
Safety and Stability of Antibody-Dye Conjugate in Optical 
Molecular Imaging

Jacqueline Pei1,*, Georgina Juniper1,*, Nynke S. van den Berg1, Naoki Nisho1, Trevor 
Broadt2, Anthony R. Welch3, Grace S. Yi1, Roan C. Raymundo1, Stefania U. Chirita1, Guolan 
Lu1, Giri Krishnan1, Yu-Jin Lee1, Shrey Kapoor1, Quan Zhou1,4, A. Dimitrios Colevas1, 
Natalie S. Lui5, George A. Poultsides6, Gordon Li4, Kurt R. Zinn7, Eben L. Rosenthal1

1Department of Otolaryngology-Head and Neck Surgery, Stanford University School of Medicine, 
Stanford, CA, US

2Biopharmaceutical Development Program, Leidos Biomedical Research, Inc., Frederick National 
Laboratory for Cancer Research, Frederick, MD, US

3Biological Resources Branch/DTP/DCTD, National Cancer Institute, Frederick, MD, US

4Department of Neurosurgery, Stanford University School of Medicine, Stanford, CA, US

5Department of Cardiothoracic Surgery, Stanford University School of Medicine, Stanford, CA, US

6Department of Surgery, Section of Surgical Oncology, Stanford University School of Medicine, 
Stanford, CA, US

7Department of Radiology, Institute for Quantitative Health Science and Engineering, Michigan 
State University, East Lansing, MI, US

Abstract

PURPOSE—The development of molecularly targeted tracers is likely to improve the accuracy 

of diagnostic, screening, and therapeutic tools. Despite the many therapeutic antibodies that are 

FDA-approved with known toxicity, only a limited number of antibody-dye conjugates have been 

introduced to the clinic. Thorough evaluation of the safety, stability and pharmacokinetics of 

antibody conjugates in the clinical setting compared to their parental components could accelerate 

the clinical approval of antibodies as agents for molecular imaging. Here we investigate the 

safety and stability of a near-infrared fluorescent dye (IRDye800CW) conjugated panitumumab, 

an approved therapeutic antibody, and report on the product stability, pharmacokinetics, adverse 

events, and QTc interval changes in patients.
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PROCEDURES—Panitumumab-IRDye800CW was made under good manufacturing practice 

(GMP) conditions in a single batch on March 26, 2014 and then evaluated over 4.5 years at 0, 3, 

and 6 months, and then at 6-month intervals thereafter. We conducted early phase trials in head 

and neck, lung, pancreas and brain cancers with panitumumab-IRDye800CW. Eighty-one patients 

scheduled to undergo standard of care surgery were infused with doses between 0.06mg/kg to 

2.83mg/kg of antibody. Patient ECGs, blood samples, and adverse events were collected over 

30-days post-infusion for analysis.

RESULTS—81 patients underwent infusion of the study drug at a range of doses. Six patients 

(7.4%) experienced an adverse event that was considered potentially related to the drug. The 

most common event was a prolonged QTc interval which occurred in three patients (3.7%). 

Panitumumab-IRDye800CW had two OOS results at 42 and 54 months, while meeting all other 

stability testing criteria.

CONCLUSIONS—Panitumumab-IRDye800CW was safe and stable to administer over a 54-

month window with a low rate of adverse events (7.4%) which is consistent with the rate 

associated with panitumumab alone. This data supports re-purposing therapeutic antibodies as 

diagnostic imaging agents with limited preclinical toxicology studies.
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INTRODUCTION

As the portfolio of antibody therapeutics grows, diagnostic application of antibodies as 

molecular targeting agents is recognized as an important diagnostic tool to detect disease 

in a range of settings such as tumor antigen-specific imaging to guide surgical resection 

[1], prevent iatrogenic nerve injury intraoperatively [2], and identify metastatic lymph nodes 

to improve tumor staging and prognosis [3]. However, the more important application will 

likely be to determine the delivery of these agents and predict potential clinical benefit. 

