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CHAPTER 9

Tumor specific uptake of 
fluorescent bevacizumab-
IRDye800CW: a safe tool in 
image-guided surgery in 
patients with primary breast 
cancer
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Abstract 

Purpose: To provide proof of principle of safety, tumor specific uptake and positive tumor 
margin assessment of the systemically administered near-infrared fluorescent (NIRF) 
tracer bevacizumab-IRDye800CW targeting vascular endothelial growth factor  (VEGF)-A 
in breast cancer patients. 
Experimental design: Twenty patients with primary invasive breast cancer eligible for 
primary surgery received 4.5 mg bevacizumab-IRDye800CW as intravenous bolus injection. 
Safety aspects were assessed as well as tracer uptake and tumor delineation in vivo during 
surgery and ex vivo in surgical specimens using an intra-operative real-time optical imaging 
camera. Ex vivo multiplexed histopathology analyses were performed for evaluation of 
biodistribution of tracer uptake and co-registration of tumor tissue and healthy tissue. 
Results: None of the patients experienced clinically relevant adverse events. Tracer levels in 
tumor tissue were higher compared to those in the tumor margin (P < 0.05) and healthy 
tissue (P < 0.0001). VEGF-A tumor levels, measured by ELISA, also correlated with tracer 
levels (r = 0.63, P < 0.0002). All but one tumor showed specific tracer uptake. Two out of 
twenty surgically excised lumps contained positive margins detected by fluorescent 
macroscopy of the excision specimen and confirmed at the cellular level.
Conclusions: Our study shows that systemic administration of the bevacizumab-
IRDye800CW tracer is safe for human administration in breast cancer guidance and 
confirms tumor (and tumor-margin) uptake. The findings are a step towards a phase II 
dose-finding study aimed at in vivo margin assessment and point to a novel drug assessment 
tool that provides a detailed picture of drug distribution in tumor tissue. 
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Introduction 

Breast cancer is the second most common cancer, with 522,000 deaths globally in 2012 and 
a rising incidence.1 Surgery is one of the three cornerstones of primary invasive breast 
cancer treatment, the other two being radiotherapy and systemic therapy. Tumor-free 
surgical margins are critical in breast conserving surgery (BCS), as local recurrence rates 
increase with positive resection margins.2-5 Therefore, patients with positive resection 
margins are often re-operated, causing higher surgical risks, poorer cosmetic results, 
psychological and physical burden and higher healthcare costs. Currently, pre-operative 
imaging and tactile information are used during breast surgery to determine the size, 
localization and extent of the area that has to be removed. However, the efficacy of this 
approach is poor, with positive margin rates of 20% to 40% being reported worldwide.6 

Molecular imaging is a promising strategy to improve this efficacy; it can be used to 
visualize and quantify tumor-specific molecular characteristics, and could potentially 
improve breast cancer care in terms of detection, characterization and surgical and non-
surgical management strategies. A potential target for molecular imaging in breast cancer is 
vascular endothelial growth factor (VEGF)-A, a soluble dimeric glycoprotein that is 
involved in tumor angiogenesis.7,8 VEGF-A is frequently overexpressed in breast cancers 
compared to normal breast tissue. It can therefore serve as a more generic tracer target9-11 

than other potential targets such as human epidermal growth factor receptor 2 (HER2), 
which is overexpressed in only 10 to 20% of primary breast cancers.12,13

The registered humanized monoclonal antibody bevacizumab not only neutralizes all 
VEGF-A isoforms, but can also be used as a radiolabeled imaging agent in combination 
with single photon emission computed tomography (SPECT) and positron emission 
tomography (PET).14 Successful and specific imaging has been performed in patients with 
melanoma, renal cell cancer, neuroendocrine tumors and breast cancer using 111In- and 
89Zr-radiolabeled bevacizumab.11, 15-19 In these studies a systemic total microdose of 4.5 mg 
labeled bevacizumab was used, which is sub-therapeutic compared to the therapeutic dose 
of 5-15 mg/kg bodyweight.20-22 In a recent PET imaging study with 89Zr-bevacizumab in 23 
primary breast cancer patients, 25 of 26 tumors were visualized by PET 4 days after 89Zr-
bevacizumab tracer injection with tumor-to-normal tissue ratios of 1.4-10.3.19 These results 
prompted us to design an optical imaging study based on the concept of using a therapeutic 
antibody as targeting moiety in patients undergoing breast cancer surgery. 

Recently, optical fluorescence imaging has become suitable for clinical translation due 
to its favorable characteristics such as absence of ionizing radiation, inherently low-cost 
technology, and its possibilities for real-time, intra- and post-operative imaging. A feasibility 
study in ovarian cancer patients using folate-fluorescein isothiocyanate (FITC, light 
emission at 400-650 nm), demonstrated the great potential of optical imaging during 
surgery using a clinical prototype camera.23 However, clinical implementation studies have 
been obstructed by characteristics such as the limited penetration depth of fluorescent dyes 
such as fluorescein with emission in the visible light spectrum, the negative effects of optical 
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properties such as absorption, scattering and the autofluorescence of tissue in the visible 
spectrum. To reduce background fluorescence and autofluorescence and increase tissue 
penetration, near infrared fluorescent (NIRF) dyes must be used that emit light at 
wavelengths between 700-900 nm.24 

Using bevacizumab conjugated to the NIRF dye IRDye800CW (peak absorption 778 
nm, peak emission 795 nm), we decided to determine if this approach could be used for 
intraoperative guidance in breast cancer surgery. Bevacizumab-IRDye800CW showed high 
levels of accumulation in human breast cancer bearing mouse tumors, leading to Good 
Manufacturing Practice (GMP) production of clinical grade bevacizumab-IRDye800CW 
for human use.25 In conjunction with the progress in the development of NIR intra-operative 
optical imaging systems for clinical applications, we initiated the first in-human clinical 
study of clinical grade bevacizumab-IRDye800CW in breast cancer patients.

The primary aims of our feasibility study were to provide proof of principle of safety, 
tumor-specific uptake and tumor margin assessment of the intravenously administered 
NIRF tracer bevacizumab-IRDye800CW, targeting VEGF-A in patients with primary 
invasive breast cancer, as validated ex vivo by multiplex advanced pathology imaging. 

