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A B S T R A C T

Purpose: A feasibility study was performed to investigate the presence of VEGF in mela-

noma lesions by VEGF-SPECTwith 111In-bevacizumab. In addition the effect of a single ther-

apeutic bevacizumab dose on 111In-bevacizumab uptake was compared with VEGF levels in

resected melanoma lesions.

Patients and methods: Eligible were patients with stage III/IV melanoma who presented with

nodal recurrent disease. VEGF-SPECT was performed after administration of 100 Mbq 111

In-bevacizumab (8 mg) at days 0, 2, 4 and 7 post injection. Tumour visualisation and

quantification were compared with CT and FDG-PET. On day 7 a single dose of 7.5 mg/kg

bevacizumab was administered intravenously. On day 21, a second tracer dose 111In-

bevacizumab was administered and scans were obtained on days 21, 25 and 28. Metastases

were surgically resected within 2 weeks after the last VEGF-SPECT scan and immunohisto-

logical (IHC) VEGF tumour expression was compared with 111In-bevacizumab tumour

uptake.

Results: Nine patients were included. FDG-PET and CT detected both in total 12 nodal

lesions which were all visualised by VEGF-SPECT. At baseline, 111In-bevacizumab tumour

uptake varied 3-fold between and 1.6 ± 0.1-fold within patients. After a therapeutic dose

of bevacizumab there was a 21 ± 4% reduction in 111In-bevacizumab uptake. The 111In-

bevacizumab tumour uptake in the second series positively correlated with the VEGF-A

expression in the resected tumour lesions.

Conclusion: VEGF-SPECT could visualise all known melanoma lesions. A single dose of bev-

acizumab slightly lowered 111In-bevacizumab uptake. Future studies should elucidate the

role of VEGF-SPECT in the selection of patients and the individual dosing of bevacizumab

treatment.
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1. Introduction

Tumour angiogenesis, the forming of new blood vessels, is a

continuous process which allows tumour cells to execute

their critical growth by supplying the tumour with nutrients

and oxygen, disposing of metabolic waste products and pro-

viding a route for metastatic spreading.1,2 Vascular endothe-

lial growth factor A (VEGF-A) is one of the key growth

factors involved in the development and maintenance of tu-

mour angiogenesis.3 Bevacizumab, a fully humanised mono-

clonal antibody, binds to all VEGF-A isoforms with high

affinity and thereby blocks ligand–receptor signalling.4 Bev-

acizumab is currently used in patients with tumours such

as metastatic colon cancer, renal cell cancer and breast can-

cer.5–7

Melanoma causes more than 75% of all skin cancer deaths.

Melanoma features a specific metastatic spread from primary

tumour to regional lymphatic beds and then distant metasta-

ses.8,9 When patients present with lymph node or distant

metastases their prognosis is worse, with 5 year survival rates

of, respectively, 47% and 10%.10,11

Several factors point to a role for VEGF in melanoma.

