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GENERAL INTRODUCTION AND OUTLINE OF THESIS

Diagnosis, staging, and surgical planning of cancer patients increasingly rely on imaging 
techniques that provide information about tumor biology and anatomical structures 
[1-3]. Presently, single-photon emission computed tomography (SPECT) and positron 
emission tomography (PET) are the only widely implemented (targeted) imaging 
modalities used to provide insights into tumor location, tumor biology, and the sur-
rounding micro-environment [1]. Both nuclear techniques depend on the pre-operative 
recognition of tumors and various monoclonal antibodies and peptides, initially devel-
oped as therapeutic agents (e.g. cetuximab, bevacizumab, labetuzumab), are labeled 
with radioactive tracers and evaluated for preoperative imaging purposes or applied for 
treatment monitoring of neo-adjuvant treatments [4-8]. However, translating informa-
tion from these two techniques to the operating theatre is difficult due to alteration 
in body positioning, tissue manipulation by the surgeon and the lack of sensitivity for 
subcentimeter lesions. Presently, during oncologic surgery intraoperative ultrasound 
and/or gamma-counters are the only real-time imaging modalities incidentally utilized. 
To guide cancer resections, surgeons are therefore still mostly dependent on visual 
inspection and palpation to differentiate malignant disease from healthy surrounding 
tissues. As a consequence, tumor free resection margins and subclinical and deeper 
lying tumor foci are difficult to identify. For most solid tumors surgery is the primary 
treatment, and positive margins (R1, defined as tumor cells located at the edges of the 
surgical specimen) are associated with increased local recurrences and poor prognoses 
[9]. Therefore, better tumor detection methods must be developed to improve patient 
prognosis: Pre-operative to increase the reliability in prediction of resectability, and 
during the procedure to recognize tumors and resection margins with higher accuracy 
[10]. For example, surgery offers the sole chance of cure and long-term survival for 
pancreatic cancer patients, but is one of the most hazardous operations performed with 
a morbidity rate of 40-50%, positive resection margin rates of more than 50% and a 
5-year survival rate of less than 5%. Presumably, cancer patients benefit directly from 
better tumor detection as the surgical status (R0 or R1) is an import prognostic factor for 
patient survival.
During the last decade, intraoperative navigation using fluorescence (Fluorescence-
guided surgery, FGS) has emerged as a promising strategy to recognize cancer tissue 
or vital structures during surgery (see Figure 1 for concept). The principle of FGS consist 
of adding an exogenous fluorophore into the patient that creates a bright spot on a 
black background on the screen and permits high sensitive detection of any desired 
target within the surgical field [11]. Utilizing Near-Infrared (NIR) fluorescent light has 
advantage over visible light due to four key principles [12-16]: Photon absorption in liv-
ing tissue is minimal between 650-900 nm and photon scatter is much lower in the NIR 
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than in the visible spectrum, both properties permit visualization of tumors and other 
important structures up-to 5-10 mm below its surface. Further, tissue auto-fluorescence 
is low in the NIR spectrum – minimizing background signals – and NIR light is invisible 
for the human eye and therefore does not change the surgical field [17]. Same as for 
SPECT/PET imaging, linking the (NIR) fluorophores to specific tumor-targeting vehicles, 
like antibodies or peptides, dramatically enhance the specificity of this technique as 
it will actively accumulate in the tumor. FGS provides higher spatial resolution than 
SPECT/PET imaging, provides direct anatomical feedback, and can be used for real-time 
clinical applications [2]. A powerful synergy can be achieved when these nuclear and 
fluorescent imaging techniques are combined, leading to improved diagnosis, patient 
management and surgical planning. Clinically, the advantages of hybrid tracers have 

Figure 1: NIR fluorescent contrast agents are administered intravenously. During surgery, the agent is visu-
alized using a NIR fluorescent imaging system of the desired form factor (above the surgical field for open 
surgery or encased within minimal invasive surgery). All systems must have adequate NIR excitation light, 
collection optics, filter sets and a camera sensitive to NIR fluorescent emission light. An optimal imaging 
system includes simultaneous visible (white) light illumination of the surgical field, which can be merged 
with the generated NIR fluorescence images. The surgeons display can be one of several form factors, in-
cluding a standard computer monitor, goggles or a wall projector. Abbreviations: LED, light emitting diode; 
NIR, near-infrared. Illustration and caption are depicted from Vahrmeijer et al., Nat Rev 2013 [14].



General introduction and outline of thesis 13

been shown in patients with melanoma and prostate cancer, but these studies used 
non-specific agents, following the natural lymph drainage pattern of colloidal tracers 
after peri-tumoral injection to identify the sentinel node [18, 19].

