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Abstract

Accurate detection and characterization of cancers is key for providing timely intervention and 

effective treatments. Current imaging technologies are particularly limited when it comes to 

detecting very small tumors in vivo, i.e. very early cancers or metastases, differentiating viable 

tumor from surrounding dead tumor tissue, and evaluating tumor metabolism within tissue. 

Optoacoustic imaging offers potential solutions to these imaging problems because of its ability to 

image optical absorption properties of both intrinsic tissue chromophores and exogenous contrast 

agents without the involvement of ionizing radiation. Optoacoustic imaging uses pulsed laser to 

induce localized thermoelastic expansion that generates acoustic waves detectable by an 

ultrasound transducer. To date, Multispectral optoacoustic tomography (MSOT) has primarily been 

utilized in preclinical research; however, its use in translational and clinical research is expanding. 

This review focuses on the current and emerging applications of optoacoustic imaging for the 

molecular imaging of cancer using both exogenous and endogenous contrast agents and sheds 

light on potential future clinical applications.

Introduction

The accurate detection and localization of cancers in vivo is critical to medical decisions and 

improved treatments. Unfortunately, limitations of contrast (reporter) agents, resolution, and 

restrictions of depth reduce the ability of most imaging methodologies to detect and localize 

multiple contrast agents simultaneously, e.g., EGFR plus PD-L1 localization, restricting to 
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ability to monitor tumors using imaging. Alternatively, optical imaging provides functional 

information and the ability to simultaneously detect multiple biomarkers as contrast agents; 

however, these approaches are restricted to superficial detection as light scattering degrades 

the spatial resolution at increased penetration depths. Multispectral optoacoustic tomography 

(MSOT) is emerging as an alternative modality that is not restricted by many of the 

limitations of the imaging used in the diagnosis and treatment of diseases (1, 2). MSOT was 

initially developed for research (1, 3, 4), but has been adapted for clinical uses (2).

Optoacoustic imaging is based upon a “light-in, sound-out” approach where absorption of 

near infrared light (NIR) within biological tissues generates ultrasonic waves with much less 

scattering, longer range of detection and higher accuracy compared to traditional optical 

imaging. The optoacoustic approach is unique with increased optical contrast and signal-to-

noise ratios (1-17). Optoacoustic imaging retains the advantages of optical imaging 

including high specificity to identify functional and molecular processes in living organisms 

with high sensitivity. Most tissues are relatively transparent to NIR light in the range of 600 

to 900 nm; therefore, use of NIR light excitation and ultrasound signals render photon 

scattering irrelevant to image formation, enabling high-resolution insights into the biological 

function of tumors and organs. Once the sound waves are generated, they obey the physical 

laws of sound transmission; the intensity of the sound increases with the number of 

molecules excited but is reduced by distance and the extent of ultrasound diffraction due to 

different densities of tissue. In MSOT, multiple spectral components of NIR light are varied 

automatically to excite specific molecules permitting accurate tomographic images to be 

constructed from the resulting ultrasonic signals. MSOT is also unique in its ability to detect 

multiple contrast agents simultaneously based upon differential spectral shape 

(Supplementary Fig. S1).

Imaging of tumors and cancer-related morphologic changes in tissues by MSOT is 

facilitated through exogenous contrast agents, including clinically approved optical dyes 

(e.g. indocyanine green), markers targeted to cell surface molecules, e.g., EGFR receptors 

(7, 8), the tumor microenvironment (e.g. pH)(1, 18), and endogenous absorbers (e.g., 

oxyhemoglobin)(2, 17, 19, 20). Use of MSOT in multiple tissue types and at varying depths, 

i.e at least 5 cm, can provide functional real time 3D information at high spatial resolution in 

vivo (2-4, 21) (Fig. 1, Supplementary Video S1). This ability will significantly impact 

clinical care in systemic diseases including cancer involving multiple organs. MSOT’s 

ability to identify tumors indicates great potential for clinical applicability for solid tumors 

(2), i.e. melanoma, head and neck, breast, pancreatic, prostate, colon, and potentially liver.

This manuscript reviews current research as well as clinical applications of MSOT in 

oncology, including dynamic imaging of cancer biomarkers, nanoparticles, and real-time 

evaluation of cancer metabolism. Its aim is to highlight pertinent studies, especially of tumor 

associated molecules, with the potential for use in MSOT for the clinical management of 

cancer.
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Endogenous Contrast Agents

Endogenously occurring molecules and exogenous materials investigated as contrast agents 

for optoacoustic imaging are in Tables 1 and 2. Of importance, to date there are relatively 

few endogenous contrast agents for MSOT.

