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INTRODUCTION

Over the last century, remarkable advances have been made in the treatment of 
cancer. Th e improvement of chemotherapy, hormonal therapy and targeted systemic 
therapies has considerably improved patient prognosis. Despite these developments, 
surgery remains the cornerstone of primary treatment, especially in patients were the 
disease is localized and distant metastases are absent. Th e prognosis and quality of 
life of these patients depends in particular on the extent and quality of the surgical 
treatment. At present, residual of malignant cells (or so called R1 resection) remains 
a substantial issue in cancer surgery. In contrast to the many imaging modalities 
that can be used preoperatively for diagnosis, staging, and surgical planning (i.e. CT, 
MRI, PET and SPECT), real-time, intraoperative imaging modalities to assess the 
extent of disease and to determine adequate resection margins are lacking1,2. As a 
consequence, surgeons still have to rely only on visual appearance and palpation to 
discriminate between tumor tissue and normal tissue. Misidentifi cation of residual 
disease can result in a local recurrence, and subsequent deprived prognosis. Since 
this situation has not been changed for many decades, there is a need for a diagnostic 
tool that can discriminate tumor tissue from normal tissue during surgery.

NEAR-INFRARED FLUORESCENCE IMAGING

Optical imaging using near-infrared (NIR) fl uorescence is a relatively new technique 
that has emerged as a promising intraoperative imaging modality2-4. NIR fl uorescence 
imaging has several characteristics that are advantageous for implementation in a 
surgical setting2. First, the wavelength of NIR light is between 700 to 900 nanometers, 
which is invisible to the human eye, and therefore does not alter the look of the 
surgical fi eld. At this wavelength, light has relatively low tissue absorbance, resulting 
in high tissue penetration (up to several millimeters) and low autofl uorescence3-6. 
Second, only low concentrations of a non-ionizing tracer are needed and no direct 
tissue contact is employed in NIR fl uorescence imaging making it an inherently safe 
technique7. Finally, images can be acquired within a few milliseconds and this tech-
nique can be easily combined with zoom lenses using a “hands-free” setup, which 
allows the surgeon to operate under real-time image guidance8-10. Th e introduction 
of minimally invasive techniques has increased the need for additional intraoperative 
imaging modalities. For example, NIR fl uorescence imaging has already been used 
during robot-assisted laparoscopic surgery for several indications11-14.

Multiple NIR imaging systems have been developed for both open and laparo-
scopic surgery15-21. Several of these systems are commercially available7,15. Optimized 
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imaging systems have the ability to provide a real-time overlay of the NIR fl uores-
cence signal with visible color images. Th is provides the NIR fl uorescence signal 
in relation to the surgical anatomy, enabling true image-guidance. Along with the 
introduction of image-guided surgery, several minimal invasive alternatives have 
been validated to replace the conventional open approach22,23. For several indications 
the laparoscopic approach shows a more favorable outcome than open surgery with 
regard to postoperative pain, hospital stay and blood loss24-27. However, minimally 
invasive surgery also limits visualization and palpability of the surgical fi eld. NIR 
fl uorescence imaging could therefore contribute to this fi eld of surgery by providing 
additional information.20,28-31.

Besides intraoperative imaging systems, for NIR fl uorescence image-guided sur-
gery, a NIR fl uorescent contrast agent (i.e. fl uorophore or “probe”) is also needed to 
visualize specifi c structures that need to be resected (e.g. tumor tissue) or should be 
spared (e.g. bile ducts). Indocyanine green (ICG) and Methylene blue are currently 
the only NIR fl uorophores that are registered with the Food and Drug Administra-
tion (FDA) and the European Medicines Agency (EMA) for clinical application, 
albeit for other indications. ICG has been used since the 1950s to measure cardiac 
output, hepatic function, and retinal perfusion. Th e absorbance of ICG is around 
800 nm, and adverse events following administration are rare, making it a safe con-
trast agent. Most studies report ICG doses between 1 and 10 mg for intraoperative 
imaging applications, but intravenous injection up to 25 mg has been reported to 
be safe32. Aft er intravenous injection, ICG is cleared rapidly by the liver and almost 
completely excreted into bile. Methylene blue is also currently applicable for clinical 
use and at certain concentrations has fl uorescent properties. However, its emission 
peak lies around 700 nm, which is less optimal due to higher tissue absorbance and 
higher auto-fl uorescence. Both ICG and MB are non-targeted dyes as their chemical 
structures do not allow conjugation to tissue-specifi c ligands. Novel NIR fl uorescent 
probes are being developed, to permit targeted imaging33-35. An ideal fl uorophore 
should be simply to conjugate to tumor specifi c antibodies or ligards, have a high 
quantum yield (brightness) and low background uptake1,36. Currently, multiple 
fi rst-in-human trails are ongoing to allow broad clinical implementation of this new 
generation of dyes.

