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Chapter 1

1. HEAD AND NECk SquAmOuS CEll CArCiNOmA

Head and neck squamous cell carcinoma (HNSCC) is the seventh most common cancer type worldwide, 
accounting for approximately 4% of all malignant tumours (1). HNSCC arises from the epithelium of 
the upper aerodigestive tract, e.g. the oral cavity, pharynx, and larynx. The development of HNSCC is 
strongly associated with tobacco smoking and excessive alcohol consumption, but several other factors 
like for example genetic predisposition and human papilloma virus infection also do play a role. 

The extent of the tumour (T), as well as the presence of cervical lymph node metastases (N) and 
distant metastases (M) (referred to as “TNM-staging”) determine the stage at presentation. The stage 
is an important diagnostic parameter, since it defines the choice of treatment and patients prognosis. 
The TNM stage is derived from the results of physical examination (including endoscopy under general 
anaesthesia) and imaging. Computerized tomography (CT) and magnetic resonance imaging (MRI) 
are the imaging modalities of first choice, but more advanced imaging modalities have shown to be of 
complementary value (2). One of these modalities is positron emission tomography (PET). 

For the treatment of HNSCC, three different modalities are available: surgery, radiotherapy, and 
chemotherapy. These modalities can be used as single treatment but often combinations of these treatments 
are used. Moreover, a promising approach in anticancer medicine seems to be the development of drugs 
which are highly selective targeting the tumour at a cellular level, the so-called “targeted therapies”. The 
prognosis of patients with early stages (stage I/II) is generally good, but prognosis is much worse for 
patients with advanced stage disease (stage III/IV), which is diagnosed in about two-thirds of all HNSCC 
patients. Disappointingly, overall survival of patients has not markedly improved during the last decades, 
despite the increased molecular insight in the biology of head and cancer (3).

 
This chapter describes two challenges in the management of the indivual HNSCC patient: staging the 
clinically negative (cN0) neck with the sentinel node (SN) procedure, and improving survival using 
targeted therapies. The use of novel molecular imaging approaches may play a prominent role in 
improving current clinical practice. Therefore, a brief description of the principles of molecular imaging 
techniques is provided first. Finally, the other chapters of this thesis will be introduced. 

2. mOlECulAr imAGiNG

Molecular imaging has emerged in the early twenty-first century as a discipline at the intersection of 
molecular biology and in vivo imaging. It enables the visualization of molecular and cellular functions 
and interactions and their follow-up in living organisms without perturbing them. Molecular imaging as 
refered to in this thesis differs from traditional imaging in the fact that exogenously administered tracers 
are used to enable imaging of particular (targeting) ligands, targets or pathways. 
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2.1 Gamma camera and single photon emission computed tomography (SPECT) imaging

A gamma camera is a device used to image γ-photons (a technique known as scintigraphy), which are 
only partly absorbed by the tissue and therefore are detectable outside the patient. Th ese γ-photons are 
absorbed by the crystal of the gamma camera, in which they induce light-fl ashes. Th ese light-fl ashes are 
converted into an electric current and this current is amplifi ed by the photomultipliers. For a good image 
it is important to establish the origin of the γ-photon in the tissue. A collimator, a plate of lead in which 
fi ne holes are made, is a useful tool to establish these origins. Only γ-photons perpendicular to the camera 
can pass through the holes and activate the crystal, while the others are stopped in the lead (Figure 1A). In 
this way, a two-dimensional projection (referred to as planar imaging) of a three-dimensional distribution 
can be achieved. Gamma camera imaging allows sequential (dynamic) imaging. No accurate images can 
be obtained for deep seated organs or for organs on top of or below organs with signifi cant amounts of 
activity. Th is problem can be overcome by using SPECT. SPECT acquires information from multiple 
projections during a rotation of the gamma camera around the body (Figure 1B). Th e 2-dimensional 
imaging of all angles is converted to a 3-dimensional image, and thus eliminates the overlying and 
underlying activities. In addition, SPECT can be combined with a CT scan (hybrid SPECT/CT) 
which increases the lesion detectability by CT attenuation correction and anatomical localization of the 
radioactive source. No dynamic imaging is possible with SPECT. Th e most commonly used radionuclide 
for gamma camera imaging is 99mTc, which has a half-life (t1/2) of 6 h, and this radionuclide can be 
coupled to various compounds.

Figure 1 Simplifi ed principle of gamma camera (A) and SPECT (B) imaging

General introduction
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Chapter 1

2.2 Positron emission tomography (PET) imaging

PET is based on annihilation coincidence detection and requires the administration of a molecule, which 
is labelled with a positron emitter (referred to as PET tracer). A positron emitter is a radioactive atom 
that emits a positively charged β-particle (positron). The emitted positron will travel a distance of a few 
millimeters, depending on the initial positron energy and the density of the surrounding tissue. After 
losing its kinetic energy, the positron combines with an electron. During this event the masses of the two 
particles convert into their energy equivalent according to E=mc2, resulting in the formation of two 511-
keV photons that are simultaneously emitted in opposite directions. This process is called annihilation 
(Figure 2). The distribution of the PET tracer within the body can be imaged and quantified by a PET, 
PET/CT or PET/MRI camera (4). For this purpose a PET camera is used that consists of a ring of 

Figure 2 Simplified principle of PET imaging

detectors placed around the body of the patient. If two photons are detected by detectors on opposite 
sides of the body within a very short time, it is assumed that somewhere along the line between the 
two detectors an annihilation event has taken place. This line is referred to as the line of response and is 
registered as a coincidence event. By calculation of the crossing of all the lines of response the location of 
the radiation source can be determined. Compared to the gamma camera and SPECT, PET provides a 
higher sensitivity and a much better temporal resolution allowing high quality 3-dimensional dynamic 
imaging (5). As with SPECT/CT, most centers use a hybrid PET/CT or PET/MRI scanner, which 
provides detailed anatomical localisation of tracer-foci (6).

The most widely used PET tracer in oncology is 18F-fluorodeoxyglucose (18FDG), containing the 
positron emitter fluorine-18 (18F, t½ = 110 min). 18FDG is a glucose analogue and uptake correlates with 
glucose uptake of cells. Therefore it can be used to distinguish metabolically active tumours from normal 
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tissues. For HNSCC, 18FDG-PET appeared to be of additional value for patients presenting with an 
unknown primary tumour (7,8), for the detection of distant metastases in (advanced stage) HNSCC 
patients (9-12), and for response evaluation and the detection of residual and recurrent disease after 
nonsurgical treatment (13-16).

Several other potential PET tracers like 18FLT (18F-labelled fl uorothymidine, a marker of tumour cell 
proliferation), or the labelled amino acid analogues 18FET (O-2-fl uoro-18F-ethyl-L-thyrosine), 18FMT 
(L-3-18F-fl uoro-a-methylthyrosine), and 11C-MET (11C-methionine) aiming to perform better than 
18FDG are currently under investigation. In addition to imaging tumour metabolism, PET can also be 
used for imaging of critical biologic features of tumour tissue (e.g. hypoxia) and for imaging of critical 
tumour targets and targeted drugs (e.g. immuno-PET in case of imaging of monoclonal antibodies and 
TKI-PET in case of imaging of tyrosine kinase inhibitors) (17-19).

2.3 Near-infrared (Nir) fl uorescence imaging

Th e use of NIR fl uorescence imaging is a relatively new technique that has the potential to guide surgeons 
during surgery in real-time (20). Fluorescence is the property of certain molecules to absorb light at one 
wavelength and to emit light at a longer wavelength. Light in the NIR range (wavelength: 700-1000 nm) 
has several advantages over visible-range light, including deeper tissue penetration due to less absorption 
by hemoglobin and water, and less autofl uorescence from surrounding tissues (low background) (21). An 
exogenously administered NIR fl uorophore should produce the NIR fl uorescent signal. NIR fl uorescence 
imaging is in general a simple, 2-dimensional (planar) imaging method that captures emitted fl uorescence 
through an appropriate fi lter after excitation of the NIR fl uorophore (Figure 3). It allows high-resolution, 
real-time and dynamic imaging. Other advantages are its relatively low costs and the portability of the 

Figure 3 Simplifi ed principle of near-infrared (NIR) fl uorescence imaging
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camera devices. However, the main limitation of this method is its limited tissue penetration (<1 cm). 
Therefore, it is currently only used for imaging of superficial lesions (i.e. with a maximum depth of about 
1 cm) and for intraoperative surgical guidance (22).

3. THE CliNiCAlly NEGATivE NECk

The presence of cervical lymph node metastases is one of the most important prognostic factors 
in HNSCC and it roughly reduces survival by half. The localisation, number of involved nodes and 
extranodal spread are also strong predictive prognostic factors (23). Therefore, it is of critical importance 
to determine in the most accurate way the involvement of lymph nodes.

Not surprisingly, conventional staging techniques, like CT, MRI, and ultrasound (US) are more reliable 
than palpation (24). PET imaging appeared to have a similar performance as CT, MRI, and US (25). 
The assessments with all these imaging modalities are mainly based on size criteria and inhomogeneous 
patterns that do not always accurately reflect the presence of active malignancy. US-guided fine-needle 
aspiration cytology (USgFNAC) seemed to have the best sensitivity and specificity (24,26), but its 
accuracy is strongly dependent on the skills of the ultrasonographer and the cytopathologist. Altough 
its specificity is up to 100%, its sensitivity will always be limited due to (micro)metastases in the lymph 
node that were missed at aspiration (sampling error) (27). Especially (very) small lymph node metastases 
can be missed (referred to as occult metastases). Therefore, in HNSCC patients who are diagnosed with 
a cN0 neck, i.e. no signs of lymph node metastases based on palpation and one of the above mentioned 
diagnostic imaging techniques (mostly USgFNAC), there is still a risk of harbouring occult metastases 
in the neck. 

While for most HNSCC tumour sites (e.g. hypopharynx and oropharynx) the neck is routinely 
treated as part of the treatment of the primary tumour, this is not the case for early stage oral cavity 
cancers (T1-T2, cN0) which could be resected transorally and for which no entering of the neck is needed 
for resection of the primary tumour or for reconstruction purposes. In these patients, the incidence of 
occult metastases is reported to be around 30% (28). Because of this, historically, there are two major 
management strategies with respect to the regional lymph nodes: elective neck dissection or a “watchful 
waiting” policy (29). 

An elective neck dissection allows for accurate pathological staging and indicates whether adjuvant 
treatment is needed, e.g. adjuvant radiotherapy in case of N2 or N3 disease. However, the procedure 
is associated with postoperative morbidity (e.g. shoulder dysfunction (30)), and is for the majority of 
patients (which will be staged pathologically N0) unnecessary. The watchful waiting approach saves 
patients from futile surgery, but the disadvantage of this approach is that occult metastases, despite 
the strict follow up, may develop to extensive or even inoperable disease, and may give rise to distant 
metastases (31). Moreover, with this approach pathological staging of the neck at the time of presentation 
of the diagnostic work-up is not possible. 

In order to decide which treatment strategy should be offered to the individual patient, it is generally 
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accepted that an elective neck dissection should be performed if the probability of metastasis is greater 
than 15% to 20% (32,33). However, these fi gures are based on decision analysis with old-fashioned 
assumptions. Th erefore, in order to provide more reliable information about the presence of occult 
metastases, the SN procedure has been introduced in the management of early stage oral cancer during 
the last decade (34). 

Figure 4 (A) Th e sentinel node concept. (B) SPECT/CT image after peritumoural injection of 99mTc-Nanocoll in 
a patient with a lateral tongue carcinoma. Th e hotspot of the injection site (i) as well as a hotspot considered to be a 
sentinel node (SN) in level II of the neck are clearly visible. (C) Surgical removal of the SN via a small incision. (D) 
Immunohistochemical staining of a section of the SN using the pancytokeratin antibody AE1/AE3 demonstrating 

metastatic disease (M)

General introduction
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3.1 The sentinel node procedure

The SN concept (Figure 4A) is fundamentally based on the theory of orderly spread of tumour cells 
within the lymphatic system. The first lymph node in a regional lymphatic basin that receives lymphatic 
flow from a tumour is considered to be the SN. The SN concept assumes that lymphatic metastases, if 
present, can always be found at least in the SN, while a tumour-negative SN would preclude the presence 
of lymphatic malignant involvement. Patients in which a metastastic SN is detected should undergo a 
neck dissection, while in patients without disease in the SN the “watchful waiting” policy can be offered.

The SN procedure consists of three stepts: identification, surgical removal, and extensive 
histopathological evaluation of the SN (35). Identification of the SN is possible after peritumoural 
injection of a radiopharmaceutical (referred to as tracer). In Europe, mainly 99mTc-Nanocoll is used as 
tracer, but also other tracers have been used (36). The tracer consists of a colloid (Nanocoll) labelled to the 
gamma emitting radioisotope 99mTc. The tracer is followed during migration, and uptake of the tracer in 
the first draining lymph node (the SN) is currently visualized by using a gamma camera or SPECT/CT 
(referred to as lymphoscintigraphy; Figure 4B). The localization of the identified SN is marked on the skin. 
Surgical removal of the SN via a small incision (Figure 4C) is performed under handheld gamma probe 
guidance and, optionally, blue dye guidance. Of note, most centers perform the lymphoscintigraphy one 
day prior to surgery. The final step of the procedure is extensive histopathological examination of the SN 
using step-serial sectioning and immunohistochemical stainings (Figure 4D) (35).

Following this, a SN can be identified and harvested in 91-100% of oral cavity cancer cases. SNs 
are identified on lymphoscintigraphy as one or more foci to which lymphatic drainage passes, and may 
be multiple, in one or several lymph node levels in the neck as have been classified by the American 
Academy of Otolaryngology-Head and Neck Surgery (Figure 5) (37), ipsilateral and/or contralateral to 

Figure 5 Lymph node levels of the neck according to the American 
Academy of Otolaryngology - Head and Neck Surgery (37)
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the primary tumour. Preoperative lymphoscintigraphy may underestimate the number of SNs, especially 
when multiple SNs are in close proximity to the primary tumour. 

Th e procedure has a reported pooled sensitivity of 91% (38), and a negative predictive value of 90-
98% for the detection of occult metastases (39-42). Th us, most patients staged pN0(sn) are really pN0, 
with a risk of developing nodal disease in this patient group of 2-10%. Moreover, the procedure provides 
information about unexpected (e.g. contralateral) drainage outside the standard neck dissection levels 
(43,44), and is associated with less postoperative morbidity compared to elective neck dissection (45,46).

Figure 6 Th e “shine-through” phenomenon: Uptake of the tracer in a sentinel node (SN; red circle) close to the primary 
tumour (T) is hidden by the large focus of the injection site (yellow circle). Th is SN will not be visualized and thus not be 

identifi ed as a SN 

3.2 Challenges in the sentinel node procedure in head and neck cancer

Due to the unpredictable lymphatic drainage pattern in oral cancer, the often multiple foci visualized on 
preoperative lymphoscintigraphy, and the visualization of connecting lymphatic vessels in just a minority 
of cases, it is not always straightforward whether a focus should be considered as a true SN or as a 
second echelon lymph node. Moreover, identifi cation of a true SN can be especially challenging in fl oor 
of mouth (FOM) tumours. Th is is because of the “shine-through” phenomenon, a result of the short 
distance between SNs (level I and (sub)lingual lymph nodes) and the (FOM) tumour, in combination 
with the limited resolution of currently used techniques (47-50). Since most of the peritumorally injected 
tracer will remain at the injection site, a large focus will be produced on the lymphoscintigraphy images. 
Uptake of the tracer in a SN close to the primary tumour may be hidden by the large focus of the injection 
site (Figure 6), and such a SN may not be visualized and thus not be identifi ed. Moreover, intraoperative 
detection of such SN is often diffi  cult because the gamma probe experiences in this situation diffi  culties 
in the diff erentiation of radioactivity arising from the SN and the injection site. As a result, the reported 

General introduction
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sensitivity and negative predictive value are (significantly) lower for FOM tumours compared to other 
oral cavity tumour subsites (80% vs. 96%, and 88% vs 98%, respectively) (40). 

The limited resolution of lymphoscintigraphy may also hamper precise localization of SNs (not only 
limited to SNs close to the primary tumour), especially in the complex anatomy of the neck. Due to 
this, and the abundance of lymph nodes in the neck (i.e. about 150 lymph nodes each side), exploration 
of a certain neck area may be extensive. Blue dye guidance is of limited value since not all radioactive 
SNs are always stained blue (51). Extensive exploration increases the risk of surgical complications and 
the formation of fibrosis tissue postoperatively. The latter may negatively influence a subsequent neck 
dissection, through which sparing of structures like the internal jugular vein may be difficult and the risk 
of damaging other important structures (e.g., lingual nerve, hypoglossal nerve, spinal accessory nerve and 
branches of the facial nerve) is increased.

Therefore, there is a need for new technologies that improve the preoperative identification of (true) 
SNs and facilitate the intraoperative detection of SNs, in order to improve the performance of the SN 
procedure and minimize the patients discomfort.

4. TArGETED THErAPiES Of HEAD AND NECk CANCEr

Recent advances in molecular and cellular biology have facilitated the discovery of novel molecular targets 
on tumour cells, for example, key molecules involved in proliferation, differentiation, cell death and 
apoptosis, angiogenesis, invasion and metastases, or associated with cancer cell stemness. This knowledge 
has boosted the design of cutting-edge targeted pharmaceuticals, with monoclonal antibodies (mAbs) and 
small molecules e.g. tyrosine kinase inhibitors (TKIs), forming the most rapidly expanding categories. 
Also in head and neck cancer, several critical molecular tumour targets have been identified, including 
growth factors and their receptors, which serve as key drivers of tumour growth and progression (52). 

Well known examples are the epidermal growth factor and its receptor (EGFR), the vascular endothelial 
growth factor (VEGF) and its receptors, the hepatocyte growth factor and its cMET receptor, and 
insulin-like growth factor I and its receptor (IGF-IR). 

Most enthusiasm in targeted therapy of head and neck cancer has been generated with approaches 
targeting EGFR. In 2006, Bonner et al. (53) showed an improvement of locoregional control and 
reduction of mortality, in patients treated for locoregionally advanced head and neck cancer with 
concomitant radiotherapy and the anti-EGFR mAb cetuximab compared to radiotherapy alone. On the 
basis of these results cetuximab became approved by the U.S. Food and Drug Administration (FDA). 
Until now, this is the only FDA approved targeted agent in HNSCC. However, many more anti-EGFR 
mAbs (e.g. panitumumab, zalutumumab, and nimotuzumab [anti-EGFR] and bevacizumab [anti-
VEGF]) and TKIs (e.g. erlotinib, lapatinib [anti-EGFR], and vandetabib, sunitinib, and sorafenib [anti-
VEGF]) are under evaluation in clinical trials, along with inhibitors of other critical signal transduction 
pathways (54-56). 
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4.2 immuno-PET

Th e ability of PET to quantitatively image the distribution of radiolabelled drugs within the body makes 
this technique a valuable tool at several stages of drug development and application. From fi rst-in-man 
clinical trials with new drugs it is important to learn about the ideal drug dosing for optimal tumour 
targeting (e.g. saturation of receptors), the uptake in critical normal organs to anticipate toxicity, and 
the interpatient variations in pharmacokinetics and tumour targeting. Drug imaging might provide this 
information in an effi  cient and safe way, with fewer patients treated at suboptimal doses. 

To enable visualization of a targeted drug with a PET camera, the drug should be labelled with a 
positron emitter in an inert way. Due to their large size of 150 kDa, it is quite easy to radiolabel mAbs for 
PET imaging in an inert way. Recently, universal procedures were introduced for radiolabelling of intact 
mAbs with the long-lived positron emitters iodine-124 (124I, t½ = 100.3 h) and zirconium-89 (89Zr, t½ = 
78.4 h), of which 89Zr is particularly suitable in combination with internalizing mAbs (57,58).

Th e fi rst clinical 89Zr-immuno-PET study ever was reported in 2006 by Borjesson et al. (59). Th is 
feasibility study with 20 HNSCC patients showed that 89Zr-cmAb U36, directed against CD44v6, a 
target associated with tumour metastasis and cancer cell stemness (60), can be safely applied in patients 
and that it is a promising tool for PET detection of primary tumours as well as of cervical metastases. 
Because of the impressive high resolution images, this study boosted preparations for near future clinical 
immuno-PET studies, for example with mAbs directed against critical head and neck targets like EGFR 
(61,62), VEGF (63), cMet (64), carbonic anhydrase IX (65), and splice variants of fi bronectin and 
tenascin C which are associated with angiogenesis (66,67). Moreover, several studies in diff erent tumour 
types and targets already illustrated the potential of immuno-PET in clinical settings (68-70). 