Hemoglobin (i.e., oxyhemoglobin and deoxyhemoglobin)

Changes in vasculature are often associated with oncologic, inflammatory, and immune 

disorders, but microvascular changes occur below the resolution of common clinical imaging 

modalities. MSOT identifies microvascularity and tissue oxygenation by hemoglobin 

absorption of multiple wavelengths of light to generate high optoacoustic contrast (17, 22). 

Because oxy- and deoxyhemoglobin each generate a unique optoacoustic signal, both oxy- 

and deoxyhemoglobin can be observed simultaneously without the addition of exogenous 

contrast agents using MSOT (Fig. 2). MSOT can distinguish between oxygenation states of 

hemoglobin, allowing visualization of differential blood saturation by oxygen within tissues 

including the capability to differentiate between ischemic areas of tumors and the 

surrounding tissue (1, 2). Of note, when an area becomes necrotic, it typically no longer 

contains hemoglobin; therefore, the necrotic area appears as “black” in MSOT 

reconstructions. MSOT can distinguish tumors from surrounding normal tissues by atypical 

vascularity and differences in tissue perfusion and oxygenation and can detect vascular 

changes as markers of responses to anti-neoplastic therapies.

Hemoglobin oxygenation has been used for tumor identification and characterization by 

detecting vascular abnormalities and oxygenation status (23). Currently, analytical methods, 

i.e. microbubble contrast identified using ultrasound, vascular spin labeling, and BOLD 

(Blood Oxygen Level Dependent), are used to identify thrombosis (24). However, recent 

studies have shown promising results for high resolution optoacoustic imaging of breast 

cancer based on tumor angiogenesis (1, 17, 25, 26); this has been utilized to monitor tumor 

responses to antiangiogenic agents, such as bevacizumab (23, 27). A recent advance is to use 

red blood cells that are homozygous for hemoglobin S; these cells deform under low oxygen 

causing thrombosis in areas of tumors that are ischemic (28); MSOT may be useful to image 

all forms of thrombotic therapy.

Melanin

Melanin is another endogenous substance that acts as an optoacoustic agent over the 

wavelengths of NIR light pertinent to MSOT imaging. However, it must be noted that the 

strong optoacoustic signal obtained from high levels of melanin could inhibit the ability to 

detect other contrast agents. See section on melanomas.

Exogenous Contrast Agents

Many tumor types express unique substances which could be useful as cancer markers 

and/or could be developed as potentially clinically relevant targets for MSOT imaging to aid 

in diagnosis, staging, and characterization of common cancers, e.g., EGFR, PD-L1 and 

PD-1, folate receptors, thyroglobulin, and HER2 (Table 2). MSOT provides an excellent link 
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between tumor imaging and delivery of selective therapy. Studies of some of these 

biomarkers as targets for MSOT are in early stages.

Organic dyes

Advantages of exogenous contrast materials for MSOT are that they provide a wider range 

of contrast agents and possess absorption spectra distinct from the endogenous signals of the 

tissues being imaged; therefore, their signals can be separated from the tissue background 

using spectral unmixing in similar fashion as in the case of other dynamic contrast enhanced 

methodologies such as fluorescent lifetime imaging (22). Organic dyes utilized in various 

clinical applications, including methylene blue (29) and indocyanine green (8, 30), can 

generate contrast for MSOT. NIR-reporter dyes can be created to detect cancers using tumor 

associated ligands, i.e. EGF, monoclonal antibodies, nanoparticles, or agents to evaluate 

tumor microenvironmental features, e.g., acidic pH or MMPs (see protolytic section, Fig. 3). 

A combination of endogenous and exogenous contrast agents improves the accuracy of 

sentinel lymph node biopsies and the characterization of patterns of lymphatic drainage of 

tumors (2, 31).

Nanoparticles

Improving local delivery of drugs is essential in order to decrease chemotherapy morbidity 

and to improve survival. Utilization of nanoparticles for tumor imaging plus targeted drug 

delivery has been investigated using numerous nanoagents containing fluorescent dyes, gold, 

or silver for imaging and therapeutic drug delivery vehicles (32-35). To improve tumor 

delivery of nanoagents to tumors it is necessary to longitudinally track their biodistribution 

and accumulation, especially in the reticuloendothelial system, and to increase tumor 

accumulation and to decrease off-target uptake. Because MSOT detects distinct absorption 

spectra, it can monitor longitudinally the distribution of systemically administered 

nanoagents targeting tumors (Supplementary Video S2).