Melanoma cells produce high amounts of VEGF-A which cor-

relates with advanced disease, tumour burden, poor overall

survival and probability of progression.12 Furthermore,

VEGF-A expression in nodal metastases is higher compared

to primary tumours indicating the importance of a pro-

angiogenic switch in the process of melanoma progression.8

In addition, pre-clinical studies in mice have demonstrated

up-regulation of pro-inflammatory chemokines in the lung

parenchyma by VEGF-A production of the primary melanoma

lesion, thereby contributing to the process defined as ‘seed

and soil’ of metastasis.13,14 For these reasons, the use of

anti-VEGF targeted therapies is of potential interest in the

treatment of melanoma patients. The first clinical studies in

metastatic melanoma patients showed low activity of VEGF-

A antibody bevacizumab combined with interferon-2a, but

encouraging responses have been observed clinically when

bevacizumab was combined with chemotherapy.15–18

Currently, no biomarkers are available to determine the

presence of a drug target for anti-angiogenic drugs across tu-

mour lesions in patients to predict anti-tumour efficiency. A

potentially attractive method is the use of non-invasive visu-

alisation of in vivo biological processes by nuclear medicine

imaging techniques. A new option in this field is molecular

VEGF imaging. VEGF consists of at least four splice variants,

containing 121, 165, 189 and 206 amino acids.3 VEGF121 is

freely soluble, VEGF165 is partly secreted, while a significant

fraction remains localised to the extra cellular matrix and cell

surface, like VEGF189 and VEGF206 resulting in high concentra-

tions in the tumour micro-environment.19–23 These isoforms

are attractive imaging targets for VEGF imaging as this could

provide non-invasively insight in the local VEGF status and

thereby be useful to guide anti-angiogenic therapy. Recently,

tumour visualisation and in vivo measurement of VEGF tu-

mour levels was made possible by using radionuclide VEGF

imaging.24–28 Pre-clinically we demonstrated that the uptake

of radiolabelled bevacizumab correlated with ex vivo VEGF
levels of the tumour as determined by ELISA in tumour ly-

sates at baseline and after treatment with a Heat Shock Pro-

tein 90 (HSP90) inhibitor.29

In the present study we investigated the feasibility of VEGF

visualisation and quantification of melanoma lesions as

molecular target with SPECT using 111In-bevacizumab as tra-

cer.30 In addition the effect of a single therapeutic bev-

acizumab dose on 111In-bevacizumab uptake was compared

with VEGF levels in the resected melanoma lesions.

2. Patients and methods

2.1. Patients

All eligible patients who visited the outpatient clinics of the

University Medical Centre Groningen (UMCG) between

November-2007 till June-2009 were offered participation in

the trial. Eligible patients were P18 years of age, had a WHO

performance status of 0–2, with stage III/IV melanoma who

presented with nodal recurrent disease. They were excluded

in case of prior immuno- or chemotherapy for metastatic dis-

ease, prior radiotherapy on the involved area or major surgery

within 28 days of start of the study, any investigational drug

within 30 days before start of the study, or clinical evidence

of brain metastases.

Routine staging included a complete history, physical

examination, and blood chemistry profile, in addition to CT-

scan and FDG-PET scan. The study was approved by the local

medical ethics committee and written informed consent was

obtained from all participants. The study was registered un-

der trial number NTR1941.

2.2. Study design

In the first 3 patients after 111In-bevacizumab administration

VEGF-SPECT scanning was evaluated at days 0, 2, 4 and 7.

Hereafter patients were scanned at days 0, 4 and 7 post injec-

tion. On day 7 the patients received a single dose of 7.5 mg/kg

bevacizumab intravenously. On day 21, a second tracer dose
111In-bevacizumab was administered and scans were ob-

tained on days 21, 25 and 28. Patients were operated within

2 weeks after the last 111In-bevacizumab scan.

2.3. VEGF-SPECT

Bevacizumab was conjugated with the chelator 2-(4-isothiocy-

anatobenzyl)-diethylenetriaminepentaacetic acid (ITC-DTPA)

(Macrocyclics) as described previously.24 One batch of ITC-

DTPA-bevacizumab conjugate was produced. This batch was

tested for conjugation ratio, efficiency of the labelling, pH,

immunoreactive fraction (VEGF binding ELISA), sterility and

apyrogenicity as described previously.24 The purified conju-

gated bevacizumab was diluted (10 mg/mL) in ammonium

acetate and stored at )80 �C. 111In labelling was performed

separately for each patient. The final product had a radio-

chemical purity of P95%, was sterile and free from pyrogenes.

The conjugation and labelling procedures were validated and

performed under good manufacturing practice conditions.
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Scintigraphy was performed after administration of

100 ± 3 Mbq 111In-bevacizumab (8 mg bevacizumab). Planar

whole body imaging was performed, using a two-headed

gamma camera, equipped with parallel-hole medium-energy

collimators, at a scan speed of 10 cm/min (days 0 and 2 post

injection (pi)) or 5 cm/min (days 4 and 7 pi) and stored digi-

tally in a 256 · 1024 matrix. SPECT images were obtained from

pre-defined tumour lesions, using 180� sampling with 32 pro-

jections per head, 45 s acquisition time per projection and a

128 · 128 matrix size.