4.3 Challenges in targeted therapy

Despite clinical optimism, it is fair to state that the effi  cacy of current targeted drugs is still limited, 
with benefi t for just a portion of patients. Th e massive development of new targeted drugs might make 
optimistic about future perspectives, but also raises the question about how to test all these drugs in an 
effi  cient way. Since less than 10% of all anticancer drugs under clinical development will eventually reach 
the market, it becomes increasingly important to distinguish high from low potential drugs at an early 
stage (71). Th is needs better understanding of the behavior and activity of those drugs in the human 
body. What is more, the costs of targeted therapies are excessive. Expensive medicines are challenging the 
health care systems, taking into account that the yearly sales of just mAbs and TKIs is estimated to be US 
$30 and $16 billion, respectively, mostly spent for the treatment of cancer, while hundreds of new mAb 
and TKI candidates are under clinical development by biotech and pharmaceutical companies (72). Th e 
question is how to improve the effi  cacy of targeted therapies and how to identify patients with the highest 
chance of benefi t. Immuno-PET may have signifi cant impact in providing answers to these questions.

General introduction
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5. Aim AND OuTliNE Of THE THESiS

As outlined above, there is a need for techniques which aim to improve the preoperative identification and 
intraoperative detection of the SN. In chapter 2, we evaluated the current imaging lymphoscintigraphic 
imaging protocol in terms of visualization of the SN during early and late lymphoscintigraphic imaging 
and describe the limitations and difficulties observed with preoperative identification of the (true) 
SN. Intraoperative detection of 99mTc-Nanocoll containing SNs may be improved by using dedicated 
innovative intraoperative devices. In chapter 3, the fist application of a freehand SPECT 3-dimensional 
navigation system for intraoperative SN detection in early stage oral cancer patients is described. 

Compared to current lymphoscintigraphic gamma-camera-based imaging techniques novel 
molecular imaging approaches could be used in order to improve the SN procedure. PET provides a 
higher spatial resolution and allows dynamic 3-dimensional imaging for accurate evaluation of tracer 
kinetics. Therefore, using PET should lead to an improved identification of SNs close to the primary 
(FOM) tumour and better differentiation between true SNs and second echelon lymph nodes. In 
combination with anatomical imaging techniques like CT (PET/CT), localization of the SN may be 
even more specific. To perform PET/CT lymphoscintigraphy, a PET tracer is needed, dedicated for SN 
detection. Such a tracer is introduced in chapter 4, which describes the development and characterization 
of a Nanocoll-based PET tracer, 89Zr-Nanocoll, and the preclinically validation of this tracer in a rabbit 
lymphogenic metastasis model. Chapter 5 describes the results of a clinical feasibility study in which 
the results of preoperative lymphoscintigraphic imaging using 89Zr-Nanocoll for PET/CT and 99mTc-
Nanocoll for SPECT/CT are compared in early stage oral cancer patients.

For improvement of intraoperative detection of SNs, the visualization of the SN during surgery would 
be of extreme help. NIR fluorescence imaging is a molecular imaging technique which would make this 
possible. At the moment, the only clinically approved NIR-fluorescent tracer used for SN detection 
is indocyanine green (ICG), which is not an ideal tracer for SN detection, mainly due to the limited 
retention time of this tracer in the SN. In chapter 6, we describe the development, characterization, 
and preclinical validation of a novel Nanocoll-based fluorescent tracer for SN detection: Nanocoll-
IRDye800CW. This tracer makes use of the novel NIR fluorescent dye IRDye800CW and should be 
better suitable for intraoperative NIR fluorescence-guided SN detection compared to ICG.

With respect to the introduction of novel targeted therapies, immuno-PET may play an important 
role for drug selection in an early phase of drug development and for individualized high precision 
therapy. In order to improve the overall survival of HNSCC, targeted therapies using antibodies have the 
potential to become more important. In chapter 7, we describe the first microdosing (phase 0) clinical 
study ever using immuno-PET in order to obtain valuable information about the novel anti-angiogenesis 
mAb F16SIP. Such a phase 0 study might be extremely helpful in selection of high potential drugs 
at an early stage of drug development, and therefore, it might reduce the costs and minimize patient 
discomfort in a clinical study setting at a later stage of drug development (phase I). 
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ABSTrACT

rationale. Various lymphoscintigraphic imaging protocols exist for sentinel node (SN) identification 
in early stage oral cancer. This study aimed to evaluate the clinical value of performing additional late 
lymphoscintigraphic imaging. 
methods. We retrospectively analysed early (directly following injection of 99mTc-Nanocoll) and late 
(2 – 4 h after injection) imaging results of 60 early stage (T1-T2, cN0) oral cancer patients scheduled 
for SN procedure. Lymphoscintigraphic results of late imaging were categorized in: (a) no visualization 
of additional hotspots considered to be SNs; (b) additional hotspots visualized that are considered to be 
SNs and (c) hotspots visualized only during late imaging. Histopathological results of the harvested SNs 
were related to the corresponding hotspot. 
results. In all patients (n=60) lymphoscintigraphy was able to visualize a hotspot that was identified 
as a SN. In 51/60 (85%) patients, early imaging was able to visualize at least one hotspot, whereas in 
9/60 (15%) patients, mostly with oral cavity tumours other than mobile tongue and floor of mouth 
tumours, only late imaging was able to visualize hotspots. In 14/51 (27%) patients, late imaging resulted 
in additionally visualized hotspots marked as SNs, resulting in a more extensive surgical procedure. These 
additionally removed SNs appeared to be of no clinical relevance, as all SNs identified during early 
imaging correctly predicted whether the neck was positive or negative for cancer. 
Conclusion. Results of this study indicate that additional late lymphoscintigraphic imaging should be 
performed only in selected cases.
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iNTrODuCTiON

Th e sentinel node (SN) procedure is a reliable alternative for staging of the neck instead of performing an 
elective neck dissection in early stage oral cancer (1-3). Most important in this procedure is the correct 
identifi cation of SNs, which is preoperatively based on lymphoscintigraphy. Once identifi ed, gamma 
probe and blue dye-guided surgical incision and exploration of the neck are performed to localize and 
remove the SN for histopathological examination (4). 

Lymphoscintigraphy can be performed at diff erent time points after peritumoral injection of 
a radioactive-labelled tracer. Tracer drainage and uptake in the SN depend mainly on the size of the 
particles that are used (5). In Europe, mainly 99mTc-Nanocoll is used as a tracer, and this tracer has a 
relatively small particle size resulting in rather fast lymphatic drainage. Th is may result in accumulation 
of tracer in additional lymph nodes, often the second echelon lymph nodes. 

It is known that imaging at later time points after injection of the radiocolloid results in the appearance 
of a larger number of hotspots (6,7). However, it is often impossible to determine whether these hotspots 
are all true SNs or are second echelon lymph nodes (Figure 1). Th e usually complex and unexpected 
lymphatic drainage in the head and neck region - for example, drainage to multiple basins, drainage that 
bypasses basins and contralateral drainage of well-lateralized tumours, makes this distinction even more 
diffi  cult (8). Once a hotspot visualized during late lymphoscintigraphic evaluation is considered to be 
a SN, the surgical procedure may be more extensive - for example, more exploration of the neck and/
or more incisions. More extensive exploration to fi nd the SN, harbours the risk of more complications 
and morbidity and may also negatively infl uence a possible neck dissection in case of a metastatic SN. At 
present, diff erent lymphoscintigraphic imaging protocols exist.

Figure 1 Early (A) and late (B) static lymphoscintigraphic imaging results of a patient with a cT2N0 lateral tongue car-
cinoma on the right side. During early image registration, hotspots were clearly visualized in level IIA and IV on the right 
side, with additional hotspots considered to be SNs detected during late imaging, of which two were located at a diff erent 
level of the neck (level III, arrow). A positive SN was found in a lymph node harvested from level IV on the right side. 
Subsequent modifi ed radical neck dissection showed no additional metastatically involved lymph nodes. i = injection site; 

SN = sentinel node

Limited value of late lymphoscintigraphy
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This study aimed to evaluate the clinical relevance of lymphoscintigraphic imaging results directly 
after injection and at later time points. Therefore, we retrospectively analysed the lymphoscintigraphic 
imaging results of 60 oral cancer patients and assessed the clinical relevance of routinely performed late 
static imaging by histopathological results.

PATiENTS AND mETHODS

Patients

From February 2007 to July 2011, 60 previously untreated patients with histologically proven squamous 
cell carcinoma of the oral cavity were eligible for this study. All patients had a T1-T2 primary tumour 
and a clinically negative neck (cN0) and underwent ultrasound-guided fine needle aspiration cytology 
(USgFNAC) showing no signs of metastasis. Patient and tumour characteristics are shown in Table 1. 

Sentinel node procedure

All patients underwent planar lymphoscintigraphy the day before surgery. Patients received four 
peritumoral injections of 99mTc (100 MBq total)-labelled Nanocoll (Nanocoll; GE Healthcare, 
Eindhoven, The Netherlands) at a volume of 0.15 – 0.2 mL each. All injections were performed by the 
same individuals (D.H., G.F., and R.B). To avoid spillage of the radiocolloid, the patients were asked to 
perform a mouthwash immediately after injection. Subsequently, dynamic lymphoscintigraphic images 
were acquired (20 x 60 s, 128 x 128 matrix, low-energy high-resolution collimator, e.cam dual-detector 

Table 1 Patient and tumour characteristics

Number of patients 60
Male/female 32 / 28

Age (years)
Median 60
Range 29-81

T-stage of primary tumour
T1 32
T2 28

localization
Mobile tongue 33 (55%)
Floor of mouth 20 (33%)
Inferior alveolar process 3 (5%)
Buccal mucosa 3 (5%)

Soft palate 1 (2%)
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camera; Siemens Medical Solutions, Hoff man Estates, Illinois, USA). Th e patients were in the supine 
position with the tumour side facing the camera. After this, a fl ood fi eld source image was obtained, and 
a static image of 120 s was acquired in the anterior projection to exclude superimposition of the injection 
site and SN and check for contralateral drainage. In the case of midline tumours, dynamic imaging was 
performed in the anterior position. Early imaging was always completed within 30 min of injection. 
Late anterior and lateral static imaging (2 x 120 s) was routinely performed an average of 2.5 h (range 
2-4 h) after injection. It is noteworthy that single photon emission computed tomography/computed 
tomography (SPECT/CT) was not yet available at the time of lymphoscintigraphic evaluation of these 
patients. After visualization of the SNs, the position was marked on the overlying skin using a 57Co point 
source marker and confi rmed with a 14-mm-diameter handheld gamma probe (Europrobe II; Eurorad, 
Strasbourg, France). Th e localization of the SN was classifi ed into one of the six diff erent lymph node 
levels in the neck according to the classifi cation system of the American Academy of Otolaryngology-
Head and Neck Surgery (9). Th e criteria that we used to determine whether a hotspot is a SN or a second 
echelon lymph node are listed in Table 2.

At the start of surgery, 1 ml of patent blue V dye, diluted 1:3 (v/v) in water, was injected at four 
equally spaced points to completely surround the tumour. Th e position of the SN was verifi ed by the 
handheld gamma probe, and an incision was made to explore the area. All hot or blue nodes were excised; 

Table 2 Criteria for diff erentiation between sentinel node and second echelon lymph node related to the 
time of imaging

Sentinel node Second echelon lymph node

Early imaging*:
(<30 min p.i.)

Hotspots with evident uptake Caudal hotspot with clearly visible 
connecting lymphatic vessel from a 
cranial hotspot, not increasing in time

Caudal hotspot with low uptake not 
increasing in time

Late static imaging:
(2-4 h p.i.)

New hotspots visualized ipsi- or 
contralateral

Newly visualized hotspots caudal from 
the sentinel node, not intens

New hotspots visualized between a 
hotspot already identifi ed during early 
imaging and the injection site

Caudal hotspots with previously low 
uptake, but now much more intens

In case of doubt, the newly vizualised 
hotspot was considered to be a sentinel 
node.

*Dynamic and static imaging
p.i.= post injection

Limited value of late lymphoscintigraphy
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ex-vivo confirmation of radioactivity-containing lymph nodes was determined using the handheld 
probe. Blue and/or lymph nodes containing more than 10% of the radioactivity counts of the hottest 
lymph node were considered to be SNs. Histopathological examination of SNs consisted of step-serial 
sectioning at intervals of 150–250 μm for the entire lymph node. At each level, staining procedures with 
haematoxyline–eosine and pan-cytokeratin antibody (AE 1/3) were performed. Patients with a positive 
SN were treated by performing a neck dissection during a second surgical procedure, whereas patients 
with a negative SN were followed up by regular physical examination and USgFNAC of the neck.

Figure 2 Schematic overview of lymphoscintigraphic early and late imaging results with respect to identification of SNs. 
SN = sentinel node

rESulTS

In all patients lymphoscintigraphy was able to visualize at least one hotspot, which was defined as a SN 
(Figure 2). In 51/60 (85%) patients, 103 hotspots were visualized during early imaging, whereas late static 
imaging demonstrated 26 additional hotspots considered to be SNs in 14/51 (27%) of these patients. All 
hotspots visualized during early imaging remained visible on late static imaging. In the remaining 9/60 
(15%) patients, a total of 16 hotspots were visualized only on late static imaging. Of these nine patients 
two had mobile tongue tumours, two had floor of mouth (FOM) tumours and five had other tumours, 
namely buccal mucosa, soft palate and inferior alveolar process tumours. This resulted in a detection rate 
of hotspots of 94% (31/33) for mobile tongue tumours, 90% (18/20) for FOM tumours and 29% (2/7) 
for other oral cavity tumours during early imaging (Figure 3). There were 12 patients with paramedian 
or midline tumours, and 10 of them (83%; one mobile tongue tumour, eight FOM tumours, one soft 
palate tumour) showed bilateral lymphatic drainage, which was visible on early imaging in five (50%) of 
these patients. Overall, 145 hotspots (median 2, range 1-8) were detected after late static imaging. 

SN biopsy was performed for all patients and a total of 156 SNs (median 3, range 1-6) were excised 
during surgery. Blue dye was used in 57/60 patients from whom 152 SNs were harvested. SNs were 
identified as hot and blue in 65/152 (43%), as only hot in 84/152 (55%) and as only blue in 3/152 
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(2%) excised SNs. Out of the additionally detected 26 hotspots during late imaging, six were located 
at the same level as a hotspot visualized during early imaging, whereas 20 hotspots were located at a 
diff erent level (Table 3). In total, additional incisions were necessary in 11/14 (79%) of these patients 
(nine patients underwent one additional incision and two patients underwent two additional incisions) 
in order to excise the preoperatively identifi ed SNs. 

In 21/60 (35%) patients, a histopathologically positive SN was found, which was located in a level 
of the neck that had been already visualized on early lymphoscintigraphic imaging in 17/21 patients. 
Th e remaining four patients with a positive SN showed drainage only during late imaging. Out of these 
17 patients there were fi ve patients in whom additional SNs were identifi ed during late imaging. In one 
of these patients the additional hotspot, located between the primary tumour and a previously marked 
SN, corresponded with a positive SN. However, this fi nding had no clinical relevance as there was also a 
positive SN found at another level that was identifi ed during early imaging. All 21 patients underwent a 
subsequent neck dissection (six selective I-III, six selective I-IV and nine modifi ed radical neck dissections). 
Th ree patients had additional metastatic lymph nodes in the neck dissection specimen (all modifi ed 
radical neck dissections), whereas in 18/21 (86%) patients no additional metastatic involvement was 
found. One (3%) out of the 39 patients with a negative SN developed ipsilateral lymph node metastases 
in neck levels. No hotspots were detected during lymphoscintigraphic evaluation in these levels in this 
patient. Th e remaining 38 out of 39 (97%) patients are all free of nodal disease with a median follow-up 
of 19 months (range 5-51 months).

Figure 3 Visualization of hotspots in patients during early lymphoscintigraphic imaging or only on late imaging related to 
primary tumour site. Other tumours are buccal mucosa, inferior alveolar process and soft palate tumours. FOM = fl oor of 

mouth
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Table 3 Distribution of hotspots considered to be sentinel nodes related to the time of imaging of the 
patients with additional hotspots detected during late imaging

Level of hotspots

Patient Primary tumour site Side Early imaging late imaging

1 Buccal mucosa R 1xIB R
1xIIA R
1xIV R

2xIB R

2 FOM R 1xIIA R
1xIII R

1xIIA L
2xIV L

3 FOM L 1xIIA L
1xIII L

1xIIA R

4 Mobile tongue R 1xIIA R 1xIA R
1xIIA R

5 Mobile tongue R 1xIIA R 1xIIA R
1xIV R
1xIV L

6 FOM M 1xIV L 1xIB R
1xIIA R

7 Soft palate M 1xIIA L 1xIIA R
1xIIB R

8 Mobile tongue R 1xIV R 1xIIA R

9 FOM R 1xV R 1xIIA R

10 Mobile tongue R 1xIB R 1xIIA R

11 Mobile tongue R 2xIIA R
2xIV R

1xIIA R
2xIII R
1xIV R

12 Mobile tongue R 1xIB R
1xIIA R

1xIII R

13 FOM L 1xV L 1xIB L
1xIIA L

14 FOM L 1xIIA L 1xIB R

FOM = floor of mouth; L = left; M = midline; R = right 
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DiSCuSSiON

In this study the additional value of late static imaging during preoperative lymphoscintigraphy was 
retrospectively assessed. Out of the 60 patients, late static imaging revealed additional hotspots considered 
to be SNs in 14/51 patients with hotspots on early imaging, whereas in nine patients hotspots were 
visualized only on late static imaging. In none (0/14) of the patients showing additional SNs during late 
imaging did these fi ndings lead to a change in treatment, altough the biopsy procedure in these patients 
was more extensive; that is, more incisions and more exploration of additional neck levels were necessary. 
Tumours in the oral cavity other than mobile tongue and FOM tumours seemed to have slower lymphatic 
drainage, since early lymphatic imaging was able to identify hotspots in only 29% of patients with these 
tumours. Because it is diffi  cult to conclude from small numbers, we believe that late lymphoscintigraphic 
imaging should be considered for these tumours to minimize the risk of false-negative results. Th e same 
is true for paramedian and midline tumours, for which bilateral drainage was observed in the majority 
(83%) of tumours, half of them visible only during late imaging. 

Th e EANM and SENT joint practice guidelines advice that late static imaging is necessary only in 
case of no clear visualization of hotspots during early imaging (4). However, there are only a few studies 
reporting on the diff erent time points of imaging, with incongruent results (6,7). As a consequence, there 
is no uniformly accepted lymphoscintigraphic imaging protocol with respect to SN identifi cation in oral 
and oropharyngeal cancer. Nieuwenhuis et al. (7) evaluated lymphoscintigraphy results of 82 head and 
neck squamous cell carcinoma patients and concluded that early dynamic imaging is superior to late 
static imaging; however, they did not perform a SN biopsy to confi rm the lymphoscintigraphic results. 
Some years later, the same group performed a histopathological validation study in 23 patients with 
T2-T4 oropharyngeal tumours planned for neck dissection. In these patients, 23 SNs were identifi ed 
preoperatively, and 30 additional radioactive lymph nodes were found in the neck dissection specimen. 
Lymph node metastases were always found in the SNs, whereas the 30 additional detected radioactive 
lymph nodes were free of tumour. On the basis of these results, they suggested performing biopsy only 
of the fi rst visualized SN (10). However, De Cicco et al. (6) performed both early and late imaging and 
they suggested that it is not necessary to perform early image registration, as all metastatic lymph nodes 
were detected on late static images. In their study, however, it seems that results of early image registration 
would also have correctly identifi ed the patients with a positive SN. Tartaglione et al. (11) recommend a 
1-day protocol, with an interval of about 3 h between dynamic lymphoscintigraphy and SN biopsy, to 
identify true SNs and avoid multiple and unnecessary node biopsies. 