MSOT has identified tumor specific accumulation and biodistribution of targeted gold 

nanorods, mesoporous silica nanoparticles and liposomes in pancreatic tumors (9-11) and 

polymeric nanoparticles in breast tumors (35). Evaluation of tumor specificity, 

biodistribution and pharmacokinetics of tumor targeted nanoparticles, in the context of 

orthotopic and genetically modified organisms, represents an expanding, but inadequately 

developed use of MSOT; however, several light-absorbing materials, i.e. gold (9, 36-38), 

tungsten (39), iron-oxide nanoparticles (40), silver nanoparticles (41), carbon nanotubes (42, 

43), or NIR-dye containing nanoparticles (10, 11, 44, 45), have been developed and have 

demonstrated utility for optoacoustic imaging and/or MSOT in animal models.

Targeted surface agents

Because exogenous agents can target cancer specific cell surface markers, some are used for 

both diagnostic and therapeutic targeting. Optical fluorescence imaging is a diagnostic 

approach in which a targeting agent is tagged with a fluorescent dye. Similarly, MSOT can 

be used by tagging the targeting agent with a contrast agent possessing absorption spectra 

within the NIR range (1, 7, 8). In practice, targeting agents may be used in combination with 
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multiple organic dyes or nanoparticles and their spectra can be separated by spectral 

unmixing (8).

An excellent example of a targeted molecule for MSOT is EGFR which has an external 

domain frequently targeted for therapeutic purposes (46, 47). This extracellular domain if 

overexpressed on cancer cells, can be targeted with nanoparticles or other optoacoustic 

contrast agents bound to ligands or antibodies to EGFR. Conjugation of organic dyes or gold 

nanoparticles to blocking (inhibitory) antibodies such as cetuximab could serve both for 

treatment and imaging (48).

Tumor microenvironment

Acidic pH and Tumor Imaging—Secondary to the production of lactic acid, most 

malignant tumors develop areas of low extracellular pH (generally pHe 6.4-6.8) compared to 

normal or uninvolved tissue, benign tumors, and most non-neoplastic diseases (pH 7.0-7.4). 

The acidic pH can be problematical for cancer therapy as some chemotherapeutic agents do 

not function below pHe 6.8. Acidic pH, pHe < 6.8, also facilitates the development of 

metastases and inhibits immune cell function. In general, detection of cancer based upon 

acidic pH using various methods of imaging has been suboptimal due to 1) the narrow 

targeting window of < Δ 1.0 pH between cancer and non-malignant tissue and 2) the high 

levels of pH specific agents, such as aliphatic amines or carboxylates, which have a pKa 

near physiological range used for MR imaging can buffer the tumor (49-51).

Because MSOT generally requires low concentrations of contrast agents, MSOT based 

contrast agents identifying pHe detect a variety of cancers. V7 is a peptide whose structure is 

modified at pHe ≤ 6.8 permitting V7 to integrate it into the membranes of cells (1,18). When 

this peptide is conjugated to a dye that absorbs NIR light, e.g., V7-750, it selectively images 

cells in acidic pHe areas (1, 18).

Protolytic evaluation

Several members of the family of matrix metalloproteinases (MMPs), the zinc-dependent 

endopeptidases degrading the extracellular matrix (ECM), are implicated in cancer 

progression. Specifically, gelatinases A and B (MMP-2 and -9) play a role in tumor invasion 

and angiogenesis which promote tumor aggressiveness. A MMP-2 cleavable probe has been 

created that is detectable using optoacoustic imaging (52). Utilizing a cleavable linker 

attached to an optoacoustic sensitive reporter and cell anchoring peptide represents a general 

approach that has been utilized to monitor the in vivo activity of other extracellular enzymes 

such as cathepsin D (53).

Clinical Cancer Imaging of Human Cancers

Imaging is important in the management of all cancer types including staging of primary 

tumors, intraoperative identification of surgical margins and determination of the 

effectiveness of neoadjuvant and definitive therapies. The goals of imaging vary with tumor 

type, location, and required depth for detection of tumor. For example, determining margins 

of a primary tumor of the ascending colon would seldom be important because very wide 

margins are utilized; however, imaging is likely to be important for therapeutic planning in 
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patients with large cancers of the mouth or for application of novel therapies such as 

irreversible electroporation in patients with locally advanced pancreas cancer. The following 

describes imaging of cancers using MSOT.