2.4. Image and data analysis

SPECT reconstructions were performed with the ordered sub-

set expectation maximisation algorithm (OSEM). VEGF-SPECT

images were fused manually with conventional CT images to

validate regions of increased 111In-bevacizumab uptake.

Tumour uptake quantification was performed with AMIDE

Medical Image Data Examiner software (version 0.9.1, Stan-

ford University).31 Quantification was performed using the

day 4 scan which showed optimal tumour to background ra-

tios. For the quantification of radioactivity within the tumour,

3D volumes of interest (VOIs) were drawn within the fused

VEGF-SPECT/CT image. 111In-bevacizumab tumour accumula-

tion was semi-quantitative analysed as counts per voxel as

quantified by AMIDE software. Both maximum uptake and

mean tumour uptake were assessed. The mean reflects the

mean value over all voxels, and the max reflects the maxi-

mum voxel value in the tumour. Since all patients received

100 Mbq of 111In-bevacizumab and all patients were scanned

at matching times on day 4 no corrections performed for

attenuation and injected dose for quantification of SPECT

images. 18F-FDG quantification was performed as described

previously using the AMIDE; the Standardised Uptake Value

(SUV) was calculated according to the following formula:

SUV = radioactivity concentration in the tissue (bq/kg)/

(injected dose (bq)/patient weight (kg)) (30). Three dimen-

sional VOIs were placed semi-automatically by using a

threshold of 40% of the maximum value (SUVmax) in a pre-

selected region.

2.5. Immunohistochemistry

Both resected melanoma lesions and primary melanoma sam-

ples obtained at initial diagnosis (range 2 months to 7 year),

were analysed. Single and double immunofluorescence stain-

ing was performed on 3 lm-thick paraffin-embedded tumour

slides with selected combinations of the primary antibodies

rabbit anti-VEGF-A (A20-sc152, 1:50, Santa Cruz) which binds

the N-terminus of VEGF-A of human origin, mouse anti-Ki67

(1:300, clone MIB-1, Dako) and mouse anti-Hif1a (1:100, clone

54, BD Biosciences). Immunosignals were visualised using

combinations of goat anti-mouse AlexaFluor 660 antibodies,

donkey anti-rabbit AlexaFluor 488 antibodies or goat anti-

mouse AlexaFluor 488 antibodies (1:400, all from Invitrogen).

Nuclear staining was performed with bisbenzimide H 33258

fluorochrome (1:5000, Merck, Darmstadt, Germany). Slides

were analysed using a Leica DMRXA immunofluorescence

microscope equipped with appropriate excitation and emis-

sion filters for maximum separation of Alexa Fluor 488 (e.g.
FITC), Alexa Fluor 660 (e.g. TRITC), and H33258 (e.g. DAPI).

Images were captured with a Leica DC350 FX camera. Leica

QWinPro software was used for evaluation of the slides (all

from Leica Microsystems). VEGF-A and HIF1a intensity (value

1–5), was scored at 400· magnification in 3 tumour areas de-

fined as hot spot areas. The proliferation index was calculated

by percentage of Ki67 positive cells in at least 3 high power

fields (400·).

2.6. Statistical analysis

Data are presented as means ± standard error of the mean

(SEM). Statistical analysis was performed using the

Mann–Whitney test for non-parametric data or a paired sam-

pled T-test for paired data (SPSS, version 14). Associations be-

tween parameters were evaluated using Pearson’s correlation

test. A double side P-value 60.05 was considered significant.

