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ABSTRACT

Antibody-based photodynamic therapy (i.e. PhotoImmunoTherapy; PIT) is a novel tar-
geted cancer therapy, which can serve as both a diagnostic and a therapeutic agent. In this 
approach, antibodies are conjugated to a fluorescent photosensitizer, such as IRDye700DX 
(IR700), and act as targeting agents to specifically deliver the photosensitizer to the tumor. 
Preclinical rodent studies have explored endothelial growth factor receptor (EGFR) targeted 
antibodies conjugated with IR700 to provide a tumor-specific mechanism to improve detec-
tion and treatment of (subclinical) disease. As our goal is human translation for therapy, we 
assessed the biodistribution of an EGFR-targeted antibody (cetuximab-IR700) in non-human 
primates (NHP) since the antibody binds endogenous EGFR in NHP tissues, and not rodent 
EGFR.

METHODS
Total IR700 and intact cetuximab-IR700 were measured in 51 tissues at 2 d and 14 d after in-
travenous injection of 40 mg/kg and 80 mg/kg cetuximab-IR700, respectively, and compared 
with an unlabeled cetuximab-dosed control group (2 each per sex per time point per group).

RESULTS
The IR700 retrieved from all tissues at 2 d and 14 d after dosing was estimated at 34.9 ± 1.8 % 
and 2.53 ± 0.67 % of the total dose, respectively. The tissues with the highest levels of intact 
cetuximab-IR700 at 2 d after dosing were blood, lung, skin (inner forearm), eye and trachea. 
Formalin fixed paraffin-embedded tissue sections at 2 d after dosing showed highest IR700 
signals in axillary lymph node, mammary gland, gall bladder and skin (inner forearm).

CONCLUSION
Both IR700 and intact cetuximab-IR700 biodistribution were consistent with known EGFR 
expression, and changes between 2 d and 14 d were consistent with rapid metabolism and 
excretion of the cetuximab-IR700.
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INTRODUCTION

Fluorescence imaging of receptor-targeted antibodies conjugated to fluorophores is actively 
being explored for real-time localization of cancer cells.1,2 Preclinical findings in head and 
neck cancer, using cetuximab-IRDye800CW and panitumumab-IRDye800CW to target epi-
dermal growth factor receptor (EGFR)3,4 and breast cancer, using trastuzumab-IRDye800CW 
and bevacuzimab-IRDye800CW to target VEGF-A and Her2/neu respectively5,6 have resulted 
in the swift progression from preclinical animal studies towards human applications. The first 
clinical studies are currently under way to assess the feasibility of fluorescence imaging in 
patients with breast cancer (NCT01508572), colorectal cancer (NCT01972373), and head and 
neck cancer (NCT01987375).  

Antibody-based photodynamic therapy, or PhotoImmunoTherapy (PIT) is a novel targeted 
cancer therapy that combines imaging with therapy that has robust potential for theranos-
tic application.7 For PIT, antibodies are conjugated to a fluorescent photosensitizer, such as 
IRDye700DX, and serve as targeting vectors that specifically deliver the photosensitizer to 
the tumor. Upon antibody binding to cancer cells, a relatively brief exposure from an external 
light source permits fluorescence imaging for tumor localization and diagnostic purposes, 
while simultaneously localized cell death is induced for therapeutic applications by activation 
of the cytotoxic photosensitizer.8,9 This technique can be applied to the post-resection wound 
bed as a surgical adjuvant treatment to specifically treat residual cancer that potentially would 
have been missed due to sampling error from conventional frozen margin analysis. Numer-
ous preclinical studies have described the therapeutic potential of PIT using IRDye700DX 
conjugated to several monoclonal antibodies (mAb) in multiple cancer types10,11 The full clin-
ical potential of this technique is yet to be determined. 