Material and methods

Trial design
The study was a two center, first in human, two-stage, non-randomized, non-blinded, 
prospective, feasibility study in patients with histologically proven breast cancer scheduled 
for surgery (registered at www.clinicaltrials.gov, identifier NCT01508572). Primary 
endpoints were the occurrence of serious adverse events (SAE) and accumulation of 
bevacizumab-IRDye800CW in breast cancer tissue and surrounding tissue in surgical 
specimen by fluorescence macroscopy and microscopy. The study was to be suspended if 
any undesired SAE occurred throughout the study or if no accumulation of bevacizumab-
IRDye800CW could be detected in any of the first seven patients. The full study aimed at 
evaluating a total of 20 patients for bevacizumab-IRDye800CW accumulation, with 
replacement of 10 patients if needed, amounting to a maximum of 30 patients who would 
receive a bevacizumab-IRDye800CW dose. Patients were eligible if they were ≥18 years of 
age and had a World Health Organisation (WHO) performance score of 0 - 2. Exclusion 
criteria were the presence of another invasive malignancy, another serious medical 
condition (as determined by the research team), pregnancy or lactation, prior neo-adjuvant 
chemotherapy, prior radiotherapy of the involved area, major surgery within 28 days before 
initiation of the study procedures, prior allergic reaction to immunoglobulins, or the 
presence of a breast prosthesis in the breast with cancer. In the first five patients, a tumor 
size of at least 15 mm, according to standard anatomical imaging data (i.e. mammography, 
ultrasound and/or dynamic contrast enhanced magnetic resonance imaging (DCE-MRI)), 
was required. From the sixth patient onwards, 5 mm diameter was considered sufficient, as 
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based on the data provided by the 89Zr-bevacizumab patient study executed at the UMCG 
at the same time and as such approved by the Institutional Review Board (IRB).18 Routine 
tumor staging included mammography and ultrasound. MRI was performed if better tumor 
extent definition was needed as standard of care in the Netherlands. The institutional review 
board (IRB) of the University Medical Center Groningen (UMCG) approved the study, with 
local agreement of the University Medical Center Utrecht (UMCU). 

Bevacizumab-IRDye800CW preparation and injection 
Clinical grade bevacizumab-IRDye800CW was produced in the Good Manufacturing 
Practice (GMP) facility of the UMCG by labeling bevacizumab (Roche AG) and 
IRDye800CW-NHS (LI-COR Biosciences Inc.) under regulated conditions as described 
previously.24 Briefly, bevacizumab and IRDye800CW were reacted in a molar ratio of 1:4 in 
phosphate buffered saline (PBS, pH 8.5). Thereafter, the product was purified by gel filtration 
using PD-10 Desalting Columns (GE Healthcare). Labeling efficiency and purity were 
determined by validated size-exclusion high-performance liquid chromatography. The 
labeling efficiency was 80-85%, resulting in an average labeling ratio of 3.3 dyes per antibody 
with a purity of > 95% after purification. The stability of the tracer was verified by storing 
the product in 0.9% NaCl for 7 days at various conditions (-80, -20 and 4°C), for which 
storage at -20°C proved to be sufficient. 

After release of the final product by the certified qualified person at the UMCG GMP 
facility, patients received 4.5 mg bevacizumab-IRDye800CW at a concentration of 1 mg/ml 
as intravenous bolus injection approximately 3 days before scheduled surgery. After 
injection, the infusion line was flushed with 0.9% NaCl and patients were observed and vital 
signs were monitored for the occurrence of adverse events for 4 hours (patient 1-9) or 1 
hour (patient 10-20) after tracer administration. Immediately after injection, as well as on 
day 3 (directly prior to surgery) and on day 10-14 after surgery, blood was drawn for 
bevacizumab-IRDye800CW whole blood measurement (immediately after injection, day 3, 
and day 10-14).

Surgical procedures and specimen handling
Patients underwent mastectomy or lumpectomy with or without a sentinel lymph node 
(SLN) procedure or axillary LN dissection, according to standard of care procedures. In 
short, the SLN procedure was carried out by peri-tumoral injection of Technetium-99m 
nano-colloid followed by lymph scintigraphy after 2-3 hours. During surgery a hand-held 
gamma counter was used to detect the radioactive signal from the SLN. After the first 
patient, the protocol was amended to omit patent blue V (Guerbet Asia Pacific) for 
visualization of the SLN if possible, as this dye interfered with the fluorescent signal of 
bevacizumab-IRDye800CW in this patient during surgery.  

During surgery, images were recorded at several pre-defined time points during removal 
of the tumor and SLN with the intra-operative real-time optical imaging camera (for further 
details see subsection ‘Intra-operative real-time optical imaging camera’). A baseline image 
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was recorded before incision of the breast, followed by imaging of the tumor, before removal 
of the tumor (lumpectomy or mastectomy) at a distance suitable for the fluorescent signal 
(on average 10-15 cm above the operating field), but not interfering with the sterile field of 
surgery. Using the intra-operative real-time optical imaging camera prior to incision at the 
maximum field-of-view (FOV), the presence of a fluorescence signal was determined either 
in the tumor or axillary region. Identified (S)LNs were imaged prior to excision. After 
removal of the tumor and SLN, the surgical field was inspected again for remaining 
fluorescent signals. Subsequently, excised tumor tissue and SLN(s) were imaged ex vivo off-
table directly after removal. Next, the surgical specimen were processed by the pathologist 
for ex vivo analysis of tumor samples according to standard procedures and including 
imaging of the specimen as described in the subsection ‘Ex vivo analyses of tumor samples’. 
For all tumors—besides determination of size, extent, presence of in situ carcinoma, 
expression of estrogen receptor (ER), progesterone receptor (PR) and HER2—histological 
grading and typing according to the modified Bloom and Richardson and WHO guidelines 
was also performed according to standard clinical practice.

Follow up
Adverse events occurring through approximately 2 weeks after surgery were recorded as 
spontaneously reported by patients or at an outpatient visit.

Intraoperative real-time optical imaging camera 
At both participating centers, a similar near-infrared (NIR) intra-operative real-time optical 
imaging camera system was used for intra-operative and fluorescence imaging of the 
excised specimen. The clinical prototype camera system was developed by the Technical 
University Munich (TUM)/Helmholtz Center) and has been described previously.22,25 In 
brief, for sensitive fluorescence detection the system contains a charge-coupled digital (EM-
CCD) camera with a separate camera for detection of the color signal. A synchronized 
multi-CPU system (Dell Computers) controls the camera system and can process raw data 
and image registration and rendering simultaneously. The field-of-view (FOV) of the 
camera can be varied by a motor controlled lens from 3 x 3 cm to 15 x 15 cm, with 
corresponding resolution varying from 30 x 30 µm to 150 x 150 µm per pixel for a total of 
512 x 512 pixels per fluorescence image. Color and fluorescence images were simultaneously 
collected by the two cameras and processed. Custom made software was used for imaging 
processing and post-processing. 

