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Abstract
Purpose: Though various targets have been proposed and evaluated, no agent has yet been
investigated in a clinical setting for head and neck cancer. The present study aimed to compare
two fluorescently labeled anti-epidermal growth factor receptor (EGFR) antibodies for detection
of head and neck squamous cell carcinoma (HNSCC).

Procedures: Antigen specificities and in vitro imaging of the fluorescently labeled anti-EGFR
antibodies were performed. Next, immunodeficient mice (n=22) bearing HNSCC (OSC-19 and
SCC-1) tongue tumors received systemic injections of cetuximab-IRDye800CW, panitumumab-
IRDye800CW, or IgG-IRDye800CW (a nonspecific control). Tumors were imaged and resected
using two near-infrared imaging systems, SPY and Pearl. Fluorescent lymph nodes were also
identified, and all resected tissues were sent for pathology.

Results: Panitumumab-IRDye800CW and cetuximab-IRDye800CW had specific and high
affinity binding for EGFR (KD=0.12 and 0.31 nM, respectively). Panitumumab-IRDye800CW
demonstrated a 2-fold increase in fluorescence intensity compared to cetuximab-IRDye800CW in
vitro. In vivo, both fluorescently labeled antibodies produced higher tumor-to-background ratios
compared to IgG-IRDye800CW. However, there was no significant difference between the two in
either cell line or imaging modality (OSC-19: p=0.08 SPY, p=0.48 Pearl; SCC-1: p=0.77 SPY,
p=0.59 Pearl; paired t tests).

Conclusions: There was no significant difference between the two fluorescently labeled anti-
EGFR monoclonal antibodies in murine models of HNSCC. Both cetuximab and panitumumab
can be considered suitable targeting agents for fluorescent intraoperative detection of HNSCC.

Keywords
Aerodigestive squamous cell carcinoma; Head and neck; Near-infrared imaging; Epidermal
growth factor receptor

Introduction
Novel techniques for intraoperative detection of tumor margins and residual disease have
been an ongoing interest of surgeons for years. Gross inspection and frozen sections

© World Molecular Imaging Society, 2013

Correspondence to: Eben Rosenthal; oto@uab.edu.

Conflict of interest. The authors have no financial disclosures or conflicts of interest.

NIH Public Access
Author Manuscript
Mol Imaging Biol. Author manuscript; available in PMC 2014 March 12.

Published in final edited form as:
Mol Imaging Biol. 2013 December ; 15(6): 722–729. doi:10.1007/s11307-013-0652-9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



continue to be the gold standard. However, these techniques result in a failure to obtain
complete tumor resections in almost 40 % of head and neck cancer cases [1]. Since positive
margins predict poor patient survival and result in further surgery and/or adjuvant treatment,
improved detection is required [2]. Precise identification of tumor margins during the
operative period would help guide surgical technique and spare patients from added
morbidity associated with additional surgery or chemoradiation. Recently, investigators have
begun to look at tumor-specific agents combined with optical imaging compounds to
delineate tumor margins and/or residual cancer [3-11]. This technique has the potential to
provide surgeons with intraoperative information to minimize resection of benign tissue and
thereby decrease associated morbidities. By also enhancing disease resection, this technique
may improve oncologic outcomes.

Imaging strategies such as computed tomography, magnetic resonance imaging, and
positron emission tomography have long been the gold standard for the early detection of
cancer as well as the surveillance of local, regional, or distant recurrence. However, these
imaging modalities do not provide real-time information during the surgical resection.
Development of an optical imaging technique that provides real-time viewing of both the
anatomical surface as well as specific identification of cancer would provide invaluable
intraoperative information.

The longer wavelength spectrum of near-infrared fluorescence allows for lower tissue
absorption and reduces interference from tissue autofluorescence [8]. As a result,
fluorescence imaging has gained wide acceptance in the detection of several different forms
of cancer [5, 10, 12-17]. Recent works with near-infrared optical contrast agents in urologic,
gastrointestinal, lung, breast, and upper aerodigestive tract cancers have shown that this
technique is viable in the operative setting [6, 7, 10, 14, 18-22]. Additionally, the initial
steps towards clinical translation are occurring in Europe where the first clinical trials are
taking place [7, 23]. These studies are evaluating the efficacy of fluorescently labeled
antibodies for intraoperative ovarian and breast cancer detection. However, the optimal
optical imaging agent for head and neck cancer has yet to be evaluated.