Cetuximab is a mAb targeting the endothelial growth factor receptor (EGFR) that is over-
expressed in a large number of cancers12 and has robust potential to provide a tumor-specif-
ic mechanism to improve detection and treatment of (subclinical) disease during oncologic 
procedures. Since cetuximab is FDA-approved for the treatment of head and neck cancer, and 
colorectal cancer,13 the repurposing of cetuximab from a solely therapeutic agent to a ther-
anostic agent (i.e. both diagnostic and therapeutic) could streamline the clinical translation 
of IRDye700DX- labeled cetuximab (cetuximab-IR700). Historically cynomolgus monkeys 
have been used for toxicology studies for FDA approval of cetuximab,2 because of homology 
between cynomolgus EGFR and human EGFR.
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The current study was performed to evaluate the biodistribution of cetuximab conjugated 
with IRDye700DX (cetuximab-IRDye700DX), hereafter called cetuximab-IR700, when ad-
ministered via a 2 h intravenous infusion to cynomolgus macaques. Four monkeys (2 each 
per sex per time point) were administered cetuximab-IR700 at 40 mg/kg and terminated 2 d 
after dosing or 80 mg/kg terminated 14 d after dosing. One group of animals was adminis-
tered cetuximab alone and terminated 14 d after dosing and served as a control for autofluo-
rescence for the biodistribution measurements. 

MATERIALS & METHODS

CETUXIMAB, IR700, AND CONJUGATION 
IRDye700DX (IR700; LI-COR Biosciences) was conjugated to the cetuximab (cetux-
imab-IR700) using succinimidyl chemistry. Lithium dodecyl sulfate polyacrylamidegel elec-
trophoresis (LDS-PAGE) was performed to measure free IR700 in the cetuximab-IR700 sam-
ple. The number of IR700 molecules per cetuximab molecule was determined by UV-Vis 
spectroscopy (NanoDrop-200C; ThermoScientific). 

IMMUNOREACTIVITY ASSAY
The binding characteristics of the cetuximab-IR700 conjugate was analyzed as previously 
described.2 Conjugates were assayed in triplicate for binding to EGFR-coated beads. Brief-
ly, biotinylated human EGFR protein (EGFR-H82E7, ACROBiosystems) was suspended in 
binding buffer (0.1% BSA in Dulbecco’s phosphate buffered saline (DPBS), pH 7.0 with Ca2+ 
and Mg2+) at a concentration of 5 μg mL-1, and immobilized to streptavidin-modified poly-
styrene beads (10041, Epitope Diagnostics). Excess EGFR was removed, and the beads were 
incubated in assay buffer (DPBS, pH 7.4 without Ca2+ and Mg2+; Mediatech #21-031-CV) 
with, and without cetuximab in excess. After 1 h, solutions were aspirated from the beads and 
cetuximab-IR700 conjugates (200 ng mL-1) were added. Triplicate aliquots (0.5 mL each) of 
cetuximab-IR700 were incubated with EGFR-coated beads, with and without blocking by 1.5 
μg unlabeled cetuximab for 1 h at room temperature. Thereafter, the supernatants were col-
lected and the beads washed three times with DPBS, pH 7.4. The beads (representing bound 
cetuximab-IR700) and supernatants (representing unbound cetuximab-IR700) were imaged 
and quantified for fluorescence using the Pearl Impulse Imaging System (LI-COR Bioscienc-
es). Data was analyzed to determine the total binding or the percentage of the sample bound 
to the EGFR-coated beads (emissions of the beads divided by the emission from the beads 
plus supernatant emission) and compared to a reference standard. Nonspecific binding was 
calculated as the emission of the blocked beads divided by the emission from the blocked 
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beads plus supernatant emission. Specific binding (or immunoreactivity) was calculated as 
the percent of sample bound minus the nonspecific binding divided by the percent of sample 
bound.

ANIMALS AND TREATMENTS
Male (n = 6) and female (n = 6) cyonomolgus macaques were obtained from Charles River 
Laboratories (Wilmington, MA). Animals were between 2 to 4 years old at initiation of study. 
Weights ranged between 2-5 kg at dosing. Animals were fed Harlan Teklad Global 20 % Pro-
tein Primate biscuits (Harlan Laboratories) and tap water except when fasted overnight before 
clinical pathology sampling, and before scheduled necropsy.
Animals were divided into three groups (four/group; two animals/sex). Group one was dosed 
with cetuximab-IR700 at 40 mg/kg and terminated 2 d after dosing; group two was dosed with 
cetuximab-IR700 at 80 mg/kg and terminated 14 d after dosing; and group three was dosed 
with cetuximab at 16 mg/kg and terminated 14 d after dosing. Cetuximab-IR700 was admin-
istered as a single dose via a 2 h intravenous infusion. 
The animals were euthanized via high anesthetic overdose of pentobarbital followed by ex-
sanguination. Table 1 summarizes the tissues collected. Blood samples from all animals were 
taken prior to animal termination. Plasma and tissue samples were frozen at -80 °C prior to 
analyses. Histology samples were placed in buffered formalin, fixed, then embedded in par-
affin for cutting in 4-6 micron sections. Institutional and national guidelines for the care and 
use of laboratory animals were followed during the study.