Sterile transparent drapes (Carl Zeiss Vision BV) covered the camera during surgery. As 
the system was a prototype, no CE marking was obtained. Instead, the device was verified 
for laser safety and leak currents as tested at the TUM and by the Medical Devices Unit at 
the UMCG and UMCU. Both imaging devices were approved for intraoperative application 
in humans. 
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Ex vivo analyses of tumor samples
Imaging fresh surgical specimen. After bread-loaf slicing of the fresh surgical breast 
specimen and before formalin fixation, all slices were imaged with the intra-operative real-
time optical imaging camera for determination of fluorescence signal in tumor and 
surrounding healthy breast tissue. Subsequently, small (2-6 mm) biopsies from tumor tissue 
and normal breast parenchyma were taken from the bread-loaf slices, snap frozen and 
stored in dark conditions at -80°C, provided the tumor was large enough and no interference 
with standard processing procedures was anticipated. Subsequently, the specimen was fixed 
in formalin and embedded in paraffin (FFPE) as a routine procedure. 
Imaging FFPE blocks and slides. FFPE blocks were available for all patients, including 
tumor tissue and surrounding tissue. We used the Odyssey® CLX fluorescence scanning 
system (LI-COR Biosciences Inc.) for assessment of fluorescence in the NIR region and 
location in the FFPE blocks and/or tissue slides. Additionally, whole blocks were imaged by 
the intra-operative real-time optical imaging camera to compare both techniques. 
Bevacizumab-IRDye800CW and VEGF-A quantification. For bevacizumab-
IRDye800CW quantification in tumor tissue, adjacent margin tissue and normal breast 
tissue, each biopsy was weighed and subsequently disrupted with a TissueLyser II 
system  (Qiagen) using pre-cooled  Eppendorf holders, 5 mm stainless steel beads, and 
RIPA buffer (50 mM Tris–HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.1% 
SDS) supplemented with  a complete EDTA-free mini tablet protease inhibitor  cocktail 
(Roche Applied Science). The homogenates were then diluted in series (1:2 dilution steps) 
in 96-well plates, with the same buffer used for homogenization of the biopsies. In parallel, 
the dilution  series of the probe were also made using RIPA  buffer. The intensity of the 
NIR  fluorescence of the samples and standard probe was  detected at 800 nm with the 
Odyssey scanner using the following settings: intensity 7, focus offset 3.5, quality: medium, 
resolution 169 μm. Subsequently, the concentration of the probe present in the homogenates 
was extrapolated from the calibration  curves made with the standard probe, using the 
software  Prism 6 (GraphPad Software Inc.). These concentration values were used to 
calculate the concentration of the tracer per mg of tissue biopsy (ng/ml/mg) (33).

For quantification of VEGF-A expression (pg/ml) in the surgical specimen, a VEGF-A 
Enzyme-Linked Immuno Sorbent (ELISA) assay was performed according to the 
manufacturer instructions (Quantikine). One to three random samples were collected from 
the surgical specimen of the primary tumor, margin tumor-surrounding tissue, and 
surrounding (normal) tissue. Tissue was lysed manually using RIPA buffer (50 mM Tris–
HCl pH 7.4, 150 mM NaCl, 1 mM  EDTA, 1% Triton X-100, 0.1% SDS) supplemented 
with a complete EDTA-free mini tablet protease inhibitor cocktail (Roche Applied Science). 
Thereafter, whole lysate mixtures were first measured on the Odyssey scanner at the 800 
nm channel to determine the intensity of the NIR fluorescence of each sample using the 
following settings: intensity 7, focus offset 3.5, quality: medium, resolution 169 μm. 
Subsequently, lysates were centrifuged to spin down cellular debris, and supernatants were 
used to determine VEGF-A levels by ELISA. Results of VEGF-A measurement were 
normalized for the total weight of the tissue sample before sample analysis.
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Immunohistochemistry. FFPE blocks of tumor tissue and normal healthy breast tissue 
were available for all patients and negative controls. Secondary use of excised breast cancer 
specimen from four patients undergoing breast-conserving surgery as negative controls 
was approved by the IRB and the Department of Pathology. Paraffin sections were cut at 
4 μm, mounted on silane-coated slides and dried overnight at 37 °C. All specimens were 
examined by one pathologist using standard H/E staining. Additionally, (I)HC staining was 
performed for VEGF, CD34 and collagen. Before (I)HC staining, slides were deparaffinized 
using xylene, and the 800 nm NIR fluorescence signal was measured on the Odyssey 
scanner. The tissue blocks and slides were scanned with the following settings. For blocks: 
wavelength 800 nm, intensity 6, focus offset 1, quality: highest, resolution 21 μm. For slides 
(4 μm and 10 μm where appropriate): wavelength 800 nm, intensity 9, focus offset 0, quality: 
highest, resolution 21 μm. Subsequently, CD34 was stained using monoclonal antibody 
anti-CD34 clone Qbend10 (Immunotech) and the OptiView detection kit on the Ventana 
Benchmark Ultra. Collagen was stained with Sirius red. For VEGF-A staining we used the 
following protocol. First, slides were rehydrated via graded alcohols. Endogenous peroxidase 
blocking was performed during 15 minutes with a phosphate citrate buffer containing 5% 
hydrogen peroxide, followed by heat induced antigen retrieval in 0.1 M 95-99 °C sodium 
citrate (pH 6.0) for 20 minutes on a hot plate. After washing steps, sections were incubated 
overnight at 4°C with polyclonal rabbit anti-human VEGF-A (RB9031, ThermoScientific) 
in a concentration of 0.2 µg/ml (1:1000). Tissue was stained using poly-HRP-anti Ms/Rb/Rt 
IgG (BrightVision) for 30 minutes at room temperature, followed by visualization with 
diaminobenzidine for 10 minutes. PBS was used throughout for washing. Finally, sections 
were counterstained with Mayer’s hematoxylin, dehydrated in alcohol and xylene and 
coverslipped.
Multiplex advanced pathology imaging (MAPI) methodology. For ex vivo correlation of 
the fluorescence scans obtained by the intra-operative real-time optical imaging camera 
and the Odyssey imaging system, a workflow methodology was developed for cross-
correlation of fluorescence scans with IHC for VEGF-A, CD34 (microvessel density) and 
presence of collagen (Sirius Red staining) in a multiplex overlay (Fig. S4 and Supplemental 
Movie S1). After whole slide NIR fluorescence scanning on the Odyssey imaging system, 
IHC stained slides were scanned on a digital slide scanner (ScanScope XT) at 20x resolution 
(0.50 µm/pixel). Color deconvolution with vectors H DAB (ImageJ version 1.48) was used 
to separate DAB and hematoxylin color layers. DAB color layers were converted to red-
black images using auto threshold. NIRF Odyssey images of the same slide were converted 
green-black images also with auto threshold. NIRF images and IHC images of the same 
slide where registered to show expression of bevacuzimab-IRDye800CW in the H/E stained 
histology slides and identify co-localization of the bevacuzimab-IRDye800CW NIRF signal 
and VEGF-A or collagen.  
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Statistical analysis
Given the early phase nature of this exploratory study, the emphasis was on a high power 
(1-β) to detect potentially clinically relevant bevacizumab-IRDye800CW tumor 
accumulation in patients with primary breast cancer. This was done to avoid erroneous 
dismissal of a successful compound in the early stage of its evaluation. Accordingly, if no 
accumulation was detected in any of the first seven consecutive patients of stage 1, we could 
dismiss a true accumulation rate of 35% or larger with a β of 5% or smaller, and a true 
accumulation rate of 48% or larger at the ≤ 1% β level. Similarly, the study was powered at 
99.99% to continue after the first seven patients given a true accumulation rate of 75%. If 
the study continued to its full size in the second stage with a total of 20 evaluable patients 
for accumulation of the bevacizumab-IRDye800CW tracer, the margin of error of the 
accumulation rate estimate (as calculated by the Score method using α = 5%) would be at 
most 20% for an observed accumulation rate of 50%, yielding an accumulation rate estimate 
of 0.50 with a 95% confidence interval (CI) of 0.30 to 0.70. As one patient in our study did 
not show accumulation, this related to an accumulation rate of 0.95 (95%CI: 76-99%). 
Similarly, for an observed accumulation rate of 75%, the margin of error would be 18%, 
yielding an accumulation rate estimate of 0.75 (95% CI: 0.53-0.89). The full-study sample 
size thus allowed reasonably precise estimates of the bevacizumab-IRDye800CW 
accumulation rate. Sample size considerations pertained only to bevacizumab-IRDye800CW 
tumor accumulation, as the expected incidence of SAEs was so low that the study size 
needed to formally address and estimate SAE incidence associated with the compound was 
prohibitively large. Nevertheless, given a true SAE incidence rate of 2.5%, the chance of 
observing an SAE in the study approached 50%, which is close to 75% for a true SAE 
incidence rate of 5.0%. Data-analysis of secondary endpoints was exploratory in nature. The 
secondary outcome measures of the clinical study included the detection ability of the 
intra-operative real-time optical imaging camera of the fluorescent signal from 
bevacizumab-IRDye800CW during surgery and to assess and compare the presence of a 
fluorescent signal in breast cancer tissue and normal tissue by assessing the images during 
and after surgery, the accumulation, tissue distribution, localization and quantification of 
the tracer in resected tumor tissue, and surrounding healthy tissue, as measured by 
fluorescence imaging in vivo and ex vivo. Correlations of intraoperative imaging to ex vivo 
quantitative measures of fluorescence, tracer distribution, and IHC analyses of surgical 
specimens were investigated for the purposes of co-localization and correlation (Pearson 
correlation) and for determination of MFI obtained by fluorescence flatbed scans in regions 
of tumor, stroma and healthy surrounding tissue (paired t-test or Wilcoxon signed rank test 
for paired data and the unpaired t-test for unpaired data). Data are presented as a mean ± 
standard deviation (SD). A two-sided P value of less than 0.05 was considered significant 
(SPSS, version 19.0; IBM). 
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Results