Melanomas

Because most melanomas express melanin, MSOT can aid in the diagnosis and staging of 

melanomas (2), by identifying the depth of invasion and potential nodal metastases (2, 31). 

Also, melanomas can be identified due to their atypical patterns of vascularity. MSOT and 

optoacoustic imaging have been shown to detect melanin in sentinel lymph nodes in vivo 
and ex vivo with excellent concordance between in vivo imaging and ex vivo histology (2, 

31). This offers the potential to identify non-invasively lymph nodes involved by tumor, 

potentially reducing the need for extensive surgical excisions and related complications. 

Identification by MSOT of micrometastatic disease permits more accurate sensitivity and 

specificity of sentinel lymph node biopsies, which will optimize surgical management as 

well as radiation and/or systemic therapies. Also, MSOT can be used to monitor potential 

metastatic sites for recurrence. While MSOT can detect melanoma based upon melanin, 

detection of amelanotic melanoma likely requires a tumor specific exogenous contrast agent. 

With practice, it should be possible to differentiate melanin with macrophages (diffusely 

scattered) vs melanin in micrometastasis.

Breast cancer imaging

Accurate preoperative imaging of the breast is important in staging and planning for optimal 

management of breast cancers. Because malignancies have increased vascular density in 

comparison to normal human breast tissue, MSOT based on oxyhemoglobin can distinguish 

between breast cancers and other abnormalities such as cysts as demonstrated using 

optoacoustic imaging (54). The diagnostic accuracy of MSOT may improve the detection of 

malignant masses especially in dense breasts, currently a problem for standard 

mammography (55). Alternatively, MSOT may be an important adjunct to mammography to 

characterize “suspicious” lesions. When axillary masses are identified in the absence of 

other clinical indications of breast cancer, MSOT can be used to identify metastatic disease, 

especially melanomas.

Head and neck lesions

Clinical versions of MSOT could detect metastatic nodal lesions of the head and neck, 

thyroid lesions, salivary gland tumors, and melanomas secondary to differences in neo-

vascularity of benign versus malignant tumors, by identifying acidic areas and/or by 

targeting surface and other markers (e.g., melanin) of malignant cells; MSOT could image 

primary oral tumors including benign and malignant salivary tumors and squamous cell 

carcinomas (SCC), and MSOT could identify the extent of involvement of bone and vascular 

structures by SCCs. While novel fluorescent imaging approaches are currently in 

development in order to aid intraoperatively in identifying precise surgical margins of head 

and neck lesions (56), most of these same contrast agents could be used to identify head and 

neck lesions with greater depth using MSOT.
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Prostate cancer

Patients with elevated levels of prostate specific antigen (PSA) undergo ultrasound (US) 

biopsies to identify cancers of the prostate (PrCa); however, the urologist is blind as to the 

presence of PrCa at biopsy sites (57). This is improved by magnetic resonance imaging 

(MRI) fused with US (MRI-US) to identify areas of the prostate that are suspicious for 

biologically aggressive and clinically relevant PrCa, however, MRI-US has limitations in 

visualization of biomarkers and functional properties of tumors (58). MSOT is likely to be a 

much more specific and sensitive approach to imaging small cryptic foci of PrCa which 

should be suitable with the current depth of detection based on vascular patterns or 

molecular markers and it could be combined with current ultrasound guidance of biopsies to 

improve detection.

Ovarian cancer

Adnexal masses suspicious for malignancy are initially assessed with imaging such as 

transvaginal ultrasonography plus serum tumor markers such as CA-125. Both lack 

sensitivity and specificity (59) so diagnostic laparascopy is used, with biopsy to confirm the 

presence of malignancy. MSOT utilization prior to laparoscopy surgery could spare patients 

with benign masses the morbidity of more radical surgery, and would identify areas to 

biopsy to confirm metastatic cancer with a hand-held MSOT probe (60). By utilizing MSOT 

intraoperatively with minimally invasive surgery (MIS), the limitations of visual inspection 

and/or random biopsies during MIS could be reduced. MSOT would not be limited to the 

initial workup of an adnexal mass or staging for early ovarian cancer as it also could 

facilitate identification of small mesenteric metastases. Patients with advanced ovarian 

cancer undergoing interval cytoreductive surgeries after neoadjuvant chemotherapy (61) or 

patients with recurrent disease also may be candidates for secondary cytoreductive surgeries 

(62) using MSOT to guide therapy. Thus, when lower disease volume is encountered and 

complete resection translates to improved survival, MSOT would be of clinical interest.