In short, FGS can identify tumor margins and suspicious lesions, allowing surgical guid-
ance, which hopefully translates into more complete tumor resections. Hence, simul-
taneously, FGS can avoid damage to vital structures such as nerves, arteries or ureters 
preventing morbidity, and thereby most likely enhancing the quality-of-life significantly. 
Before routine clinical introduction of targeted (multimodal) FGS can be achieved three 
major hurdles must be challenged: 1) the choice for a suitable target, 2) the choice for 
an appropriate tumor-specific tracer, and 3) the availability of a validated, dedicated 
(NIR) fluorescence imaging system.

1 TARGETS

Not all tumor-associated biomarkers are suitable as oncotarget. If these biomarkers are 
homogeneously expressed on the cellular membrane in at least 10-times higher densi-
ties than on surrounding normal cells and freely available or accessible for the imaging 
agent then they are considered potential candidates [20]. Biomarkers can be subdivided 
by their biological function into receptors, anchoring proteins, enzymes, GPI-proteins 
and transporter proteins [21]. Among the most promising biomarkers for cancer-specific 
targeting therapies, as recently described by the National Cancer Institute, are the Epi-
thelial Cell Adhesion Molecule (EpCAM) and the Carcinoembryonic Antigen (CEA) [22]. 
But also integrin αVβ3 and the urokinase Plasminogen-type Activator Receptor (uPAR) 
show promise and are extensively investigated [23]. Unlike CEA and EpCAM, αVβ3 and 
uPAR are not only up regulated on cancer cells but also on tumor-associated stromal cells 
like angiogenic endothelial cells, myofibroblasts and macrophages. The simultaneous 
targeting of these tumor and tumor surrounding stromal cells increases the percentage 
of the total tumor mass that will be targeted. Thereby increasing the absolute number of 
tumor related cells (e.g. malignant and stromal cells) that can be recognized, potentially 
increasing the ability to visualize micro-metastasis or tumors that show low biomarker 
expression.

2 TRACERS

When a biomarker with favorable characteristics is selected, this biomarker can be tar-
geted using various types of (NIR) fluorescent tracers, consisting of a targeting vehicle 
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and a (NIR) fluorophore (e.g. ZW800-1, IRDye800CW, Cy5). Different types of vehicles 
can be used, ranging from (therapeutic) monoclonal antibodies, antibody fragments to 
larger and smaller peptides mimicking the natural receptor ligands such as GE-137 or 
EMI-137 for c-MET (HGFR), folate for FR-α and the RGD sequence for imaging of vari-
ous integrins [24-26]. For tumor imaging, important characteristics are efficient tumor 
penetration and low affinity for surrounding normal tissue and, depending on the ap-
plication, a reasonable  half-life (hours)in the circulation [27]. Monoclonal antibodies are 
already widely investigated and show specific and sensitive tumor binding characteris-
tics. Because of their large size (150 kDa), injected antibodies possess prolonged blood 
half-life times (up-to 72h) resulting in early high background signals and subsequently  
large imaging windows (24-96h). When shorter elimination times are desired, smaller 
vehicles like F(ab)s (50 kDa), scFv (27 kDa), nanobodies (27kDa) and/or small peptides 
(1-2 kDa) can be used. In general, the use of smaller tracers increase the tumor pen-
etration capacity of the compound, decrease liver uptake, reduce background signals 
and shorten the time between injection and imaging. Nevertheless, all these tracers 
vary considerably in physical characteristics like size, affinity, charge, and possibility to 
conjugate to (fluorescent) dyes. Therefore, they offer specific advantages and disadvan-
tages for the purpose of achieving appropriate tumor targeting. Various clinical grade 
(NIR) fluorophores are available that can be conjugated to tumor-specific vehicles like 
IRDye800CW and ZW800-1 [28, 29].