Patient characteristics
Between March 2012 and August 2014, we enrolled 20 patients with breast cancer (including 
one male patient) in the study. Patient and tumor characteristics are summarized in Table 1. 
Most patients had an invasive ductal carcinoma (n=17, 85%), and three had an invasive 
ductulolobular carcinoma. Tumor size determined by pathology ranged from 6 mm to 38 
mm (median 20 mm) in diameter. Histological analyses after surgery of the tumor showed 
Bloom-Richardson-Elston histology grade 1 in 6 tumors, grade 2 in 10 tumors and grade 3 
in 4 tumors. Estrogen receptor (ER) status was positive in 18 patients (90%), progesterone 
receptor (PR) status was positive in 14 patients (70%), and HER2 expression scores were 
negative in 13 patients (65%), 1+ in five patients, 2+ in one patient and 3+ in one patient. In 
three patients, all the excised tissue was required for standard histological examination due 
to the small tumor sizes of 6 mm. Two patients (10%) had a positive resection margin on 
standard histopathological examination. No adverse events related to the tracer injection 
occurred in any of the patients.

Intraoperative imaging
Specimens from two patients were identified with a positive margin upon histopathological 
analysis (Fig. 1 and Supplemental Fig. S1). In both patients a fluorescent signal was detectable 
at the positive resection margin of the excised lump (Fig. 1A-C), both during surgery and 
after bread-loaf slicing (Fig. 1D-F). The paraffin block (Fig. 1G-I) also showed a clear 
positive signal at the tumor site. Hematoxylin and eosin stain (H/E, Fig. 1J) findings were 
corroborated by fluorescence flatbed scanning (Fig. 1K) and overlay image (Fig. 1L). This 
confirmed the presence of bevacizumab-IRDye800CW in the tumor area and the designated 
positive margin in both patients.  

Supplemental Figure S1 shows the surgical specimen from the second patient with a 
positive margin, visualized with our standard operating procedure for ex vivo processing. 
Fluorescence imaging shows strong signals at the vicinity of the margin in the bread-loaf 
slices (Fig. S1, panel A), which was confirmed by NIR intra-operative real-time optical 
imaging of paraffin blocks (Fig. S1, panel B, tumor is demarcated by red segmentation), H/E 
staining (Fig. S1, panel C), and fluorescence flatbed scanning (Fig. S1, panel D and E). With 
one exception, we detected a fluorescent signal in the excised specimens of all patients who 
were injected with bevacizumab-IRDye800CW. This was done by flatbed scanning of the 
paraffin blocks. Patients who were not injected with bevacizumab-IRDye800CW (negative 
controls) did not show fluorescent signals above background levels in tumor areas 
(Supplemental Fig. S2). In one patient, the skin was very fluorescent and in one patient a 
fibroadenoma adjacent to the tumor showed a clear fluorescent signal.

Bevacizumab-IRDye800CW blood and tissue concentrations 
The whole blood concentrations of bevacizumab-IRDye800CW decreased during 14 days 
after injection (Fig. 3A). The bevacizumab-IRDye800CW concentration in tumor tissue 

CHAPTER 9



145

Table 1. Patient demographic and pathological characteristics. 