Pre-operative Endoscopic and Laparoscopic Imaging for Resectable 

Tumors

Many cancers rely on complete resection for management. Pre-operative staging by MSOT 

could better identify patients who are surgical candidates or have borderline resectable 

disease that might benefit from neoadjuvant therapy to achieve resectability. Even apparently 

effective neoadjuvant therapy may be complicated by the inability to distinguish fibrous 

tissue and dead tumor from viable tumor (63). Another complication is the potential for 

small regional metastases (e.g. lymph nodes, mesenteric tumor deposits) that are not 

detected with standard state of the art imaging and negatively impact surgical outcomes. 

Inadequate detection of regional metastases is generally attributed to the low sensitivity of 

CT for small volume disease (64), leading to the addition of endoscopy and laparoscopy as 

part of the pre-operative staging for certain tumors.

Staging of malignancies such as lymphomas, pancreatic cancer, and neuroblastomas is 

important to their therapy. Because MSOT uses ultrasound transducers for signal detection, 

it can be adapted if endoscopic ultrasound is utilized. The application of MSOT to 
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gastrointestinal cancers (esophageal, gastric, small bowel and colorectal cancers) may better 

characterize tumor depth of invasion and microscopic extent, resulting in more effective 

staging and treatment of these diseases. MSOT has a great potential for improving current 

endoscopic/laproscopic methods and could be coupled with fine needle aspiration with or 

without further injection of contrast agents.

Except for ultrasound, current laparoscopic optical imaging is limited by superficial 

visualization, so MSOT could provide molecular and functional detail beyond the 

information currently available. MSOT could provide more accurate delineation of tumor 

extent, lymphatic mapping, and/or detection of unknown regional metastases.

Clinical Sites Representing a Challenge to Imaging with MSOT

Transmission of ultrasound is optimal in tissues that have a high water content. Air is a 

much less efficient medium in transferring sound, so uses of current versions of MSOT to 

identify primary and metastatic lesions of the lung are not under development; however, 

MSOT may be used to identify pleural spread of tumors that cannot be detected by other 

imaging methods. Ultimately, bronchoscopic methods using transducers developed for 

endoscopic use may be developed to identify malignant lesions affecting the bronchi and 

adjacent tissues. Also, the air in the lung still may transfer the ultrasound images at 

somewhat less detail than in other tissues, particularly when intervening lung parenchyma is 

minimized by using navigational methods. While it is not currently known if MSOT can 

detect changes in bone, the density of the bone could present a challenge.

Intraoperative Imaging by MSOT

In rats, MSOT and optoacoustic imaging have been useful in detecting sentinel lymph nodes 

involved by cancer because MSOT is more accurate than currently used methods which 

utilize methylene blue dye plus radiotracers (44). The development of MSOT for sentinel 

lymph node detection may make the use of radiotracers obsolete, reducing exposure of 

patients and workers to radiation.

The use of MSOT intraoperatively to identify surgical margins may be a great advance for 

surgical management of cancers such as those of the oral cavity, anal area, lower rectum, and 

esophagus. Similarly, MSOT may permit accurate partial resections of tumors of the kidney, 

pancreas, larynx and other organs. Using biomarkers, i.e. HER2 or EGFR, MSOT may aid 

resection of minimal residual disease subsequent to therapy or prior surgical attempts at 

resection.

Discussion

Accurate detection and localization of cancers is key to providing more effective treatments. 

Current imaging technologies are limited for detecting small cancers or metastases, for 

differentiating viable tumor from surrounding nonviable tumor, and for evaluating tumor 

metabolism. With further development of contrast agents and hardware, MSOT offers 

solutions to these limitations. MSOT has primarily been utilized in research; however, its 

clinical uses are expanding, particularly in oncology.
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MSOT has the potential for clinical usefulness across a broad spectrum of cancer 

management. It provides the ability to distinguish viable tumor from surrounding benign 

tissue by detecting differences in vascularity, perfusion, metabolism and molecular 

characteristics. Common cancer treatment changes, e.g. scarring, inflammation, may be 

difficult to distinguish from tumor using US, MRI, CT, PET, and SPECT; furthermore, 

residual or recurrent tumor could be identified with the relevant molecular information based 

upon endogenous and exogenous contrast agents below spatial resolution of these 

technologies. MSOT may separate benign from malignant tissues by detecting areas of 

ischemia via presence of deoxy-hemoglobin, low pH (by V7-750), metabolism (2-

deoxyglucose), neovascularization and cell surface molecules of malignant tumors.