Epidermal growth factor receptor (EGFR) is overexpressed in up to 90 % of head and neck
cancers and unregulated in early tumor progression, making it an ideal target for cancer-
specific contrast agents in this patient population [24]. Additionally, anti-EGFR antibodies
bind with a high affinity to EGFR, facilitating their localization to oncologic cells [25-28].
As a result, several previous studies have investigated the utility of labeling monoclonal
antibodies targeting EGFR for imaging [16, 29, 30]. Combining monoclonal antibodies with
a fluorophore has been found to detect tumor dimensions as small as 2 mm, as well as
regional metastasis in vivo [4, 31, 32]. Of course, results such as these will depend on the
properties of the imaged tissue as well as the imaging systems used.

In this investigation, we sought to determine which anti-EGFR therapeutic antibody
performs the best in head-to-head in vitro and in vivo comparisons. Several investigations
have explored cetuximab-IRDye800CW for optical imaging and cancer detection [3, 4,
31-33]. Panitumumab, a fully humanized anti-EGFR monoclonal antibody, has a different
binding epitope than cetuximab, and structurally, it is a different immunoglobulin G (IgG)
subclass. These properties alter its EGFR binding and circulation time [27]. Identifying the
best antibody in preclinical studies would help with agent selection for clinical translation.
In this study, we investigated if the differences in IgG structure affected binding specificity,
tumor localization, and tumor detection.
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Materials and Methods
Cell Lines and Cell Culture

Head and neck squamous cell carcinoma (HNSCC) cell lines SCC-5 and SCC-1 (University
of Michigan, Ann Arbor, MI), FADU (ATCC), and OSC-19 (University of Texas M. D.
Anderson Cancer Center, Houston, TX) were maintained in Dulbecco’s modified Eagle’s
medium containing 10 % fetal bovine serum (FBS) and supplemented with 1 % penicillin,
streptomycin, and amphotericin B. The cells were incubated at 37 °C in 5 % CO2.

Reagents
Cetuximab (ImClone Systems, Branchburg, NJ) is a recombinant, human/mouse chimeric
monoclonal antibody that binds specifically to the extracellular domain of the human EGFR.
Cetuximab is composed of the Fv regions of a murine anti-EGFR antibody with human
immunoglobulin G1 (IgG1) heavy and kappa light chain (152 kDa). The mean half-life in
humans is 112 h (63–230 h).

Panitumumab (Vectibix; Amgen, Thousand Oaks, CA) is a recombinant, fully humanized
monoclonal antibody that binds specifically to the extracellular domain of the human EGFR.
Panitumumab is an anti-EGFR antibody with human immunoglobulin G2 (IgG2) heavy and
kappa light chain (147 kDa). Protein A purified IgG antibody (Innovative Research, Peary
Court Novi, MI) was used as a control antibody (146 kDa). The mean half-life in humans is
180 h (86–262 h).

Fluorescent Labeling of Monoclonal Antibodies
Near-infrared imaging probe, IRDye-800CW-NHS (IRDye 800CW-N-hydroxysuccinimide
ester, LI-COR Biosciences, Lincoln, NE), has a broad absorption peak (maximum at 778
nm) and emission peak (maximum at 794 nm). When conjugated with an antibody,
IRDye800CW has an absorption maximum of 774 nm and an emission maximum of 789 nm
[34]. Control IgG, cetuximab, and panitumumab were labeled according to the
manufacturer’s instructions. Briefly, they were incubated in the dark at room temperature
with IRDye800CW in 1.00 M potassium phosphate buffer (pH 9.0) for 2 h. The
unconjugated dye was removed by desalting spin columns (Pierce Biotechnology, Rockford,
IL). The spectrometry readings of the antibody–dye conjugates were performed using the
DU-640B spectrophotometer (Beckman Coulter, Inc., Brea, CA).

