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Background: The management of advanced neuroendocrine tumors (NETs) has recently changed. We assessed the
activity of pazopanib after failure of other systemic treatments in advanced NETs.
Methods: This was a multicenter, open-label, phase II study evaluating pazopanib as a single agent in advanced NETs
(PAZONET study). The clinical benefit rate (CBR) at 6 months was the primary end point. Translational correlation of
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radiological response and progression-free survival (PFS) with circulating and tissue biomarkers was also evaluated.
Results: A total of 44 patients were enrolled. Twenty-five patients (59.5%) were progression-free at 6 months (4 partial
responses, 21 stable diseases) with a median PFS of 9.5 months [95% confidence interval (CI) 4.8–14.1]. The CBR
varied according to prior therapy received, with 73%, 60% and 25% in patients treated with prior multitarget inhibitors,
prior mTOR inhibitors and both agents, respectively. A nonsignificant increase in PFS was observed in patients presenting
lower baseline circulating tumor cell (CTC) counts (9.1 versus 5.8 months; P = 0.22) and in those with decreased levels of
soluble-vascular endothelial growth factor receptor-2 (sVEGFR-2) (12.6 versus 9.1 months; P = 0.067). A trend toward
reduced survival was documented in patients with VEGFR3 rs307821 and rs307826 missense polymorphisms [hazard
ratio (HR): 12.3; 95% CI 1.09–139.2; P = 0.042 and HR: 6.9; 95% CI 0.96–49.9; P = 0.055, respectively].
Conclusions: Pazopanib showed clinical activity in patients with advanced NETs regardless of previous treatments.
Additionally, CTCs, soluble-s VEFGR-2 and VEGFR3 gene polymorphisms constitute potential biomarkers for selecting
patients for pazopanib (NCT01280201).
Clinical trial number: NCT01280201.
Key words: pazopanib, gastroenteropancreatic tumors, bronchial carcinoids, thymic tumors, angiogenic markers,
polymorphisms

introduction
Neuroendocrine tumors (NETs) comprise a heterogeneous group
of malignant diseases, including gastroenteropancreatic (GEP)
neoplasms and bronchial or thymic tumors. In this context, the
incorporation of novel targeted agents, such as everolimus (mTOR
inhibitor) or sunitinib (tirosine kinase inhibitor, TKI), but not sor-
afenib and/or bevacizumab [1], has led to a significant increase in
progression-free survival (PFS) in patients with pancreatic
NETs and also shows promising activity in nonpancreatic
tumors [2–5]. However, while treatment options increase, there
are little data regarding the activity of novel targeted agents after
progression to others, and the optimal sequencing strategy are
both a subject of debate [6].
Pazopanib is a multitargeted agent against vascular endothe-

lial growth factor receptors (VEGFR-1, -2 and -3), platelet-
derived growth factor receptor α and β (PDGFRα and β) and
proto-oncogene c-Kit [7, 8]. Pazopanib has already shown clin-
ical activity in metastatic GEP NECs with an objective response
rate (ORR) of 18.9%, a disease control rate of 75.7% and a
median PFS of 9.1 months [9]. The PAZONET study evaluated
the efficacy and safety of pazopanib in patients with advanced
NETs who might have progressed with at least one prior system-
ic approach (including novel targeted agents). The following
molecular analyses were also carried out to assess their potential
role as predictive biomarkers of pazopanib: (i) circulating
tumor-related biomarkers [including circulating tumor cells
(CTCs), circulating endothelial cells (CECs) and angiogenic
factors]; (ii) immunohistochemical markers in tumor tissue; (iii)
cytochrome P450 3A5 (CYP3A5) and VEGFR3 single-nucleotide
polymorphisms (SNPs) in blood samples.

methods

patients
Eligible patients were aged ≥18 years, had confirmed pathological diagnosis of
moderately to well-differentiated (grade 1 and 2, according to the European
Neuroendocrine Tumor Society) metastatic or locally advanced pancreatic
islet cell tumors, gastrointestinal, bronchial or thymic NETs and were not can-
didates for surgery. Patients with both sporadic and/or inherited NETs were
allowed, and those who might have documented disease progression with at

least one prior systemic approach (including the use of novel targeted agents),
according to the Response Evaluation Criteria in Solid Tumors (RECIST,
version 1.0) [10] within the previous 12 months. Additional inclusion criteria
were at least one measurable target lesion, an Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1, and adequate hematological,
hepatic and renal function. Previous therapy with somatostatin analogs, inter-
feron, chemotherapy agents, monoclonal antibodies against VEGF, TKIs and
mTOR inhibitors were allowed.