Although monoclonal antibody therapies have been successful in extensive preclinical 

studies, they have a low and unpredictable patient response in the clinic [4–6]. As a result, 

it is thought that antibodies can be bioconjugated to optical or radiolabels to evaluate the 

delivery of antibody and check point inhibitor therapies in human subjects and mice models 

[7–10]. While numerous therapeutic antibodies and optical dyes are well-characterized, the 

adoption of antibody-dye conjugates is limited due to lack of extensive pre-clinical and 

clinical testing.

Panitumumab (Vectibix®; Amgen, Thousand Oaks, CA) is a fully-human, anti-EGFR 

monoclonal IgG2 antibody, initially approved by the FDA in September 2006 for EGFR-

expressing metastatic colorectal cancer [11]. Panitumumab-IRDye800CW is a near-infrared 

fluorescently labelled antibody that binds to the epidermal growth factor receptor (EGFR), 

a protein of the ErbB family that is overexpressed in, amongst others, head and neck, 

glioma, pancreatic and lung cancers [12–15]. The attached IRDye800CW is a near-

infrared fluorophore ideal for surgical visibility since it has higher tissue penetration 

depth than fluorophores in the visible range (400–700nm) and with minimal endogenous 
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autofluorescence [16]. IRDye800CW has been demonstrated to have low toxicity and a short 

half-life when unconjugated [17]. The N-hydroxysuccinimide (NHS) ester reaction binds 

randomly to lysines throughout the antibody during a standard labeling method that has been 

performed successfully for chimeric and fully human antibodies with a consistent dye to 

protein ratio and good imaging results [18–19].

In the current study, we reviewed the product stability of panitumumab-IRDye800CW over 

4.5 years, as well as the pharmacokinetics and safety in 81 patients across four cancer types. 

The purpose is to inform industry and regulatory agencies on the stability and safety of 

cGMP-produced antibody-dye conjugates for clinical applications.

METHODS

Study design

We conducted four open-label phase I trials in head and neck squamous cell carcinoma 

(HNSCC; NCT02415881), pancreas (NCT03384238), brain (NCT03510208), and lung 

(NCT03582124) cancer, approved by the Stanford University Administrative Panel on 

Human Subjects Research and the FDA. Written informed consent was obtained from all 

patients.

Adults with primary or recurrent HNSCC, pancreatic, brain or lung cancer scheduled 

for standard-of-care surgery were eligible. Qualifying patients had >12 weeks life 

expectancy, a Karnofsky performance status of 70%, or a level 1 ECOG/Zubrod. Exclusion 

criteria included abnormal magnesium or potassium levels, previous infusion reactions to 

monoclonal antibodies, QT interval prolongation (greater than 440ms in males and 450ms 

in females) on baseline electrocardiogram (ECG), substantial liver or cardiovascular disease. 

Patients taking Class IA or Class III antiarrhythmic agents were also not eligible.

A 100mg loading dose of unconjugated panitumumab was given prior to the antibody-dye 

conjugate infusion to assess infusion reactions to the unlabeled antibody in 12 HNSCC 

patients, one brain cancer patient, and all 11 pancreatic cancer patients. Doses between 

0.06–2.84mg/kg were given to patients; the specific range of doses given in each cancer 

cohort is reported in Table 1. Patients enrolled after 6/3/2019 (n=3, lung; n=4, brain; n=5, 

HNSCC) were infused with the second batch of panitumumab-IRDye800CW.

After screening, and eligibility confirmation, patients received an intravenous infusion of 

the study drugs on Day 0. Before and after study drug infusion, a blood sample and an 

ECG were obtained. Standard-of-care surgery followed 1–5 days after study drug infusion 

whereby another blood sample was collected before surgery. To aid with surgical workflow, 

we kept patient scheduling open for 1–5 days. HNSCC, pancreas, and brain cancer patients 

were followed for 30 days after study drug infusion; lung cancer patients for 21 days. Each 

patient had a final ECG and blood draw recorded at follow-up (Figure 1).