3. Results

3.1. Patients characteristics

Nine patients were included, average age 51.5 years

(29–62 years). The primary melanoma was diagnosed between

3 months and 7 years ago before inclusion in the study. In

these patients, 12 lymph node lesions were detected with

CT as well as with FDG-PET imaging. No discrepancy existed

between these imaging modalities. Six patients had 1 mela-

noma lesion, three patients had 2 lesions. In patients with

more than 1 lesion, melanoma lesions were located in the

same region of the body. No distant metastases, like liver or

bone metastases, were detected. A 4.6-fold difference existed

between SUV FDG-PET uptake among lesions, suggesting

large differences in metabolic activity.

3.2. VEGF-SPECT tumour visualisation at baseline

Directly after the first tracer administration, 111In-

bevacizumab was mainly located in the circulation and well

perfused organs like heart and liver. As shown in Fig. 1A,
111In-bevacizumab activity in the circulation decreased from

day 0 to day 7, whereas 111In-bevacizumab tumour uptake

increased. Tumour lesions became clearly visible from day 2

onwards, with increasing tumour to background ratios over

time. At day 7, decay of 111In resulted in relatively low count

rates and therefore inferior image quality compared to day

4. For this reason, we concluded that day 4 after 111In-

bevacizumab injection was optimal for visualisation and

quantification of 111In-bevacizumab uptake in the tumour.

No infusion related reactions or adverse events were noticed

during the study.

VEGF-SPECT imaging detected all known CT and FDG-PET

lesions. Even small tumour, smaller than 16 mm in diameter,

lesions were visualised by VEGF-SPECT (Fig. 2A). No new

lesions were detected by VEGF-SPECT.

3.3. Quantification of VEGF-SPECT at baseline

Semi-quantitative analyses of the SPECT images demon-

strated a linear relation between maximum and mean



Fig. 1 – (A) Tranversal and coronal VEGF-SPECT images at days 0, 2, 4 and 7 post injection of the tracer. Over time, 111In-

bevacizumab accumulates in the tumour with optimal tumour to background ratio 4 days post injection. (B) Transversal and

coronal CT images and VEGF-SPECT/CT fusion 4 days post injection.
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111In-bevacizumab uptake was observed (respectively,

r2 = 0.96, P < 0.0001), which suggest a small variability caused

by the used method. For this reason further analysis was

performed using maximum tumour uptake value, which is

not influenced by individual drawing of VOIs.

When we quantified the 111In-bevacizumab tumour

uptake, 3-fold differences in 111In-bevacizumab maximum

tumour uptake were observed between patients, suggesting

large differences in VEGF levels (Fig. 3A). Moreover, in individ-

ual patients, 1.6 ± 0.1-fold differences in maximum 111In-

bevacizumab tumour uptake existed between tumour lesions.

In one patient VEGF-SPECT demonstrated inhomogeneous tu-

mour uptake within a melanoma lesion, 5.4 · 3.2 cm in size

on CT (Fig. 2C). No correlation existed between the 111In-

bevacizumab uptake and the 18F-FDG tumour uptake

(r2 = 0.38, P = 0.10).

3.4. VEGF-SPECT following therapeutic administration of
bevacizumab

All known melanoma lesions were still detectable with VEGF-

SPECT 2 weeks after therapeutic administration of bev-

acizumab. With the exception of one lesion, all other lesions

(11 out of 12) showed a reduction in 111In-bevacizumab
tumour uptake, resulting in an average decline of 21 ± 4%

(P = 0.002) compared to the baseline scan (Fig. 3B). Differences

existed in the relative and absolute change in 111In-

bevacizumab uptake between lesions, ranging from +2% to

)42%, and +1 to )29 counts per voxel compared to the first

scan series (Fig. 3A and B). No correlation was found between

the baseline uptake and the relative (%) change in 111In-

bevacizumab tumour uptake (r2 = 0.22, P = 0.11).

3.5. Immunohistochemistry

All primary melanomas and lymph node metastasis had a po-

sitive VEGF-A staining, though staining intensities ranged

from weak to strong between patients (Fig. 4A and B). Five pa-

tients had a weak staining (score 1–2), two patients a moder-

ate staining (score 3) and two patients a strong staining (score

4–5). The VEGF-A staining in the resected melanoma lesions

correlated with the 111In-bevacizumab tumour uptake after

a bevacizumab therapeutic dose, performed within 2 weeks

before surgical resection (Pearson r = 0.75, P = 0.017) (Fig. 4C).