The study was approved by an independent ethics committee accord-
ing to local laws and complied with the International Conference on
Harmonization Good Clinical Practice guidelines and the Declaration of
Helsinki. All patients granted informed consent in writing before study
entry.

study design and treatment
PAZONET was a multicenter, open-label, phase II trial evaluating the effi-
cacy and toxicity of pazopanib in advanced NETs. The patients received
oral pazopanib 800 mg/day during a 28-day treatment cycle. They were
allowed to receive concomitant treatment with somatostatin analogs at
the investigator’s discretion. Pazopanib dose reductions were allowed as
follows: level 1: 600 mg and level 2: 400 mg. Study therapy was discontinued
when clinical or radiological evidence of progressive disease was documen-
ted, when a participant experienced unacceptable adverse events (AEs),
withdrew consent or per investigator’s decision. This trial was registered at
www.clinicaltrialsregister.eu with EudraCT number 2010-020749-28 and at
ClinicalTrials.gov as NCT01280201.

assessments
Efficacy assessments were carried out at scheduled visits every 8 weeks, and
safety was evaluated every 2 weeks up to week 24 and monthly thereafter.
The primary end point of the study was the 6-month clinical benefit rate
(CBR), which was defined as the percentage of patients achieving complete
response, partial response (PR) or stable disease (SD) at month 6 after pazo-
panib was started. Tumor responses were assessed according to RECIST
criteria v1.0.

Secondary efficacy end points included PFS, overall survival (OS), ORR and
duration of response. All study end points were assessed according to the pre-
vious systemic therapy received, including four subgroups: mTOR inhibitors,
TKIs, mTOR inhibitors plus TKI agents and no prior biological treatment.
Additionally, all patients who received at least one dose of the study drug and
had at least one follow-up assessment were evaluable for safety. AEs were
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assessed according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE), version 4.0.

translational approach to biomarkers of response
The following translational analyses were carried out at baseline: CTC, CEC
and soluble angiogenic markers; immunohistochemical assessment in tumor
tissue and polymorphisms in selected genes.

The Veridex Cell Search System (Janssen Diagnostics LLC) was used to
analyze CTC and CEC. These determinations were carried out centrally at
the Ramón y Cajal University Hospital in Madrid. Serum VEGF-A and
VEGFR-2 levels were determined by enzyme-linked immunosorbent assay in
blood samples that were retrieved at baseline and after 12 weeks of treatment,
and centrally analyzed at the Catalan Institute of Oncology in Barcelona.

The SNP analysis was carried out using genomic DNA isolated from
blood samples. VEGFR3 rs307821 (R1324L), VEGFR3 rs307826 (T494A)
and CYP3A5 rs776747 (splicing defect) were genotyped using KBiosciences
Competitive Allele Specific PCR (KASPar) SNP Genotyping Systems in col-

laboration with the Spanish National Cancer Research Centre (CNIO).
Immunohistochemical analyses included VEGF, VEGFR-1, VEGFR-2,

CD31, Ki67, p53, p21ras, Cyclin D1, e-cadherin and hypoxia-inducible
factor 1 (HIF-1) and were carried out centrally at Hospital Clínico San
Carlos in Madrid. Tissue sections of 5 μm of paraffin-embedded tissue array
were placed on glass slides after being deparaffinized in xylol and rehydrated
in graded alcohol. Immunostaining was carried out with a Dako Techmate
Horizon immunostaining machine.

statistical analysis
Qualitative variables were registered as the number and percentage of sub-
jects in each category. The Kolmogorov–Smirnov bilateral test with a confi-
dence level of 95% was carried out to assess the normality of distribution of
quantitative variables. The mean and standard deviation was provided for
normal variables, and median and interquartile range for those not adjusted
to normal distribution. Comparisons between means were carried out using
Student’s t-test for normally distributed variables and the Mann–Whitney
bilateral test for nonparametric variables.