3 IMAGING SYSTEMS

The development of validated NIR fluorescent imaging systems is dependent on the 
(clinical) availability of NIR fluorescent tracers and vice versa. Therefore, presently, novel 
imaging systems are only sparsely developed and clinically introduced. Due to the lack 
of performance standards for these imaging systems, at present, the combination with 
a tracer is of major importance for successful functioning and evaluation [30, 31]. For 
example, the failure of a tracer to delineate tumors could be interpreted as a failure 
of the tracer, when in fact the unqualified device was simply not sensitive enough for 
detection. We mainly used a prototype of the FLARETM imaging system of which an 
updated version will become clinically available soon and can visualize both 700nm and 
800nm signals simultaneously. Furthermore, we validated the novel Artemis
 NIR camera system that can be adjusted to visualize 500nm, 700nm and 800nm fluo-
rophores. Both systems already showed clinically feasibility in the surgical theatre for 
sentinel lymph node mapping, imaging of colorectal liver metastasis and imaging of 
ovarian cancer [32, 33].
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This thesis is divided into two parts: Part I focuses on the evaluation of potential tumor 
targets for FGS and Part II describes the preclinical development and evaluation of 
novel tracers for (multimodal) fluorescent-guided surgery.
Part I, chapter 2 shows an overview of potential membrane-bound proteins for tumor 
targeting, and Chapter 3 describes the use of tumor-associated stromal cells as target 
for fluorescent-guided surgery. Chapter 4 describes the possible clinical applications 
of the oncotarget uPAR for imaging in cancer patients. Chapter 5 explores the expres-
sion pattern of uPAR, its association with prognosis in colorectal cancer patients and its 
expression on various tumor-associated stromal cells.
In part II, chapter 6, CEA-specific NIR fluorescent imaging is used to visualize and delin-
eate colorectal and pancreatic tumors. Chapter 7 describes the preclinical development 
and validation of a novel clinically relevant EpCAM-directed antibody-fragment based 
NIR fluorescent agent. Chapter 8 describes the preclinical work to allow administration 
of cRGD-ZW800-1 in Phase I clinical trials and describes the complete work-up needed 
for clinical translation. Chapter 9 and Chapter 10 show the feasibility of an uPAR-
targeting multimodal antibody-based tracer to visualize colorectal and oral cancers 
during resections using NIR fluorescence, while its nuclear component assisted in the 
preoperative non-invasive recognition of tumors using SPECT imaging.
In Part III the future perspectives are discussed and the chapters are summarized.



16 Chapter 1

 11. Frangioni JV. In vivo near-infrared fluores-
cence imaging. Curr Opin Chem Biol 2003 
Oct,7(5), 626-634.

 12. Kim J, Piao Y, Hyeon T. Multifunctional 
nanostructured materials for multimodal 
imaging, and simultaneous imaging and 
therapy. Chem Soc Rev 2009 Feb,38(2), 
372-390.

 13. Kobayashi H, Ogawa M, Alford R, Choyke 
PL, Urano Y. New strategies for fluorescent 
probe design in medical diagnostic imaging. 
Chem Rev 2010 May 12,110(5), 2620-2640.

 14. Vahrmeijer AL, Hutteman M, van der Vorst 
JR, Van De Velde CJ, Frangioni JV. Image-
guided cancer surgery using near-infrared 
fluorescence. Nat Rev Clin Oncol 2013 
Sep,10(9), 507-518.

 15. Achilefu S. The insatiable quest for near-
infrared fluorescent probes for molecular 
imaging. Angew Chem Int Ed Engl 2010 Dec 
17,49(51), 9816-9818.

 16. Zhou C, Hao G, Thomas P, et al. Near-infrared 
emitting radioactive gold nanoparticles with 
molecular pharmacokinetics. Angew Chem 
Int Ed Engl 2012 Oct 1,51(40), 10118-10122.

 17. Hyun H, Henary M, Gao T, et al. 700-nm 
Zwitterionic Near-Infrared Fluorophores for 
Dual-Channel Image-Guided Surgery. Mol 
Imaging Biol 2015 Jun 18.

 18. Brouwer OR, Klop WM, Buckle T, et al. 
Feasibility of sentinel node biopsy in 
head and neck melanoma using a hybrid 
radioactive and fluorescent tracer. Ann Surg 
Oncol 2012 Jun,19(6), 1988-1994.

 19. van der Poel HG, Buckle T, Brouwer OR, 
Valdes Olmos RA, van Leeuwen FW. 
Intraoperative laparoscopic fluorescence 
guidance to the sentinel lymph node in 
prostate cancer patients: clinical proof of 
concept of an integrated functional imaging 
approach using a multimodal tracer. Eur Urol 
2011 Oct,60(4), 826-833.

 20. van Oosten M, Crane LM, Bart J, van Leeu-
wen FW, van Dam GM. Selecting Potential 
Targetable Biomarkers for Imaging Purposes 
in Colorectal Cancer Using TArget Selection 

REFERENCES

 1. Histed SN, Lindenberg ML, Mena E, 
Turkbey B, Choyke PL, Kurdziel KA. Review of 
functional/anatomical imaging in oncology. 
Nucl Med Commun 2012 Apr,33(4), 349-361.

 2. Frangioni JV. New technologies for human 
cancer imaging. J Clin Oncol 2008 Aug 
20,26(24), 4012-4021.

 2. Weissleder R, Pittet MJ. Imaging in the era 
of molecular oncology. Nature 2008 Apr 
3,452(7187), 580-589.

 4. Meyer R, Fofanov V, Panigrahi A, Merchant 
F, Zhang N, Pati D. Overexpression and mislo-
calization of the chromosomal segregation 
protein separase in multiple human cancers. 
Clin Cancer Res 2009 Apr 15,15(8), 2703-2710.

 5. Noguera EC, Palazzo E, Mayoraz MF, et al. 
Technetium-bevacizumab in a patient with 
bone and lung metastatic colon adenocar-
cinoma. J Clin Oncol 2013 Apr 10,31(11), 
e170-e172.