BIODISTRIBUTION
Biodistribution of cetuximab-IR700 was determined at 2 d and 14 d after dosing and com-
pared with background autofluorescence from tissues collected from macaques dosed with 
cetuximab alone. Fluorescence levels of IR700 in tissue pieces (20-30 mg) were measured 
on a Pearl Impulse Imaging System (LI-COR Biosciences). For each acquisition, five tissue 
samples from each group were measured simultaneously in the same field of view. IR700 
was assumed to be cetuximab-IR700 for purposes of this calculation.  A standard curve that 
plotted fluorescence counts versus known amounts of cetuximab-IR700 was used to convert 
fluorescence counts to μg of cetuximab-IR700.  These values were subsequently normalized 
by tissue weight to yield μg/g. The total microgram of cetuximab-IR700 in the total blood 
(μg total blood) was calculated by multiplying the microgram per mL of blood by the total 
mL of blood (7 % of body weight). Both non-haired (inner forearm) and haired skin (outer 
forearm) were estimated as 8 % of body weight (total 16 % estimate for skin); muscle was 
estimated as 40 % of body weight; while bone was estimated as 15 % of body weight and the 
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Organ or tissue
1. Liver 
2. Lung
3. Spleen
4. Kidney
5. Tongue
6. Larynx - Vocal cord
7. Salivary gland
8. Lip 
9. Cheek mucosa
10. Skin (inner Forearm)
11. Skin (outer Forearm)
12. Nipple 
13. Thyroid
14. Trachea
15. Thymus
16. Pancreas
17. Adrenal glands
18. Heart 
19. Stomach
20. Duodenum
21. Jejunum
22. Ileum
23. Cecum
24. Mammary gland
25. L.N., mesenteric

26.  L.N., inguinal 
27.  L.N., axillary 
28.  L.N., mandibular
29. Cervix
30. Fallopian tube 
31. Ovary
32. Uterus
33. Vagina
34. Eye
35. Brain – cortex 
36. Brain – cerebellum
37. Brain – midbrain
38. Spinal cord
39. Fat – omental 
40. Fat – scalp 
41. Bladder 
42. Colon
43. Rectum
44. Leg muscle 
45. Mandible
46. Bone marrow – sternum
47. Femur
48. Seminal vesicles 
49. Testicle
50. Prostate
51. Gallbladder

Table 1 – List of tissues collected for whole-body biodistribution 

L.N = Lymph node
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average of femur, sternum, and mandible used to determine total bone level. The brain was 
weighed at termination while the intestines (stomach to rectum) was estimated at 7.6 % of 
body weight.2 The estimates for intestines were averages from a prior cynomologus study 
at UAB with animals (n = 9) of similar body size (3.2 kg), where these tissues were actually 
weighted at necropsy.14 Subsequently, the same tissue pieces were homogenized to determine 
the level of intact cetuximab-IR700 and metabolized fraction, using gel electrophoresis (LDS-
PAGE) followed by gel scanning. 

LDS-PAGE
To determine intact levels of cetuximab-IR700 LDS-PAGE analysis was performed. Briefly, all 
tissues, except sera samples, were homogenized using sonication in RIPA Lysis buffer (Ther-
mo Fisher). Homogenate was centrifuged and supernatant aspirated, and pellet and super-
natant were imaged with the Pearl Impulse System. Protein standards and known amounts 
of cetuximab-IR700 were loaded on each gel (NuPAGE 4-12% Bis-Tris Gel, Invitrogen). The 
gel was imaged on the Pearl Impulse Imaging System using the 700-nm acquisition channel 
to verify cetuximab-IR700 at the 150-kDa marker. Image studio software was used for anal-
ysis. Briefly, regions of interest (ROI) were drawn around the cetuximab-IR700 fluorescence 
signal at the 150-kDa marker, as well as well as everything below the 150-kDa marker of 
the gel where metabolites and the free dye (FD) were found. A separate background ROI 
outside of the lane was also drawn. The obtained signal was converted to microgram of cetux-
imab-IR700 based on running known cetuximab-IR700 amounts and establishing a standard 
curve. The fraction of fluorescence associated with the 150-kDa marker was determined by 
dividing the fluorescence intensity measured at the 150-kDa marker by the total fluorescence 
measured from both ROI’s, with both ROI’s subtracting the background ROI. 