PFS was computed and plotted using the Kaplan–Meier method and dif-
ferences among study subgroups were assessed by the log-rank test. The PFS
was calculated from the first administration of pazopanib to the first evi-
dence of disease progression, death from any cause or up to the date of the
last follow-up visit. The multivariate analysis for the hazard ratio (HR) meas-
urement was estimated using Cox proportional hazards regression to evalu-
ate the association between biomarkers and response to pazopanib and PFS.
Differences in frequencies or proportions were estimated with the Pearson
χ2 test. P values of ≤0.05 were considered statistically significant. The statis-
tical analysis was carried out using the SPSS software (IBM SPSS Statistics
for Windows, Version 19.0; IBM Corp., Armonk, NY).

results
Between January 2011 and March 2012, a total of 44 patients
were enrolled at 9 Spanish sites, belonging to GETNE. Two
patients were excluded from the efficacy analysis due to lack of
computed tomographic scan for tumor response evaluation.
Baseline patient characteristics are summarized in Table 1.
Regarding previous treatment, 9 patients (21.4%) had never
received targeted therapy (7 were under somatostatin analogs
alone and 2 in combination with chemotherapy), 10 (23.8%)
had previously been treated with mTOR inhibitors, 15 (35.7%)
received TKIs and 8 (19.1%) had previously received both
mTOR inhibitors and other TKIs. During the study, 29

participants (68.2%) received concomitant treatment with som-
atostatin analogs (Table 1). Twelve of them had functional
tumor and 17 were nonfunctional, but all of them were progres-
sing on this therapy alone or combined with chemotherapy.
Those functioning tumors were 1 pancreatic islet cell tumor, 10
gastrointestinal and 1 unknown, whereas 11 of the nonfunction-
ing tumors were pancreatic islet cell tumors, 4 gastrointestinal, 1
bronchial and another unknown.

response
Twenty-five patients (59.5%) were progression-free at 6 months.
CBR at 6 months was observed in 73.3% (11/15) of the
patients previously treated only with TKIs, followed by 66.7%
(6/9) of those without any previous therapy, 60.0% (6/10)

Table 1. Summary of demographic and baseline characteristics

Characteristics All patients

Sex, n (%)
Male 24 (54.5)
Female 20 (45.5)

Age (years)
Mean 60.2
Range 38–81

ECOG, n (%)
0 16 (36.4)
1 28 (63.6)

Tumor type, n (%)
Pancreatic islet cell tumors 18 (40.9)
Gastrointestinal neuroendocrine tumors 15 (34.1)
Pulmonary carcinoid tumors 5 (11.4)
Thymic carcinoid tumors 3 (6.8)
Unknown primary origin tumors 3 (6.8)

Functionality, n (%)
Functional 13 (29.5)
Nonfunctional 31 (70.5)

Histologic status of tumor, n (%)
Well differentiated 30 (68.2)
Moderately differentiated 3 (6.8)
Poorly differentiated 2 (4.5)
Unknown 9 (20.5)

Ki67 index, n (%)
≤2% 6 (13.6)
3%–10% 13 (29.5)
>10% 5 (11.4)
Unknown 20 (45.5)

Previous biologic treatment, n (%)
Everolimus 11 (25)
Multitargeted agent 16 (36.4)
mTOR and multitargeted inhibitor 8 (18.2)
None 9 (20.5)

Previous chemotherapy 16 (38.1)
Previous somatostatin analogs 35
Concurrent somatostatin analogs 30 (68.2)

Baseline levels of Ki67 marker were only available in 24 study patients.
ECOG, Eastern Cooperative Oncology Group.
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in the group that previously received mTOR inhibitors and in
25% (2/8) for those who received pazopanib after TKIs and
mTOR inhibitors.
Overall, after a median follow-up of 17 months (range 10–23

months), a confirmed tumor response was observed in 4
patients [95% confidence interval (CI) 0.6–17.6] and 21 had SD
(95% CI 32.9–62.5). The median duration of response was 11.3
months (95% CI 2.0–20.6), and the median OS in patients previ-
ously treated with targeted therapy was 24.1 months (95% CI
20.0–28.3). Additionally, the majority of patients experienced a
reduction in target tumor size (Figure 1), with a decrease of
>10% in the longest diameter of target lesions found in 32.5%
(P = 0.309) of the patients irrespective of the prior treatment
received.