Antibody Binding Specificity
A binding assay was developed utilizing purified ingredients and not cells, therefore
eliminating inconsistencies which can result from a variation in cell confluency.
Recombinant EGFR (rEGFR; 100 ng/well/100 μl; R&D systems, Minneapolis, MN) was
coated on a 96-well black plate (Corning, Lowell, MA). The plate was incubated overnight
at 4 °C and then blocked with 1 % bovine serum albumin (BSA) for 1 h at room
temperature. Wells were washed with phosphate buffer solution (PBS) three times, and a
final volume of 100 μl of PBS with 1 % BSA was added to the wells. Plates were incubated
for 3 h at 37 °C with eight different concentrations (0.05 to 6.6 nM) of IgG-IRDye800CW,
cetuximab-IRDye800CW, or panitumumab-IRDye800CW. In addition, nonspecific binding
was determined by incubating with excess unlabeled IgG, cetuximab, or panitumumab for 1
h at room temperature. Furthermore, uncoated wells were incubated with equal molar
equivalents of nonspecific IgG-IRDye800CW, cetuximab-IRDye800CW, or panitumumab-
IRDye800CW. Wells were washed with PBS three times, and then the plate was imaged
using the Pearl Imager. The well fluorescence intensities were analyzed using Pearl Impulse
Software Version 2.0. Briefly, a region of interest was drawn around the internal rim of the
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well, and the mean pixel values of designated areas were recorded. The assay was run on a
single 96-well black plate, eliminating the need to account for background signal. To
confirm this, the mean pixel value of the background was subtracted from each value, and
the KD was calculated and found to be the same. The above procedure was repeated for three
different batches of antibody–IRDye conjugates.

In Vitro Fluorescence Cell Staining
HNSCC cell lines SCC-5, FADU, and OSC-19 were plated 2×105 in glass bottom culture
dishes and allowed to adhere overnight. Cells were then incubated at 37 °C for 20 min with
2 μg of control IgG-IRDye800CW, cetuximab-IRDye800CW, or panitumumab-
IRDye800CW and imaged with the Pearl Imager. The fluorescence intensity for each cell
population was quantified (mean pixel values of designated areas) by using the Pearl
Impulse Software Version 2.0.

EGFR Expression Quantification
SCC-5, FADU, and OSC-19 (1×106) cells were incubated with 0.2 μl of PE mouse anti-
human EGFR (BD Biosciences Pharmigen, San Diego, CA) in 100 μl of PBS with 3 % FBS
for 20 min. The cells were then washed with PBS and resuspended in 100 μl of PBS with 3
% FBS, and EGFR expression levels were quantified by flow cytometry (Accuri, C6, Ann
Arbor, MI) and analyzed with the CFlow plus software.

Animal Models
Nude (nu/nu) female mice, aged 4 to 6 weeks (Charles River Laboratories, Hartford, CT),
were obtained and housed in accordance with our Institutional Animal Care and Use
Committee (IACUC) guidelines. All of the experiments were conducted after review and
approval of the institution’s IACUC guidelines. For the HNSCC cell line model, nude mice
(n=22) received tongue injections of 2.5×105 SCC-1 or OSC-19 cells. These cell lines were
chosen because they are standard cell lines used in clinical models of head and neck cancer,
represent a range of EGFR expression, and more consistently produce tumors in the
orthotopic tongue model. The injections were prepared in a suspension of 25 μl of PBS and
were administered into the tongue. A board-certified pathologist confirmed the presence or
absence of squamous cell carcinoma in the tissue samples.