 6. George GP, Stevens E, Aberg O, et al. 
Preclinical evaluation of a CXCR4-specific 
(68)Ga-labelled TN14003 derivative for 
cancer PET imaging. Bioorg Med Chem 2014 
Jan 15,22(2), 796-803.

 7. Roivainen A, Kahkonen E, Luoto P, et al. 
Plasma pharmacokinetics, whole-body 
distribution, metabolism, and radiation 
dosimetry of 68Ga bombesin antagonist BAY 
86-7548 in healthy men. J Nucl Med 2013 
Jun,54(6), 867-872.

 8. Zhu Z, Miao W, Li Q, et al. 99mTc-3PRGD2 
for integrin receptor imaging of lung 
cancer: a multicenter study. J Nucl Med 2012 
May,53(5), 716-722.

 9. Rosenthal EL, Warram JM, de BE, et al. 
Successful Translation of Fluorescence 
Navigation During Oncologic Surgery: A 
Consensus Report. J Nucl Med 2016 Jan,57(1), 
144-150.

 10. Handgraaf HJ, Boonstra MC, Van Erkel AR, et 
al. Current and future intraoperative imaging 
strategies to increase radical resection rates 
in pancreatic cancer surgery. Biomed Res Int 
2014,2014, 890230.



General introduction and outline of thesis 17

Criteria (TASC): A Novel Target Identification 
Tool. Transl Oncol 2011,4(2), 71-82.

 21. Almen MS, Nordstrom KJ, Fredriksson R, 
Schioth HB. Mapping the human membrane 
proteome: a majority of the human mem-
brane proteins can be classified according to 
function and evolutionary origin. BMC Biol 
2009,7, 50.

 22. Tiernan JP, Perry SL, Verghese ET, et al. 
Carcinoembryonic antigen is the preferred 
biomarker for in vivo colorectal cancer 
targeting. Br J Cancer 2013 Feb 19,108(3), 
662-667.

 23. Cheever MA, Allison JP, Ferris AS, et al. The 
prioritization of cancer antigens: a national 
cancer institute pilot project for the accelera-
tion of translational research. Clin Cancer Res 
2009 Sep 1,15(17), 5323-5337.

 24. Choi HS, Gibbs SL, Lee JH, et al. Targeted 
zwitterionic near-infrared fluorophores for 
improved optical imaging. Nat Biotechnol 
2013 Feb,31(2), 148-153.

 25. Burggraaf J, Kamerling IM, Gordon PB, et al. 
Detection of colorectal polyps in humans 
using an intravenously administered 
fluorescent peptide targeted against c-Met. 
Nat Med 2015 Aug,21(8), 955-961.

 26. van Dam GM, Themelis G, Crane LM, et al. 
Intraoperative tumor-specific fluorescence 
imaging in ovarian cancer by folate receptor-
alpha targeting: first in-human results. Nat 
Med 2011 Oct,17(10), 1315-1319.

 27. Keereweer S, Hutteman M, Kerrebijn JD, 
Van De Velde CJ, Vahrmeijer AL, Lowik CW. 
Translational optical imaging in diagnosis 
and treatment of cancer. Curr Pharm 
Biotechnol 2012 Mar,13(4), 498-503.

 28. Choi HS, Nasr K, Alyabyev S, et al. Synthesis 
and in vivo fate of zwitterionic near-infrared 
fluorophores. Angew Chem Int Ed Engl 2011 
Jul 4,50(28), 6258-6263.

 29. Marshall MV, Draney D, Sevick-Muraca EM, 
Olive DM. Single-dose intravenous toxicity 
study of IRDye 800CW in Sprague-Dawley 
rats. Mol Imaging Biol 2010 Dec,12(6), 583-
594.

 30. Zhu B, Sevick-Muraca EM. A review of 
performance of near-infrared fluorescence 
imaging devices used in clinical studies. Br J 
Radiol 2015 Jan,88(1045), 20140547.

 31. Sevick-Muraca EM, Zhu B. The need for 
performance standards in clinical translation 
and adoption of fluorescence molecular 
imaging. Med Phys 2013 Apr,40(4), 040402.

 32. van Driel PB, van de Giessen M, Boonstra 
MC, et al. Characterization and evaluation of 
the artemis camera for fluorescence-guided 
cancer surgery. Mol Imaging Biol 2015 
Jun,17(3), 413-423.

 33. Hoogstins CE, Tummers QR, Gaarenstroom 
KN, et al. A Novel Tumor-Specific Agent for 
Intraoperative Near-Infrared Fluorescence 
Imaging: A Translational Study in Healthy 
Volunteers and Patients with Ovarian 
Cancer. Clin Cancer Res 2016 Jun 15,22(12), 
2929-2938.