progression-free survival
Thirty-six (85.7%) of the patients had an event (disease progres-
sion or death) during the study follow-up with a median PFS of
9.5 months (95% CI 4.8–14.1) (Figure 2A). According to prior
systemic therapy, median PFS ranged from 12.4 months (95%
CI 11.3–13.5) in patients previously treated with TKIs, to 9.5
months (95% CI 8.8–10.1) in those without any previous novel
targeted agent treatment and 6.8 months (95% CI 0.0–15.3) in
patients treated with prior mTOR inhibitors (Figure 2B). These
differences were not statistically significant. In contrast, PFS was
significantly shorter in patients who had previously received
both TKIs and mTOR inhibitors (4.0 months; 95% CI 1.3–6.8;
P = 0.040; Figure 2B). The results according to primary tumor
origin showed a median PFS of 12.8 months (95% CI 11.0–14.6)
for patients with pancreatic NETs, 10.0 months (95% CI 4.9–
15.1) for gastrointestinal and 3.4 months (95% CI 0.0–7.0;
P = 0.005) in lung and thymic NETs (Figure 2C). Median PFS
for patients receiving pazopanib concomitantly with long-acting
somatostatin analogs (n = 29) was significantly longer than in
those treated with pazopanib alone (n = 13) (11.7 months; 95%
CI 9.7–13.7 versus 4.2 months; 95% CI 3.3–5.1; P = 0.043;
Figure 2D).

safety
Overall median length of exposure to pazopanib was 32 weeks
(17–73), and 104 weeks (84–107) for the population still receiving
the study treatment at cutoff time. The initially planned dose of
800 mg was reduced in nine patients (21.4%) during the study.
Five patients discontinued pazopanib treatment due to toxicity
(obstructive jaundice, cerebellar hematoma, hepatic toxicity,
“acute coronary syndrome” and several AEs: ECOG grade 3 as-
thenia, grade 3 hyporexia, grade 2 mucositis and grade 2 nausea),
one participant left the study due to investigator’s criteria and one
withdrew consent. A total of 17 patients (40.5%) died, 16 due to
disease progression. One patient, after stopping the study medica-
tion with pazopanib and during the next treatment, was admitted
for sepsis by Klebsiella associated with febrile neutropenia, and
died after multiorgan failure; hence, the investigator did not asso-
ciate the event with pazopanib.
Twenty-eight patients with grade 3 or 4 AEs were reported

and 9 events were associated with pazopanib therapy as per the
investigator’s criteria. Overall, 2 grade 4 and 35 grade 3 AEs
were registered (Table 2). The most commonly reported grade 3
or 4 AEs were: hepatotoxicity (8%), asthenia (7%), diarrhea
(4%) and hypertension (4%).

translational approach to potential biomarkers of
response
The predictive value of the different biomarkers included in the
study was evaluated using multivariate analysis (supplementary
Table S1, available at Annals of Oncology online). Patients with no
baseline CTCs (count of 0) showed an improved response [odds
ratio (OR): 6.2; 95% CI 0.45–86.5; P = 0.17] and longer median
PFS (9.1 versus 5.8 months; OR: 0.40; 95% CI 0.09–1.73; P = 0.22;
supplementary Figure S3, available at Annals of Oncology online)
than the patients with detectable baseline CTC (presence of circu-
lating CTC in blood), although the differences were not statistical-
ly significant. Similarly, patients with CEC counts < median
showed a trend toward a longer PFS (HR: 0.58; 95% CI 0.17–1.98;
P = 0.22). In contrast, higher baseline levels of VEGF-A were
associated with nonsignificant greater odds of achieving a PR
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Figure 1. Maximum percentage change from baseline in target tumor measurement for each patient (N = 42).
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(OR: 6.8; 95% CI 0.98–47.2; P = 0.053), but shorter PFS (OR:
0.71; 95% CI 0.28–1.76; P = 0.46). Finally, patients with different
VEGFR-2 levels had similar PR rate (OR: 1.45; 95% CI 0.16–12.8;
P = 0.74), whereas PFS was slightly longer when VEGFR-2 levels
were above the median (OR: 0.36; 95% CI 0.01–1.32; P = 0.12).
Immunohistochemical results showed no statistically significant
correlation with clinical outcomes for VEGFR-1, HIF-1 or VEGF.
Patients with immunoexpression of VEGFR-2 over and below the
median showed a PFS of 12.6 and 9.1 months, respectively
(P = 0.067: supplementary Figure S4, available at Annals of
Oncology online). This association was statistically significant
among patients who had not received prior antiangiogenic
therapy (n = 13), whose PFS was 20.1 versus 9.1 months, respect-
ively (P = 0.028), but not in the subset of patients with previous
antiangiogenic therapy (n = 14; P = 0.93).
Two VEGFR3 missense polymorphisms, VEGFR3 rs307821

(R1324L) and VEGFR3 rs307826 (T494A), showed a trend
toward reduced PFS in GEP NETs (HR: 12.3; 95% CI 1.09–
139·2; P = 0.042 and HR: 6.9; 95% CI 0.96–49.9; P = 0.055;

supplementary Figure S5, available at Annals of Oncology
online); while no association was found between CYP3A5
rs776746 and pazopanib toxicity or response.