IMMUNOHISTOCHEMISTRY (IHC) 
IHC was performed to identify EGFR (anti-EGFR Ab-10, (1:100) Thermoscientific) and to 
compare with binding of cetuximab-IR700 (5 μg mL-1). Briefly, saved cynomolgus skin sec-
tions from another study not involving cetuximab were deparaffinized with EZ-DEWAX bath 
two times for 5 min. Antigen retrieval was achieved by heating for 10 min at 100°C then 
cooled at room temperature and blocked with 5% BSA (Bovine Serum Albumin) in TBS (Tris 
Buffered Saline) for 5 min at room temperature. Slides were incubated with the anti-EGFR 
antibody and the cetuximab-IR700 for 3 h at room temperature. Secondary antibody (goat 
anti-mouse HRP; 1:100) was applied for 1 h in a humidified chamber at room temperature. 
Sections were incubated in 3,3-diaminobenzidine (DAB+) until appropriate color developed, 
mounted with a permanent mounting media and coverslipped. For determining colocaliza-
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Figure 1 Cetuximab-IR700 biodistribution. Biodistribution in tissues as mean microgram (μg) of anti-
body per gram of tissue at day 2 (A) and day 14 (B) post cetuximab-IR700 intravenous infusion. Error bars 
are mean ± SEM, with n = 4/tissue, except female or male tissues that have n = 2/tissue. L.N. Lymph node
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tion of fluorescence with EGFR, areas of the skin tissue were selected and digitalized by whole 
slide scanning (Bioimagene Medical Systems). Subsequent EGFR and fluorescence images 
were overlayed using InDesign version 9.0 (Adobe Systems Inc.). 

FLUORESCENCE IMAGING OF TISSUE SECTIONS ON SLIDES  
Fluorescence can be measured in fixed pathological specimens.15 Separate tissue samples 
were collected from all animals, fixed in buffered formalin, embedded in paraffin, cut with 
a microtome into sections of 4-6 micron thickness, and analysed after placement on slides. 
Paraffin-cut tissue sections on slides from animals dosed with cetuximab-IR700 and matched 
control tissue pairs (from cetuximab-dosed animals) were imaged on the Odyssey (LI-COR 
Biosciences) fluorescence imaging system using the same acquisition settings. Side by side 
presentations of the fluorescence images adjacent to high resolution scans of the hematoxy-
lin-eosin (H&E) stained slides allowed the precise localization of IR700 fluorescence in each 
tissue, as determined by comparing directly with control tissues. Fluorescence signal in each 
tissue section was further analyzed by drawing ROIs around the tissues and measuring the 
mean counts per pixel. H&E staining was performed to determine anatomic locations of 
IR700 fluorescence in each tissue section.

STATISTICAL ANALYSIS
Statistical analysis was performed using SAS software version 9.4 on a X64_7PRO platform 
(SAS Institute Inc., Cary, NC, USA). The general linear model (proc GLM) was used to con-
duct two-way analyses of variance (ANOVA). A p level of < 0.05 was considered to indicate a 
statistically significant difference.

RESULTS

CETUXIMAB-IR700 CONJUGATE
The IR700:cetuximab ratio of the conjugate was 2.9. LDS-PAGE confirmed that IR700 was 
primarily bound to cetuximab. There was only 2.7 % free dye in the final product based on 
LDS-PAGE (data now shown). The binding assay showed 82 ± 2 % immunoreactivity of the 
cetuximab-IR700 (Supplemental Figure 1A). Specificity of the binding was confirmed by 
blocking with excess cetuximab; nonspecific binding was 10 ± 3 %. Cetuximab-IR700 binding 
was correlated with EGFR expression in cynomolgus skin (Supplemental Figure 1B). 