Panitumumab-IRDye800CW conjugation

The first batch of panitumumab-IRDye800CW was produced under cGMP condition 

through NCI’s NeXT program on March 26, 2014 and the second batch of panitumumab-
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IRDye800CW was produced by LI-COR Biosciences Inc, under cGMP conditions, on 

July 27, 2018. Both batches were produced by conjugating panitumumab (Vectibix®; 

Amgen, Thousand Oaks, CA) to IRDye800CW-NHS ester (LI-COR Biosciences Inc.; 

Lincoln, NE) via a 2-hour incubation at 20°C in the dark with a final dye:protein ratio of 

2.0:1 and 2.4:1, a final concentration of 5.24mg/mL and 4.53mg/mL, and a conjugation 

yield of 85% and 88% for the first and second batch respectively. Quality control 

release testing included appearance, SDS-PAGE/Coomassie stain, protein concentration, 

dye:protein, Biacore receptor binding, free dye content, sterility, endotoxin content, pH, 

particulates. The purity of drug was evaluated with HPLC-SEC, which has been previously 

published [20]. Sterile vials were transported to the Stanford University Medical Center 

Investigational Pharmacy and stored in temperature-controlled and dark conditions.

Adverse Events and QTc Intervals

Adverse events were categorized per the National Cancer Institute Common Terminology 

Criteria (CTCAE) v4.03 for patients included prior to November 27, 2017 (n=21, HNSCC 

only) or v5.0. for patients included after November 27, 2017 (n=60). Grade 1 adverse events 

were mild, grade 2 was moderate, grade 3 was severe, and grade 4 was immediately life-

threatening or fatal. Adverse event data was collected until final follow-up on Day 21 (lung) 

or Day 30 (HNSCC, brain and pancreas). Patients were evaluated with general physical 

exam and Karnofsky performance status at enrollment, the day of surgery, and in follow-

up visits. Laboratory testing, including metabolic panel, serum chemistry, complete blood 

count, prothrombin/partial thromboplastin times, was performed at the time of screening, 

day of surgery, and follow-up appointments. On the screening and surgery days, thyroid 

stimulating hormone levels were also collected. ECGs were performed at the time of 

screening, pre- and post-infusion of panitumumab-IRDye800CW, and at the final follow-up 

visit. QTc prolongation is a common adverse drug reaction that are associated with life-

threatening proarrythmias, were obtained from ECGs in accordance with the FDA Guidance 

E14 which requires routine assessment of this [21].

Adverse events were unrelated if drug administration and event had no temporal 

relationship, and/or the event is clearly due to an accident, other therapies, or the patient’s 

medical condition. A possibly related event showed some temporal relationship to the drug 

administration, and is unlikely caused by the participant’s other medical conditions. A 

strong temporal relationship between the event and the drug administration, and/or an event 

that is inexplicable by the participant’s condition or other therapies is considered probably 

related. A definitely related adverse event is similar to a probably related event, except the 

event also follows a known response from the drug.

Pharmacokinetics

Conjugate stability in plasma was assessed by SDS-PAGE. 2.5μL of plasma was run on 

NuPage 4–12% Bis-Tris gels (Invitrogen; Carlsbad, CA). After imaging on the Odyssey CLx 

(LI-COR Biosciences; Lincoln, NE) at 800nm, the free dye percentage was calculated by 

dividing the free dye signal at 1 kDa by the signal of the total plasma sample per lane, as 

described previously [22].
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To quantify panitumumab-IRDye800CW in circulation, plasma samples were diluted 1:16, 

and plated in triplicate on 96-well half-well black clear-bottom plates (Catalog No. 3881; 

Corning Inc., Corning, NY) alongside a standard curve of panitumumab-IRDye800CW (0, 

0.1, 1, 10, 25, 50, 100mg/L), as previously described [23]. Fluorescence values of the 

standard curve and plasma samples were read on a Tecan Spark multimode plate reader 

(Tecan Group Ltd.; Männedorf, Zurich, Switzerland) at 775nm. Fluorescence measurements 

from the Tecan were multiplied by the conjugate percentage, the inverse of free dye 

percentage determined through the SDS-PAGE analysis.