In recent years, SPECT/CT has been used more frequently as an additional imaging tool for the 
detection and localization of SNs. In general, more hotspots are detected with this technique compared 
with planar lymphoscintigraphy (12-15). However, these results should be interpreted with caution. 
Although more hotspots are detected, this does not always mean that all these hotspots are true SNs: as 
the acquisition time of SPECT is much longer compared with that of planar lymphoscintigraphy, and 
SPECT imaging is often performed as the fi nal imaging procedure - that is, at a later time point after 
injection of 99mTc-Nanocoll - second echelon lymph nodes containing radiocolloid may become visible 
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on SPECT images. Furthermore, additonal hotspots detected next to the hotspot that was identified on 
planar lymphoscintigraphy should also be detected intraoperatively by the gamma probe. Therefore, we 
believe that SPECT/CT imaging is a helpful additional tool for detailed localization of a hotspot, but not 
for identification of true SNs. Recently, we developed a 89Zr-Nanocoll based tracer dedicated to PET/CT 
lymphoscintigraphy providing high-resolution images with visualization of connecting lymphatic vessels: 
this technique may be of additional value for identification of true SNs (16). 

In conclusion, our data indicate that routinely performed late static imaging is not necessary for the 
majority of oral cavity patients. Additional late lymphoscintigraphy should be performed if there are 
no hotspots visualized during early image registration. Moreover, we feel that late lymphoscintigraphy 
should be considered in case of tumours other than mobile tongue and FOM tumours, and if the tumour 
is located paramedian or in the midline. Performing additional late lymphoscintigraphy only in selected 
cases may reduce the extent of the SN biopsy procedure making it as minimal invasive as possible. Results 
of this study corroborate the current EANM and SENT guidelines.

ACkNOWlEDGEmENTS

This project was financially supported by the Cancer Center Amsterdam/VU Research Institute on 
Cancer and Immunology.

Thesis Heuveling_DEFINITIEF.indd   36 20-1-2014   9:10:03



37

rEfErENCES

1. Alkureishi LWT, Ross GL, Shoaib T, et al. Sentinel node biopsy in head and neck squamous cell cancer: 
5-year follow-up of a European multicenter trial. Ann Surg Oncol 2010;17:2459-2464

2. Broglie MA, Haile SR, Stoeckli SJ. Long-term experience in sentinel node biopsy in early oral and 
oropharyngeal squamous cell carcinoma. Ann Surg Oncol 2011;18:2732-2738

3. Paleri V, Rees G, Arullendran P, et al. Sentinel node biopsy in squamous cell cancer of the oral cavity and 
oral pharynx: a diagnostic meta-analysis. Head Neck 2005;27:739-747

4. Alkureishi LWT, Burak Z, Alvarez JA, et al. Joint practice guidelines for radionuclide lymphoscintigraphy 
for sentinel node localization in oral/oropharyngeal squamous cell carcinoma. Eur J Nucl Med Mol 
Imaging 2009;36:1915-1936

5. Bergqvist L, Strand SE, Persson BRR. Particle sizing and biokinetics of interstitial lymphoscintigraphic 
agents. Semin Nucl Med 1983;13:9-19

6. De Cicco C, Trifi rò G, Calabrese L, et al. Lymphatic mapping to tailor selective lymphadenectomy in 
cN0 tongue carcinoma: beyond the sentinel node concept. Eur J Nucl Med Mol Imaging 2006;33:900-
905

7. Nieuwenhuis EJC, Pijpers R, Castelijns JA, et al. Lymphoscintigraphic details of sentinel lymph node 
detection in 82 patients with squamous cell carcinoma of the oral cavity and oropharynx. Nucl Med 
Commun 2003;24:651-656

8. Shoaib T, Soutar DS, MacDonald DG, et al. Th e nodal neck level of sentinel lymph nodes in mucosal 
head and neck cancer. Br J Plast Surg 2005;58:790-794

9. Robbins KT, Clayman G, Levine PA, et al. Neck dissection classifi cation update: revisions proposed by 
the American Head and Neck Society and the American Academy of Otolaryngology-Head and Neck 
Surgery. Arch Otolaryngol Head Neck Surg 2002;127:751-758

10. Nieuwenhuis EJC, Van der Waal I, Leemans CR, et al. Histopathologic validation of the sentinel node 
concept in oral and oropharyngeal squamous cell carcinoma. Head Neck 2005;27:150-158

11. Tartaglione G, Vigili MG, Rahimi S, et al. Th e impact of superfi cial injections of radiocolloids and 
dynamic lymphoscintigraphy on sentinel node identifi cation in oral cavity cancer: a same-day protocol. 
Nucl Med Commun 2008;29:318-322

12. Haerle SK, Hany TF, Strobel K, et al. Is there an additional value of SPECT/CT over planar 
lymphoscintigraphy for sentinel node mapping in oral/oropharyngeal squamous cell carcinoma? Ann 
Surg Oncol 2009;16:3118-3124

13. Bilde A, Von Buchwald C, Mortensen J, et al. Th e role of SPECT-CT in the lymphoscintigraphic 
identifi cation of sentinel nodes in patients with oral cancer. Acta Otolaryngol 2006;126:1096-1103

14. Wagner A, Schicho K, Glaser C, et al. SPECT-CT for topographic mapping of sentinel lymph nodes 
prior to gamma probe-guided biopsy in head and neck squamous cell carcinoma. J Craniomaxillofac Surg 
2004;32:343-349

15. Vermeeren L, Klop WMC, Van den Brekel MWM, et al. Sentinel node detection in head and neck 
malignancies: innovations in radioguided surgery. J Oncol 2009:681746

16. Heuveling DA, Visser GWM, Baclayon M, et al. 89Zr-Nanocolloidal albumin-based PET/CT 
lymphoscintigraphy for sentinel node detection in head and neck cancer: preclinical results. J Nucl Med 
2011;52:1580-1584

Limited value of late lymphoscintigraphy

2

Thesis Heuveling_DEFINITIEF.indd   37 20-1-2014   9:10:03



Thesis Heuveling_DEFINITIEF.indd   38 20-1-2014   9:10:03



Evaluation of the use of freehand 
SPECT for sentinel node biopsy in 

early stage oral carcinoma

Derrek A. Heuveling, K. Hakki Karagozoglu,
Stijn van Weert, Remco de Bree 

partly published in:
Clinical Otolaryngology 2012;37:89-90

Chapter 3

Thesis Heuveling_DEFINITIEF.indd   39 20-1-2014   9:10:03



40

Chapter 3

ABSTrACT 

rationale. Inadequate intraoperative visualization of the sentinel node can hamper its harvest. Freehand 
SPECT is a 3D tomographic imaging modality based on the concepts of SPECT, which can be used for 
intraoperative visualization and navigation towards the sentinel node in order to improve its localization 
and removal during surgery.
methods. The use of freehand SPECT was evaluated during 29 sentinel node biopsy procedures in early 
stage oral cancer patients. Intraoperative detection of sentinel nodes was compared with preoperative 
identified sentinel nodes on lymphoscinitigraphic examination. Additional value of freehand SPECT was 
subjectively scored by the surgeon directly following the biopsy procedure.
results. Freehand SPECT was able to detect 95% of sentinel nodes intraoperatively. Most sentinel nodes 
not detected (3 out of 4) were located in level Ib of the neck. Freehand SPECT appeared to be of 
additional value for facilitating the intraoperative detection of sentinel node in 38% of procedures. 
Conclusion. The use of the freehand SPECT system is feasible in the intraoperative detection of sentinel 
nodes in early stage oral cancer. Freehand SPECT provides helpful information facilitating the SN biopsy 
procedure in a percentage of cases. However, freehand SPECT cannot always detect SNs which are 
located close to the injection site site. 
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iNTrODuCTiON

Th e sentinel node (SN) procedure is a diagnostic staging procedure which is increasingly used in early stage 
oral cancer (1). Th is procedure is more reliable than other diagnostic techniques in staging the clinically 
negative neck and is less invasive than elective neck dissection (2). Th e SN is defi ned as the fi rst draining 
lymph node from the primary tumour and is therefore at highest risk to be metastatically involved. Th e 
SN procedure consists of identifi cation, excision, and thorough histopathological examination of the 
SN. Th e most frequently used method to identify the SN is the triple identifi cation technique which 
consists of preoperative lymphoscintigraphy, using a 2D gamma camera or a 3D single photon emission 
computerized tomography (SPECT) device (lately frequently combined with CT), and intraoperative 
detection using patent blue staining and a handheld gamma probe (3). It is not uncommon that there is 
more than one SN detected in oral cancer as diff erent lymphatics may drain a certain area. 

With respect to intraoperative identifi cation of the SN, the complex anatomy of the head and neck area 
in combination with the abundant presence of lymph nodes can make the biopsy procedure challenging. 
Th e procedure is even more challenging in cases where the SN is located close to the injection site (1). 
When a SN is identifi ed close to the injection site, the handheld gamma probe is not always reliably 
able to diff erentiate the radioactivity uptake of the SN due to huge amount of radioactivity arising from 
the injection site (shine-through and shadowing eff ects). For the same reason it may be diffi  cult after 
excision of such a SN to verify removal of all radioactivity containing SNs in the same area using the 
handheld gamma probe. Finally, the value of blue dye in the head and neck area appears to be limited, 
i.e. frequently the SN is only radioactive and not stained blue, and in such cases the SN is not visible in 
real-time during the biopsy procedure (4).

Freehand SPECT is an innovative technique aiming to guide the surgeon to the exact localization 
of the SN. Freehand SPECT is a 3D tomographic imaging modality based on the imaging concepts 
of SPECT, but with the major diff erence of being based on data acquisition by a freehand scan 
using handheld detectors instead of gantry-based gamma cameras. Th e technology is designed to use 
conventional gamma probes for detection of radiation and positioning systems to determine the position 
of the detector relative to the patient. Based on the integration of the acquired set of probe read-outs and 
their position and orientation, the system is capable of generating 3D nuclear images similar to a SPECT 
image, thus providing intraoperative visualization of the SN (5,6). Th is study describes the fi rst series on 
the use of freehand SPECT for intraoperative SN detection in early stage oral cancer.

mETHODS

From March 2011 till August 2012, freehand SPECT was used in 29 patients with previously untreated 
early stage oral cancer (21 T1 lesions, 8 T2 lesions) who underwent a transoral excision and the SN 
procedure. In all patients, the neck was clinically negative and ultrasound guided fi ne needle aspiration 
cytology revealed no metastases. Th e primary tumour was located at the lateral tongue (n=20) or the 
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floor of mouth (n=9). The SN procedure was performed according the guidelines of the EANM and 
SENT group (3). In the 24-h period prior to surgery 100 MBq (divided over 4 aliquots of 0.15-0.20 
mL each) of 99mTc-labelled nanocolloid (Nanocoll; GE Healthcare, Eindhoven, The Netherlands) was 
injected peritumorally. Directly following injection, dynamic lymphoscintigraphic images were acquired 
followed by SPECT/CT imaging as described previously (7). After identification, the localization of the 
SN was marked on the overlying skin using a 57Co point source marker and confirmed with a 14-mm-
diameter conventional handheld gamma probe (Europrobe II; Eurorad, Strasbourg, France). At the start 
of surgery, 1 ml of patent blue V dye, diluted 1:3 (v/v) in water, was injected at 4 equally spaced points 
to completely surround the tumour. Subsequently, the position of the SN was verified using the freehand 
SPECT system (declipse SPECT; SurgicEye GmbH, Munich, Germany) before the skin incision was 
made.

Figure 1 (A) Planar lymphoscintigraphy (20 min p.i.) of a patient performed one day before surgery. One sentinel node 
(SN) was detected in level IIA on the right side. Patient is positioned with the head rotated to the left. The primary tumour 
is located at the lateral tongue on the right side. (B) Intraoperative visualization of the SN possible by an overlay of 3-dimen-
sional image date on live video of the patient. (C) 3-dimensional image of B in probe view showing depth and localization 
of SN and injection site in relation to the tip of the probe (sight). (D) Result of the scan after removal of the SN: there is no 

remaining radioactivity left, indicating a successful SN biopsy
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In our setup, the freehand SPECT system combines a gamma probe system (Crystal Probe, Crystal 
Photonics GmbH, Berlin, Germany), an infrared optical tracking system and a data processing unit (the 
two later integrated within the declipse SPECT system). Infrared markers were attached to the gamma 
probe in order to acquire its position. To reference a common coordinate system, a confi guration of 
optical markers was taped on the sternum or head and used to determine the position of the patient. Th e 
gamma probe was calibrated to include the 140-keV peak of 99mTc with an energy window of 40 keV. 
Th e collimator opening of the probe was approximately 40 degrees. To obtain 3D images, each area of 
preoperative identifi ed SN was separately scanned by moving the gamma probe in diff erent directions 
over the skin. Th e scan was stopped when the complete volume reached a suffi  cient information density 
(as indicated by the system) and thus a suffi  cient quality. Th e 3D navigation modus provides information 
about the direction and the distance of the SN in relation to the tip of the gamma probe and could be 
displayed real-time during the procedure. After excision of the SN the same area was scanned again 
and compared on-screen to the scan before excision to confi rm removal of all SNs. Figure 1 showed an 
example of the intraoperative use of freehand SPECT, and the correlation with preoperative fi ndings. 

Directly following the biopsy procedure, the surgeon was asked whether the information provided 
by the freehand SPECT system (i.e. exact localization and 3D guidance towards the SN including 
information about depth) was of any additional help compared to the normal gamma probe function 
using acoustic signals. To this end, a subjective scoring system ranging from 1 to 4 was used: 

1) the use of freehand SPECT could not reliably be used 
2) the use of freehand SPECT could reliably be used, but provided no additional helpful   

 information
3) the use of freehand SPECT provided additional helpful information for localization of   

 the SN
4) the use of freehand SPECT was defi nitly helpful for localization of the SN 

Statistics

Excel software (Microsoft Corporation, Seattle, Washington, USA) was used for descriptive statistics, 
and Fisher exact was used to assess the diff erence of intraoperative detection of level Ib lymph nodes in 
fl oor of mouth tumours and tongue tumours. A two-sided signifi cance level of p < 0.05 was considered 
statistically signifi cant.

Intraoperative use of freehand spect
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rESulTS

On preoperatively performed imaging, a total of 67 SNs were visualized (median 2 SNs per patient, range 
1-5) . During surgery, at least one SN could be detected in all patients using freehand SPECT, with 69 
SNs harvested in total (median 2 SNs per patient, range 1-5). Four preoperatively identified SNs in 3 
patients could not be detected intraoperatively using freehand SPECT: two SNs located in level Ib and II 
in a patient with a floor of mouth tumour, one SN in level Ib in a patient with a floor of mouth tumour, 
and one SN in level Ib in a patient with a lateral tongue tumour. Two of these patients underwent a neck 
dissection because of a metastatic SN, with no lymph node metastasis detected in the missed levels. The 
other patient did not have metastasis in the SN and is locoregionally free of disease with a follow-up time 
of 12 months. This resulted in a detection rate of 95% (69/73). In total, there were 17 SNs visualized in 
level Ib on preoperatively performed lymphoscintigraphic imaging, of which 8 of 17 were identified in 
patients with a floor of mouth tumour. As mentioned above, in 2 patients with a floor of mouth tumour 
the SN in level Ib could not be harvested intraoperatively. The intraoperative detection rate of level Ib 
SNs was therefore 75% (6/8) in floor of mouth tumours versus 88% (8/9) in lateral tongue tumours (p 
= 0.58). 

Of the 69 removed SNs, only 25 of 69 (36%) were hot and blue, none (0%) of the harvested SNs 
stained blue only. After excision of SNs, repeated freehand SPECT scanning showed in none of the 
patients remaining radioactivity considered to be a SN. 

Figure 2 shows the results of the subjective scoring system of the use of freehand SPECT 
intraoperatively. In 11 of 29 patients (38%), the use of freehand SPECT provided additional helpful 
information in order to find the SN. In one of these patients, only freehand SPECT was able to detect a 
SN which was located near to the primary tumour, which could not be localized using the acoustic signal 
of the gamma probe only or by blue staining (Figure 3). In 16 of 29 patients (56%), freehand SPECT 
added no relevant information to the sentinel node biopsy procedure. In these patients, the acoustic 

Figure 2 Additional value of freehand SPECT as assessed by a subjective scoring system. 
1 = freehand SPECT could not reliably be used
2 = freehand SPECT could reliably be used, but provided no additional helpful information; 
3 = freehand SPECT provided additional helpful information for localization of the SN; 
4 = freehand SPECT was definitly helpful for localization of the SN
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signal of the gamma probe and, in some patients, the blue staining guided the SN biopsy procedure 
accurately. In 2 of 29 patients (7%), the use of freehand SPECT made the procedure more complicated, 
because of confusion about the localization of the SN caused by movement artefacts of the reference 
targets or tissue surrounding the SN. 

Six of 29 (21%) patients had a tumour positive SN, and all six patients underwent a staged neck 
dissection. All 18 patients without metastasis in the SN are free of disease with a median follow-up time 
of 17 months (range 11 - 28 months).

DiSCuSSiON

Freehand SPECT generates 3D images during the SN biopsy providing the surgeon information about 
the direction and depth of the SN in relation to the probe (5,6). Promising results of freehand SPECT in 
breast cancer patients have been reported (6).

Freehand SPECT may aid the process of surgical excision of the SN in the head and neck area in 
several ways. First, the position of the head and neck during surgery may be slightly diff erent from 
the position used during preoperative lymphoscintigraphy. As a consequence, the position of the skin 
mark may be less reliable. Freehand SPECT makes in situ planning of the biopsy possible which may 
contribute to an optimized incision site. Second, the possibility of generating images during surgery 
could be used again after sentinel node biopsy, but before closing the wounds, in order to confi rm that all 
radioactivity containing lymph nodes are actually harvested. In this way remaining SNs can be excluded. 
Th ird, more precise information on the localization of the SN, i.e. information about direction and 
depth, may reduce the risk of damaging vulnerable structures such as nerves and vessels in the neck 

Figure 3 (A) Planar lymphoscintigraphy (20 min p.i.) of a patient performed one day before surgery demonstrating 3 
hotspots of which hotspot number 3 is located close to the injection site: level Ib on the left side. Patient is positioned with the 
head rotated to the left. Th e primary tumour is located anteriorly at the lateral tongue on the right side (B) Intraoperative 
visualization of hotspot number 3 using freehand SPECT. Th e corresponding lymph node was not detected using the acoustic 
signal of the conventional gamma probe, due to the interference of the radioactivity arising from the injection site. (C) Image 
of 3-dimensional navigation view which shows the depth and localization of this sentinel node in relation to the tip of the 
probe (sight). In this image, the tip of the probe was in close contact with the sentinel node as demonstrated by the measured 

distance of 1 mm
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improving safety during surgery. In the complex area of the neck, this information should be particularly 
useful in identification of a deep lying SN or a SN located in close spatial relation to the injection site or 
other hotspots. In this series, these features were of additinal help in 38% of patients, which may have 
lead to less tissue damage and more reliable SN procedure. Whether the use of freehand SPECT was 
able to detect SNs in close proximity of the primary tumour even better compared to the conventional 
gamma probe remains unclear. Even with the use of freehand SPECT, the detection rate of level Ib 
SNs of floor of mouth tumours seems lower compared to the detection of such nodes in case of lateral 
tongue tumours (75% vs. 88%). This may suggest that freehand SPECT also experiences difficulties in 
detection of SNs located near the injection site. Other innovative techniques that have been suggested 
to improve intraoperative detection are the use of an intraoperative portable gamma camera (8) and 
near-infrared fluorescence imaging (9). Especially the use of near-infrared fluorescence imaging may 
be of additional help in case of detection of a SN close to the injection site, because with the use of 
near-infrared fluorescence imaging there is no “shine-through” phenomenon as could be observed when 
using radioactivity, however penetration of light is only a few millimetres in depth Both techniques are 
promising and maybe complementary, but this needs to be validated.

This is the first series on the use of a freehand SPECT system to identify SNs in oral cancer. 
Freehand SPECT was able to identify 95% of SNs intraoperatively which were found on preoperative 
lymphoscintigraphy and was of additional help in the identification of the SN in 38% of patients. In 
2 patients, however, the use of freehand SPECT resulted in confusion about the localization of the SN 
during surgery, due to movement artefacts. Further technical improvements of the device are under 
development in order to improve the performance of freehand SPECT. With respect to the detection 
of SNs near the primary tumour, the current implementation of freehand SPECT seems to experience 
comparable difficulties as observed with the conventional gamma probe use. The real additional value, 
therefore, is difficult to assess in this small number of patients. 