BIODISTRIBUTION OF CETUXIMAB-IR700 IN TISSUE PIECES
Mean tissue levels of cetuximab-IR700 in tissue samples are presented in Figure 1. At 2 d after 
dosing, the highest levels of cetuximab-IR700 were found in liver, gall bladder, and axillary 
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lymph node; the lowest levels in this group were found in brain and spinal cord (Fig. 1A). At 
2 d, the cetuximab-IR700 levels in all tissues except muscle and prostate were significantly 
(p<0.05) higher than the levels in matched tissues from cetuximab-dosed control animals. 
At 14 d after dosing the highest levels of cetuximab-IR700 (different from background) were 
found in mesenteric lymph node, inguinal lymph node and prostate (Fig. 1B).  At day 14 the 
cetuximab-IR700 levels in the majority of tissues were significantly (p<0.05) higher than the 
levels in matched tissues from cetuximab-dosed control animals.  However, 18 tissues were 
not statistically different (p>0.05) at 14 d as follows:  nipple, lymph nodes (mesenteric, ingui-
nal, and mandibular), female organs (fallopian tube, ovary, uterus, vagina), eye, brain tissues 
(cortex, cerebellum, midbrain), spinal cord, rectum, muscle, male organs (seminal vesicles, 
prostate), and blood.   
When quantitative fluorescence analysis was performed, as shown in Figure 2A, the total 
cetuximab-IR700 from all tissues at 2 d after dosing was estimated at 45,925 μg, or 38.4 ± 1.6 
% of the dose (total mean dose 119,350 μg). Similarly, the total cetuximab-IR700 accounted 
for in all tissues at 14 d after dosing was estimated to be 7,130 μg, or 2.84 ± 0.75% of the dose 
(total mean dose 237,050 μg; Fig. 2B). The total background of cetuximab-IR700 (683 μg) as 
determined from measurements of tissues from the cetuximab group, was not subtracted in 
order to show the fluorescence signal relative to background in each tissue. 
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Figure 2 Total Retention. Estimated total microgram (μg) of cetuximab-IR700 and background in select-
ed tissues and organs at day 2 (A) and day 14 (B) post cetuximab-IR700 intravenous infusion. Error bars 
are mean ± SEM, with n = 4/tissue, with the exception of gender-specific tissues that have n = 2/tissue.
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^ Figure 3 Intact levels of cetuximab-IR700. Cetuximab-IR700 in tissues as mean microgram (μg) 
of antibody per gram of tissue at day 2 (A) and day 14 (B) post cetuximab-IR700 intravenous infusion. 
Error bars are mean ± SEM, with n = 4/tissue, except female or male tissues that have n = 2/tissue. L.N. 
Lymph node
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> Figure 4 Mean % of total fluorescence in the cetuximab-IR700 (150 kDa) on day 2 (A) an day 14 (B) 
post cetuximab-IR700 dosing. A representative LDS-PAGE of (from left to right) Mammary gland, Mandib-
ular L.N., Mesenteric L.N., Inguinal L.N, and Axillary L.N is shown. High amounts of fluorescence could 
be appreciated in the sinuses (enclosed by black arrows) of the L.N. Error bars are mean ± SEM, with 
n = 4/tissue, except female or male tissues that have n = 2/tissue. L.N. Lymph node *cetuximab-IR700.
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Figure 5 Mean fluorescence signal per pixel, corrected for background, in tissue sections. Histol-
ogy tissue sections quantified with a fluorescent flat bad scanner with tissues arranged from lowest to 
highest for tissues sections at day 2 (A) and day 14 (B) after dosing with cetuximab-IR700. Error bars are 
mean ± SEM, with n = 4/tissue, except female or male tissues that have n = 2/tissue. L.N. Lymph node
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Figure 6 Histology. Representative H&E of skin, liver, L.N., axillary and cerebrum is shown with corre-
sponding fluorescence image of an animal dosed with cetuximab-IR700 at 40 mg/kg and cetuximab at 16 
mg/kg. L.N. Lymph node
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LDS-PAGE FOR INTACT CETUXIMAB-IR700 IN TISSUES
Mean tissue levels of intact cetuximab-IR700 are presented in Figure 3. Values are reported as 
μg cetuximab-IR700 per gram of tissue (± s.e.m). As shown in Figure 3A, at 2 d after dosing 
the highest levels of cetuximab-IR700 were in blood, lung, liver, gall bladder, and skin (inner 
forearm). The lowest levels were found in brain tissues and femur marrow. By 14 d after dos-
ing the cetuximab-IR700 levels declined to less than 1 μg/g in almost all tissues (Fig. 3B).  The 
levels of cetuximab-IR700 levels in the majority of tissues at 14 d were significantly (p<0.05) 
lower than at 2 d.  A total of 15 tissues were not statistically different (p>0.05) for 2 d versus 
14 d, as follows: liver, inner forearm skin, thymus, adrenal glands, duodenum cecum, ovary, 
uterus, cortex, cerebellum, spinal cord, scalp fat, seminal vesicles, testicle, and prostate. The 
fraction of intact cetuximab-IR700 was accurately assessed based on LDS-PAGE. As shown 
in Figure 4A-B, the percentage of cetuximab-IR700 of the total fluorescence in all tissues 
dropped between 2 d and 14 d after dosing. At 2 d after dosing greater than 50 % of the total 
dose has been metabolized in every tissue except blood. By 14 d approximately 90 % of total 
dose has been metabolized in every tissue. Moreover, the lymph nodes had 10 % or less intact 
cetuximab-IR700 even at 2 d (Fig. 4C). 

