

Safety

Fourteen (23.0 %) patients on FV and 9 (13.2 %) on FP

experienced a grade 3 or greater serious or clinically sig-

nificant AE (Fisher’s exact test p value = 0.17). Six

patients experienced a serious adverse event, 2 who

received FV (diarrhoea and mucositis/stomatitis) and 4

who received FP (dehydration, pericarditis and 2 cases of

pulmonary infection).

Exploratory analyses

Cox proportional hazards models, adjusted for treatment

and baseline CTx, were used to assess differences in pre-

defined subgroups of hormone sensitive disease (prior

adjuvant endocrine therapy for over 24 months or a prior

line of palliative endocrine therapy for over 24 weeks) and

site of disease (bone only vs other). No significant effect

was observed for hormone sensitivity (PFS p value = 0.25

and OS p value = 0.88), however, patients with bone only

disease had significantly improved median PFS (med-

ian = 7.9 vs 2.8 months, p value = 0.006) and OS (2-year

OS = 80.6 vs 44.2 %, p value = 0.003) compared to

patients with additional metastatic disease outside of the

skeleton.

Table 1 Baseline characteristics

Characteristic Vandetanib

(n = 61)

Placebo

(n = 68)

Measurable disease present: n (%) 21 (34.4) 40 (58.8)

Resistance to endocrine therapy*: n (%)

Tamoxifen or AI for metastatic

disease

42 (69) 53 (78)

Tamoxifen or AI in adjuvant 9 (15) 10 (15)

Any prior adjuvant endocrine

therapy

10 (16) 5 (7)

Serum CTx C400 ng/L: n (%) 23 (38) 24 (35)

Age (years): mean (SD) 61.6 (8.9) 57.7 (8.7)

ECOG performance status

0 33 (54) 36 (53)

1 27 (44) 27 (40)

2 1 (2) 5 (7)

Body-mass index�: mean (SD) 26.7 (5.1) 27.2 (6.2)

Months from diagnosis� to entry:

median (minimum, maximum)

104 (8.6, 300) 77 (7.4, 297)

Histological type of cancer*: n (%)

Lobular 14 (23) 22 (32)

Ductal 49 (80) 53 (78)

Colloid 1 (2) 0 (0)

Primary tumour status: n (%)

ER positive 56 (92) 64 (94)

PR positive 47 (77) 47 (69)

HER2 positive 3 (5) 3 (5)

Metastatic tumour status: n (%)

ER positive 19 (31) 17 (25)

PR positive 11 (18) 7 (10)

HER2 positive 3 (5) 1 (2)

Other sites of metastatic disease: n (%)

Liver 14 (23) 23 (34)

Lung 12 (20) 22 (32)

Lymph node 14 (23) 16 (24)

Skin 3 (5) 0 (0)

Other 15 (25) 18 (27)

Prior radiation therapy: n (%) 50 (82) 59 (87)

Prior palliative chemotherapy:

n (%)

6 (10) 17 (25)

* May be in multiple categories
� Calculated as weight (kg)/[height (m)]2

� First histological diagnosis of invasive breast cancer

Fig. 2 Waterfall plot of percentage change in urine NTx from

baseline
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Baseline uNTx and serum CTx were statistically sig-

nificantly prognostic for PFS and OS. Across treatments,

patients with abnormal baseline uNTx ([65 nM BCE/

mmol Cr) had a 1.51 (95 % CI 1.02–2.25, p = 0.041)

increased hazard of PFS and a 2.42 (95 % CI 1.31–4.48,

p = 0.005) increased hazard of dying. An interaction

between treatment arm and baseline uNTx was also

observed (p = 0.028) with PFS (see Fig. 3a). Women with

normal baseline uNTx had similar median PFS regardless

of treatment (5.4 months, 95 % CI 2.7–8.0 for FV vs

5.4 months, 95 % CI 3.8–11.3 for FP). However, amongst

women with abnormal baseline uNTx, those women who

received FV had improved median PFS (7.4 months, 95 %

CI 2.4–10.9 for FV vs 2.5 months, 95 % CI 2.4–2.8 for

FP). A similar trend was observed (see Fig. 3b) for OS;

however, the interaction term was not statistically signifi-

cant (p = 0.25).

Interestingly, the percentage change in uNTx within the

first 4 weeks of treatment was not associated with either

PFS (p value = 0.77) or OS (p = 0.26) impact. Patients

with abnormal baseline uNTx ([65 nM BCE/mmol Cr)

had worse outcomes, regardless of whether uNTx norma-

lised in the first 4 weeks (data shown in supplemental

appendix).

Discussion

With increasing interest in mechanisms of endocrine sen-

sitivity and resistance pathways for MBC attempts to

improve the efficacy of endocrine therapy, a number of

novel strategies have been developed. These have either

involved combinations of endocrine agents or combing

endocrine therapy with agents that target other pathways,

including Her2 [21], mTOR [22, 23], EGFR [24] and

VEGF [25]. To date, the benefits of these additional ther-

apies have been modest on the whole and not without

significant toxicity.

Given that bone is the most common site of breast

cancer recurrence, and the relatively long survival associ-

ated with bone predominant disease, this patient population

may be an excellent one in which to explore innovative

treatment strategies. VEGF, members of the VEGFR and

EGFR families, are all involved in the pathogenesis of

bone metastases and are clinically validated targets in

breast cancer. As vandatenib, which targets VEGFR and

EGFR signalling [5] and RET tyrosine kinase [6] has

demonstrated modest efficacy both as a single agent [11,

12], and in combination with chemotherapy [13] in unse-

lected patients with refractory MBC it was, therefore,

hypothesised that vandatenib would result in clinical ben-

efit when combined with fulvestrant [26] in the current

proposal.