CONCluSiON

In conclusion, the use of the freehand SPECT system is feasible in the intraoperative detection of sentinel 
nodes in early stage oral cancer. Freehand SPECT provides helpful information facilitating the SN biopsy 
procedure in a percentage of patients, potentially minimizing morbidity due to less extensive surgical 
exploration. However, the use of freehand SPECT cannot always detect SNs which are located near the 
injection site. 
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ABSTrACT

rationale. Identifying sentinel nodes near the primary tumour remains a problem in, for example, head 
and neck cancer because of the limited resolution of current lymphoscintigraphic imaging when using 
99m-technetium (99mTc-) Nanocoll. This study describes the development and evaluation of a Nanocoll-
based tracer specifically dedicated for high-resolution PET detection. 
methods. The positron emitter 89-zirconium (89Zr) was coupled to Nanocoll via the bifunctional 
chelate p-isothiocyanatobenzyldesferrioxamine B. 89Zr-Nanocoll was analyzed by instant thin-layer 
chromatography (ITLC) and atomic force microscopy (AFM), with 99mTc-Nanocoll as reference 
radiocolloid. For in vivo biodistribution and imaging experiments a rabbit lymphogenic metastatis 
model was used. Sentinel node identification by 89Zr-Nanocoll was evaluated by dynamic PET or PET/
CT imaging (12 tumours) and results were compared with conventional planar lymphoscintigraphy (4 
tumours). To allow for comparative biodistribution studies, 89Zr- and 99mTc-Nanocoll were coinjected 
around 12 tumours, followed by obduction 0.5 h, 1 h, and 3 h later. Draining lymph nodes and non-
lymphatic tissues were collected, and the uptake of the radiocolloids assessed and expressed as percentage 
of the injected dose per gram tissue (%ID/g).
results. Coupling of 89Zr to Nanocoll appeared to be efficient, resulting in a stable product with a 
radiochemical purity greater than 95%. Particle size was 12.7 ± 0.6 nm, comparable to that of 99mTc-
Nanocoll (14.9 ± 0.5 nm) and native Nanocoll (13.8 ± 0.8 nm). PET imaging showed distinguished 
uptake of 89Zr-Nanocoll in the sentinel nodes, with visualization of lymphatic vessels and with a 
biodistribution pattern comparable to 99mTc-Nanocoll. 
Conclusion. 89Zr-Nanocoll is a promising tracer for sentinel node detection by PET. 
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iNTrODuCTiON

Th e sentinel node (SN) procedure is applied in a variety of tumour types, including head and neck 
squamous cell carcinoma (HNSCC) (1,2). Although, in general, results in HNSCC are good, adequate 
detection of the SN in fl oor of mouth (FOM) tumours, compared with other sites, appeared problematic, 
as illustrated by signifi cantly lower sensitivity and negative predictive value (1). Th is is probably due to 
the short distance between the primary tumour and the fi rst draining lymph nodes (SNs) in combination 
with the limited resolution of planar lymphoscintigraphy and single photon emission computed 
tomography (SPECT). Th e injection site (around the primary tumour) produces a large focus of intense 
activity on planar lymphoscintigraphy, possibly hiding SNs near the primary tumour. As a result, second 
echelon lymph nodes may erroneously be considered as SNs; this is also true for SPECT: the added value 
of detecting foci hidden at planar scintigraphy may be off set by its lack of dynamic information with the 
typically fast kinetics of lymph drainage in HNSCC. 

Positron emission tomography (PET) provides dynamic 3-dimensional information at a higher 
spatial resolution than achievable with a gamma camera. Th eoretically, these characteristics may better 
diff erentiate between the fi rst and second echelon nodes. To the best of our knowledge, no PET 
radiocolloids specifi cally dedicated to lymphatic mapping are clinically available yet. Th e aim of this 
study was to develop and evaluate in a rabbit lymphogenic metastatis model a 89-zirconium (89Zr, 
t1/2=78.4 h) Nanocoll-based PET radiocolloid dedicated to SN detection. Results were compared with 
99m-technetium99mTc-Nanocoll (99mTc, t1/2=6 h).

mATEriAlS AND mETHODS

materials

All reagents were purchased from Sigma-Aldrich (St. Louis, MO) unless otherwise stated. Deionised 
water (18 MΩ*cm) was used. p-isothiocyanatobenzyldesferrioxamine B (Df-Bz-NCS) was purchased 
from Macrocyclics (cat. No. B705). Nanocoll was purchased from GE Healthcare (Eindhoven, Th e 
Netherlands) as a 0.5 mg kit for the labeling of colloidal human serum albumin with 99mTc. [99mTc]
Pertechnetate (99mTcO4

-) was obtained from a (99Mo/99mTc) Ultra-TechneKow® FM generator. [89Zr]
Zr-oxalate in 1.0 M oxalic acid (≥ 0.15 GBq/nmol) was from IBA molecular (www.iba.be/molecular). 
Th e buff er used for 89Zr-Nanocoll production consisted of 7.35 mg/mL sodium citrate with 0.7 mg/
mL polysorbate 80 diluted in deionized water, pH=6.5, and is further referred to as polysorbate-citrate 
buff er, pH=6.5. VX2 tumour cells were kindly provided by Dr. RJ van Es (Department of Oral and 
Maxillofacial Surgery, University Medical Center Utrecht, Utrecht, Th e Netherlands) (3). Female 
rabbits (HsdIf:NZW), weighing 1.5-2.5 kg were purchased from Harlan Laboratories (Hillcrest, United 
Kingdom).

Pet/ct lymphoscintigraphy: preclinical results
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Preparation of 89Zr-Nanocoll and 99mTc-Nanocoll

The 0.5 mg Nanocoll kit was premodified with Df-Bz-NCS and labeled with 89Zr essentially according 
to the protocol in Table 1. 99mTc-Nanocoll was prepared according to the manufacturer’s information (4).

Analysis

Labeling kinetics and radiochemical purity were determined by instant thin-layer chromatography 
(ITLC) using silica gel-impregnated glass fiber sheets (Gelman Sciences, Ann Arbor, Michigan, USA). 
For ITLC analysis of 89Zr-Nanocoll, citrate buffer (20 mmol/L, pH 5.0) with 10% acetonitrile was used 

Table 1 Labelling protocol of 89Zr-Nanocoll

Step Procedure

1 950 μL of polysorbate-citrate buffer*, pH 6.5, are added to 1 vial of Nanocoll (0.5 mg)

2 45 μL of 0.1 M Na2CO3 are added to reach a pH of 9

3 167 nmol of Df-Bz-NCS† are added in 20 μL of dimethyl sulfoxide (in 4 x 5 μL steps)

4 Solution is incubated for 30 min at 37ºC

5 Nonconjugated Df-Bz-NCS is removed by size-exclusion chromatography using 1 PD10 column 
(GE Healthcare) and polysorbate-citrate buffer, pH 6.5, as eluent‡

modification is now completed, resulting in Df-Bz-NCS-Nanocoll

6 200 μL of 89Zr-oxalate§ (20-25 MBq) are added to wobbling reaction vial.

7 90 μL of 2 M Na2CO3 are added

8 After 3 min, the following solutions are added: 
300 μL of 0.5 M N-(2-hydroxyethyl)piperazine-N’-(2-ethanesulfonic acid) buffer, pH 7.0
710 μL of Df-Bz-NCS-Nanocoll (0.18 mg)
700 μL of 0.5 M N-(2-hydroxyethyl)piperazine-N’-(2-ethanesulfonic acid) buffer, pH=7.0
 Start of reaction, 0 min

9 At 60 min, reaction mixture is purified (1 PD10 column; eluent polysorbate-citrate buffer, pH 
6.5) ‡

labelling is now completed, resulting in 89Zr-Nanocoll

*This buffer consists of 7.35 mg sodium citrate per milliliter, with 0.7 mg polysorbate 80 per milliliter in 
deionized water, pH 6.5.
†167 nmol Df-Bz-NCS corresponds to 20-fold molar excess of Df-Bz-NCS to Nanocoll.
‡ Elution pattern: Flow-through and first 1.5 mL are discarded. Next 2 mL contain Df-Bz-NCS-Nanocoll 
(step 5) or 89Zr-labelled Nanocoll (step 9).
§ 89Zr-oxalate in 1.0 M oxalic acid.
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as the mobile phase. For 99mTc-Nanocoll, the mobile phase was methanol:water (85:15 v/v). Rf values 
were Rf=0-0.1 for 89Zr/99mTc-Nanocoll and Rf=0.7-1.0 for free 89Zr/99mTc. 

For comparison of the particle size of 89Zr-Nanocoll and 99mTc-Nanocoll, both colloids were analysed 
by atomic force microscopy (AFM), a single-particle technique that has successfully been used to 
characterize a wide variety of nanometer-sized proteinaceous assemblies (5-7). In addition, native Nanocoll 
in polysorbate-citrate buff er, pH=6.5, diluted to a concentration of 0.10 mg/mL, was included in this 
analysis to determine whether the modifi cation of Nanocoll with Df-Bz-NCS and subsequent labelling 
with 89Zr altered the particle size of the colloids. Th e atomic force microscope (Nanotec Electronica, 
Tres Cantos, Spain) was operated in jumping mode, and all experiments were performed in liquid. 
Rectangular cantilevers (RC800PSA; Olympus) with a nominal tip radius of 20 nm and spring constant 
of 0.05 N/m were used to image the colloid particles. Colloid samples were deposited on a freshly cleaved 
mica substrate, and incubated for 10 min before they were analyzed by AFM. Height measurements on 
the immobilised particles were performed in an automated way (home-written program in LabView; 
National Instruments) to obtain the particle size distribution.

Th e rabbit vX2 auricle carcinoma model

Rabbits bearing auricular VX2 carcinoma were used for in vivo evaluation of radiocolloids. Th is auricular 
VX2 carcinoma animal model is attractive for evaluating SN detection procedures in HNSCC, since 
after inoculation of tumour cells into the ear arising tumours tend to metastasize lymphatically. Th e fi rst 
lymph node that will be metastatically involved is the parotid lymph node (Figure 1A). In general, this 
will be the only lymph node containing metastasis until 21 days after induction of the primary tumour 
(Figure 1B), and therefore this lymph node is considered to be the SN in this model. At a later stage, 
metastases may also be found in the caudal mandibular lymph nodes and fi nally hematogenic spread can 
occur. Before starting current experiments at our department, we reproduced the results of Dünne et 
al. (8), describing the incidence and kinetics of metastasis formation in the VX2 model. Th e consistent 
lymphogenic metastatic spread of the tumour and the accessibility of the lymph nodes for surgery makes 
this a very suitable model for evaluation of SN detection (3,8,9). 

VX2 carcinoma cell suspension (0.15-0.25 mL, containing 25-30 x 106 VX2-tumour cells), obtained 
after intramuscular passaging of tumours via the hind limb in other rabbits, was injected in both ears 
essentially as described by Dünne et al. (8). If tumour growth occurred, the animals were used for imaging 
and biodistribution experiments 2-3 weeks after injection of the VX2 carcinoma cell suspension. For the 
injection of the tumour cell suspension and the radiocolloids as well as for imaging procedures, animals 
were anaesthetized with a combination of dexmedetomidine (0.5 mg/kg, Dexdomitor®) and ketamine 
(100 mg/mL, Ketamine® 10%), while maintenance during scanning was performed with isofl urane 
(1.5-2%) inhalation analgesia. Animals were euthanized with an overdose pentobarbital i.v. (200 mg/
ml, Euthasol® 20%). All animal experiments were performed in accordance with Dutch animal welfare 
regulations and Dutch national law (“Wet op de dierproeven”, Stb 1985, 336).
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imaging experiments

Administration of radiocolloids occurred always via 3-4 peritumoral subcutaneous injections of 0.15-
0.25 mL each. To evaluate the distribution of 99mTc-Nanocoll in the auricular VX2 carcinoma model, 
4 tumour-bearing rabbits were unilaterally imaged using a gamma camera (e.cam dual-detector camera; 
Siemens Medical Solutions, Illinois, USA). Dynamic imaging was started immediately after injection of 
99mTc-Nanocoll (5-10 MBq) and consisted of 10 frames of 1 min. Static images were acquired at 10 min 
after injection. 

PET (HRRT PET scanner; Siemens/CTI, Knoxville, Tennessee, USA) (10) or PET/CT (Philips 
Gemini TF64; Eindhoven, The Netherlands) (11) imaging was performed on 6 rabbits with tumours 
in both ears (n = 12). Two animals received only 89Zr-Nanocoll (5 MBq) and the other 4 rabbits were 
injected with a mixture of 89Zr- and 99mTc-Nanocoll (5-10 MBq each). Coinjection with 99mTc-Nanocoll 
was performed to allow for comparative biodistribution studies. No substantial interference of 99mTc 
during PET was anticipated. Dynamic imaging was started immediately after injection and consisted of 
a 1-h scan sorted into 26 frames (12 x 5 s, 4 x 15 s, 3 x 60 s, 4 x 150 s, and 3 x 900 s). 

Biodistribution study

To compare the biodistribution of 89Zr-Nanocoll with the reference 99mTc-Nanocoll, both radiocolloids 
were coinjected around 12 tumours in 6 rabbits. Two animals were euthanized 30 min after coinjection 
of the radiocolloids, without PET, and the other 4 animals were euthanized after finishing the imaging 
experiments were finished, that is, at 1 and 3 h after injection. Five min before the animals were 
euthanized, blue dye (patent blue V) was injected peritumorally in the same way as the radiocolloids, 
facilitating identification of the lymph nodes. After preparation of a skin flap, (enlarged) parotid and 
caudal mandibular lymph nodes were identified and harvested bilaterally. Besides the lymph nodes, the 
following nonlymphatic tissues were removed: skin and muscle from the hind limb, heart, lung, liver, 

Figure 1 (A) Rabbit VX2 auricular carcinoma model. T=tumour, 1=parotid lymph node (sentinel node), 2=caudal man-
dibular lymph nodes. (B) Metastatic involvement of the parotid lymph node 21 days after inoculation of tumour cells in 

the ear (HE staining, 25x)
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spleen, and sternum. Blood was also collected. After weighing, radioactivity in each sample was assessed in 
a gamma counter (Wallac; Turku, Finland), using the corresponding window settings for 99mTc and 89Zr 
(for the 140- and 909 keV gamma energy, respectively). In this dual-isotope measurement, corrections 
for crossover from 89Zr into the 99mTc window were performed using a standard of each radionuclide. 
Radioactivity uptake was calculated as the percentage injected dose per gram of tissue (%ID/g), corrected 
for radioactive decay.

Statistics

Th e square of Pearson correlation coeffi  cient r (R2, determined using Excel [Microsoft]) was used to study 

the correlation between tissue uptake of 89Zr-Nanocoll and 99mTc-Nanocoll.

Figure 2 Nanocoll size distribution as assessed by atomic force microscopy imaging. (A) Atomic force microscope image of 
Nanocoll particles with height profi les of three selected particles. Due to the tip-sample convolution, which is inherent to 
atomic force microscopy imaging, the lateral dimensions are overestimated in the fi gure. However, the height is a represen-
tative measure for the particle size. (B) Size distribution of 89Zr-labelled, 99mTc-labelled, and unlabelled (native) Nanocoll 
particles as assessed by atomic force microscopy imaging. Number of analyzed particles was for 89Zr-Nanocoll 112; for 99mTc-

Nanocoll, 167; and for native Nanocoll, 95

rESulTS

radiolabelling

Labelling of premodifi ed Nanocoll (180 μg) with 89Zr proved reproducible, with an overall labeling yield 
of 70%-75%. After PD10 purifi cation, radiochemical purity always exceeded 95% and remained stable 
on storage for at least 24 h. Labelling of native Nanocoll, that is, without premodifi cation with the Df-
Bz-NCS chelate, showed less than 1% labelling. Labelling of Nanocoll with 99mTc resulted in a labelling 
yield and radiochemical purity greater than 95%. Th e plots of the particle size distribution are shown in 
Figure 2. Th e average size of the 89Zr- Nanocoll particles was 12.7 ± 0.6 nm; for 99mTc-Nanocoll, this was 
14.9 ± 0.5 nm, and for native Nanocoll, 13.8 ± 0.8 nm.

Pet/ct lymphoscintigraphy: preclinical results
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imaging studies

In all tumours injected with either 99mTc-Nanocoll or 89Zr-Nanocoll, drainage occurred rather fast: 
within 5 min after injection, 2 foci of intense activity were already visible on planar lymphoscintigraphy 
(Figure 3A) and on PET images (Figure 3B), their localizations corresponding to the parotid and caudal 
mandibular lymph nodes and was best demonstrated by PET because with this technique, 3-dimensional 
images providing high-resolution visualization of connecting lymphatic vessels are acquired (Figure 4). 
No other lymph nodes were visualized on any of the images. On all images, a slight uptake of radioactivity 
in the liver and spleen, explained by the known catabolic route of Nanocoll, was observed (4).

Figure 3 (A) Static planar lymphoscintigraphy image (10 min after injection of 99mTc-Nanocoll). (B) PET image (15 min 
after injection of 89Zr-Nanocoll). In this slide, contralateral injection site (*) is also visible. On both images, parotid lymph 

node (large arrow) and caudal mandibular lymph node (small arrow) are clearly visible. i=injection site; L=liver

Biodistribution studies

In all animals (enlarged) parotid lymph nodes and caudal mandibular lymph nodes could be visualized 
by blue staining, and these could easily be excised. Other regional lymph nodes were neither enlarged nor 
stained blue. Results of tissue uptake of 99mTc- and 89Zr-Nanocoll are presented in table 2. Uptake in the 
lymph nodes was similar, ranging from 0.2 to 58.6 %ID/g and 0.2 to 60.2 %ID/g for 89Zr-Nanocoll and 
99mTc-Nanocoll, respectively, with a Pearson correlation coefficient r of 0.975 (R2 = 0.95). Low uptake of 
both radiocolloids was observed in nonlymphatic tissues, with some isotope-specific differences.
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DiSCuSSiON

In the present study, we describe a method for effi  cient and inert labelling of Nanocoll with 89Zr using 
the bifunctional desferal chelate Df-Bz-NCS, which was previously introduced for the coupling of 89Zr 
to intact monoclonal antibodies (12,13)., Stable 89Zr-Nanocoll radiocolloid was produced using this 
method. Th e developed labelling conditions did not aff ect the particle size, an important parameter that 
mainly determines kinetics and lymphatic uptake of the radiocolloid (14). In addition, uptake of 89Zr-
Nanocoll in the draining lymph nodes as observed in PET and biodistribution experiments was fully 
consistent with 99mTc-Nanocoll uptake.

For the premodifi cation of Nanocoll, an important factor appeared to be the pH, which should 
be greater than 6.0 to avoid precipitation of the colloid. For this reason the tetrafl uorophenol-N-
succinyldesferal (TFP-N-sucDf) chelate, which has been used for coupling of 89Zr to proteins before, 
could not be used (15). Th e TFP-N-sucDf route requires a step at pH 4.0 to remove stable iron [Fe(III)] 
from the temporarily fi lled Df chelate and therefore appeared unsuitable for Nanocoll. Th e Df-Bz-NCS 
chelate, however, allows a simple labelling procedure consisting of premodifi cation of Nanocoll at a 
pH of 9.0, labelling of Df-Bz-NCS-Nanocoll with 89Zr at a pH of 7.0, and storage of 89Zr-Nanocoll in 
polysorbate-citrate buff er at a pH of 6.5. No diffi  culties were observed with respect to precipitation of 
Nanocoll following this route, and 89Zr-Nanocoll with a radiochemical purity greater than 95% can be 
produced.