IMAGING OF TISSUE SECTIONS 
As shown in Figure 5A, at 2 d after dosing the axillary lymph node, mammary gland, gall 
bladder, and skin (inner forearm) had the highest fluorescence signal. At this time the brain 
tissues, spinal cord, and bone had the lowest signal above background. Gall bladder, bladder, 
duodenum, and skin (outer forearm) had the highest fluorescence signal at 14 d (Fig. 5B). At 
this time the brain tissues, uterus and lung had the lowest signal above background. Figure 6 
presents a representative H&E image of skin, liver, L.N., axillary and cerebrum and the cor-
responding fluorescence image of a animal dosed with cetuximab-IR700 at 40 mg/kg and the 
fluorescent images of a monkey dosed with cetuximab at 16mg/kg to show background levels 
of fluorescence.
Overall, there were no apparent differences in IR700 distribution in tissues collected from 
animals terminated at 2 d after dosing with cetuximab-IR700 versus tissues collected from 
animals at 14 d after dosing with cetuximab-IR700. Hence the descriptions described below 
apply to both time points. IR700 accumulation in the skin, when present, was predominantly 
in the dermis and was multifocal to diffuse in distribution and mild to strong in intensity (as 
indicated by color). In some sections, there were multiple foci of strong intensity that could be 
hair follicles or other adnexae, blood vessels, or artifacts. The fact that each provided pseudo-
color image of skin fluorescence was a different section from the same tissue block as the H&E 
stained section did not allow the multiple foci of strong intensity in skin to be determined. In 
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general, IR700 accumulation in other organs also was predominantly located in connective 
tissue, such as the submucosa of the larynx and trachea, digestive tract, urinary bladder, male 
urethra, and female reproductive tract; perivascular and peribronchial connective tissue of 
the lung; perivascular and peripelvic connective tissue of the kidney; wall of the gall bladder; 
and stroma of the salivary gland, thymus, and testis; and the medulla of lymph nodes. The 
liver was a singular exception to this pattern; strong IR700 accumulation was indicated in 
portal areas, and moderate diffuse accumulation in the hepatic parenchyma. Other tissues 
with significant accumulations included the retina and pigment epithelium of the eye and, 
less intensely, the cornea; the marrow and trabecular bone of the sternum; trabecular bone 
of the femur; the red pulp of the spleen; and renal tubules. In general, modest or no IR700 
accumulation was found in other tissues.

DISCUSSION

The purpose of this study was to evaluate the biodistribution of cetuximab-IR700 upon in-
travenous infusion in four monkeys dosed at 40 mg/kg (2 each per sex per time point) and 
four monkeys (2 each per sex per time point) dosed at 80 mg/kg terminated at day 2 and 14 
after dosing, respectively. One group of animals was administered a single dose of cetuximab 
alone. The IR700 could be accurately quantified in all tissues. Cetuximab was not measured 
in the tissue, rather the tissues of cetuximab treated animals was measured concurrently with 
cetuximab-IR700 to determine background fluorescence levels in all tissues. 
Three different analyses were performed. The level and biodistribution of the IR700 in intact 
pieces of collected tissue samples were measured. The same tissue pieces were homogenized 
to determine the level of intact cetuximab-IR700 and metabolized fraction, using gel electro-
phoresis followed by gel scanning. Finally, fixed and paraffin embedded tissue sections were 
scanned to determine the levels and locations of fluorescence. During fluorescence analyses 
for all 3 subparts (tissue pieces, gels, and tissue sections) the samples from animals dosed 
with cetuximab-IR700 were simultaneously compared with identically treated samples from 
a control group dosed with cetuximab. 