Total mg of drug in each patient was calculated based on gender and weight [23]. Half-life 

in each individual patient was calculated by taking natural logs of the total amount (mg) of 

drug in each patient at different time points and plotted on MS Excel to determine the slope 

(−k), used in the following formula to discern half-life: t1/2 = ln(2)/k. The standard deviation 

was divided by the mean of the individual half-life calculations for each cohort to determine 

the percentage error.

Statistical Analysis

Descriptive statistics were performed using GraphPad Prism (Version 6.0c, GraphPad 

Software, La Jolla, CA), and Microsoft Excel 2017 (Version 15.41, Microsoft, Redmond, 

WA). Doses given in mg/kg were calculated by dividing total dose (mg) including loading 

doses and panitumumab-IRDye800CW, by weight (kg). Patients were then split into five 

cohorts based on dose range: <0.5mg/kg, 0.5–1.0mg/kg, 1.0–1.5mg/kg, 1.5–2.0mg/kg, and 

2.0–3.0mg/kg. Microdosed patients (0.06mg/kg) were not included in pharmacokinetics 

analysis, as values were too low to calculate half-life accurately. A one-way ANOVA was 

used to compare the QTc interval percentage change across dose cohorts and between 

screening ECG, post-infusion ECG, final follow-up ECG. Statistical significance was 

considered p<0.05.

Stability Testing

Panitumumab-IRDye800CW underwent stability testing at the Frederick National 

Laboratory for Cancer Research (operated by Leidos Biomedical Research, Inc.) at 0, 

3, and 6 months after production, and then continued at every six-month interval for a 

total of 54 months. Tests for visual appearance, protein content (A280), dye:protein ratio 

(A780 and A280), monomer purity (HPLC-SEC), percentage free dye (HPLC-SEC), identity 

(SDS-PAGE), and potency (Biacore) were performed at each interval with the results based 

on predetermined assay specifications set by the laboratory (Table S1). Sterility tests were 

performed annually. Binding potency was assayed using Biacore with different control lots 

of unconjugated Vectibix® as they expired or were depleted during the course of testing. 

Any out-of-specification (OOS) results initiated further investigation and were reported to 

the FDA.
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RESULTS

Patient Characteristics

Between December 2015 and December 2019, 81 patients received panitumumab-

IRDye800CW. Patients included a range of cancer types including HNSCC (n=56), pancreas 

(n=11), brain (n=8), and lung cancer (n=6) (Table 1). Patients were divided into cohorts 

according to the dose (mg/kg) of study drug they received: 8 patients (9.9%) received 

<0.5mg/kg; 32 patients (39.5%) received 0.5–1.0mg/kg; 13 patients (16.0%) received 

1.0–1.5mg/kg; 10 patients (12.3%) received 1.5–2.0mg/kg dosing range, and 10 (12.3%) 

received 2.0–3.0mg/kg of panitumumab-IRDye800CW.

Adverse Events and Pharmacokinetics

Six patients (7.4%) experienced an adverse event that could be potentially attributed to 

the study drugs (Table 2). The most common was QTc interval prolongation immediately 

after infusion of panitumumab-IRDye800CW compared to pre-infusion measurements. Four 

patients (4.9%) experienced a grade 1 adverse event that was considered possibly related: 

in the 0.5–1.0mg/kg cohort one patient presented with a grade 1 prolonged QTc interval, 

and in the 2.0–3.0mg/kg cohort, there were three grade 1 adverse events, one patient 

had a prolonged QTc interval, another presyncope, and one reported vomiting (Table 2). 

Only 1 patient experienced a possibly related grade 2 adverse event, hypertension, in 

the 1.0–1.5mg/kg cohort. All adverse events occurred on the first day of the study. No 

patients suffered infusion reactions or dermatologic toxicity as is commonly encountered 

with multiple or prolonged exposure to panitumumab [24].