Table 2 Tissue uptake of 99mTc- and 89Zr-Nanocoll

Tissue
No. of 
samples

%iD/g 99mTc-Nanocoll
(mean ± SEm†)

%iD/g 89Zr-Nanocoll
(mean ± SEm†)

R2*

lymph nodes

Parotid lymph node 12 10.5 ± 9.4 10.4 ± 10.1 0.99

Caudal mandibular 
lymph node

12 23.5 ± 18.1 20.0 ± 18.1 0.95

Nonlymphatic tissue

Liver 6 0.219 ± 0.158 0.233 ± 0.100 0.93

Spleen 6 0.397 ± 0.056 0.412 ± 0.054 0.86

Lung 6 0.017 ± 0.009 0.017 ± 0.008 0.63

Sternum 6 0.019 ± 0.020 0.019 ± 0.015 0.93

Skin 6 0.007 ± 0.007 0.005 ± 0.005 0.82

Muscle 6 0.004 ± 0.005 0.003 ± 0.005 0.96

Blood 6 0.012 ± 0.008 0.009 ± 0.003 0.55
*R2 is correlation between uptake of 99mTc-Nanocoll and 89Zr-Nanocoll
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Two quality tests are required regarding the clinical use of 99mTc-Nanocoll, namely the radiochemical 
purity (RCP) and the particle size. For clinical release of 99mTc-Nanocoll, an ITLC test is required to show 
that the RCP is greater than 95%. For 89Zr-Nanocoll the eluent 85:15 methanol:water had to be changed 
into 10:90 acetonitril:citric acid 20 mM, pH = 5.0. This resulted in a reliable method to determine the 
RCP of 89Zr-Nanocoll.

The second important characteristic is the particle size of the radiocolloid because this parameter 
determines the kinetics of the lymphatic uptake of the radiocolloid (14). Particles that are too large might 
remain trapped at the injection site and thus will not enter the lymphatic vessels. In contrast, particles 
that are too small might enter lymphatic vessels very easily, but might also pass very rapidly through the 
SN. Therefore, particles should have a size that enables lymphatic drainage and accumulation in the 
SN for a longer time-interval to allow for detection during surgery, often hours after injection. Since 
the premodification with Df-Bz-NCS and the subsequent labeling with 89Zr might affect the particle 
size of Nanocoll, particle size measurements were performed by AFM. Results of these measurements 
showed no difference between native Nanocoll and 89Zr-Nanocoll. Furthermore, the particle size of 89Zr-
Nanocoll showed to be similar to the particle size of 99mTc-Nanocoll and is in good agreement with 
literature (16-18).

With the introduction of SPECT/CT, functional and anatomical information has become available 
at the same time. Several studies have been performed aiming to evaluate the use of SPECT/CT in early 
stage oral cavity carcinoma, including FOM tumours (19-26). Besides a better anatomic orientation, 
most studies suggest a potential benefit of SPECT/CT since it identified additional hotspots not seen 
on planar lymphoscintigraphy in 7-47% of patients. For example, Bilde et al. showed that SPECT/CT 
identified 107 hotspots compared to 88 hotspots identified by planar imaging, in 47% of the patients. In 
12/15 patients, these foci were located in other neck levels than the original hotspots at planar imaging 
(23). However, it may remain difficult or impossible to establish which are true SNs rather than second 
echelon ones. The ultimate proof of whether a focus is a SN is visualization of an afferent lymphatic 
vessel. Hence if more than 1 lymph node is labelled, dynamic imaging is required for interpretation, and 
is feasible with PET (Figure 5). While several studies suggested a better identification of SNs adjacent 
to the primary tumour by SPECT/CT (20-24), other studies showed no benefit (26,27). The study of 
Haerle et al. (n = 58), for example, revealed difficulties in detecting SNs in the submandibular region 
close to the injection site on planar lymphoscintigraphy as well as for SPECT/CT (26). It remains to be 
shown whether the spatial resolution of PET will indeed improve the feasibility of SN detection in FOM 
tumours.

Because Nanocoll is widely accepted for human use, and the developed 89Zr-labelling procedure is 
compliant with good manufacturing practices, starting clinical studies with 89Zr-Nanocoll should be easy. 
The use of a radionuclide with a long half-life could be justified by the low amount of radioactivity (i.e., 
~5 MBq) that is needed to obtain satisfactory imaging results. This 5 MBq of 89Zr corresponds to an 
effective dose equivalent of 0.15 mSv, whereas the effective dose is 0.44 mSv for the 110 MBq of 99mTc-
Nanocoll that is normally used for SN detection.
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CONCluSiONS

Th is study describes the production and preclinical evaluation of 89Zr-Nanocoll, a PET tracer specifi cally 
dedicated for lymphoscintigraphy by PET/CT. No diff erences were observed between 89Zr- and 99mTc-
Nanocoll regarding radiochemical purity, particle size, SN detection by imaging, and uptake in the 
regional lymph nodes, indicating the inertness of coupling of 89Zr to Nanocoll. Th ese results justify 
evaluation of 89Zr-Nanocoll in a clinical setting. 
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Figure 4 (A) PET/CT image 30 min after injection (i) of 89Zr-Nanocoll. (B) Dynamic PET images after injection of 
89Zr-Nanocoll around left ear tumour. Aff erent (a) and eff erent (e) lymphatic vessels are clearly visible in time, allowing 
identifi cation of true SN. Contralateral injection site (*) with draining lymphatic vessel, which was injected earlier, is also 
visible in this slide. Uptake of 89Zr-Nanocoll in sentinel lymph node (large arrow) and second echelon lymph node (small 

arrow) is clearly visible on both images
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ABSTrACT

rationale. With conventional imaging techniques such as planar lymphoscintigraphy and SPECT/CT, 
preoperative sentinel node (SN) identification can be difficult when the SN is near the primary tumour, 
as is the case in floor of mouth carcinomas. PET/CT lymphoscintigraphy may improve the detection 
and localization of such SNs.
methods. In this study, the clinical feasibility of PET/CT lymphoscintigraphy using 89Zr-Nanocoll 
was evaluated in 5 oral cancer patients. PET/CT lymphoscintigraphy was performed after peritumoral 
injection of 89Zr-Nanocoll. The routine SN procedure, including SPECT/CT using 99mTc-Nanocoll, was 
performed on the same patients 7-9 d after the injection of 89Zr-Nanocoll.
results. Comparison of radiocolloid distribution on PET/CT and SPECT/CT showed identical 
drainage patterns. Moreover, PET/CT was able to identify additional foci near the primary tumour.
Conclusion. This pilot PET/CT study on SN detection indicated that lymphoscintigraphy using 89Zr-
Nanocoll is feasible. 
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iNTrODuCTiON

Sentinel nodes (SNs) in the close proximity of a primary tumour can be hidden by the high amount of 
radioactivity at the injection site. In such cases, the resolution of planar lymphoscintigraphy and SPECT/
CT is limited (1). For oral cancer, this is especially true for tumours located in the fl oor of mouth (FOM) 
that drain to lingual lymph nodes or level I lymph nodes (2,3), which may explain the signifi cantly lower 
sensitivity of the SN procedure for FOM tumours than for other sites in the oral cavity (80% vs. 97%) 
(4).

PET/CT provides dynamic 3-dimensional information at a higher spatial resolution and, thus, 
improves anatomic localization – of particular importance in the complex anatomy of the neck, with its 
abundant lymph nodes (i.e., about 150 on each side. In addition, improved visualization of lymphatic 
vessels may result in better diff erentiation between fi rst and second echelon lymph nodes. Th erefore, we 
hypothesized that PET/CT might perform better than gamma camera-based techniques.

Recently, we developed 89-zirconium (89Zr)-Nanocoll for lymphatic mapping and SN detection 
using PET/CT. Th e potential of this tracer was shown preclinically in a rabbit lymphogenic metastasis 
model (5). 

Th e present study aimed to evaluate the feasibility of PET/CT lymphoscintigraphy using 89Zr-
Nanocoll in patients with early stage oral cavity carcinoma, and to obtain initial clinical experience in a 
head-to-head comparison with gamma camera-based imaging using 99mTc-Nanocoll. 

PATiENTS AND mETHODS

Patients

Th e study included 5 previously untreated patients with early stage oral cancer who were scheduled 
for transoral excision and the SN procedure. Each patient had a clinically negative neck as assessed 
by ultrasound-guided fi ne needle aspiration cytology. Th ree of the patients had a paramedian fl oor of 
mouth carcinoma, and 2 had a lateral tongue carcinoma. Th e study was approved by the Medical Ethics 
Committee of the VU University Medical Center and the National Competent Authority. All patients 
gave written informed consent before inclusion.

Preparation of 89Zr- and 99mTc Nanocoll

89Zr (955 ± 167 MBq/mL; t1/2=78.4 h) was provided by BV Cyclotron VU (Amsterdam, Th e Netherlands). 
89Zr was conjugated to Nanocoll (Nanocoll; GE Healthcare, Eindhoven, Th e Netherlands) as described 
previously (5). In short, Nanocoll was fi rst premodifi ed with p-isothiocyanatobenzyldesferrioxamine 
B (Macrocyclics), whereafter labelling with 89Zr was possible. After 60 min of labelling, free 89Zr was 
removed by size-exclusion chromatography using a PD10 column (GE Healthcare). Th e mean labelling 
effi  ciency was 63.6% ± 2.9%. 89Zr-Nanocoll was fi lter sterilized. Th ese procedures resulted in a sterile 
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final product of less than 2.5 endotoxin units/ml. The radiochemical purity was 96.9% ± 0.8%. 99mTc-
Nanocoll was prepared according to the manufacturer’s information (6).

Figure 1 Time schedule of study events in relation to standard SN procedure

Study design

The study protocol (Figure 1) consisted of 2 PET/CT scans after injection of 2.0 ± 0.8 MBq of 89Zr-
Nanocoll (divided into 4 peritumoral injections of 0.1 mL each). The first PET/CT scan (Gemini TF64; 
Philips Healthcare, Best, The Netherlands) consisted of 3 dynamic frames of 15 min each and was started 
almost directly after injection (+3-5 min). A second PET/CT scan (1 frame of 30 min) was obtained 24.4 
± 3.1 h after injection of 89Zr-Nanocoll.

Seven to 9 d after the administration of 89Zr-Nanocoll, the routine SN procedure was performed 
according to the guidelines of the European Association of Nuclear Medicine and the Sentinel European 
Node Trial Committee (7). In the 24 h before surgery, 100 MBq of 99mTc-Nanocoll were injected in a 
way similar to that for the 89Zr-Nanocoll. Before injection, a scan was obtained to exclude retention of 
previously injected 89Zr, and this prescan demonstrated that the influence of 89Zr was negligible during 
the routine SN procedure. 

Lymphoscintigraphic imaging consisted of dynamic planar imaging (20 frames of 60 s, 128 x 128 
matrix, low-energy high-resolution collimator, e.cam dual-detector camera; Siemens Medical Solutions, 
Hoffman Estates, Illinois, USA) with the patients supine and the tumour side facing the camera, directly 
after the injection of 99mTc-Nanocoll. SPECT/CT imaging (SymbiaT2; Siemens, Chicago, Illinois, USA) 
was performed after 30 min (tongue carcinomas) or 2-4 h (FOM carcinomas) (8). The SPECT/CT 
images were reconstructed by 2-dimensional ordered-subsets expectation maximization, with 4 subsets 
and 4 iterations and using segmented CT images for attenuation correction. Finally, the localization of the 
SN was marked on the skin with a 57Co point-source marker and was confirmed with a 14-mm-diameter 
conventional handheld gamma-probe (Europrobe II; Eurorad, Strasbourg, France). All injections were 
performed by the same person.
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SN biopsy procedure

At the start of surgery (21.2 ± 1.8 h after injection of 99mTc-Nanocoll), 1 mL of patent blue V dye, 
diluted 1:3 (v/v) in water, was injected at 4 equally spaced points to completely surround the tumour. 
Subsequently, the SN was detected by means of the blue staining or with a freehand SPECT system that 
enabled intraoperative visualization of the SN and 3-dimensional navigation (declipse SPECT; SurgicEye 
GmbH, Munich, Germany) (9). Detected SNs were harvested and sent for histopathological analysis. 
When the SN was metastatic, neck dissection was performed.

image analysis

Th e results of PET/CT and SPECT/CT were compared with respect to the total number and location 
of foci and, if visible, connecting lymphatic vessels. For comparison of diff erent images, images were 
coregistered on the basis of low-dose CT using Vinci software (Vinci 2.36.0; Max-Planck-Institut 
für Neurologische Forschung, Cologne, Germany). All imaging results were analyzed by 3 diff erent 
experienced persons. Th e location of the foci was classifi ed into one of the six diff erent lymph node levels 
in the neck according to the classifi cation system of the American Academy of Otolaryngology-Head 
and Neck Surgery (10). A focus was defi ned as a SN when tracer uptake was evident, and additional 
caudal foci with low uptake, not increasing in time, were considered to be second echelon lymph nodes. 
A caudal focus with a clearly visible connecting lymphatic vessel from a cranial focus was also considered 
a second echelon lymph node (8).

rESulTS

None of the patients experienced any adverse reaction from the administration of 89Zr-Nanocoll. Th e 
eff ective dose equivalent of 89Zr was 0.06 mSv (calculated using OLINDA software) with the injection 
of 2.0 ± 0.8 MBq of 89Zr-Nanocoll. 

Th e results of the SN procedure, including the results of the PET/CT scans are presented in Table 1. 
In the 5 patients, a total of 22 foci were visualized on preoperative SPECT/CT images, of which 15 foci 
were considered to be SNs. Th e same 22 foci were also identifi ed on PET/CT images (Figure 2), and all 
foci identifi ed on the fi rst PET/CT scan were also identifi ed on the second PET/CT scan. Moreover, in 2 
patients, PET/CT was able to visualize 5 additional foci considered to be SNs (Table 1), all of which were 
near the primary FOM tumour. On SPECT/CT, these foci were hidden by the hotspot at the injection 
site (Figure 3). In 4 patients, lymphatic vessels could be visualized in the early phase of the dynamic PET/
CT scan, and in 1 patient this visualization led to a better diff erentiation between a true SN and a second 
echelon lymph node, compared with the SPECT/CT results (Figure 4). 
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Figure 2 (A) SPECT/CT image of patient 1 demonstrating SN in level II of the neck. (B) PET/CT image of same patient 
in which again SN in level II of neck was identified. (C) Fused SPECT and PET/CT image demonstrating uptake in 
exactly the same lymph node. (D) SPECT/CT image of patient 2 in whom 1 SN was identified (which was 2 hotspots on 
planar lymphoscintigraphy). (E) PET/CT image of patient 2 clearly showed 2 SNs. (F) Fused SPECT and PET/CT image 

again demonstrating identical drainage

Figure 3 (A and D) Transversal (A) and coronal (D) SPECT/CT image of the injection site (i) of patient 1, i.e. floor of 
mouth, in which only a large hotspot from injection site could be visualized. (B and E) PET/CT image of the injection site 
of same patient in which level IB lymph node (arrow) clearly could be identified. (C and F) Fused SPECT and PET/CT 

images showing that lymph node visualized on PET/CT is hidden behind large hotspot on SPECT/CT images
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During surgery, 14 of 15 SNs identifi ed with SPECT/CT could be harvested of which 4 of 14 (29%) 
were both radioactive and blue. A SN in level Ib (FOM tumour) and the additionally visualized PET foci 
near the primary tumour could not be detected intraoperatively. Histopathological examination revealed 
2 micrometastases in 2 patients, and both patients underwent neck dissection. No additional metastases 
were found in the surgical specimens.

Table 1 Results of PET/CT and of routine sentinel node procedure

Pt
Tumour
(side)

level of foci 
identifi ed on PET/CT

level of foci 
identifi ed on planar 
lymphoscintigraphy 
and SPECT/CT

SN 
Biopsy

Blue PA

1 T1 fl oor 
of mouth 
(paramedian R)

1x IB R (SN)
1x IB R (SN)
2x II R (SN)
1x III R (SN)

Not visible
Not visible
2x II R (SN)
1x III R (SN)

ND
ND
2x II R
1x III R

-
-

-
-

2 T1 lateral 
tongue (R)

2x II R (SN)
1x II R (2nd echelon)
1x III R (2nd echelon)

2x II R (SN)
1x II R (2nd echelon)
1x III R (SN)

2x II R

1x III R

+ (1x)

-

+ 
(1x)

-
3 T1 lateral 

tongue (L)
1x IB L (SN)
1x II L (SN)
1x II L (2nd echelon)
1x III L (2nd echelon)

1x IB L (SN)
1x II L (SN)
1x II L (2nd echelon)
1x III L (2nd echelon)

1x IB L
1x II L

+
+

-
-

4 T2 fl oor 
of mouth 
(midline)

1x IB L (SN)
2x II L (SN)
1x III L (SN)
1x IV L (2nd echelon)
1x IB R (SN)
1x II R (2nd echelon)
1x III R (2nd echelon)
1x IV R (2nd echelon)

1x IB L (SN)
2x II L (SN)
1x III L (SN)
1x IV L (2nd echelon)
1x IB R (SN)
1x II R (2nd echelon)
1x III R (2nd echelon)
1x IV R (2nd echelon)

ND
2x II L
1x III L

1x IB R

-
-

-

-
+

-

5 T1 fl oor 
of mouth 
(paramedian R)

1x lingual node L (SN)
1x lingual node R (SN)
1x IB R (SN)
1x II L (SN)
1x III L (SN)

Not visible
Not visible
Not visible
1x II L (SN)
1x III L (SN)

ND
ND
ND
1x IB L
1x III L

+
-

-
-

Total 27 (19 SN) 22 (15 SN) 14/15 
(93%)

4/14 
(29%)

Pt = patient; PA = pathology; SN = sentinel node; ND = not detected
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DiSCuSSiON

In the present study, we demonstrate the feasibility of performing PET/CT lymphoscintigraphy using 
89Zr-Nanocoll in oral cancer patients. Lymphatic drainage patterns with 89Zr-Nanocoll were identical 
to those with 99mTc-Nanocoll, with improved visualization of foci near the primary tumour site. Foci 
identified on the dynamic PET/CT scan were still visible during the second PET/CT scan, as is similar to 
the results obtained with 99mTc-Nanocoll in SPECT/CT. This finding demonstrates that 89Zr-Nanocoll 
has excellent performance irrespective of whether it is used in a 1-d or a 2-d SN protocol.

Preoperative failure in SN detection is associated with a higher rate of intraoperative failure (2), and 
this observation makes preoperative identification an important factor in the SN procedure. Because 
PET/CT identified foci near the primary tumour, the next challenge is to improve intraoperative 
detection of these foci containing the positron emitter 89Zr. Several options have to be considered. First, 
detection may be achieved using a handheld PET probe especially dedicated for detection of the 511-keV 
gamma-rays emitted in the annihilation of an electron (e-) and the positron (β+). For sensitive detection, 
however, a large collimated and shielded detector is needed, making these probes heavy and not optimally 
suited for minimally invasive surgery. In addition, high-energy photons travel a long distance in soft 
tissue; therefore, such a probe will experience difficulties in differentiating between the SN and the 
injection site if they are near each other. That is less of a problem when one uses a β-probe, which can 
detect the β+ particles. These particles have a short range, that is, a few millimeters in soft tissue, and thus 
particles arising from the injection site will not reach the detector. Because a β-probe needs a minimally 
collimated and shielded detector, it is suitable for minimal invasive use (11). Because of the short range 
of the β+-particles, however, detailed preoperative anatomical localization is a prerequisite, which may 

Figure 4 (A) Sagittal SPECT/CT image of patient 2, obtained 30 min after injection of 99mTc-nanocolloidal album, 
showed 4 hotspots of which 3 (1-3) were identified as SN and 1 (4) was identified as second echelon lymph node due to 
lower uptake of this lymph node. (B) Sagittal PET/CT image of same patient in which same draining lymph nodes could 
be visualized. On this image (frame 3 of dynamic scan, i.e. obtained 30-45 after injection of 89Zr-Nanocoll), connecting 
lymphatic vessel (arrow) could be identified by increasing intensity of PET images, which clearly demonstrated that lymph 

node in level III (3) was also second echelon lymph node instead of SN. i=injection site
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be provided by PET/CT. Another promising approach for intraoperative detection is the use of near-
infrared fl uorescence imaging, which should also be able to identify SNs near the injection site (12-14). 
Th e diff erent techniques have to be clinically evaluated in order to conclude which is best suited for 
intraoperative SN detection. 