In contrast, no correlation was found between the VEGF-A

staining in the primary melanoma samples and baseline
111In-bevacizumab uptake (P = 0.38). In addition, no correla-

tion was found between 111In-bevacizumab tumour uptake



Fig. 2 – (A) Small melanoma lesions, 16 mm in diameter on CT, detection by 111In-bevacizumab, CT imaging and FDG imaging.

(B) Differential 111In-bevacizumab uptake between two melanoma lesions. (C) Inhomogeneous 111In-bevacizumab tumour

uptake in melanoma lesion.

Fig. 3 – (A) Maximal 111In-bevacizumab tumour uptake pre- and post-administration of 7.5 mg/kg bevacizumab. (B) Waterfall

plot of percentage change in 111In-bevacizumab uptake following 7.5 mg/kg bevacizumab administration of different lesions.
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and HIF1a staining (P = 0.11) and Ki67 tumour proliferation

(P = 0.72) in the resected lymph node metastases.

4. Discussion

In the present study we demonstrated that VEGF-SPECT visu-

alised all known melanoma lymph node lesions identified by
CT and FDG-PET imaging. At baseline there was a large varia-

tion in 111In-bevacizumab tumour uptake between patients,

across lesions within a patient and within lesions. This sug-

gests differential presence of drug target for anti-VEGF tar-

geted drugs between melanoma patients and between

lesions within a patient which was confirmed by immunohis-

tochemistry. A subsequent single dose of 7.5 mg/kg



Fig. 4 – Weak (A) and strong (B) VEGF-A immunofluorescent staining of melanoma lesions two weeks after 7.5 mg/kg

bevacizumab treatment. (C) Correlation between 111In-bevacizumab tumour uptake of second scan series and VEGF-A

immunofluorescent staining in resected melanoma lesions.
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bevacizumab resulted in a slight decrease of 111In-

bevacizumab uptake in the second scan series. Moreover,
111In-bevacizumab uptake in the second scan series prior to

surgical resection, nicely correlated with the VEGF-A expres-

sion assessed by immunohistochemistry of the resected

melanoma lesions, thus giving non-invasively insight in the

local VEGF status.

To date, two anti-VEGF antibodies have been used for the

clinical VEGF imaging: HumMV833 and bevacizumab.24,25,32,33

Jayson et al. used 124I-HuMV833, a humanised monoclonal

IgG4k antibody that binds VEGF121 and VEGF165, to perform

PET-imaging studies in patients with various progressive solid

tumours.32 Tumour uptake of 124I-HuMV833 was highly vari-

able between and within patients. For example, there was

high uptake of 124I-HuMV833 in an ovarian tumour and low

uptake in a poorly vascularised metastasis in a colon cancer

patient.32 These differences likely reflect the variation in

VEGF secretion among tumour types and lesions. 111In- and
89Zr-bevacizumab showed specific tumour uptake in human

ovarian, colon and melanoma xenograft models.24,25,27 In

contrast to our findings, Scheer et al. did not find a correlation

between the uptake of 111In-bevacizumab and VEGF levels in

liver metastases.28 This could likely be explained by the fact

that semi-quantitative 2D planar scintigraphy was used as

comparison with the ex vivo ELISA data. This results in a lower

sensitivity for the detection of tumour lesions and does not

allow 3D quantification as with SPECT data. In addition, quan-

tification of liver metastases was presumably hampered by

the large endogenous liver uptake of 111In-bevacizumab

resulting in relative low tumour to background ratios.
In the present study we observed optimal tumour to back-