This is the first study to assess the biodistribution and toxicity of an IR700 conjugated an-
tibody. The advantage of repurposing FDA-approved therapeutic antibodies for PIT is that 
the pharmacokinetic profile and potential toxicities of these FDA-approved antibodies are 
generally well known. Identification of a photosensitizer that can be used to label a wide array 
of FDA-approved therapeutic antibodies currently available, without added toxicity, would 
permit a swift transition to the use of PIT in the clinic. 
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At 2 d after dosing, the highest levels of cetuximab-IR700 were found in liver, gall bladder, 
and axillary lymph node. The lowest levels were found in brain tissues, bone and spinal cord 
(Fig. 1). For determining the levels of cetuximab-IR700 in the tissue pieces it was assumed 
that the IR700-cetuximab remained intact, and therefore IR700 was a measurement of cetux-
imab-IR700. Based on this assumption, the total cetuximab-IR700 recovered in all tissues at 
day 2 after dosing was estimated at 38.4 ± 1.6% of the dose. At day 14 after dosing the total 
recovered cetuximab-IR700 was estimated to be 2.84 ± 0.75% of the total dose (Fig. 2). The 
tissue levels of intact cetuximab-IR700 as determined by LDS-PAGE were much higher at 2 d 
after dosing, compared to 14 d after dosing (Fig. 4). By day 14 the cetuximab-IR700 represent-
ed approximately 10% or less of the total fluorescence that was detected in the gels, suggesting 
a high level of metabolism and excretion of the IR700. 

Fluorescence analyses of fixed and paraffin embedded tissue sections showed that the axillary 
lymph node, gall bladder, skin, and liver had the highest fluorescence signal. While brain 
tissues, spinal cord, and bone had the lowest signal (Fig. 5). Moreover, a huge drop in fluo-
rescence signal between 2 d and 14 d for all tissues was appreciated, again indicating a high 
level of metabolism and excretion of the IR700 conjugate. Because of variable delivery and 
nonspecific uptake of fluorescent imaging tracers in lymph nodes, it may not be possible to 
detect cancer in diseased lymph nodes. Recently, a paper in Nature Medicine published by 
Tichauer et.al. developed a method for correcting for nonspecific uptake.16 However, until 
now, it was unclear what caused this nonspecific dye uptake. While the lymph nodes do ex-
press low to moderate levels of EGFR, the IR700 and cetuximab-IR700 levels were found to be 
consistently high in many different lymph nodes in our study.2 This is consistent with known 
EGFR expression in these tissues as well as access of cetuximab-IR700 to the lymph nodes due 
to the antibody component of cetuximab-IR700 and the metabolism of cetuximab-IR700 and 
elimination of IR700 via the lymphatic route.

The IR700 and cetuximab-IR700 tissue distribution and levels were consistent with EGFR lo-
cations and expression levels that are known in the cynomolgus macaque. In particular, mod-
erate to high levels of EGFR are expected in cynomolgus mammary gland, ovary, uterus, fal-
lopian tube, skin, bladder, prostate, kidney, GI tract, lung, liver, testis, adrenal gland, salivary 
gland, thymus, and eye. These were tissues displaying moderate to higher levels of IR700 and 
cetuximab-IR700. Another tissue where EGFR level and levels of IR700 and cetuximab-IR700 
were consistent was muscle.  Cynomolgus muscle has very low to no EGFR and was one of 
the tissues with the lowest levels of IR700 and cetuximab-IR700.2 Cynomolgus brain tissues 
and spinal cord are known to express low levels of EGFR. These tissues displayed low levels 
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of IR700 and cetuximab-IR700. Altogether, these results demonstrate that the biodistribution 
of cetuximab-IR700 is largely dependent upon its EGFR-target expression, indicating that the 
cetuximab-IR700 conjugate retained its target binding specificity. Our results led to the IND 
approval of cetuximab-IRDye700DX for clinical testing (IND identifier NCT02422979) in a 
phase 1 study in patients with recurrent head and neck cancer.  

CONCLUSION

There was a strong correlation for the results of fluorescence measured in intact tissue pieces, 
homogenized samples (using gel electrophoresis), and tissue sections; the locations and rela-
tive levels were consistent with expected locations of cynomolgus EGFR.
Taken together, these results suggest that IR700 bioconjugates can be safely translated to the 
clinic to provide a tumor-specific mechanism to improve detection and treatment of (subclin-
ical) disease during oncologic procedures. 
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