OUTLINE OF THE THESIS

Th is thesis is dived in three parts. Th e fi rst part focusses on the intraoperative 
evaluation of surgical margins using NIR fl uorescence imaging in both preclinical 
and clinical settings. Th e second part of this thesis focusses on the clinical imple-
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mentation of fl uorescence guided Sentinel Lymph Node Biopsy. In part three, NIR 
fl uorescence imaging is used to visualize vital structures during abdominal surgery.

Part I: Intraoperative evaluation of surgical margins

Chapter 2 describes the use of a novel fl uorophore (ZW800-1) that is conjugated to 
the ligand cRGD that targets integrins. Th e aim of the current study was to intra-
operatively identify both colorectal tumors and ureters in orthotopic animal models 
using cRGD-ZW800-1 Moreover, as cRGD-ZW800-1 is cleared renally, minimal 
background uptake in the gastrointestinal tract was observed and ureteral visualiza-
tion was feasible aft er a single injection. Th e characteristics of this NIR probe allow 
fl uorescence guidance within 2 hours aft er administration to detect the extent of the 
primary tumor as well as the sites of disseminated disease whilst minimizing the risk 
of damage to ureters. Chapter 3 describes the intraoperative identifi cation of breast 
cancer using NIR fl uorescence and the intravenous administration of methylene blue. 
Chapter 4 gives an overview of the preclinical development and clinical applications 
of NIR fl uorescence imaging during open and laparoscopic hepatopancreatobiliary 
surgery.

Part II: Sentinel lymph node imaging

Chapter 5 evaluates the diagnostic accuracy of NIR fl uorescence for SLN mapping 
in breast cancer patients when used in addition to conventional techniques. Th is 
study describes a multicenter experience with the Fluorescence-Assisted Resection 
and Exploration (FLAREtm) imaging system, developed by the group of professor 
Frangioni (Harvard Medical School, Boston, MA, USA). Patients were enrolled in 
the Dana-Farber / Harvard Cancer Center (Boston, MA, USA) and the Leiden Uni-
versity Medical Center (Leiden, the Netherlands). In Chapter 6 the ability to combine 
both radioactive and NIR fl uorescence guidance for SLN mapping is breast cancer is 
demonstrated. A hybrid radioactive and fl uorescence tracer was used which permits 
both preoperative imaging and intraoperative guidance aft er a single injection. In 
Chapter 7 the same hybrid tracer is used for SLN mapping in melanoma patients. 
Chapter 8 describes feasibility of SLN mapping using NIR fl uorescence and ICG in 
patients undergoing radical cystectomy with lymphadenectomy for bladder cancer. 
In Chapter 9 the application of NIR fl uorescence imaging using diff erent tracers for 
SLN mapping in vulvar cancer patients was investigated.
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Part III: Vital structure imaging

Chapter 10 demonstrates the fi rst successful clinical use of NIR fl uorescence imag-
ing using low dose methylene blue for the identifi cation of the ureters during lower 
abdominal surgery. In Chapter 11 ICG dose and timing for NIR cholangiography 
were optimized during open hepatopancreatobiliary surgery. Subsequently, these 
results were validated during laparoscopic cholecystectomies using a laparoscopic 
fl uorescence imaging system. Th is study clearly shows that a prolonged interval be-
tween ICG administration and surgery permits optimal NIR cholangiography with 
minimal liver background fl uorescence.

Finally, in Chapter 12 results of the studies performed in this thesis are summa-
rized and future perspectives are described.
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