The average percentage QTc interval change was 5% or less across, with no significant 

difference between the various doses and average percentage QTc interval change between 

the cohorts (Figure 2). QTc intervals of all patients returned to baseline at the follow-up 

ECG (15–30 days post infusion).

Consistent with the known non-linear clearance properties of antibodies, a longer half-life 

was observed with increasing dose. A half-life of 14.5 hours was observed in the <0.5mg/kg 

cohort, which increased to 20.9 hours in the 0.5–1.0mg/kg cohort, 24.8 hours for the 1.0–

1.5mg/kg cohort, 35.7 in the 1.5–2.0mg/kg cohort, and 33.3 hours in the 2.0–3.0mg/kg 

cohort (Table 3).

Stability

The percentage of panitumumab-IRDye800CW aggregates increased from 1.02% at 0 

months to 7.26% at 54 months (Figure 3B). Percentage free dye fluctuated throughout the 

54 months with no discernible trend but remained low (Figure 3C). The dye:protein ratio 

decreased from 2.0:1 at 0 months to 1.4:1 at 54 months (r2=0.93; p<0.0001), remaining 

within the reference ratio range of between 1 to 3 (Figure 3D). The protein concentration 

appeared to increase from 5.24mg/mL to 5.59mg/mL at the end of 54 months of testing 

(r2=0.68; p<0.00), surpassing the specification limit (5.0±0.5mg/mL) at 42 months (5.53 

mg/mL) and 54 months (5.59 mg/mL) (Figure 3E). Binding potency relative to unconjugated 

panitumumab was found to be fluctuating due to the high inter-assay error (±30%), but this 
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did appear to begin decreasing after 30 months (r2=0.20, p=0.17) (Figure 3F). With the 

exception of the protein concentration value, all parameters passed stability testing at 54 

months. A representative SDS-PAGE gel validating the molecular identity of panitumumab-

IRDye800CW has been previously published [23].

DISCUSSION

Therapeutic antibodies including panitumumab, cetuximab and bevacizumab have been 

used as targeting agents for optical molecular imaging in a number of early phase clinical 

trials and preclinical verifications [19,25,26,27]. However, there is limited data on the long-

term stability of these bioconjugates and their safety profile since most of the individual 

reports only include a dozen or more patients. In this study, we evaluate these parameters 

for panitumumab-IRDye800CW across 81 patients who received a single dose as part of 

surgical imaging trials. The doses varied from less than 0.5mg/kg up to almost 3.0mg/kg; the 

highest dose administered this represented 47.3% of the therapeutic dose for panitumumab 

(6mg/kg).

Aggregate formation increased over the 54 months of testing, a common phenomenon of 

protein pharmaceuticals [28–30], which contributed to measurement errors confounding 

the trends observed in protein concentration, dye:protein ratio, and binding potency. 

Importantly, aggregates are filtered out of solution before drug infusion into patients. 

The OOS investigation at 42 months concluded that the apparent increase in protein 

concentration was due to a measurement effect caused by increased aggregation, causing 

a higher effective extinction coefficient at 280nm, thus increasing the A280 absorbance 

measurement. FDA correspondence after the OOS investigation allowed continued use of 

the product if monomeric content stayed within specification, which it did. Notably, the 

investigation proposed that future lots be specified at the release value±0.5mg/mL, which, 

if adhered by this lot, would have rendered no OOS observations. We also observed a 

decreasing dye:protein ratio, but since the dyes are covalently bound to the antibody, and 

the percentage free dye remained unchangingly low, our data suggests that the observed 

decrease is due to fluorophore quenching from increasing aggregates [31,32]. The apparent 

downward trend of potency after the 30-month testing date was concluded to likely be due 

to aggregation as well [28–29]. Altogether, we conclude that panitumumab-IRDye800CW 

has at least the same stability period of the parental compound panitumumab, which is 24 

months[31].