Combining MSOT with other approaches can improve the accuracy of cancer detection and 

diagnosis, staging, and aid in medical decision making. Intraoperative utilization of MSOT 

may improve detection of margins and metastases and assist in minimally invasive surgery. 

Visualization of vascularity of tumors may facilitate monitoring of successful treatment 

before anatomic tumor shrinkage and permit early detection of recurrence or metastases 

which may speed implementation of salvage therapies. As clinical use of MSOT increases, 

new applications of MSOT are likely.

Supplementary Material
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Figure 1. 
Single wavelength images were each captured using MSOT to form a background image. 

The representative images were taken at 900 nm. The image slices shown represents the 

region of the liver (A) and kidney (B). The following structures were identified:spinal cord 

(SC); aorta (A); vena cava (VC); vena porta (VP); liver (L); stomach (ST); kidney (K); 

spleen (SP).
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Figure 2. 
Oxy- and deoxy-hemoglobin were detected using MSOT. Oxy- and deoxyhemoglobin were 

visualized within a human wrist using a pre-clinical MSOT instrument. The red color bar 

represents oxyhemoglobin and the blue color bar represents deoxyhemoglobin. The gray 

scale image was provided using a 900 nm single wavelength.
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Figure 3. 
Accumulation of a pH responsive ligand-targeted probe within an orthotopic pancreatic 

tumor. The orthogonal image demonstrates 3D accumulation of V7-750 within the mouse in 

the xyz-plane. The rainbow color bar represents intensity of the V7-750 probe. Adapted 

from Kimbrough et al. (1).
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Table 1

Identification of contrast agents detectable using MSOT. Endogenous chromophores and exogenous contrast 

agents, i.e. organic dyes and nanoparticles, detectable using MSOT.

Endogenous chromophores Organic Dyes Nanoparticles

Oxyhemoglobin Indocyanine Green Gold

Deoxyhemoglobin Methylene Blue Iron Oxide

Melanin CF-750 Silver

HiLite 750 Tungsten

IR-780 Carbon Nanotubes

IR800CW

Clin Cancer Res. Author manuscript; available in PMC 2017 July 15.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McNally et al. Page 18

Table 2

Several monoclonal antibodies to specific antigens associated with cancer have the potential to serve as 

targeted contrast agents for imaging of cancers by MSOT to provide tumor specific molecular information.

Antigen category Examples of antigens mAbs raised against these targets Tumors expressing antigen

Cell Growth and Differentiation

EGFR Cetuximab, panitumumab, Glioma, lung, breast, colon, and head 
and neck

ERBB2 Trastuzumab and pertuzumab Breast, colon, lung, ovarian and 
prostate

ERBB3 MM-121 Breast, colon, lung, ovarian and 
prostate

IGF1R AVE1642, IMC-A12, MK-0646, 
R1507 and CP 751871

Pancreas, Glioma, lung, breast, head 
and neck, prostate and thyroid

TRAILR1 TRA-8, Mapatumumab Pancreas, colon, lung

EPHA3 KB004 and IIIA4 Lung, kidney and colon melanoma, 
glioma and ALL

MET AMG 102 and METMAB Breast, ovary and lung

Targets of anti-angiogenic mAbs VEGF Bevacizumab Vasculature

VEGFR IM-2C6 and CDP791 Epithelial Tumors

Integrin ±V2 3 Etaracizumab Vasculature

Integrin ±52 1 Volociximab Vasculature

Glycoproteins expressed by solid 
tumors

EpCAM IGN101 and adecatumumab Breast, colon

CEA Labetuzumab Breast, colon

Mucins (Muc 16) Pemtumomab and oregovomab Ovarian, breast, colon, lung

TAG-72 minretumomab Breast, colon

CAIX cG250 Renal cell carcinoma

PSMA J591 Prostate

Folate-binding protein farletuzumab Ovarian
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