Lymphatic drainage of oral tumours is complex, with more than a single SN often being identifi ed. 
Dynamic 2-dimensional planar lymphoscintigraphy and SPECT/CT are generally unable to visualize 
connecting lymphatic vessels. Because of this lack of clear visualization of lymphatic vessels, it is often 
diffi  cult to decide whether a focus is a true SN or a second echelon lymph node, especially for foci 
visualized late during lymphoscintigraphic imaging (8) as is often done with SPECT/CT. PET/CT was 
able to visualize lymphatic vessels in 4 patients. As a result, 1 focus could be identifi ed as a second echelon 
node instead of a SN – a determination that was not possible on SPECT/CT (Figure 4). Th erefore, on 
the basis of the PET/CT fi ndings, biopsy of this focus could be omitted, making the SN procedure as 
minimally invasive as possible.

CONCluSiON

PET/CT lymphoscintigraphy using 89Zr-Nanocoll is feasible, with additional foci detected near the 
primary tumour site and more detailed localization of the foci. Th erefore, it seems that 89Zr-Nanocoll 
can be considered as a reliable alternative to 99mTc-Nanocoll or other 99mTc-based compounds, especially 
in diffi  cult cases like FOM tumours or in case of shortage of 99mTc supply (15,16). Th ese preliminary 
results justify evaluation of 89Zr-Nanocoll in more extensive comparative studies.
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ABSTrACT

rationale. At present, the only approved fluorescent tracer for clinical near-infrared fluorescence-guided 
sentinel node (SN) detection is indocyanine green (ICG), but the use of this tracer is limited due to 
its poor retention in the SN resulting in the detection of higher tier nodes. This study describes the 
development and characterization of a next-generation fluorescent tracer, Nanocoll-IRDye800CW that 
has optimal properties for clinical SN detection
methods. The fluorescent dye IRDye800CW was covalently coupled to colloidal human serum 
albumin (HSA) particles present in the labelling kit Nanocoll in a manner compliant with current 
Good Manufacturing Practice. Characterization of Nanocoll-IRDye800CW included determination of 
conjugation efficiency, purity, stability and particle size. Quantum yield was determined in serum and 
compared to that of ICG. For in vivo evaluation a lymphogenic metastatic tumour model in rabbits 
was used. Fluorescence imaging was performed directly after peritumoural injection of Nanocoll-
IRDye800CW or the reference ICG/HSA (i.e. ICG mixed with HSA), and was repeated after 24 h, after 
which fluorescent lymph nodes were excised. 
results. Conjugation of IRDye800CW to Nanocoll was always about 50% efficient and resulted in a 
stable and pure product without affecting the particle size of Nanocoll. The quantum yield of Nanocoll-
IRDye800CW was similar to that of ICG. In vivo evaluation revealed noninvasive detection of the 
SN within 5 min of injection of either Nanocoll-IRDye800CW or ICG/HSA. No decrease in the 
fluorescence signal from SN was observed 24 h after injection of Nanocoll-IRDye800CW, while a strong 
decrease or complete disappearance of the fluorescence signal was seen 24 h after injection of ICG/HSA. 
Fluorescence-guided SN biopsy was very easy.
Conclusion. Nanocoll-IRDye800CW is a promising fluorescent tracer with optimal kinetic features for 
SN detection.
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iNTrODuCTiON

Th e sentinel node (SN) procedure is a diagnostic staging procedure, which is applied in a variety of 
tumour types, including head and neck squamous cell carcinoma (HNSCC) (1,2). Th e identifi cation 
and rough localization of the SN is generally based on the results of preoperative lymphoscintigraphy 
using planar or SPECT imaging, performed after peritumoural injections of a technetium-99m (99mTc)-
labelled colloid (in Europe generally 99mTc-Nanocoll). 

To pinpoint the exact localization of the SN, so that the duration and extent of surgical exploration 
is minimized, intraoperative gamma probe-guided detection and blue dye lymphography are used. 
Th e gamma probe is used to guide the surgeon to the SN, which still contains suffi  cient amounts of 
radiocolloid at the time of surgery. Th e limitation of the gamma probe, however, is the lack of real-time 
visualization of the SN and information about SN depth. Moreover, as a result of high radioactivity 
arising from the injection site, detection of a SN close to the tumour may be diffi  cult. Blue dye is injected 
in the same way as the radiocolloid, just before surgery, allowing real-time lymphatic mapping. Blue dye 
follows lymphatic vessels and accumulates in the draining lymph nodes staining them blue (3). However, 
real-time detection of this blue staining is only possible if there is no overlying tissue. Moreover, blue 
dye is a relatively low molecular weight compound with a very poor retention in the SN and is therefore 
present for a short time. As a consequence, the use of blue dye is of limited added value in the head and 
neck area (4).

Th e use of near-infrared (NIR) fl uorescence imaging might be an option for improving current 
clinical procedures. NIR fl uorescence allows high-resolution dynamic imaging of superfi cial tissue layers 
without a radiation burden to the patient, and can be used for real-time intraoperative visualization of the 
location of the SN. In addition, in contrast to the blue dye-guided method, NIR fl uorescence detection 
might be possible even if the SN is covered by tissue. Consequently, it might make the intraoperative use 
of the gamma probe and blue dye superfl uous, especially when retention of the fl uorescent tracer in the 
SN is good. At present, the only FDA-approved NIR fl uorescent compound that has been extensively 
evaluated for SN detection is indocyanine green (ICG) (5-10). ICG-guided SN detection has been 
proven to be feasible in, for example, breast cancer and skin cancer, with comparable or slightly better 
detection rates than conventional techniques (8-13). In these studies, relatively rapid passage of ICG 
through the SN was observed, resulting in the detection of higher tier nodes when the identifi cation time 
increased from, for example, 10 to 20 min (11).

IRDye800CW is a promising next-generation NIR fl uorophore. Th is NIR fl uorophore shows 
less nonspecifi c binding and can, in contrast to ICG, be covalently conjugated to a broad range of 
biomolecules (14,15). Th is property allows conjugation of IRDye800CW to colloidal human serum 
albumin particles such those present in Nanocoll labelling kits (here referred to as Nanocoll), which is 
considered to be the most attractive carrier compound for SN detection (“gold standard”), since this 
99mTc-labelled colloid has been widely used for many years in the clinical SN-procedures in Europe. 
Th e principles of IRDye800CW conjugation to Nanocoll were described by Ohnishi et al. in 2005 
(16) as part of a comparative preclinical evaluation. Since then, the SN concept has been established 
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for solid tumours other than breast tumours and melanoma. Furthermore, IRDye800CW is produced 
in a manner compliant with current Good Manufacturing Practice (cGMP). Clinical evaluation of 
IRDye800CW is now possible, since toxicity studies did not reveal pathological evidence of toxicity 
(17) and, together with the filing of a Drug Master File at the US FDA, an Active Substance Master File 
has been filed with the Dutch regulatory authorities in support of an Investigational Medical Product 
Dossier for an IRDye800CW-labelled targeted agent. Data from these studies will enable the filing of 
investigational new drug applications, e.g. Nanocoll-IRDye800CW, in order to be able to start clinical 
exploration of the dye. 

In the present study, a technical protocol was designed to produce covalently conjugated Nanocoll-
IRDye800CW in a cGMP-compliant way. Conjugation efficiency, purity, stability, fluorescence 
quantum yield and particle size of Nanocoll-IRDye800CW were determined. Proof-of-principle studies 
with this conjugate were performed in a rabbit lymphogenic metastatic tumour model, which mimics 
HNSCC (18,19). In these in vivo studies, ICG mixed with HSA was evaluated as a reference, since this 
combination is often used in clinical fluorescence imaging studies on SN detection.

mATEriAlS AND mETHODS

materials

All reagents were purchased from Sigma-Aldrich (St. Louis, MO) unless otherwise stated. ICG 
(molecular weight 775 Da) was purchased from PULSION Medical Systems (München, Germany), and 
diluted to a concentration of 2.5 μg/μL by adding 0.9% NaCl. IRDye800CW N-hydroxysuccinimide 
(NHS) ester (molecular weight 1166 Da; LI-COR Biosciences, Lincoln, NE) was supplied by Westburg 
(Leusden, The Netherlands) and dissolved in dimethyl sulfoxide (DMSO) to a concentration of 0.58 μg/
μL. Nanocoll was purchased from GE Healthcare (Eindhoven, The Netherlands) as a kit for labelling 
with 99mTc, containing amongst other components 0.5 mg lyophilized Nanocoll. The buffer used for 
Nanocoll-IRDye800CW production consisted of 7.35 mg/mL sodium citrate with 0.7 mg/mL Tween 
80 diluted in deionized (18 MΩ*cm) water, and is referred to here as Tween-citrate buffer (TCB). VX2 
tumour cells were kindly provided by Dr. RJ van Es (Department of Oral and Maxillofacial Surgery, 
University Medical Center Utrecht, Utrecht, The Netherlands). Female rabbits (HsdIf:NZW), weighing 
1.5-2.5 kg, were purchased from Harlan Laboratories (Hillcrest, Loughborough, United Kingdom).

Preparation of Nanocoll-irDye800CW 

IRDye800CW was coupled covalently to Nanocoll according to the following procedure: TCB (1 mL) 
adjusted with 0.1 M Na2CO3 to pH 8.5, was added to a Nanocoll kit vial, and 0.5 mg of Nanocoll was 
purified by separating it from stannous chloride and other (small molecular) ingredients present in the kit 
(i.e. glucose, poloxamer 238, sodium phosphate and sodium phytate) by size-exclusion chromatography 
using a PD10 column (GE Healthcare Life Sciences) with TCB (pH 8.5) as eluent. The void volume 
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and the fi rst 1.5 mL were discarded; the next 2 mL contained the purifi ed Nanocoll. Subsequently, to 1 
ml eluate containing the purifi ed Nanocoll (0.25 mg, corresponding to 3.7 nmol HSA building blocks, 
pH 8.5) was added 11.6 μg of IRDye800CW-NHS ester (10 nmol in 20 μL DMSO; a 2.7 molar excess 
over HSA units that appeared to provide a product with optimal fl uorescence yield), and the mixture 
was incubated for 2 h at 35°C. After 2 h, nonconjugated IRDye800CW was removed by size-exclusion 
chromatography using a PD10 column and TCB (pH 6.5) as eluent. Th e void volume and the fi rst 
1.5 mL were discarded; the next 2 mL containing the Nanocoll-IRDye800CW conjugate was used for 
further experiments.

Determination of the conjugation effi  ciency

Th e effi  ciency of conjugation of IRDye800CW to Nanocoll was determined based on absorbance 
measurements using an Ultrospec III spectrophotometer (Pharmacia, Biotech, Roosendaal, Th e 
Netherlands) at a wavelength of 774 nm. Since the absorption spectrum of IRDye800CW changes upon 
conjugation to Nanocoll, calculations were based on the absorbance of free/hydrolysed IRDye800CW 
in the solution. Th ere were no diff erences in absorbance between the IRDye800CW-NHS ester and the 
hydrolysed IRDye800CW (Figure 1). Due to their colloidal nature, direct HPLC analysis of Nanocoll 
particles was considered not to be an option. 

Absorbance measurements were performed directly after addition of IRDye800CW-NHS ester 
to the Nanocoll solution (Absstart) and after 2 h conjugation time. At the latter time, both Nanocoll-
IRDye800CW as well as free (hydrolysed) IRDye800CW are present in the reaction mixture. In order 
to diff erentiate between conjugated Nanocoll-IRDye800CW and free IRDye800CW, a twofold volume 
excess of acetonitrile (MeCN) was added to the reaction mixture for precipitation of the Nanocoll. 

Figure 1 Absorbance spectrum of IRDye800CW-NHS ester, hydrolysed IRDye800CW, and Nanocoll-IRDye 800CW
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Subsequently, the absorbance of the supernatant (Abssup) was measured, which had to be multiplied by 
3 for correction of the dilution by MeCN. Conjugation efficiency was calculated using the expression: 

To prove that binding of IRDye800CW to Nanocoll is based on covalent bonds and not on association, 
control measurements were carried out using hydrolysed IRDye800CW. To this end, 20 nmol 
IRDye800CW-NHS ester in 40 μL DMSO was added to 2 mL TCB (pH 8.5) and incubated for 2 h 
at 35°C, which resulted in >95% hydrolysis of the NHS-ester (Figure 2). Subsequently, the hydrolysed 
IRDye800CW was added to a kit vial containing 0.5 mg Nanocoll and the mixture was incubated for 
an additional 2 h at 35°C. After measurement of absorbance, the Nanocoll was precipitated and the 
absorbance of the supernatant determined as described above. In addition, this method was also applied 
to determine the purity of the final Nanocoll-IRDye800CW product and its stability as a function of 
time (measured over 120 h).

For further verification of the validity of the precipitation method, a reaction was performed using 
similar amounts of protein and IRDye800CW as described above, but with native HSA instead of 
Nanocoll. With this approach HPLC analysis is also possible. After the 2-h reaction period, HPLC of the 
conjugation mixture was performed using a Jasco HPLC system equipped with a Superdex 200 10/30 
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3
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Figure 2 (A) HPLC chromatogram of IRDye800CW-NHS ester in PBS (pH 8.5) after 5 min of incubation in which 
about 20% of the NHS-ester was already been hydrolysed (peak 1 at Rt=50.4 min). Peak 2 at Rt about 78 min shows the 
IRDye800CW-NHS ester. (B) HPLC chromatogram of IRDye800CW-NHS ester after 2 h incubation at 35˚C, which 

demonstrates that more than 95% of the NHS-ester has been hydrolysed
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GL size exclusion column (GE healthcare Life sciences) with a mixture of 0.05 M sodium phosphate 
(pH 6.8), 0.15 M sodium chloride and 0.01 M NaN3 as the eluent at a fl ow rate of 0.5 mL/min. Th e 
area under the curve in the 780 nm channel of the hydrolysed IRDye800CW peak at Rt=50.4 min 
upon incubation in the presence of HSA was determined and compared with the area under the curve 
of hydrolysed IRDye800CW incubated in the absence of HSA. Th e precipitation method as described 
above was then applied. 

Particle size measurements of Nanocoll-irDye800CW

For determination of the particle size, Nanocoll-IRDye800CW was analysed by atomic force microscopy 
(AFM), which is a single-particle technique that has been used successfully to characterize a wide variety of 
nanometre-sized proteinaceous assemblies (20-22). Th e atomic force microscope (Nanotec Electronica, 
Tres Cantos, Spain) was operated in jumping mode and all experiments were performed in liquid. 
Rectangular cantilevers (Olympus RC800PSA) with a nominal tip radius of 20 nm and spring constant 
of 0.05 N/m were used to image the colloidal particles. Colloidal samples were deposited on freshly 
cleaved mica substrate, and incubated for 10 min before they were analysed by AFM. As a reference, the 
native contents of a Nanocoll kit, diluted in TCB (pH 6.5) to a concentration of 0.10 mg/mL Nanocoll 
were analysed. Th e height of immobilized particles was determined automatically using an in-house 
program written in LabView (National Instruments) to obtain the particle size distribution. 

fluorescence properties 

Th e fl uorescence properties of Nanocoll-IRDye800CW were determined using a FluoroMax-3 
spectrofl uorometer (Horiba Jobin Yvon, Edison, New York, USA) and absorbance (corrected for 
background measurements) was measured using an UltroSpec 1100 Pro spectrophotometer (Amersham 
Pharmacia). Absorbance was always <0.1, in order to avoid confounding eff ects such as self-quenching 
and self-absorption. Measurements were performed in human serum, which was diluted fourfold with 
TCB (pH 6.5) in order to mimic the in vivo protein concentration of the lymphatic fl uid, part of the 
interstitial body fl uid, as well as in TCB (pH 6.5) alone. Comparative measurements were done for ICG. 
All measurements were carried out using freshly prepared IRDye800CW-NHS ester (before conjugation) 
and ICG in order to minimize the possibility of degradation eff ects of ICG and IRDye800CW. In 
addition, all spectrofl uorometer measurements were performed immediately after determination of 
absorbance. Th e excitation wavelength was 785 nm, and emission was measured over the range 790-
1000 nm. Spectra were corrected for the emission spectrum of a blank serum or TCB sample and for 
the intensity fl uctuations of the excitation source. For the samples in TCB, the absolute quantum yield 
was determined using ICG in ethanol (quantum yield of 13.2%) as the fl uorescence standard (23). For 
the samples in serum, the absolute quantum yields could not be determined due to the turbidity of 
the solutions. Th erefore, for these samples relative quantum yields were reported comparing Nanocoll-

IRDye800CW to ICG. 

Development of nanocoll-irdye800cw

6

Thesis Heuveling_DEFINITIEF.indd   81 20-1-2014   9:10:18



82

Chapter 6

Preparation of injectable iCG/HSA solution

The noncovalent ICG/HSA injectate was mixed as described by Ohnishi et al. (16). To 33.5 mg HSA 
dissolved in 50 mL phosphate-buffered saline (pH 7.4) was added 0.16 mL of a 2.5 mg/mL ICG solution 
to achieve a final concentration of 10 μM each (1:1 molar ratio). After gentle mixing the ICG/HSA 
solution was ready for in vivo use.

in vivo experiments

For in vivo evaluation, New Zealand white rabbits bearing auricular VX2 carcinomas were used. This 
animal model (Figure 3A) is attractive for evaluating SN detection procedures in HNSCC, since 
after inoculation of tumour cells into the external ear the developing tumours tend to metastasize 
lymphatically. The first lymph node that is metastatically involved in this model is the parotid lymph 
node, the “SN”; caudal mandibular lymph nodes are considered to be higher tier lymph nodes in this 
model. The consistent lymphogenic metastatic spread of the tumour and the accessibility of the lymph 
nodes for surgery make this a very suitable model for evaluation of SN detection (18,19).

Figure 3 In vivo evaluation of Nanocoll-IRDye800CW. (A) Rabbit VX2 auricular carcinoma model. The red box repre-
sents the field of view of images B-E. (B,C) NIR fluorescence image of fluorescence-labelled lymph nodes obtained 5 min 
(B) and 24 h (C) after peritumoural injection of Nanocoll-IRDye800CW (exposure time 500 ms). (D,E) NIR fluorescence 
image of fluorescence-labelled lymph nodes obtained 5 min (D) and 24 h (E) after peritumoural injection of ICG/HSA 
(exposure time 1000 ms). 1=parotid lymph node; 2=caudal mandibular lymph nodes; a=angle of mandible; T=tumour
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Auricular VX2-carcinoma cell suspensions (0.15-0.25 mL containing 25-30x106 VX2 tumour cells), 
obtained after intramuscular passaging of tumours via the hind limb in other rabbits, were injected into 
both ears essentially as described by Dünne et al. (19). Experiments were performed 1-2 weeks after 
injection of the VX2 tumour cell suspension. Before the injection of the tumour cell suspension and of the 
fl uorescent tracer as well as during imaging procedures, animals were anaesthetized with a combination of 
dexmedetomidine (0.5 mg/kg, Dexdomitor) and ketamine (100 mg/mL, Ketamine 10%). Animals were 
killed with an overdose of pentobarbital (200 mg/ml, Euthasol 20%) administered intravenously under 
anaesthesia. All animal experiments were performed in accordance with Dutch animal welfare regulations 
and Dutch national law (“Wet op de dierproeven”, Stb 1985, 336).

Th e fl uorescent tracers Nanocoll-IRDye800CW (six tumours) and ICG/HSA (six tumours) were 
always administered via four peritumoural subcutaneous injections of 0.25-0.5 mL each and the total 
injected volume was at least 1 mL. Early NIR fl uorescence imaging was performed during injection and 
was continued until 30 min after injection; late NIR fl uorescence image registration was performed after 
24 h, with the same imaging settings and positioning of the animal, to allow for evaluation of long-term 
retention of the tracer in the draining lymph nodes. After the late imaging experiments, the animals were 
killed, and NIR fl uorescence-guided resection of fl uorescent lymph nodes was performed. 