Characteristic N % Median(range)

Gender, female 19 95

Surgery 
    Lumpectomy
    Mastectomy

11
9

55
45

Side tumor
    Right
    Left

8
12

40
60

Age (y) 65 (46 – 81)

Tumor size (mm)
    Conventional imaging before surgery
        Ultrasound
        MRI (n=1)
    Pathology

15 (4 - 40)
28

20 (6 - 38)

Histology
    Ductal carcinoma
    Ductulolobular carcinoma

17
3

85
15

Bloom-Richardson-Elston grade
    Grade 1 
    Grade 2
    Grade 3

6
10
4

30
50
20

Receptor status
    ER (positive)
    PR (positive)
    HER2 (IHC 3+ or 2+ with FISH positive)

18
14
1

90
70
5

Ductal carcinoma in situ component (n=15) 
    Grade 1
    Grade 2
    Grade 3
    Intracystic papillary carcinoma

2
10
2
1

13.3 
66.7
13.3 
6.7

Pathological tumor stage 
    T1a
    T1b
    T1c
    T2

0
4
6

10

 
0

20
30
50

Pathological nodal stage 
    N0
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was higher compared to the margin (P < 0.05) or surrounding non-cancerous tissue (P < 
0.0001) (Fig. 3B). VEGF-A levels differed between tumor and surrounding tissue (P < 0.001) 
and between margin and surrounding tissue, (P < 0.05) but not between tumor and margin 
(not significant) (Fig. 3C). Bevacizumab-IRDye800CW and VEGF-A concentrations by 
ELISA correlated in the tumor area (r = 0.63, P = 0.0002) (panel D), but not significantly at 
the margin or surrounding non-cancerous tissue (Fig. 3D-F).

Fluorescence imaging and tumor margins 
To compare macroscopic fluorescence imaging with tumor margins, two methods were 
used: tumor area assessment by defining four tumor margin zones distant from the tumor 
(Fig. 4) and by segmentation (Fig. 5). After flatbed scanning and H/E staining of the paraffin 
block (Fig. 4A), four margin zones of 5 x 20 mm were defined (tumor area, 0.5 cm, 1.0 cm, 
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Figure 1. Intraoperative optical  imaging  of positive tumor margin. In one of the two 
patients (see also Supplemental Fig. S1) with a positive margin (tumor characteristics: 
lobular carcinoma, diameter 2.3 cm, Bloom-Richardson-Elston grade 1, mitotic activity 
index (MAI) 2, estrogen receptor positive, progesterone receptor negative, HER2 negative), 
the bevacizumab-IRDye800CW tracer in the positive margin (black and white arrows) could 
be detected intraoperatively ex vivo by optical imaging of the excised lump (panel A 
white-light, panel B fluorescence, panel C overlay with pseudocolor). Bread-loaf slicing 
(panel D-F) and the paraffin block (panel G-I) is shown for the corresponding fluorescent 
signal. Hematoxylin/eosin (H/E) stain (panel J), fluorescence flatbed scanning (panel K) and 
image overlay of panel J and K (panel L) is shown for the 4 μm slide (* = skin with suture in 
place, ** = satellite tumor foci, red/white/black dashed line = tumor outline, white/black 
arrow = positive tumor margin).
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1.5 cm) and scanned (Fig. 4B), after which the mean fluorescence intensity (MFI) was 
determined (Fig. 4C). The MFI of the tumor area differed from the other three tumor 
margin zones (tumor vs. 0.5 cm, tumor vs. 1.0 cm, tumor vs. 1.5 cm, all P < 0.0001). 

Similarly, segmentation for separating tumor, stroma and fat was performed on the 
excised specimen after H/E staining (Fig. 5A-C). Next, the segmented areas (Fig. 5D) were 
superimposed on the fluorescence flatbed scans (Fig. 5E), and the MFI was calculated (Fig. 
5F). Tumor segmented areas had a higher MFI compared to stroma (P < 0.0001) and fat (P 
< 0.0001). 
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Figure 2. Standard operating procedure for ex vivo processing of surgical specimen. 
Upon excision during surgery, the entire fresh specimen was cut into bread-loaf slices and 
imaged by intraoperative optical imaging system in overlay images of white light and 
fluorescence mode (panel A, fluorescence = green pseudocolor, asterisk = tumor). Next, 
tissue was embedded into paraffin blocks and overlay images of white light and 
fluorescence were taken (panel B, red = tumor border, green = pseudocolor for 
fluorescence). In panel C, hematoxylin/eosin (H/E) staining is shown of slides from the 
same paraffin blocks (red = tumor localization) for co-localization purposes with the 
fluorescence images. Prior to H/E staining, the paraffin blocks were scanned on a flatbed 
scanner (panel D, depicted in mean fluorescence intensity (MFI)), and also depicted as a 
Manhattan intensity graph in panel E. 
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Multiplex advanced pathology imaging (MAPI)
For a more detailed analysis of the distribution of bevacizumab-IRDye800CW in tumor 
tissue, a standardized operating procedure (SOP) for macro- and microscopic mapping was 
performed at a macroscopic level as depicted in Fig. 2 and at the cellular level in Supplemental 
Fig S3, S4 and S5. 
H/E staining of 4 μm tissue slides (Fig. S3, panel A and B) was compared to fluorescence 
scanning (Fig. S3, panel C and D). In a superimposed image, both modalities were compared 
on a macroscopic and microscopic level (Fig. S3, panel E and F). Fluorescence signal was 
clearly identified in a tumor sprout surrounded by blood vessels and collagen rich stroma 
(rectangle, Fig. S3, panel B, D and F). 

CHAPTER 9

Figure 3. Ex vivo quantification of bevacizumab-IRDye800CW and VEGF-A in whole 
blood and tissue. Blood concentration levels (mean ± standard deviation) of 
bevacizumab-IRDye800CW (ng/ml) decreased 14 days after injection of the tracer (panel 
A). In tumor tissue biopsies there was a higher concentration of bevacizumab-IRDye800CW 
(ng/mL/mg of weight biopsy tissue) compared to the tumor margin (* = P < 0.05) and 
surrounding (non-cancerous) tissue (**** = P < 0.0001) (panel B). VEGF-A (pg/mg) 
concentrations differed significantly between tumor vs. surrounding tissue (*** = P < 0.001) 
and margin vs. surrounding tissue (* = P < 0.05), but not between tumor area and margin 
(ns) (panel C). Bevacizumab-IRDye800CW and VEGF-A correlated in the tumor area (r = 
0.63, P = 0.0002) (panel D), which was not apparent at the margin (panel E), or in 
surrounding non-cancerous tissue (panel F). 
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Figure 4. Macroscopic 
fluorescence tumor margin 
assessment. Paraffin blocks 
were inked for margin 
assessment as standard of 
care and subsequently 
imaged by macroscopic 
fluorescence imaging, 
followed by H/E staining 
(panel A). By defining four 
tumor margin zones distant 
from the tumor (i.e. tumor 
area, 0.5 cm, 1.0 cm and 1.5 
cm, panel B), the mean 
fluorescence intensity (MFI) 
was calculated (panel C). MFI 
of the tumor site was higher 
than in the tumor margin 
zones (*** = P < 0.0001). 

For qualitative co-localization of bevacizumab-IRDye800CW with other biomarkers such 
as VEGF-A expression, CD34 staining for microvessel density and presence of collagen, 
MAPI was used (Supplemental Fig. S4 and Supplemental Movie S1). Fluorescent 
bevacizumab-IRDye800CW scans were pseudocolored green (Fig. S4, panel A and E), 
whereas hematoxylin-DAB/VEGF-A staining color intensities (Fig. S4, panel B) were color 
deconvoluted (Fig. panel C and D) into pseudocolor red (Fig. S4, panel F) and superimposed 
with the pseudocolor green bevacizumab-IRDye800CW scans (Fig. S4, panel G). 