Fluorescent Imaging Devices and Contrast Measurement
The SPY imaging system captures fluorescent light using a charge-coupled device video
camera at a rate of 30 frames/second and displays it on a computer monitor, allowing
visualization of images in real time [35]. The SPY system was used to guide tumor
resections 48 h following injection of the antibody–dye conjugates. The Pearl Impulse Small
Animal Imager (LI-COR Biosciences, Lincoln, NE) is specifically designed to image
IRDye800CW and was used for in vitro (rEGFR and HNSCC cells) and in vivo imaging.
The Pearl Impulse device is a closed system with a cooled charge-coupled camera. The
settings (excitation/emission) for the 800-nm channel were 785/820. Because the Pearl is
specific for IRDye800CW, in vivo imaging with Pearl allowed for co-localization and
verification of the fluorescence seen by the SPY. In vitro fluorescence intensity (luminosity)
was measured by drawing equivalently sized regions of interest (ROI) around areas of
fluorescence and nonfluorescence (background), and the mean pixel values of designated
areas were analyzed by Pearl Impulse Software Version 2.0. The tumor-to-background ratio
(TBR) in vitro was derived by dividing the mean fluorescence of the tumor by the mean
fluorescence of the background. In vivo, fluorescence intensity from both SPY and Pearl
images was quantified using ImageJ software [36]. ROIs within the tumor and background
were again selected and a mean value, calculated. TBRs were then calculated.
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Statistical Analyses
Data analysis (mean fluorescence, one-site binding saturation, total and nonspecific binding)
of the antibodies for EGFR was done using GraphPad Prism software (GraphPad Software,
San Diego, CA). A p<0.05 was considered significant in unpaired t test analysis used to
determine differences between groups. The dye-to-protein ratio was calculated according to
the manufacturer’s formula (D/P=[(A780/εDye]/[A208−(0.03×A780)/εProtein]) provided in the
protocol for IRDye-800CW protein labeling kit for high molecular weight proteins (LI-COR
Biosciences, Lincoln, NE). The ratio was reported as the mean for three samples ± standard
deviation.

For each cell line, TBRs of each antibody were compared using paired t tests using
GraphPad Prism version 5.04 for Windows (GraphPad Software; San Diego, CA, USA,
www.graphpad.com). Statistical significance was considered at p<0.05.

Results
Binding Specificity of Anti-EGFR Antibodies

The mean dye-to-protein ratio was higher for cetuximab-IRDye800CW (1.44±0.11)
compared to panitumumab-IRDye800CW (0.80±0.11). To compare the binding
characteristics between fluorescently labeled antibodies, the antibodies’ dissociation
constants (KD) for EGFR were determined. The KD values were found to be 0.31 nM
(±0.05) for cetuximab-IRDye800CW and 0.12 nM (±0.21) for panitumumab-IRDye800CW
(Fig. 1). The average nonspecific binding was low for cetuximab-IRDye800CW [20 %
(±2.7)] and panitumumab-IRDye800CW [20 % (±5.8)] but very high for the control IgG-
IRDye800CW [94.4 % (±1.3)]. Additionally, the total binding of IgG to plates coated with
recombinant EGFR was less than 25 % of the binding demonstrated by cetuximab and
panitumumab.

Comparison of EGFR Expression and Fluorescence Intensity In Vitro
In order to determine in vitro imaging characteristics, HNSCC cell lines SCC-5, FADU, and
OSC-19 cells were incubated with control IgG-IRDye800CW or anti-EGFR antibodies
labeled with IRDye800CW. Consistent with previous investigations, we found that EGFR
expression did not correlate with fluorescence intensity and therefore binding of cetuximab-
IRDye800CW or panitumumab-IRDye800CW to HNSCC cells [37, 38]. The FADU cell
line did not demonstrate the expected linear relationship between fluorescence levels and
EGFR expression levels. Of the three cell lines, FADU, had the lowest expression levels of
EGFR but had the highest incorporation of the labeled antibodies, as indicated by the highest
fluorescence intensities. In addition, relative to the florescence intensity of labeled IgG
(2.79×10−3), labeled cetuximab had a 4-fold increase in fluorescence intensity (9.25×10−3),
and panitumumab-IRDye800CW had a 7-fold increase in fluorescence intensity
(1.66×10−2). A similar pattern was seen in the other cell lines as well. For the SCC-5 cell
line, there was a 2.5-fold increase in fluorescence for cetuximab-IRDye800CW (7.61×10−3)
and 5-fold increase for panitumumab-IRDye800CW (1.44×10−2), compared to control IgG-
IRDye800CW (2.95×10−3). The OSC-19 cell line had the lowest fluorescence intensity
values with control IgG-IRDye800CW being the lowest (1.90×10−3), followed by a 2-fold
increase for cetuximab-IRDye800CW (4.53×10−3), and a 6-fold increase for panitumumab-
IRDye800CW (1.19×10−2).