Nir-fl uorescence imaging

NIR fl uorescence imaging was performed using a Fluobeam NIR imaging system (Fluoptics, Grenoble, 
France), which is suitable for preclinical as well as clinical applications. Th is system is compact and 
portable. It consists of two parts: a control unit with a laser source emitting at 785 nm and a power supply 
for light-emitting diodes (LEDs), next to an optical head with a highly sensitive charge-coupled device 
camera and white LEDs for fi eld illumination. Th e laser beam is fi bre-guided from the control unit to the 

Figure 4 Size distribution of Nanocoll-IRDye800CW and native Nanocoll as assessed by atomic force microscopy (AFM) 
imaging. AFM measures the height of a particle, which represents the particle size
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optical head. The laser beam was spread to reach a 6-cm spot diameter at the working distance of 17 cm. 
The power density of the laser irradiation was 96 μW/mm2. The NIR fluorescence image was 696 x 512 
pixels and provided a resolution of two line pairs per millimetre allowing visualization of submillimetre 
structures. The imaging settings of the Fluobeam were adjusted to obtain the best view on the monitor 
and the best fluorescence-to-background ratio.

rESulTS

Preparation and characterization of Nanocoll-irDye800CW

Coupling of IRDye 800CW to Nanocoll as well as native HSA resulted in a conjugation yield of about 
50% as determined by a fluorescence spectrophotometer (precipitation method) and/or HPLC. As a 
result, on average 1.4 IRDye800CW molecules were coupled per HSA molecule (about 67 kDa) in the 
Nanocoll particles. Buckle et al. (24) estimated the molecular weight of a Nanocoll particle to be about 670 
kDa, and this means that a Nanocoll particle contained on average 14 covalently bound dye molecules. 
The presence of Tween-80 in the reaction mixture as well as in the PD10 column eluent minimized the 
amount of associated noncovalently bound dye in the end product, as was shown by control reactions 
with hydrolysed IRDye800CW and Nanocoll (< 3%). In general, Nanocoll-IRDye800CW appeared 
to contain <2% of free IRDye800CW after purification, and this percentage did not change during 
120 h of storage. The particle size distributions are shown in Figure 4. The average size of the Nanocoll-
IRDye800CW was similar to the average size of native Nanocoll: 14.6 ± 0.4 nm and 14.1 ± 1.5 nm, 
respectively. In serum, the relative quantum yields of Nanocoll-IRDye800CW and ICG were 0.96 and 
1.0, respectively. Absolute quantum yields of Nanocoll-IRDye800CW and ICG in TCB, were 8.0 ± 
0.2% and 8.6 ± 0.1%, respectively. 

in vivo experiments

In all experiments draining lymph nodes (parotid lymph node and caudal mandibular lymph node) 
became visible within 5 min by noninvasive imaging of either Nanocoll-IRDye800CW (Figure 3B) 
or ICG/HSA (Figure 3D). After 24 h, noninvasive NIR fluorescence imaging was still able to identify 
the same 12 draining lymph nodes (parotid and caudal mandibular lymph nodes) in six of six tumours 
(100%) injected with Nanocoll-IRDye800CW, without a decrease in signal intensity and without 
an increase in background fluorescence (Figure 3C). However, after 24 h, SNs identified with ICG/
HSA during early imaging, showed an observable decrease in fluorescent signal, while in 4 of 12 lymph 
nodes (33%) the fluorescence signal was completely absent (Figure 3E). Even after open surgery with 
adjustment of the Fluobeam camera settings (e.g. highest exposure time), these lymph nodes were not 
detectable. Once a fluorescence signal was detected, it was easy to excise the SN because of the clear 
delineation of the fluorescent labelled lymph nodes and the high target-to-background ratio (Figure 5).
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We describe here the covalent conjugation of the fl uorescent dye IRDye800CW to Nanocoll. Th e 
method is simple and reproducible, and leads to about 14 IRDye800CW groups per Nanocoll particle, 
yielding a strong fl uorescence signal intensity. In addition, the size of the Nanocoll particles was not 
altered after conjugation to IRDye800CW, and was shown to be comparable with that of the gold 
standard 99mTc-Nanocoll (25). In vivo experiments in a lymphogenic metastastic animal model showed 
noninvasive NIR fl uorescence detection of the SN up to 24 h after injection of the tracer, without any 
loss of fl uorescence intensity, while comparative experiments with ICG/HSA showed a strong decrease 
or complete loss of fl uorescence intensity by 24 h after injection. Th ese characteristics of imaging with 
Nanocoll-IRDye800CW off er an attractive alternative to current procedures for SN detection.

Th e feasibility of NIR fl uorescence-guided SN detection has been demonstrated in a variety of 
tumour types where ICG was used as the fl uorescent tracer (6-13,26,27). To date, however, there are 
just a few small studies which aimed to compare ICG-based SN detection with the standard of care 
99mTc-Nanocoll and patent blue. Larger more adequately powered clinical trials to address whether NIR 
fl uorescence imaging alone can replace radiocolloids and/or blue dyes are ongoing (9).

A critical aspect in the use of NIR fl uorescence imaging is its limited tissue penetration, which might 

Figure 5 Noninvasive real-time NIR fl uorescence detection of a fl uorescence-labelled lymph node in the neck of a rabbit. (A) 
Preoperative image after administration of Nanocoll-IRDye800CW (a=angle of mandible; arrow=lymph node; N=neck)
(B) Intraoperative image after preparation of a skin fl ap (a=angle of mandible). (C,D) Removal of the lymph node (C) after 
which no fl uorescence signal is detectable (D) indicating complete removal of fl uorescence-containing tissues. Note the high 

contrast between the fl uorescent lymph node and the surrounding tissue. Exposure time in all images was 200 ms
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hamper SN detection in the neck when a thick layer (>1 cm) of overlaying tissue is present as might be 
found in obese patients. This aspect is very important when considering the use of fluorescence imaging 
as the sole technique for SN detection. A particular drawback of the use of ICG is its small particle 
size, which reduces its retention time in the SN and results in rapid spread to higher tier nodes. If a 
tracer migrates to higher tier nodes, the practical inconvenience arises that nonsentinel lymph nodes are 
incorrectly identified as SN, leading to the risk of missing a metastatic (real) SN and the resection of more 
nodes than necessary. This is particularly challenging in the complex anatomy of the neck. In preclinical 
studies it was demonstrated that ICG adsorption to HSA improves its performance as a lymphatic tracer. 
However, a clinical randomized, double-blind trial comparing ICG with or without albumin premixing 
for SN detection in breast cancer patients did not reveal any benefit of ICG premixed with HSA (28).

Our developed technical protocol for labelling and purification ensures that >98% of the 
IRDye800CW is covalently bound to the Nanocoll. In this study, in order to mimic the clinically most 
relevant situation, we determined the quantum yield of Nanocoll-IRDye800CW relative to that of 
ICG in human serum with a composition resembling lymphatic fluid, i.e. serum diluted with TCB, 
and demonstrated that the quantum yields of Nanocoll-IRDye 800CW and ICG are very similar. The 
absolute quantum yields of Nanocoll-IRDye800CW and ICG in TCB were also similar (8.0% vs. 8.6%, 
respectively). Therefore, our results do not support the reported limitation in the utility of Nanocoll-
IRDye800CW as a consequence of intra- and intermolecular quenching (16).

Figure 6 (A) Rabbit VX2 auricular carcinoma model. (B) PET/CT image obtained 5 min after peritumoural injection of 
5 MBq of the PET tracer 89Zr-Nanocoll. (C) PET image of the same animal obtained 24 h after injection of 89Zr-Nanocoll 
demonstrating clear retention of this tracer at that moment with visualization of a connecting lymphatic vessel (arrow). 

1=parotid lymph node; 2=caudal mandibular lymph node; T=tumour

Our in vivo experiments exhibited strong fluorescence signals (Figure 5). Moreover, Nanocoll-
IRDye800CW showed superior SN retention in our lymphogenic metastatic animal model, and 
demonstrated comparable particle size and similar kinetics to those we recently described for the SPECT 
tracer 99mTc-Nanocoll and the novel PET tracer 89Zr-Nanocoll in the same animal model (25). With 
the new IRDye800CW-tracer, parotid and caudal mandibular lymph nodes became visible within 5 
min after injection, remained clearly visible until at least 24 h after injection without an increase in 
local background activity, and the information provided with this conjugate was fully congruent with 
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that obtained using the PET tracer 89Zr-Nanocoll at 24 h (Figure 6). Th is makes possible the direct 
clinical comparison of the detection of SN using Nanocoll-IRDye800CW with the standard of care 
99mTc-Nanocoll and patent blue in a 2-d procedure. In such a fi rst-in-human-clinical trial, Nanocoll-
IRDye800CW can simply be coinjected with 99mTc-Nanocoll 24 h before SN removal, since the logistic 
advantage of Nanocoll-IRDye800CW is its potential as an off -the-shelf product. Th e fi rst clinical 
objective is the assessment of the SN detection rate and sensitivity of fl uorescence imaging, because the 
dose of Nanocoll-IRDye800CW might be critical as was previously observed for ICG. Nevertheless, we 
think that the excellent SN fl uorescence imaging results obtained in the lymphogenic metastastic animal 
model can be translated to the human situation in which the same amount of injected volume (1-2 
mL) can be used. Although lymph nodes in the head and neck region are often located superfi cially, the 
major challenge is expected to be the detection of deep-seated SNs. Th ese trials will determine whether 
fl uorescence detection with Nanocoll-IRDye800CW can either replace just the intraoperative blue 
dye or gamma probe procedure. Ideally, it has to be shown whether it can also replace preoperative 
scintigraphic imaging completely resulting in a one-step procedure of NIR fl uorescence imaging that 
takes place entirely during surgery.

CONCluSiONS

Nanocoll-IRDye800CW is a promising next-generation fl uorescent tracer with characteristics that would 
allow intraoperative SN detection even after a longer interval of time. Th is makes a reliable comparison 
between the use of fl uorescence-guided detection and the conventional radioactive-guided method 
possible. 
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ABSTrACT

rationale. The aim of this microdosing phase 0 clinicial study was to obtain initial information about 
pharmacokinetics, biodistribution, and specific tumour targeting of the antitenascin-C mini antibody 
F16SIP.
methods. Two milligrams of F16SIP, labelled with 74 MBq of iodine-124 (124I), were intravenously 
administered to patients with head and neck cancer (n = 4) scheduled for surgery 5-7 d later. Immuno-
PET scans were acquired at 30 min and 24 h after injection. For pharmacokinetic analysis, blood 
samples were taken at different time points after infusion. Tissue uptake was extracted from whole-body 
PET scans. In addition, ex vivo radioactivity measurements of blood and of biopsies from the surgical 
specimens were performed.
results. 124I-F16SIP was well tolerated. Uptake was visible mainly in the liver, spleen, kidneys, and bone 
marrow and diminished over time. Tumour uptake increased over time, with all 4 tumours visible on 
24-h PET images. The tumour-to-blood ratio was 7.7 ± 1.7 at the time of surgery. Pharmacokinetic 
analysis revealed good bioavailability of 124I-F16SIP.
Conclusion. Performing a microdosing immuno-PET study appeared feasible and demonstrated 
adequate bioavailability and selective tumour targeting of 124I-F16SIP. The results of this study justify 
further clinical exploration of F16SIP-based therapies. 
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iNTrODuCTiON

Head and neck squamous cell carcinoma (HNSCC) comprises malignancies in the oral cavity, oropharynx, 
larynx, and hypopharynx, and is the seventh leading cancer by incidence worldwide. Despite advances in 
treatment overall survival of HNSCC patients did not improve during last decades (1). Th erefore, there 
is still a need for novel therapeutic approaches.

Angiogenesis is one of the distinguishing features of malignancy (2), and therefore considerable 
eff orts have been invested in the discovery of agents that block this process. One approach is the 
targeted destruction of established tumour vasculature, such as by using monoclonal antibodies (mAbs) 
directed against angiogenesis markers (3,4). Th e extradomain B of fi bronectin represents one of the 
most promising neovascular markers and is strongly expressed in the vasculature of aggressive tumours. 
Th e mini antibody L19SIP (80 kDa) has been generated to specifi cally target the extradomain B of 
fi bronectin (5). Th is antibody format appeared superior for selective tumour targeting in comparison 
with intact IgG and dimeric single-chain variable fragments, has been used as a carrier of anticancer 
agents such as immunocytokines or 131I for radioimmunotherapy, and has shown promising preliminary 
clinical results (5-8).

A particularly interesting candidate for targeting angiogenesis is the F16SIP antibody, which 
is directed against the extradomain A1 of tenascin-C. Compared with extradomain B, tenascin-C is 
expressed in more tumour types and often to a higher degree. Because of the high and selective expression 
of tenascin-C in several tumour types, including head and neck cancer (9), and the high tumour-to-
normal-organ ratios observed in preclinical biodistribution studies, F16SIP is considered even more 
promising for antibody-based therapeutic strategies than L19SIP (3).

During the last few years, the concept of microdosing has been introduced using radiolabelled 
drugs in combination with PET, to obtain initial information about biodistribution, pharmacokinetics, 
tumour targeting, cross-reactivity with normal tissues, and interpatient variability at an early stage of 
drug development with a limited number of patients (10). First-in-human microdosing PET studies 
are allowed because of the very low dosages (1/100 of the therapeutic dose, with a maximum of 100 μg) 
applied, requiring limited toxicity studies and preclinical studies before human application. For protein 
products, such as mAbs, a maximum of 30 nmol is allowed in microdosing studies, which corresponds 
to a maximum dose of 4.5 mg when an intact IgG mAb (150 kDa) is used (11). Information from 
microdosing (phase 0) PET studies may contribute to more clever drug selection in early clinical 
development, with the intention of improving the success rate once a new drug is entering clinical trials 
(12,13). Microdosing off ers potential advantages from a drug development perspective as well as from a 
patient perspective. On the basis of the knowledge obtained from microdosing studies, fewer patients will 
probably be exposed to ineff ective drug administrations in clinical phase I trials, and the risk of serious 
unexpected adverse events occurring in phase I clinical trials may be reduced. 

Although several PET microdosing studies have been performed with small-molecule drugs (14), 
phase 0 studies using intact mAbs or mAb fragments have to the best of our knowledge not been described 
before. Th is is remarkable, since antibody-based products will probably contribute to most approvals in 

Phase 0 clinical study with 124i-f16sip

7

Thesis Heuveling_DEFINITIEF.indd   93 20-1-2014   9:10:21



94

Chapter 7

the coming years (15). 
The aim of this phase 0 clinical study was to evaluate the biodistribution, pharmacokinetics, and 

tumour-targeting performance of the mini antibody F16SIP labelled with 124I, in HNSCC patients. 

mATEriAlS AND mETHODS

Patients

Four patients with previously untreated HNSCC and scheduled for surgery 5-7 d later were included 
(Table 1). A World Health Organization performance status of 0-1 was required. The study was approved 
by the Medical Ethics Committee of the VU University Medical Center and the National Competent 
Authority. All patients signed an informed consent form before inclusion. Tenascin-C expression was 
confirmed by immunohistochemical staining in all tumours.

Table 1 Patient and tumour characteristics

Patient m/f Age (years) Body weight (kg) Primary tumour Side pTNm-stage

1 M 39 102 Lateral tongue Left T2N0M0

2 M 71 65 Buccal mucosa Left T2N1M0

3 M 55 84 Floor of mouth Left T2N1M0

4 M 75 84 Lateral tongue Right T3N0M0

Safety

Before and up to 1 wk (until surgery) after administration of 124I-labelled F16SIP (124I-F16SIP), routine 
laboratory analyses were performed. Vital signs including heart rate, blood pressure, body temperature, 
and respiratory rate were recorded before and up to 6 h after injection. For thyroid blocking, potassium 
perchlorate (900 mg/day) was administered orally from day -2 until 3 d after administration of 124I-F16SIP.

Synthesis of 124i-f16SiP

Clinical-grade F16SIP was provided by Philogen (Zurich, Switzerland). Since F16SIP binds to a 
noninternalizing extracellular matrix target, we selected 124I as the positron-emitting isotope. 124I (870 
MBq/mL, Cyclotron BV; Amsterdam, The Netherlands) was coupled to F16SIP via the so-called 
IODOGEN-coated mAb method (16). In short, after mixing of 150 MBq 124I with 66 ng (44 nmol) 
NaI in 0.3 mL 50 mM NaOH (iodine:F16SIP molar ratio = 1:10), this solution was added to a vial and 
preincubated with 14.1 μg (80 nmol) ascorbic acid for 5 min. Hereafter, 200 μL of 0.5M phosphatebuffer 
(pH 7.1), 0.66 mg (8.3 nmol) of F16SIP and 565 μL PBS were added to the vial followed by adding 35 
μg (81 nmol) freshly prepared IODOGEN (Pierce) in 35 μL acetonitrile (t=0). After 3 min, the reaction 
was stopped by adding an excess of ascorbic acid (2.5 mg, 14.1 μmol) and at t=10 min purification 
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was performed using PD10 size-exclusion chromatography (eluent: 5 mg/mL ascorbic acid in 0.9% 
NaCl, pH 5.0). Th e mean labelling effi  ciency was 84.8 ± 3.3%. Finally, 124I-F16SIP was formulated with 
native F16SIP and 5 mg/mL ascorbic acid in 0.9% NaCl and fi lter sterilized (the total amount F16SIP 
to be administered was 2 mg in 20 mL). Th is procedure resulted in a sterile fi nal product of less than 
2.5 endotoxin units/ml. Th e radiochemical purity was always >97% (98.9 ± 0.7%). HPLC analysis 
revealed optimal integrity of the antibody. After each preparation of 124I-F16SIP, the immunoreactivity 
was determined by measuring binding to a serial dilution of A1-tensascin-C-coated Sepharose resin 
essentially as described previously (17). Following this, the immunoreactive fraction of the 124I-F16SIP 
preparations was 89.5 ± 2.3% at the highest resin concentration. Two mg (25 nmol) of F16SIP labeled 
with 74 MBq of 124I were intravenously injected as a bolus. 

Pharmacokinetics

Serial venous blood samples were taken to determine activity in the blood at 15 min, 2 h, 6 h, 20-24 
h, and 120-168 h after injection . Th e 120- to 168-h samples were taken under general anaesthesia just 
before surgery. After centrifugation, radioactivity in blood and plasma was measured in a well-counter 
(Wallac; Turku, Finland). Th e uptake was expressed as the percentage of the injected dose per kilogram 
(%ID/kg). 

PET acquisition and quantifi cation

To minimize patient discomfort, imaging procedures were performed in a 2-d period. PET/CT scans 
were obtained at an early time point (30 min after injection of 124I-F16SIP) and at a later time point 
(24 h after injection). Whole-body PET was performed on a Gemini TF64 scanner (Philips Medical 
Systems). Manually defi ned regions of interest were drawn in the freely available software AMIDE 0.9.2 
(18). Th e following regions of interest were defi ned: liver, spleen, kidneys, thoracic vertebra to represent 
bone marrow uptake, descending aorta (blood-pool activity), and, if visible, tumour. For all organs the 
decay-corrected mean uptake (in Bq/mL) was converted into %ID/kg.

Tissue biopsies

In all 4 patients, biopsies of the primary tumour and several other accessible tissues (i.e. muscle, skin, 
mucosa, fat, and submandibular gland) were isolated from the surgical specimens. Lymph node sampling 
was not performed to avoid disturbance of routine histopathologic diagnosis. All biopsies were weighed, 
the amount of 124I was measured in the well counter and corrected for radioactivity decay, and uptake 
was expressed as %ID/kg. A tumour-to-blood ratio was calculated using the blood sample obtained just 
before surgery.

Phase 0 clinical study with 124i-f16sip
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Figure 1 (A and B) Coronal whole-body PET images acquired at 30 min (A) and 24 h (B) after injection of 124I-F16SIP. 
(C) Transversal PET images obtained 24 h after injection demonstrating tumour targeting (arrows) in all 4 patients. 1=li-
ver; 2=spleen; 3=kidney; 4=descending aorta; *=artefact due to patient motion between the CT and PET examinations 

(arms) resulting in incorrect attenuation and scatter corrections
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rESulTS

Patients received 71.0 ± 1.5 MBq (mean ± SD) of 124I-F16SIP (2 mg) intravenously. All patients tolerated 
the administration of 124I-F16SIP well, without side-eff ects.