Supplemental Figure S5 shows the co-localization of bevacizumab-IRDye800CW, H/E, 
VEGF-A, collagen and CD34 in breast cancer and a satellite lesion. A clear co-localization 
of fluorescence intensities as determined by fluorescence imaging (Fig. S5, panel A-D) is 
present within the tumor area (dotted line). This was confirmed with H/E staining (Fig.  S5, 
panel E), segmentation (Fig. S5, panel F), pseudocolor green bevacizumab-IRDye800CW 
flatbed scan (Fig.  S5, panel G) and superimposed H/E with pseudocolor green (Fig.  S5, 
panel H). Furthermore, co-localization of fluorescence and VEGF-A staining (Fig.  S5, panel 
I), collagen (Fig. S5, panel M) and CD34 (Fig. S5, panel Q) could be visualized as such. 
Additional data is provided for co-localization in ductal carcinoma in situ (DCIS) in 
Supplemental Figure S6.
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Discussion

In this first in-human study using a NIRF antibody-based tracer in a microdose regimen, 
administration of bevacizumab-IRDye800CW was safe with sufficient tumor-specific tracer 
uptake for margin assessment in primary breast cancer tissue. Ex vivo macroscopic imaging 
and fluorescent image analyses of excised specimen, fresh tissue slices, paraffin blocks, and 
tissue slides showed tumor-specific tracer uptake, thus clearly distinguishing the tumor 
margins within normal healthy breast tissue. 

Most prior optical imaging efforts in breast cancer patients used the non-targeted NIRF 
tracer indocyanine-green (ICG), which binds to plasma proteins. This has been tested 
extensively for lymphatic mapping in breast, skin, prostate, colorectal, and vulvar cancer.26,27 
In small studies in breast cancer patients, ICG had sentinel lymph node (SLN) identification 
rates comparable to standard of care radiotracers and blue dyes.28-31 However, ICG is 
unsuitable due to the limiting formulation and quenching characteristics of the dye for 
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Figure 5. Macroscopic segmentation of fluorescence tissue localization. Paraffin 
blocks were scanned (panel A), stained for hematoxylin/eosin (H/E) (panel B), and 
subsequently segmented (panel C and D). For each tissue type the region-of-interest (ROI) 
was delineated (panel E, tumor [red], stroma [green] and fat [blue]). Per ROI, mean 
fluorescence intensity (MFI) was calculated and compared (panel F). Tumor tissue had a 
higher MFI compared to stroma and fat (*** = P < 0.001).
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simple and straightforward conjugation to targeting moieties, like antibodies, nanobodies 
or small peptides. This precludes its use for tumor-specific targeting by NIRF imaging, as in 
the present study. 

Although ex vivo imaging confirmed tumor specific uptake in our study, the absolute 
fluorescent signal intensities of the targeted tracer were too low to identify margins in situ 
during actual surgery, for which several explanations are possible. First, the tracer dose used 
in this study may have been too low to reach the threshold for detecting tumor specific 
signal intra-operatively. Second, even with a higher dose, improvements in the sensitivity of 
the camera system, such as correction algorithms and state-of-the-art charge-coupled 
device (CCD) chips may be required for intra-operative detection of bevacizumab-
IRDye800CW. By increasing the tracer dose to still sub-therapeutic doses, a signal above the 
threshold of healthy surrounding autofluorescent signal can be expected, and intra-
operative detection of the fluorescent signal in tumor tissue may be feasible. This has 
recently been shown by Rosenthal et al. up to a maximum dose of 62.5 mg/m2 of intravenously 
injected cetuximab-IRDye800CW in patients with head and neck cancer (HNSCC).32 
Similarly, a large clinically proven safe dose range is still available for a bevacizumab tracer. 
For example, patients treated for colorectal cancer with neo-adjuvant bevacizumab being 
dosed at 10 mg/kg every 3 weeks undergo surgery around 6 weeks after the last bevacizumab 
dose to avoid wound healing problems. With a half-life of 20 days, the remaining circulating 
bevacizumab level is around 160 mg at that time. This would translate into a minimum 180 
mg flat bevacizumab dose, to be injected 3 days before surgery, without increased risk of 
impaired wound healing. In future studies, we therefore suggest a dose escalation starting 
around 10 mg and increasing up to the potential maximum of 180 mg. 

In our clinical study we used the NIR intra-operative real-time optical imaging camera 
not only during surgery, but also post-operatively during pathological examination to 
image the complete excised specimen, after bread-loaf slicing, in paraffin blocks and on 
tissue slides. These slice images showed a clear fluorescent signal at the site of the tumor in 
fresh tissue, as confirmed by fluorescence scanning and microscopy. Fluorescence-guided 
pathology may thereby assist the pathologist in assessing the important tissue parts or for 
sensitive sampling, such as tumor margin assessment of a mastectomy or lumpectomy 
specimens. Moreover, during surgery, the pathologist can immediately report to the surgeon 
whether all tumor has been excised or if margins show a fluorescent signal, which might 
indicate the presence of tumor. 

By using multiplex advanced pathology imaging, a systemically injected bevacizumab-
IRDye800CW fluorescent tracer was cross-correlated with the presence of tumor (using 
H/E), VEGF-A expression (by IHC and ELISA), collagen and microvessel density. Next to 
visualization of other targets with antibodies, smaller fragments like nanobodies targeting 
specific tumor markers such as carbonic anhydrase IX, HER2, and carcinoembryonic 
antigen have been developed more recently for imaging solid tumors. This could  also be 
validated by NIR intra-operative real-time optical imaging (in situ and ex vivo) and MAPI 
in future translational clinical studies.33 Moreover, the present study has shown that MAPI 
can be used ex vivo to cross-correlate the fluorescent-labeled therapeutic drug bevacizumab 
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and its tumor-specific targeting and local tumor distribution in humans by using excised 
specimens. This can be done with both macroscopic and microscopic imaging. This novel 
co-localization methodology provides a reproducible platform in drug development and 
subsequent dose-finding studies at the tissue and cellular level for other antibodies 
(therapeutic or otherwise), nanobodies and small peptides as targeting moiety.