Peak Antibody–Dye Fluorescence In Vivo
Flank xenografts of SCC-5, FADU, and SCC-1 were imaged in vivo following systemic
injection of 100 μg of cetuximab-IRDye800CW or panitumumab-IRDye800CW. The peak

Day et al. Page 5

Mol Imaging Biol. Author manuscript; available in PMC 2014 March 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.graphpad.com


fluorescence for cetuximab-IRDye800CW occurred at approximately 48 h, while the peak
fluorescence for panitumumab-IRDye800CW occurred closer to 72 h. In order to make a
direct comparison, 48 h was the time point chosen. Consistent with the longer circulating
times, there was still significant fluorescence intensity within the tumors at 96–120 h for the
mice which received panitumumab-IRDye800CW, but those mice receiving cetuximab-
IRDye800CW saw significant reduction in fluorescence intensity by 96 h (data not shown).

Near-infrared Fluorescent Imaging of Orthotopic Tumors
Nonspecific IgG-IRDye800CW was injected in mice bearing orthotopic tongue tumors (n=3
OSC-19, n=3 SCC-1) and imaged with both the SPY and Pearl. TBRs ranged from 0.96–
1.13 (mean=1.05) on the SPY and 1.0–1.57 (mean=1.18) using the Pearl, indicating similar
fluorescence intensities between the tumors and backgrounds. We have demonstrated this
trend in other tumor types [31, 39].

Next, we assessed the labeled antibodies in 16 mice (eight of each cell line) bearing tongue
tumors. In each cell line, mice randomly received either cetuximab-IRDye800CW (n=4) or
panitumumab-IRDye800CW (n=4). Representative tumors and fluorescence intensities are
illustrated in Fig. 2. In both cell lines, cetuximab-IRDye800CW achieved TBRs ranging
from 2.20–3.15 (SPY, mean=2.85) and 2.58–4.26 (Pearl, mean=3.28). TBR ranges on SPY
and Pearl for panitumumab-IRDye800CW were 2.19–3.05 (mean=2.55) and 2.46–5.09,
respectively, with a mean=3.52 (Fig. 3). The TBRs produced by cetuximab-IRDye800CW
were not significantly different than those by panitumumab-IRDye800CW for OSC-19
(p=0.48) or SCC-1 (p=0.59) using the Pearl. This was also true for the SPY system (OSC-19
p=0.08 and SCC-1 p=0.77).

Resection with Fluorescent-Guided Imaging
Once TBRs were established for each mouse with each imaging modality, the tumor tissue
was resected using the SPY. The SPY allowed for real-time assessment of any residual
fluorescent tissue in the oral cavity. Though no residuals remained after surgery in the oral
cavities, fluorescent lymph nodes were identified in three mice (one with panitumumab-
IRDye800CW and two with cetuximab-IRDye800CW, though only one mouse is shown) as
shown in Fig. 4a. Pearl images confirmed the fluorescence seen on SPY, and the lymph
nodes were later confirmed for the presence of squamous cell carcinoma by pathologic
examination (Fig. 4b). Figure 5 illustrates the use of the SPY in the real-time resection of
these lymph nodes. Under white light, it was unclear if these tissues contained metastatic
disease. It is worth noting that the nodes were evident on SPY imaging through the skin;
they were even more so upon removal of the overlying skin. Pathologic examination of
pathologic slides confirmed the presence of tumor in our resected tumor samples.