We previously demonstrated the superior safety profile of panitumumab-IRDye800CW 

(n=15) compared with cetuximab-IRDye800CW (n=12), a chimeric anti-EGFR-antibody, 

in a smaller population of patients [23]. The current study represents a 5-fold increase in 

sample size and increasing doses up to nearly half of the therapeutic dose as compared to 

our previous study [23]. However, the percentage of reported adverse events remained the 

same. We observed that adverse events did not escalate with increasing dose and were not 

consistent in nature – they included presyncope, vomiting, and hypertension. A prolonged 

QTc interval was the most common adverse event and was identified in 3.7% of patients (3 

out of 81). Treatment trials in patients receiving therapeutic doses of panitumumab (6mg/kg) 

report a 5-fold higher rate of adverse events over the course of therapy [34]. No patients 

Pei et al. Page 7

Mol Imaging Biol. Author manuscript; available in PMC 2022 August 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in our imaging study experienced dermatologic toxicities, which has been reported in 90% 

of patients receiving multiple doses of panitumumab for treatment [11,23,34]. Since we 

only gave panitumumab once and at less than half the therapeutic dose of panitumumab, 

we observed a significantly lower rate of adverse events compared to patients receiving 

panitumumab in a therapeutic setting.

The average half-life of panitumumab-IRDye800CW was found to be 24.6 hours, or 

approximately 1 day, with a range of 8.5–58.1 hours. The half-life was proportional to 

dose which is supported by previous studies validating the non-linear pharmacokinetics of 

antibody-dye conjugates [35]. A single dose of less than 50% of the therapeutic dose was 

delivered, and as a result the half-life was much lower as expected than that reported for 

therapeutic dose of panitumumab (7.5 days, range 3.6–10.9 days) [11].

CONCLUSION

Panitumumab-IRDye800CW exhibited few adverse events in the clinic with a half-life of 

approximately one day. GMP production of large batch panitumumab-IRDye800CW was 

found to be mostly stable over 54 months with out-of-specification results at 42 months 

and 54 months due to an observed apparent increase in protein content determined to 

be the result of protein aggregation over time. Stability was found to be non-inferior to 

panitumumab. FDA-approved therapeutic antibodies have well-characterized safety profiles 

and current evidence presented here suggest that the process of antibody-dye conjugation 

does not significantly change the safety profile. Given that we and others have demonstrated 

a simple production pathway [36], these therapeutic antibody-optical dye bioconjugates 

could eventually be considered for an accelerated approval process that does not require 

non-clinical toxicity studies to reduce cost and efficiently bring these agents to the clinic 

[37,38].
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Figure 1: Study overview.
Following screening and eligibility confirmation, patients were infused with the study 

drug on Day 0, with or without loading dose. Prior to and after infusion of the study 

drug, a blood sample for pharmacokinetics and an ECG was collected. Blood samples for 

pharmacokinetics were collected at the following time points: day of surgery, follow-up, on 

Day 15, 21 and/or 30. On final follow-up, ECG was collected.
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Figure 2: QTc interval changes.
a) Changes in QTc was calculated as a percentage change of the QTc interval from 

baseline screening ECG and the following time points: after infusion of unconjugated 

antibody (loading dose) (95% CI [−0.68,2.45]), infusion of antibody-dye conjugate (95% 

CI [1.04,2.65]), and at final follow-up (95% CI [−0.35,1.32]). Red dots signify the % QTc 

changes of patients who experienced a prolonged QTc adverse event. b) Changes in QTc 

was calculated as a percentage change of the QTc interval from baseline screening ECG 

and post-infusion ECG, separated by dose. The <0.5, 0.5–1.0, 1.0–1.5, 1.5–2.0, and 2.0–3.0 

mg/kg cohorts had 95% CIs [0.47, 5.09], [0.39, 3.25], [−1.12, 3.38], [−2.61, 2.45], and 

[0.39, 5.44], respectively.
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Figure 3: Stability testing of panitumumab-IRDye800CW.
a) Stability parameters and standards. b) Purity measured by HPLC-SEC over 54 months 

(reference: monomer purity ≥90% of total protein). c) Percentage of free dye measured by 

HPLC-SEC over 54 months (reference: free dye ≤15%). d) Dye:protein ratio calculated 

by A780 and A280 (reference dye:protein ratio between 1 and 3). e) Protein concentration 

measured across 54 months by A280 (reference 5±0.5mg/mL). OOS at 42 (5.53 mg/mL) 

and 54 months (5.59 mg/mL). f) Binding activity relative to commercial non-conjugated 

panitumumab (Vectibix®) binding EGFR, as measured by BIAcore assay (r2=0.2, p=0.17).
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Table 1:

Demographics and characteristics of study patients.