As neo-angiogenesis is a universal tumor marker, other tumor types may also benefit 
from fluorescence imaging using bevacizumab-IRDye800CW as well. For example, HNSCC, 
colorectal and esophageal cancer may be suitable for such imaging, as these tumors are 
located more superficially, leading to higher fluorescence signals and less negative impact 
on surrounding tissue (i.e. scattering, penetration issues). Currently, three studies are 
ongoing to determine feasibility of a fluorescent endoscope attached to the camera-system 
after administration of 4.5 mg bevacizumab-IRDye800CW intravenously to detect rectal 
cancer, esophageal cancer and pre-malignant and malignant polyps in familial adenomatous 
polyposis (ClinicalTrials.gov identifiers NCT01972373, NCT02129933 and NCT02113202). 
This approach is therefore of interest not only for tumor visualization and characterization 
in intra-operative surgical guidance, but also  for diagnostic purposes, drug development 
and treatment monitoring.34,35,36 

In conclusion, this is the first clinical study to demonstrate safety and feasibility of the 
NIR fluorescent tracer bevacizumab-IRDye800CW for tumor-specific optical imaging in 
patients with primary breast cancer. Probably because the administered dose (i.e. microdose 
of 4.5 mg) was low, in situ intra-operative tumor margin detection was not possible. 
However, immediate NIR intra-operative real-time optical imaging of the excised specimen 
in patients with a positive margin confirmed reliable margin assessment by fluorescence. 
Therefore, ex vivo imaging was highly feasible and correlated well with VEGF-A 
quantification and microscopic analyses of the tumor site of targeting. Microscopic analyses 
did not show a complete overlay of the fluorescent signal and the VEGF-A staining, which 
is probably because bevacizumab-IRDye800CW targets the soluble and extracellular 
matrix-bound splice variant 121 of VEGF-A11, whereas the applied IHC staining mainly 
detects intracellular VEGF-A expression. For intra-operative in situ imaging purposes, 
fluorescent intensity values could be optimized using higher tracer doses that are still well 
below the therapeutic dosing scheme of bevacizumab, such as recently described for 
cetuximab-IRDye800CW. 

We have therefore initiated a subsequent phase II dose-finding study to determine the 
optimal dose for intra-operative use in patients with primary breast cancer 
(www.clinicaltrials.gov: NCT02583568).
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Supplemental Figure S1. Intraoperative optical imaging of positive tumor margin.  
In one of the two patients with a positive margin (see also Fig. 1), the bevacizumab-
IRDye800CW tracer could be detected intraoperatively ex vivo by optical imaging of the 
excised lump (panel A white-light, panel B fluorescence, panel C overlay). Bread-loaf slicing 
(panel D-F) and the paraffin block (panel G-I) is shown for the corresponding fluorescent 
signal. Hematoxylin/eosin (H/E) stain (panel J), fluorescence flatbed scanning (panel K) 
and image overlay (panel L) is shown for the 4 μm slide (red/white/black dashed line = 
tumor outline, white/black arrow = positive tumor margin). 
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Supplemental Figure S2. Representative fluorescence flatbed scans of paraffin 
blocks of all patients (N=20). Of all included patients, representative paraffin blocks are 
depicted, including 5 negative controls of patients with breast cancer (i.e. tumor present 
but without injection of bevacizumab-IRDye800CW, last column). Tumor areas are 
demarcated by dotted lines. * (UMCU4) = skin, ** (UMCG9) = fibroadenoma.  Fluorescence 
is depicted by mean fluorescence intensity (MFI).

0

20000

10000

15000

5000

30000

25000

UMCU 1 UMCU 2 UMCU 3 UMCU 4

UMCG 1 UMCG 2 UMCG 3 UMCG 4

UMCG 6 UMCG 7 UMCG 8 UMCG 9

UMCG 11 UMCG 12 UMCG 13 UMCG 14

UMCU 5 negative control 1

UMCG 5 negative control 2

UMCG 10 negative control 3

UMCG 15 negative control 4

*

**



155

TUMOR SPECIFIC UPTAKE OF FLUORESCENT BEVACIZUMAB-IRDYE800CW: 
A SAFE TOOL IN IMAGE-GUIDED SURGERY IN PATIENTS WITH PRIMARY BREAST CANCER

9

Supplemental Figure S3. Microscopic biodistribution of bevacizumab-IRDye800CW. 
Tissue slides of 4 μm were scanned on a flatbed scanner for mean fluorescence intensity, 
followed by hematoxylin/eosin (H/E) staining and microscopy (2x panel A and 20x panel 
B) for co-localization at the microscopic level of fluorescence intensities (panel C and D) in 
a tumor sprout surrounded by blood vessels and collagen-rich stroma (rectangular). Color 
and fluorescence images were superimposed (panel E and F). 
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Supplemental Figure S4. Multiplex Advanced Pathology Imaging (MAPI): Co-
localization of fluorescence.  Tissue slides were scanned for mean fluorescence 
intensities (MFI, panel A) and stained for VEGF-A expression (panel B). After color 
deconvolution (panel C and D) and automatic thresholding, signal intensities for both the 
fluorescent signal from bevacizumab-IRDye800CW were converted into a green 
pseudocolor (panel E) and the VEGF-A staining into a red pseudocolor (panel F), thus 
creating image overlays for co-localization of bevacizumab-IRDye800CW (green) and 
VEGF-A expression (red, panel G). 
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Supplemental Figure S5. Co-localization of bevacizumab-IRDye800CW, 
hematoxylin/eosin (H/E), VEGF-A, collagen and CD34 in breast cancer and a satellite 
lesion. A fresh excised breast tumor specimen with a satellite lesion was processed with 
multiplex advanced pathology imaging (MAPI) for co-localization of white light images 
(white-light panel A, H/E panel E, VEGF-A staining panel I, collagen panel M, CD34 panel 
Q), black-and-white bevacizumab-IRDYe800CW fluorescence (panel B and green 
pseudocolor in panel C, G, K, O and S), segmentation (panel F), deconvolution (VEGF panel 
J, collagen panel N, CD34 panel R) and overlay images (panel D: white-light + 
fluorescence, panel H: H/E and fluorescence, panel L: VEGF-A and fluorescence, panel P: 
collagen and fluorescence and panel T: CD34). In panel T an overlay of CD34 (blue color) 
bevacizumab-IRDye800CW fluorescence (green) and VEGF-A (red) is depicted.
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Supplemental Figure S6. Co-localization of bevacizumab-IRDye800CW, 
hematoxylin / eosin (H/E), VEGF-A, collagen and CD34 in ductal carcinoma in situ 
(DCIS). A fresh excised breast tumor specimen with DCIS was processed with multiplex 
advanced pathology imaging (MAPI) for co-localization of white light images (white-light 
panel A, H/E panel E, VEGF-A staining panel I, collagen panel M, CD34 panel Q), black-and-
white bevacizumab-IRDYe800CW fluorescence (panel B and green pseudocolor in panels 
C, G, K, O and S), segmentation (panel F), deconvolution (VEGF-A panel J, collagen panel 
N, CD34 panel R) and overlay images (panel D: white-light + fluorescence, panel H: H/E 
and fluorescence, panel L: VEGF-A and fluorescence, panel P: collagen and fluorescence 
and panel T: CD34). In panel T and overlay of CD34 (blue color) bevacizumab-IRDye800CW 
fluorescence (green) and VEGF-A (red) is depicted.