Discussion
Surgeons continue to rely on frozen sections and gross tissue changes as the gold standard
for the intraoperative assessment of tumor margins. Unfortunately, this results in significant
sampling error and has led to a rapidly increasing interest in the use of fluorescently targeted
agents for optical imaging of cancer. Previous experiments have shown the utility of using
fluorescently labeled cetuximab to guide surgical resections and/or frozen section
assessment to an area of residual tumor less than 5 mm [31]. Considering the well-
documented upregulation of EGFR in multiple cancer types including head and neck cancers
[40-42], we chose to conduct a preclinical evaluation of the binding specificities and optical
imaging capabilities of the two FDA-approved anti-EGFR monoclonal antibodies. The
majority of existing data uses fluorescently labeled cetuximab; therefore, we considered this
to be our standard for comparison [3, 4, 31-33]. Using ligand- and cell-based assays, we
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found both IRDye800CW conjugated antibodies to have high affinity and low nonspecific
binding to recombinant EGFR. In vitro fluorescence studies also revealed the antibodies to
have higher binding to head and neck cancer cells as compared to control IgG-
IRDye800CW. Consistent with our previous findings, we did not identify a relationship
between fluorescence intensity and EGFR expression [43]. Our previous results suggest that
the fluorescence intensity may be more related to receptor-mediated internalization of the
dye–antibody bioconjugate over the 48 h of circulating time than to a cross-sectional
analysis of EGFR expression. Interestingly, this is similar to clinical results where EGFR
expression is not found to correlate to response to anti-EGFR therapies [44]. We have also
shown that EGFR imaging can occur in the presence of therapeutic doses of anti-EGFR
antibody, thus illustrating that receptors are not sensitive to blocking by unlabeled antibody
[45].

In vivo, both antibodies showed higher TBRs in comparison to IgG-IRDye800CW. Though
TBR values for IgG-IRDye800CW were quite low, we attribute values over 1 to the
enhanced permeability and retention effect. This effect has been documented in similar
animal models [46]. TBRs attained with panitumumab-IRDye800CW were consistent with
those of previous studies using HNSCC in an orthotopic tongue model [39]. Peak tumor
fluorescence for each antibody was found to differ slightly, with cetuximab-IRDye800CW
occurring around 2 days and panitumumab-IRDye800CW, around 3 days. Because we chose
to compare the two at 48 h instead of each antibody–dye conjugate’s peak fluorescence day,
this may have led to lower TBRs by panitumumab-IRDye800CW, and we acknowledge this
as a potential drawback to our design. We also acknowledge that the use of the Pearl,
another fluorescent imaging system, as a standard for comparison in our experiments may be
a possible weakness to the study design. In preclinical imaging studies, bioluminescent
imaging (BLI) has been used for comparison in preclinical models; however, the clinical
significance of positive disease by BLI has not been established (is residual disease by BLI
sufficient to cause regrowth?). Furthermore, part of the focus of these studies is to serve as a
bridge for clinical validation of this technique. Since BLI cannot be applied to human
tumors, and as we have previously proposed, the Pearl has potential for use in the pathologic
assessment of human tissue samples [47]. Therefore, our use of the Pearl for comparison
was driven by the possibility for use with future patients. Lastly, as we have previously
demonstrated in this model, the cervical lymph nodes can contain metastatic disease [39];
however, here we directly compare both anti-EGFR antibodies and demonstrate their
potential to identify positive cervical lymph nodes with real-time imaging. This data provide
compelling evidence for either antibody’s use for tumor-targeting in the optical imaging of
HNSCC and associated lymphatic spread.

Optical imaging research, as a whole, has expanded greatly over the last decade, and
additional strategies for tumor-targeting have been undertaken. Quantum dot nanoparticles,
bioluminescent imaging, and protease-activated probes are among some of the proposed
methods. These techniques, however, all have their own drawbacks including toxicity
concerns, nonfeasible genetic alterations, and a lack of specificity that render them less
translatable for clinical use. The safety of some of these reagents represents a real risk to
patients during translation, and as a result, FDA approval may be a long process and a
barrier to the use of these techniques. On average, the entire process from preclinical studies
to approval can take between 8 and 12 years [48]. The concurrent development of suitable
imaging hardware will also dictate the future success of these probes.