Due to the limitations in radiological response assess-

ment in bone metastases [27], we used biomarkers of bone

resorption as surrogates of response. These biomarkers

have been used to assess response rates to systemic agents

[15, 23, 28], optimal dose [29], frequency of administration

[30], pain response [20] and choice of bone-targeted ther-

apies [17, 31]. The primary objective of the current trial

was a response (defined as a [30 % reduction from base-

line at any time on treatment) of urinary N-telopeptide of

type 1 collagen (uNTx). The addition of vandetanib to

fulvestrant did not improve this primary outcome or any of

the secondary endpoints (including PFS, OS, SREs and

bone pain) compared to fulvestrant alone. Despite selecting

a patient population with bone only or predominant dis-

ease, the median PFS was only 5.8 months for the

Fig. 3 a Progression-free survival and b overall survival by treatment

and baseline urinary NTx
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combination arm and 4.8 months for the fulvestrant alone

arm. These PFS values are similar to those previously

observed in populations not enriched for patients with bone

only or predominant disease [26].

There are a number of potential explanations for these

negative results. It is possible that the dose of vandetanib,

examined in this trial simply does not add to the effect of

fulvestrant in terms of biomarker suppression. For medul-

lary thyroid cancer the approved dose for single agent

vandetanib is 300 mg, whereas this study used 100 mg as

this was the dose chosen for combination studies with

chemotherapy [9]. It is also possible that the use of uNTx,

albeit the most commonly employed marker of bone

resorption in clinical trials of bone-targeted agents such as

bisphosphonates, is not the most appropriate marker in this

setting. Interestingly, other groups have recently com-

mented on the reduced prognostic efficacy of this marker in

patients with lower NTx levels [32]. It is also possible that

the study was simply not large enough to detect a differ-

ence. However, it is of note that the median PFS and OS

were entirely in keeping with previous trials [26].

In an exploratory analysis, a statistically significant

interaction was observed whereby baseline uNTx was

predictive of an impact of FV on PFS. The prognostic

Table 2 Secondary outcomes

Vandetanib (n = 61) Placebo (n = 68) p value

PFS, months: median (95 % CI) 5.8 (2.7–8.1) 4.8 (2.7–5.4) 0.73

PFS % estimates (95 % CI)

6 months 48.3 (35.3–60.2) 38.2 (26.8–49.6)

12 months 23.3 (13.6–34.6) 21.7 (12.8–32.2)

24 months 10.0 (4.1–19.1) 8.5 (3.2–17.3)

Site of disease progression

Abdomen 22 (40.0) 35 (55.6)

Soft tissue 2 (3.6) 4 (6.4)

Lung 8 (14.6) 12 (19.1)

Bone 35 (63.6) 40 (63.5)

Nodes 7 (12.7) 13 (20.6)

Pleural effusion 2 (3.6) 7 (11.1)

Brain 1 (1.8) 2 (3.2)

OS, months: median (95 % CI) 31.0 (23.3–NR) NR 0.30

OS % estimates (95 % CI)

6 month 96.7 (87.3–99.2) 85.3 (74.4–91.8)

12 month 90.0 (79.1–95.4) 77.9 (66.1–86.1)

24 month 64.6 (43.7–79.4) 60.6 (45.5–72.7)

RECIST best response: n (%)

PR 0 (0) 3 (7) 0.47

SD 9 (41) 14 (35)

PD 11 (50) 18 (45)

NE 2 (9) 5 (13)

TTFSE, months: median (95 % CI) NR 11.5 (8.2–NR) 0.44

TTFSE % estimates (95 % CI)

3 month 77.0 (61.8–86.7) 83.3 (70.8–90.7)

6 month 77.0 (61.8–86.7) 70.3 (54.6–81.4)

12 month 61.3 (42.0–75.8) 48.5 (30.6–64.3)

Number of on-study skeletal events: n (%)

None 46 (75.4) 47 (69.1) 0.26

1 10 (16.4) 12 (17.7)

C2 5 (8.2) 9 (13)

PFS progression-free survival, OS overall survival, TTFSE time to first skeletal event, NR not reached, Abdomen = abdomen ? asci-

tes ? adrenal ? liver, soft tissue plus lymph nodes = breast ? skin ? subcutaneous, lung = lung ? pleura, bone = bone ? bone marrow
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importance of high baseline levels of bone turnover

markers on survival has been demonstrated in bisphosph-

onate trials [28]. However, in the current study uNTx

response was not correlated with either PFS or OS.

Study strengths included the double-blinded nature of

the protocol, and the consistent processing of biochemical

specimens (e.g. fasting specimens) with central laboratory

analysis of biomarkers. The use of bone turnover bio-

markers as a surrogate for bone metastasis response is not

ideal, and is an attempt to overcome challenges in con-

sistent radiological assessment of bone response. Indeed, as

expected progression in bone was the most common reason

for coming off study. This endpoint could also be affected

by the lack of central radiology review. Imbalance in the

randomization potentially biassing the results in favour of

FV arm in terms of PFS and OS was also possible, given

the higher proportion of patients having received prior

palliative chemotherapy and the higher proportion of pts

with non-measureable disease in the FP group. Another

challenge is around the classification of patients in this

study as having primary hormone resistant or secondary

hormone resistant disease. This may prove particularly

important as recent study results with mTOR inhibitors

have suggested that certain hormone resistant behaviours

may be associated with response to these agents [23].

In summary, this study showed that the addition of

vandetanib to fulvestrant did not improve biomarker

response, PFS or OS compared to fulvestrant alone in

patients with bone-only or bone predominant disease.

Further studies are required to explore the role of bio-

markers as a surrogate for bone response in patients with

metastatic bone disease.
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