Head and Neck 
Cancer (n=56)

Lung Cancer 
(n=6)

Pancreatic Cancer 
(n=11)

Brain Cancer 
(n=8)

Totals (n=81)

Age, years (range) 61 (32–85) 60 (32–71) 66 (40–82) 59 (42–72) 61 (32–85)

Female (%) 19 (33.9%) 4 (66.7%) 1 (9.1%) 5 (62.5%) 29 (35.8%)

Weight, kg (range) 73 (41–101) 82 (52–138) 75 (62–101) 73 (41–91) 74 (41–138)

Tumor staging 

 Stage 1 5 (8.9%) - 1 (9.1%) - 6 (7.4%)

 Stage 2 11 (19.6%) 4 (66.7%) 3 (27.3%) - 18 (22.2%)

 Stage 3 12 (21.4%) 1 (16.7%) 5 (45.5%) 1 (12.5%) 19 (23.5%)

 Stage 4 25 (42.8%) - 2 (18.2%) 7 (87.5%) 34 (41.9%)

 Stage unknown 3 (5.3%) 1 (16.7%) - - 4 (4.9%)

Prior chemotherapy 4 (7.1%) 1 (16.7%) 5 (45.5%) 2 (25%) 12 (14.8%)

Prior radiation 14 (25%) 1 (16.7%) 2 (18.2%) 2 (25%) 19 (23.5%)

Average antibody
a
 dose, 

mg/kg (range)

0.9 (0.06–2.4) 0.7 (0.4 –1.1) 2.0 (1.5–2.8) 1.1 (0.6–1.7) 1.1 (0.06–2.8)

Average antibody-dye 
conjugate dose, mg/kg 
(range)

0.7 (0.06–1.2) 0.7 (0.4–1.1) 0.7 (0.3–1.2) 1 (0.6–1.4) 0.7 (0.06–1.4)

a
Includes loading dose.
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Table 2:

Adverse Events

Dose cohort Total patients 
(n=81) Number of AEs

a
 (n=6) Grade

b Toxicity Serious adverse 
event

Relationship 
to Panitumumab-

IRDye800CW

<0.5 mg/kg 12 1 (8.3%) 1 Prolonged QTc No Possible

0.5–1.0 mg/kg 35 1 (2.9%) 1 Prolonged QTc No Probable

1.0–1.5 mg/kg 12 1 (8.3%) 2 Hypertension No Possible

1.5–2.0 mg/kg 12 - - - - -

2.0–3.0 mg/kg 10 1 (10%) 1 Presyncope No Possible

1 (10%) 1 Prolonged QTc No Possible

1 (10%) 1 Vomiting No Possible

a
AE = adverse event

b
Grade 1 = mild, Grade 2 = moderate
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Table 3:

Pharmacokinetics of Panitumumab-IRDye800CW

Dose cohort Dose range (mg/kg) % of therapeutic dose
a Total number of patients Half-life, average (h) (SD)

<0.5 mg/kg 0.06–0.49 1.0–8.2% 8 14.5 (4.12)

0.5–1.0 mg/kg 0.52–0.97 8.6–16.1% 32 20.9 (5.52)

1.0–1.5 mg/kg 1.05–1.48 17.5–24.7% 13 24.8 (6.9)

1.5–2.0 mg/kg 1.52–1.98 25.3–33.0% 10 35.7 (11.4)

2.0–3.0 mg/kg 2.09–2.84 34.8–47.3% 10 33.3 (5.4)

a
Therapeutic dose = 6 mg/kg.
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