We have previously examined other monoclonal antibodies targeting tumor-specific ligands
such as bevacizumab (anti-VEGF) and anti-CD147 [49, 50]. Results from these studies have
not compared multiple antibodies as we do in the current study or used currently available
imaging hardware to demonstrate feasibility of translation. Other tumor-targeting methods

Day et al. Page 7

Mol Imaging Biol. Author manuscript; available in PMC 2014 March 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for the optical imaging of oral squamous cell carcinoma specifically have been explored.
Keereweer et al. [51] demonstrated high fluorescence using IRDye800CW-labeled
epidermal growth factor in both primary tongue tumors as well as associated cervical lymph
node metastases. These studies further validate the EGFR axis as an appropriate probe for
tumor-specific targeting in head and neck tumors. The exploitation of the overexpressed
transferrin receptor (TfR) has also been reported in a head and neck tumor mouse model
using TfR antibody conjugated to the Alexa-488 fluorochrome (480–490 nm) [52].
However, imaging in the near-infrared range (800 nm) has demonstrated superior imaging
qualities such as increased depth penetration and lower nonspecific fluorescence [51].
Essential aspects to the detection thresholds of optical imaging, though, are the properties of
the imaged tissue and those of the imaging systems used.

Although a large number of probes and hardware are being developed for the specific
purpose of targeting cancers, we propose that safe and cost-efficient translation will be
achieved by repurposing existing targeting molecules (FDA-approved antibodies) and
intraoperative hardware such as the SPY system (designed to image indocyanine green).
Many imaging studies fail to use imaging hardware consistent with operative use, such as
the SPY, or preclinical surgical models to identify the potential to detect microscopic
disease in the ablative wound bed. Secondly, both panitumumab and cetuximab are FDA
approved, making them ideal targeting agents. Their established pharmacokinetics and
safety in humans greatly decrease any translational risk. Furthermore, the fully humanized
panitumumab offers a decreased likelihood of eliciting an immune response and the
development of anti-panitumumab antibodies. Lastly, although there is an increase in
background 24 h following administration, the longer circulating half-life of antibodies
allows for prolonged exposure and cellular incorporation, which may improve tumor-to-
background ratio. High sensitivity in optical imaging is linked to a probe’s ability to
accumulate and be retained in a targeted area [53]. Though structural and binding
mechanism differences do exist between the two antibodies [54, 55], this did not seem to
contribute to overall differences in imaging abilities, and both were highly effective.

Conclusion
The further development of molecularly targeted antibodies for cancer treatment and the
increased interest in fluorescent optical imaging probes and devices will eventually lead to
significant improvements in the intraoperative surgical techniques and identification of
residual disease. Identifying the most sensitive and specific probes available will be
important in the translatability of this new form of disease detection. The methodology in
this investigation is repeatable and applicable to other antibodies. In vivo, neither antibody–
dye conjugate proved significantly better than the other. Both antibodies labeled to
IRDye800CW demonstrated good contrast in this preclinical murine model for HNSCC.
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Fig. 1.
Binding assays for IRDye800CW conjugated cetuximab (a) and panitumumab (b).
Saturation ligand binding curves show specific and nonspecific binding.
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Fig. 2.
SPY and Pearl images of representative tumors with each antibody–dye conjugate and
control IgG-IRDye800CW are shown.
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Fig. 3.
No significant difference was found between cetuximab-IRDye800CW and panitumumab-
IRDye800CW for the two cell lines OSC-19 (a) or SCC-1 (b), and both imaging systems
showed the same results. Both antibodies achieved tumor-to-background ratios of
approximately 2.5 or higher and demonstrated much better contrast compared to IgG-
IRDye800CW.
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Fig. 4.
Conjugated cetuximab and panitumumab were able to identify positive lymph nodes (a).
After the primary tumor was resected (arrows), cervical lymph nodes were still detectable
(arrowheads). These lymph nodes were later confirmed for the presence of disease on
pathological examination (b). Both cases show subcapsular spread of squamous cell
carcinoma.
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Fig. 5.
Real-time SPY imaging was used to guide lymph node dissection.
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