discussion
The results from the proof-of-concept PAZONET study showed
that pazopanib may have certain activity in previously treated,
advanced NETs including patients who received mTOR in-
hibitors and other multitargeted agents. Around two thirds of
the patients had a CBR at 6 months with a median PFS of
9.5 months. Additionally, 5 patients were under treatment with
pazopanib at cutoff time after more than 26 months. These
results, although preliminary and limited due to the small
sample, are in line with the activity observed in the only study
available with pazopanib in NET patients naïve of prior therapy
with novel targeted agents or less heavily pretreated [9, 11]. Of
note, pazopanib activity seemed to be similar in patients who
had never received prior targeted agents and in those previously
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treated with a TKI or a mTOR inhibitor. Indeed, the CBR and
PFS were similar irrespective of the kind of targeted agent previ-
ously received, with the exception of the group of patients who
had received both TKI and mTOR inhibitors sequentially, in
whom clinical outcomes may be poorer. Despite some evidence
of resistance to a third-line therapy with targeted agents, our
results showed a trend to non-cross-resistance between different
multitargeted therapies, and open the concept of sequencing as
a strategy for the treatment of patients with metastatic or
advanced NETs. Nevertheless, further investigations to under-
stand mechanisms of escape and acquired resistance to the dif-
ferent available chemotherapeutics are needed [12]. Our data
should be interpreted with caution as an exploratory analysis,
because the study population was heterogeneous with different
grades of NETs involved. Additionally, there was no central
pathological and radiological evaluation. Further studies includ-
ing more restricted criteria are needed.
Another interesting, but preliminary finding of our study is that

soluble biomarkers may predict response of individual patients to
pazopanib. Here, we carried out a comprehensive translational ex-
ploratory analysis including CTC and proangiogenic factors or
SNPs. There was a trend toward an association between the pres-
ence of CTC at baseline and worse clinical outcome. However, this

was not statistically significant, probably due to the limited sample
size, which hampered the analysis, but the magnitude of differences
in PR and the benefit found in PFS reinforces this result. At the
time of publication, only Khan et al. had evaluated CTC in NET
population (although systemic anticancer therapy was not allowed)
and concluded that the presence of CTC was able to define a sub-
group of patients with poor prognosis [13]. The PAZONET trial is
the first study to correlate the activity of a novel targeted agent to
the CTC count in the field of NETs, suggesting the presence of a
subgroup of patients that could obtain greater benefit with pazopa-
nib therapy. Unfortunately, we cannot address whether CTCs are a
prognostic or predictive biomarker in the absence of an adequate
control population with no pazopanib treatment.
Our results suggest that specific polymorphisms in VEGFR3

may define a subset of patients with decreased pazopanib re-
sponse, especially in gastrointestinal NETs. These results are con-
sistent with prior observations in advanced renal cell carcinoma
patients treated with sunitinib [14], and VEGFR3 single SNPs
rs307821 (R1324L) and VEGFR3 rs307826 (T494A) could confer
resistance to tyrosine kinase inhibitors, regardless of tumor type.
The activity of pazopanib also seems to be greater in patients

with pancreatic NETs than in those with gastrointestinal or other
primary NET locations. The addition of a long-acting somato-
statin analog seems to be synergistic and significantly increased
PFS. However, insufficient sample size, together with the hetero-
geneous origin of tumors and potential bias in the patients with
better overall status, who could be more likely to receive combin-
ation therapy, needs to be considered. This finding needs to be
validated in a prospective randomized trial with larger samples.
However, no correlation between functional tumor status, Ki67
and ≥2 prior lines of treatment was observed (supplementary
Figures S1 and S2, available at Annals of Oncology online).
Limitations to the study include small sample size, which

decreased the statistical power of the analysis, heterogeneous loca-
tion and degree of differentiation of primary tumors, and lack of
an appropriate control group. Additionally, response was evalu-
ated by the investigator and not by an independent committee.
Overall, these results corroborate previous data regarding the

safety and efficacy of pazopanib against metastatic/advanced
NETs. Furthermore, pazopanib activity in patients in whom
previous biological treatment failed should be studied further
with a sequencing drug strategy. In this respect, a phase III
study using pazopanib as sequential therapy in a specific popu-
lation with progressive pancreatic NETs is planned.
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