ground ratios 4 days post injection of 111In-bevacizumab in

melanoma patients, which is in concordance which 111In

radiolabelled trastuzumab, reflecting the relatively slow phar-

macokinetics of monoclonal antibodies.34 Directly after injec-

tion, 111In-bevacizumab is mainly present in the circulation

and well perfused organs. Non-specific liver uptake was seen

for 111In-bevacizumab, and was comparable to other radiola-

belled antibodies, for example 111In-trastuzumab.34 Due to

the relatively slow clearance of 111In-bevacizumab, extended

tumour exposure takes place which results in maximal

tumour accumulation whereas non-specific uptake in other

organs decreases over time. In addition, the high production

of VEGF by the tumour and subsequent high VEGF concentra-

tion in the micro-environment presumably lead to sensitive

detection of tumour lesions by VEGF-SPECT. For these rea-

sons, even lesions of around 1.5 cm in diameter were detect-

able. Here the high sensitivity might be facilitated by the low

antibody uptake of the surrounded tissue of the lymph node

metastasis. Most likely, radiolabelled bevacizumab binds to

all VEGF-A isoforms located on the cell surface and the extra

cellular matrix as has been proven pre-clinically in VEGF165

and VEGF189 over-expressing melanoma xenografts.27

When we looked at individual tumour lesions at baseline,

large differences were detected in 111In-bevacizumab uptake.

This could be of interest since it has been shown that VEGF

and VEGF-receptor (VEGFR) expression in melanomas are

associated with disease progression and response to anti-

angiogenic treatment.35,36 For instance, in melanoma patients

response to sorafenib, a pan-VEGFR tyrosine kinase inhibitor,

was associated with high VEGFR2 expression in the tumour
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before treatment as measured by immunohistochemistry.35

Unfortunately, few tumour lesions are accessible for biopsy.

Therefore, there is a need for a non-invasive method to assess

the angiogenic state of the tumour. VEGF imaging could facil-

itate in this.

In our study VEGF-SPECT quantification, obtained within

2 weeks prior to surgery, correlated with ex vivo VEGF-A stain-

ing of the resected melanoma lesions. These findings suggest

VEGF driven uptake and the possibility to non-invasively mon-

itor VEGF levels in the tumour micro-environment. We did not

find a correlation between baseline 111In-bevacizumab uptake

and VEGF staining in the primary melanoma. This could well

be due to the time between the biopsy of the primary tumour

and disease progression. For instance, it has been shown that

VEGF-A expression in nodal metastases is higher compared

to primary tumours.8 For this reason, assessment of VEGF

levels in primary melanoma lesions likely is not informative

for the VEGF status in the metastases.

VEGF-SPECT imaging post-administration of a therapeutic

bevacizumab dose resulted in an average decrease of 21% in
111In-bevacizumab tumour uptake. This decrease could be

due to blockade of the target by therapeutic bevacizumab

and thereby hamper 111In-bevacizumab binding to matrix

bound VEGF. Pre-clinically, increasing doses of unlabelled bev-

acizumab could lower the uptake of 111In-beavcizumab in a

human xenograft model.25 At the time of the second 111In-

bevacizumab administration, around 60–70% of the cold

bevacizumab is still present in the circulation. Secondly, in

animal and clinical studies bevacizumab treatment rapidly

induced vascular changes like decreased vascular density

and permeability.37,38 This phenomenon could lead to lower
111In-bevacizumab tumour penetration. For these reasons,

VEGF imaging could give functional information after anti-

angiogenic treatment and be a biomarker, especially com-

bined with CT-imaging when also anatomic information is

obtained like with SPECT-CT or PET-CT imaging. Use of the

currently available PET tracer 89Zr-bevacizumab, allowing

high resolution whole body quantitative PET imaging com-

pared to semi-quantitative SPECT imaging, might well further

potentiate this imaging approach.24

In conclusion, VEGF-SPECT is a feasible clinical imaging

modality for the visualisation of melanoma lymph node

metastases. VEGF-SPECT visualisation and quantification is

a potential non-invasive biomarker in the selection of tu-

mours that have high expression levels of VEGF and the indi-

vidual dosing of bevacizumab treatment.
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