A

E

I

M

Q

B

F

J

N

R

C

G

K

O

S

D

H

L

P

T

0

40000

20000

30000

10000

0

40000

20000

30000

10000

0

6000

2000

4000

CHAPTER 9



159

References  
 
1. International Agency for Research on Cancer. World cancer statistics. GLOBOCAN 2014. 
2. Waljee JF, Hu ES, Newman LA, Alderman AK. Predictors of re-excision among women undergoing breast-

conserving surgery for cancer. Ann Surg Oncol 2008; 15: 1297-303. 
3. Biglia N, Maggiorotto F, Liberale V, et al. Clinical-pathologic features, long term-outcome and surgical 

treatment in a large series of patients with invasive lobular carcinoma (ILC) and invasive ductal carcinoma 
(IDC). Eur J Surg Oncol 2013; 39: 455-60. 

4. Park CC, Mitsumori M, Nixon A, et al. Outcome at 8 years after breast-conserving surgery and radiation 
therapy for invasive breast cancer: influence of margin status and systemic therapy on local recurrence. J Clin 
Oncol 2000; 18: 1668-75. 

5. Chagpar AB, Martin RC,2nd, Hagendoorn LJ, et al. Lumpectomy margins are affected by tumor size and 
histologic subtype but not by biopsy technique. Am J Surg 2004; 188: 399-402. 

6. Ferrara N, Davis-Smyth T. The biology of vascular endothelial growth factor. Endocr Rev 1997; 18: 4-25. 
7. Amini A, Masoumi Moghaddam S, et al. The critical role of vascular endothelial growth factor in tumor 

angiogenesis. Curr Cancer Drug Targets 2012; 12: 23-43.
8. Adams A, Vermeulen JF, Zuithoff NPA, et al. Vascular Endothelial Growth Factor A – a systematic review and 

meta-analysis of expression patterns in breast cancer. Submitted 2014. 
9. Nagengast WB, Hooge MN, van Straten EM, et al. VEGF-SPECT with 111In-bevacizumab in stage III/IV 

melanoma patients. Eur J Cancer 2011; 47: 1595-602. 
10. Desar IM, Stillebroer AB, Oosterwijk E, et al. 111In-bevacizumab imaging of renal cell cancer and evaluation 

of neoadjuvant treatment with the vascular endothelial growth factor receptor inhibitor sorafenib. J Nucl Med 
2010; 51: 1707-15. 

11. Scheer MG, Stollman TH, Boerman OC, et al. Imaging liver metastases of colorectal cancer patients with 
radiolabelled bevacizumab: Lack of correlation with VEGF-A expression. Eur J Cancer 2008; 44: 1835-40. 

12. Oosting SF, Brouwers AH, van Es SC, et al. 89Zr-bevacizumab PET visualizes heterogeneous tracer 
accumulation in tumor lesions of renal cell carcinoma patients and differential effects of antiangiogenic 
treatment. J Nucl Med 2015; 56: 63-9. 

13. van Asselt SJ, Oosting SF, Brouwers AH, et al. Everolimus reduces 89Zr-bevacizumab tumor uptake in patients 
with neuroendocrine tumors. J Nucl Med 2014; 55: 1087-92. 

14. Gaykema SB, Brouwers AH, Lub-de Hooge MN, et al. 89Zr-bevacizumab PET imaging in primary breast cancer. 
J Nucl Med 2013; 54: 1014-8. 

15.  Vokes EE, Salgia R, Karrison TG. Evidence-based role of bevacizumab in non-small cell lung cancer. Ann 
Oncol 2013; 24: 6-9. 

16. Hurwitz HI, Tebbutt NC, Kabbinavar F, et al. Efficacy and safety of bevacizumab in metastatic colorectal 
cancer: pooled analysis from seven randomized controlled trials. Oncologist 2013; 18: 1004-12. 

17. Escudier B, Bellmunt J, Negrier S, et al. Phase III trial of bevacizumab plus interferon alfa-2a in patients with 
metastatic renal cell carcinoma (AVOREN): final analysis of overall survival. J Clin Oncol 2010; 28: 2144-50. 

18. van Dam GM, Themelis G, Crane LM, et al. Intraoperative tumor-specific fluorescence imaging in ovarian 
cancer by folate receptor-α targeting: first in-human results. Nat Med 2011; 17: 1315-9. 

19. Frangioni JV. New technologies for human cancer imaging. J Clin Oncol 2008; 26: 4012-21. 
20. Hojo T, Nagao T, Kikuyama M, et al. Evaluation of sentinel node biopsy by combined fluorescent and dye 

method and lymph flow for breast cancer. Breast 2010; 19: 210-3. 
21. Mieog JS, Troyan SL, Hutteman M, et al. Toward optimization of imaging system and lymphatic tracer for 

near-infrared fluorescent sentinel lymph node mapping in breast cancer. Ann Surg Oncol 2011; 18: 2483-91. 
22. Murawa D, Hirche C, Dresel S, et al. Sentinel lymph node biopsy in breast cancer guided by indocyanine green 

fluorescence. Br J Surg 2009; 96: 1289-94. 
23 Terwisscha van Scheltinga AG, van Dam GM, Nagengast WB, et al. Intraoperative near-infrared fluorescence 

tumor imaging with vascular endothelial growth factor and human epidermal growth factor receptor 2 
targeting antibodies. J Nucl Med 2011; 52: 1778-85. 

24. Themelis G, Yoo JS, Soh KS, et al. Real-time intraoperative fluorescence imaging system using light-absorption 
correction. J Biomed Opt 2009; 14: 064012. 

25. Troyan SL, Kianzad V, Gibbs-Strauss SL, et al. The FLARE intraoperative near-infrared fluorescence imaging 
system: a first-in-human clinical trial in breast cancer sentinel lymph node mapping. Ann Surg Oncol 2009; 16: 
2943-52. 

26. Luker GD, Luker KE. Optical imaging: current applications and future directions. J Nucl Med 2008; 49: 1-4. 
27. Schaafsma BE, Mieog JS, Hutteman M, et al. The clinical use of indocyanine green as a near-infrared 

fluorescent contrast agent for image-guided oncologic surgery. J Surg Oncol 2011; 104: 323-32. 
28. Crane LM, Themelis G, Arts HJ, et al. Intraoperative near-infrared fluorescence imaging for sentinel lymph 

node detection in vulvar cancer: first clinical results. Gynecol Oncol 2011; 120: 291-5. 

TUMOR SPECIFIC UPTAKE OF FLUORESCENT BEVACIZUMAB-IRDYE800CW: 
A SAFE TOOL IN IMAGE-GUIDED SURGERY IN PATIENTS WITH PRIMARY BREAST CANCER

9