Figure 1 and Figure 2 show the biodistribution of the conjugate over time. Th e initial PET/CT scan 
(performed 0.6 ± 0.3 h after injection) showed blood-pool activity and activity in liver, spleen, bone 
marrow, and kidneys. In one patient (patient 1), remarkably high uptake in the spleen was visible(>2-fold 
higher than in the other patients) (Figure 2). At these early scans, we observed 124I-F16SIP uptake in the 
primary tumour in only 1 patient (1.4 %ID/kg, patient 4). Th e second PET/CT scan (acquired 23.5 ± 
2.5 h after injection) revealed a decrease (%ID/kg) in all measured compartments (liver, 58 ± 5%; spleen, 
62 ± 9%; kidneys, 34 ± 21%; blood pool, 68 ± 6%; and bone marrow, 52 ± 6%), with a concomitant 
increase of radioactivity at all 4 primary tumour sites. Uptake of 124I in thyroid and stomach, representing 
dehalogenization of 124I-F16SIP, was negligible. Since liver as well as kidneys are visible on the scans, the 
main route of clearance did not become clear. Dose escalation studies might provide further insight on 
this aspect.

Figure 2 Uptake of 124I-F16SIP in organs as derived from PET/CT images acquired at 30 min (A) and 24 h (B).
*No tumour uptake was visible on PET/CT in patients 1-3

Figure 1C illustrates evident tumour targeting of F16SIP after 24 h. Tumour-involved lymph nodes (1 
micrometastasis and 1 macrometastasis with a diameter of 2.5 cm) were not detectable. Th ere were no 
other unexpected sites of increased uptake of 124I-F16SIP throughout the body. 

Blood clearance of 124I-F16SIP is illustrated in Figure 3. Whole-blood analysis revealed a mean %ID/
kg of 10.4 ± 3.0 at 15 min and 3.1 ± 0.8 at 24 h after injection. For plasma, these numbers were 20.8 ± 
6.8 and 5.6 ± 1.6 %ID/kg, respectively.

Results of tissue biopsies from the surgical specimen taken at 5-7 d after injection are presented in 
Figure 4. Th e tumour-to-blood ratio at this time point was 7.7 ± 1.7 and the tumour-to-muscle ratio 
was 15.2 ± 13.6. 

Phase 0 clinical study with 124i-f16sip

7

Thesis Heuveling_DEFINITIEF.indd   97 20-1-2014   9:10:22



98

Chapter 7

DiSCuSSiON

To the best of our knowledge, this was the first phase 0 microdosing clinical PET study using an 
antibody as the investigational agent. The results of this study clearly demonstrate the potential value 
of a phase 0 clinical study: information about biodistribution, pharmacokinetics, and proof-of-concept 
tumour targeting of the antibody F16SIP, obtained from a small number of patients (n = 4). Interpatient 
variability was limited with respect to biodistribution and pharmacokinetics, and there was evident 
tumour targeting in all 4 patients, with a tumour-to-blood ratio of about 8 at 5-7 d after injection. 

The principal aim of a microdosing study is to obtain information about cross-reactivity, efficacy 
of tumour targeting, and interpatient variability under conditions that are not likely to cause toxicity. 

Figure 3 Full blood (A) and plasma (B) pharmacokinetics of 124I-F16SIP

PET is a highly sensitive method to visualize and quantify these tissue-based variables (as opposed to, 
for example, plasma pharmacokinetics). However, there is a major concern when mAbs are evaluated in 
microdosing clinical trials: if the target antigen is highly expressed in a well accessible normal organ, a 
large part of the infused labelled mAb may sink into that tissue, leaving just a small part of mAb available 
for such uses as tumour targeting. This phenomenon was demonstrated in a recent clinical immuno-PET 
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study performed by Dijkers et al. (19). Th ey found that a relatively high mAb dose (≥50 mg of 89Zr-
trastuzumab) was required to allow reliable HER2 imaging in breast cancer patients. At a lower mAb 
dosis of 10 mg, rapid (hepatic) clearance of 89Zr-trastuzumab was observed, most likely because of high 
levels of shed extracellular domain of HER2 in the plasma. After the dose had been increased, the plasma 
sink was saturated and the optimal biodistribution and pharmacokinetics were identifi ed (19). Th is 
fi nding indicates that lack of tumour targeting in microdosing studies with mAbs is not a show-stopper 
per se for further clinical development, since biodistribution might improve when higher mAb dosages 
are used. However, if tumour targeting is observed in microdosing studies with mAbs, perspectives for 
clinical application are clearly better, and biodistribution and targeting might even improve when the 
mAb dosage is increased.

Although our study showed increased splenic uptake in 1 patient (patient 1, see Figure 1), scans also 
showed bone marrow uptake and there were no dominant sink organs. Furthermore, the pharmacokinetics 
of the 124I-F16SIP mini antibody were comparable to those of the other mini antibody, L19SIP, which 
was shown to be eff ective in clinical radioimmunotherapy studies (data not shown). Th erefore, the 
bioavailability of F16SIP appeared to be nearly optimal, with selective tumour targeting observed in all 
patients despite the microdose that was used. 

CONCluSiON

Th e promising results of the L19SIP studies (6-8), together with the information on the presented 
phase 0 clinical study, encourage further clinical evaluation of F16SIP based therapeutic strategies (e.g. 
radioimmunotherapy using 131I-F16SIP) in which escalating doses will be used. Moreover, this study 
proved the feasibility of phase 0 clinical studies using mAbs. 

Figure 4 Uptake of 124I-F16SIP in tissues obtained from surgical specimen at 5-7 d after injection. SMG=submandibular 
gland

Phase 0 clinical study with 124i-f16sip
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In this thesis, two challenges in the diagnosis and treatment of head and neck squamous cell carcinoma 
(HNSCC) are described: staging the clinically negative (cN0) neck with the sentinel node (SN) 
procedure, and improving survival using targeted therapies. For both challenges, the use of molecular 
imaging methods (e.g. PET/CT or NIR fluorescence imaging) may play a prominent role in improving 
current clinical practice. Molecular imaging as refered to in this thesis differs from traditional imaging in 
the fact that exogenously administered tracers are used to enable imaging of particular (targeting) ligands, 
targets or pathways.

improving diagnosis of the clinically negative neck using the sentinel node procedure

One of the challenges in the diagnosis of HNSCC is the correct staging of the neck in case of the 
presence of very small (occult) lymph node metastases. In the introduction of this thesis (chapter 1), 
it is concluded that palpation and conventional staging techniques like ultrasound (US), computerized 
tomography (CT), magnetic resonance imaging (MRI), 18F-fluorodeoxyglucose-positron emission 
tomography (FDG-PET), and US-guided fine needle aspiration cytology, are not reliably able to detect 
these occult lymph node metastasis. This lack of diagnostic accuracy becomes especially important in 
the diagnosis of T1-T2 oral cavity cancers, in which the risk of occult metastasis is about 30%. In these 
patients, the primary tumour often can be resected transorally and in that situation the dilemma exists 
how to treat the neck: elective neck dissection with surgical overtreatment of about 70% of patients or 
following a ‘watchful waiting’ policy with the risk of undertreatment in case of metastastic disease. 

The SN procedure has been introduced as a diagnostic staging procedure in early stage oral cancer 
patients and aims to select those patients who really benefit from a neck dissection. The SN is defined as 
the first lymph node that receives lymphatic drainage from the tumour area and therefore, the SN should 
always contain metastatic disease in case of lymphogenic spread. Often, there are multiple SNs. The 
procedure consists of three steps: (1) preoperative identification of the SN based on lymphoscintigraphic 
imaging; (2) surgical removal of the SN with the help of a handheld gamma probe and blue dye 
injection; and (3) thorough histopathological examination of the SN using step-serial sectioning and 
immunohistochemical stainings. 

Despite a good overall performance, there is still room for improvements of this procedure in oral 
cavity cancers. This concerns especially floor of mouth (FOM) tumours, in which (significant) lower 
sensitivity and negative predictive value have been reported. This is because of the “shine-through” 
phenomenon, a result of the short distance between SNs and the FOM tumour, in combination with the  
limited resolution of currently used techniques, i.e. planar lymphoscintigraphy and SPECT/CT using 
the colloid Nanocoll (in Europe) labelled with the gamma emitter technetium-99m (99mTc, t1/2=6 h) as 
tracer (99mTc-Nanocoll). Since most of the peritumourally injected tracer will remain at the injection site, 
a large focus will be produced on the lymphoscintigraphy images. Uptake of the tracer in a SN close to 
the primary tumour may be hidden by the large focus of the injection site and such a SN may not be 
visualized and thus not be identified. 

The limited resulotion may also give problems if complex lymphatic drainage is observed with 
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visualization of multiple foci. Th e timing of imaging is important with respect to the visualization of 
lymphatic drainage and uptake in the SN and second echelon lymph nodes. It is known that there is an 
increased possibility that the tracer will be migrated beyond the SN towards the second echelon lymph 
nodes if imaging is performed at a late time point following injection of the tracer. As a consequence, it 
may be unclear whether a focus visualized on lymphoscintigraphy should be considered to be a true SN 
or a second echelon lymph node. Such a focus may be falsely considered to be SN, resulting in a futile 
surgical removal of a second echelon lymph node.

In chapter 2, the clinical value of routinely performing additional late lymphoscintigraphic imaging 
by means of repeated planar lymphoscintigraphy or SPECT/CT is evaluated. In this study, a retrospective 
analysis of the early (within 30 minutes after injection of 99mTc-Nanocoll) and late (2-4 h after injection) 
lymphoscintigraphic imaging results of 60 early stage oral cancer patients was performed. In 9 of 60 
patients, SNs were visualized only during late imaging, whereas in 51 of 60 patients, early imaging 
demonstrated visualization of a focus considered to be a SN. Routine performed late lymphoscintigraphy 
revealed additional foci marked as SN in 14 of these 51 patients (27%). Th is resulted in a more extensive 
surgical procedure, while these additionally removed SNs were of no clinical relevance, as all SNs 
identifi ed during early imaging correctly predicted whether the neck was positive or negative for cancer. 
Furthermore, this study showed that lymphatic drainage appeared to be slower for tumours in the oral 
cavity other than mobile tongue and FOM tumours, and for paramedian or midline tumours in which 
bilateral drainage often can be observed. Th erefore, in order to minimize the risk of false-negative results, 
we concluded that additional late lymphoscintigraphic imaging should always be considered for these 
selected tumours. In the remaining patients, late lymphoscintigraphic imaging should only be performed 
if there is no focus visible considered to be a SN at early imaging. As a result of this, the extent of the SN 
biopsy procedure may be reduced, making the procedure as minimal invasive as possible. Th is study also 
nicely demonstated the diffi  culty of diff erentiating between a true SN and possible second echelon lymph 
node on current imaging methods. Another aspect of this study was the assessment of the value of blue 
dye for facilitating the intraoperative visualization of the SN: blue staining of the SN was visible in just 
55% of excised SNs. Th us, in 45% of excised SNs the SN could not be visualized by blue dye during the 
surgical procedure. 

In the complex anatomy of the neck, the lack of visualization of the SN may result in extensive surgical 
exploration in order to fi nd the SN, resulting in fi brosis postoperatively. Th e latter may negatively infl uence 
a possible staged neck dissection in case of a positive SN. Moreover, detection can especially become 
diffi  cult if the SN is located close to the primary due to the large amount of radioactivity arising from the 
primary (e.g. FOM) tumour, i.e. injection site. In order to improve the intraoperative visualization of the 
SN in the current procedure, a portable freehand SPECT device, providing 3-dimensional navigation 
towards the SN, has been developed which could be used during the SN biopsy procedure. Chapter 
3 describes the fi rst series (n=29) of early stage oral cancer patients in which this device was evaluated. 
Freehand SPECTwas able to visualise 95% of all preoperatively identifi ed foci on lymphoscintigraphy 
during the surgical procedure. Four preoperatively identifi ed foci could not be identifi ed intraoperatively, 
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of which 3 of them were located in level Ib of the neck in three patients. Two of the three patients did have 
a tumour in the FOM. Intraoperative level Ib SN detection rates, although small numbers, were 75% 
for FOM tumours and 88% for tongue tumours. Although not statisticallly significant, the results of this 
study may suggest that even with the use of freehand SPECT difficulties may occur in the intraoperative 
detection of SNs which are located close to the primary (FOM) tumour. However, the use of freehand 
SPECT appeared to be af additional help in localising the SN in 38% of cases, as assessed by a subjective 
questionnaire. Thus, its use may have a role in minimizing the surgical damage and the postoperative 
development of fibrosis. 

As mentioned above, preoperative identification of a SN located very close to the injection site, which 
is the case for FOM tumours, may be difficult. The large focus of the injection site may hide possible 
SNs located in the close proximity of the tumour, and therefore the true SN may not be identified 
preoperatively. In order to improve the preoperative identification of such SNs, an imaging technique is 
needed that provides higher resolution images, which may be achieved by using PET. To allow for high-
resolution PET lymphoscintigraphy, a PET tracer was needed and had to be developed. In chapter 4, 
the development and preclinical evaluation of a novel PET tracer dedicated to SN detection is described. 
Instead of labelling of Nanocoll with 99mTc, a protocol was designed for labelling of the positron emitter 
zirconium-89 (89Zr, t1/2=78.4 h) to Nanocoll (89Zr-Nanocoll). For successful labelling, the Nanocoll 
first had to be modified with the bifunctional chelate p-isothiocyanatobenzyldesferrioxamine B (Df-
Bz-NCS). Hereafter, coupling of 89Zr to the modified Nanocoll appeared to be efficient, resulting in a 
stable product with a radiochemical purity greater than 95%. Particle size measurements using atomic 
force microscopy demonstrated that this procedure had no influence on the particle size of the Nanocoll 
particles. These results were similar to the quality control specifications of 99mTc-Nanocoll. For preclinical 
in vivo validation studies, a rabbit lymphogenic metastasis animal model was used. This animal model 
resembles head and neck cancer and is an excellent model for SN evaluation studies. To get information 
about tracer distribution, imaging studies were carried out in which PET imaging was compared with 
conventional imaging. PET imaging using 89Zr-Nanocoll showed a similar drainage pattern, but at 
higher resolution. Moreover, PET imaging allowed for 3-dimensional visualization of connecting 
lymphatic vessels, through which differentiation between SN and second echelon lymph nodes became 
more reliable. Next to the imaging studies, comparative biodistribution experiments were carried out at 
different time points after coinjection of 99mTc- and 89Zr-Nanocoll, which showed a similar uptake of 
both tracers in the SN (R2 = 0.99), again demonstrating identical tracer kinetics.

Because there were no differences between 89Zr- and 99mTc-Nanocoll with respect to the characteristics 
and in vivo behaviour, and the production of 89Zr-Nanocoll could be performed according to current 
Good Manufacturing Practice (cGMP), a clinical pilot study was initiated. In chapter 5, the results of this 
study are described. This study was performed in five early stage oral cancer patients, who were scheduled 
for a SN procedure. 89Zr-Nanocoll (1-2 MBq) was injected peritumorally, followed by dynamic PET/
CT imaging, which was repeated the next day. About one week later, the same patient underwent the 
routine SN procedure using 99mTc-Nanocoll (100 MBq), conventional planar lymphoscintigraphy and 
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SPECT/CT imaging, followed by SN biopsy the next day. Th e imaging results of PET/CT and SPECT/
CT were compared with respect to SN identifi cation and tracer distribution. A similar drainage pattern 
was observed for both tracers, whereas PET/CT provided higher resolution images with additional SNs 
visualized which were located near the (FOM) tumour, and in some cases visualization of connecting 
lymphatic vessels. Th e latter resulted in a better diff erentiation between a true SN and a second 
echelon lymph node in one case. Th e results of this pilot study demonstrated the feasibility of PET/CT 
lymphoscintigraphy using 89Zr-Nanocoll.

For further improvement of the intraoperative visualization of the SN the use of near-infrared (NIR) 
fl uorescence imaging is a promising technique. NIR fl uorescence imaging can be used for detection of 
superfi cial NIR fl uorescence labelled structures. At the moment, the only NIR fl uorescent dye which 
is clinical allowed for SN detection is indocyanine green (ICG). However, ICG has limited retention 
time in the SN and its use is therefore limited to a short period of time. In chapter 6, the development, 
characterization, and preclinical evaluation of a novel NIR fl uorescent tracer with optimal characteristics 
for intraoperative SN detection is described. Th e fl uorescent dye IRDye800CW, one of the best NIR 
fl uorescent dyes available at this moment, was conjugated to Nanocoll (Nanocoll-IRDye800CW). 
Conjugation (achieved in a cGMP compliant way) resulted in a pure and stable product without 
aff ecting the particle size of the Nanocoll particles as assessed by atomic force microscopy. With respect 
to the fl uorescence properties of the tracer the quantum yield was determined and compared to that of 
ICG mixed with human serum albumin (ICG/HSA. Results of these measurements showed a similar 
quantum yield for both tracers. In vivo validation of Nanocoll-Irdye800CW, performed in the same 
rabbit animal model as described above, demonstrated optimal retention time in the SN, up to 24 h 
after injection, which appeared to be superior compared with ICG/HSA. Noninvasive detection of the 
SN was possible and NIR fl uorescence-guided resection of the SN demonstrated an excellent contrast 
ratio between the Nanocoll-IRDye800CW labelled lymph node and the surrounding tissue. Th erefore, 
Nanocoll-IRDye800CW may be considered as a promising NIR fl uorescent tracer for SN detection. 

Although the overall performance of the SN procedure in early stage oral cancer is very good, 
improvements can be achieved for further optimization of the procedure. With the introduction of 
the novel PET-tracer 89Zr-Nanocoll the preoperative detection rate of SNs which are located near the 
primary tumour may be improved, possibly resulting in a better performance of the procedure in, for 
example, FOM tumours. For future use of this tracer, technologies have to be developed or evaluated 
to fi gure out which one is best suitable for intraoperative detection of 89Zr-Nanocoll containing lymph 
nodes. Examples are a handheld photon probe especially dedicated for detection of 511 keV gamma rays, 
the use of a β-probe which detects the positron (β+) particles, the use of NIR fl uorescence imaging with 
e.g. Nanocoll-IRDye800CW as optimal fl uorescent tracer, combinations of aforementioned options, or 
other novel innovating techniques. 

An important aspect that has to keep in mind are the associated high costs of performing a PET/
CT scan, and the (limited) availability of PET/CT cameras. Th erefore, careful patient selection should 
be a priority: 89Zr-Nanocoll should only be off ered to patients with tumours that have known fi rst 
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draining lymph nodes near the tumour. On the other hand, 89Zr-Nanocoll is the only available tracer for 
SN detection (not using 99mTc) with exactly the same in vivo behaviour as 99mTc-Nanocoll. Therefore, 
it seems that 89Zr-Nanocoll may be considered as a reliable alternative for 99mTc-Nanocoll. This may 
become especially important in case of worldwide shortage of 99mTc, which is reported to become a 
potential serious concern. Furthermore, the use of 89Zr-Nanocoll and Nanocoll-IRDye800CW is not 
only limited to oral cancer patients, but can be used for all tumour types in which the SN procedure is 
applied.

improving treatment options and the development of targeted therapies

In part two of the introduction (chapter 1), the addition of targeted therapies to the current treatment 
options is described. Targeted therapies, aiming to selectively target the tumour with sparing of normal 
healthy tissues, have the potential to improve the prognosis of the individual patient. However, the 
development of novel anticancer drugs, including targeted therapies, is an inefficient and very expensive 
process, with only 10% of drugs entering clinical trials ultimately reaching the market. It is important to 
obtain clinical information at an early stage of drug development in order to improve the effectiveness of 
drug development. In chapter 7, the first clinical microdosing (“phase 0”) study ever using immuno-PET 
as a tool to obtain initial information about the biodistribution, pharmacokinetics, and tumour targeting 
of the anti-angiogenesis mini antibody F16SIP, is presented. This mini antibody, which is directed against 
the extradomain A1 of tenascin-C, is considered to be a very promising antibody for antibody-based 
therapeutic anti-cancer strategies. In this trial, a microdose of F16SIP was labelled with the positron 
emitter iodine-124 (124I, t1/2=100.3 h) to allow for PET imaging. Information about above mentioned 
aspects could safely be obtained in a very limited number of patients (n=4), and demonstrated limited 
interpatient variability with tumour targeting in all 4 patients. The tumour-to-blood ratio was about 8 
at 5-7 days after injection. Therefore, the conclusion of this study was that further clinical evaluation of 
F16SIP based therapeutic strategies should be encouraged. 

Immuno-PET may be considered as one of the most valuable tools for early selection of high potential 
monoclonal antibodies at an early stage of drug development. Using immuno-PET, drug selection may 
become more efficient and costs may be reduced. Another aspect is the safety of the patients enrolled 
in clinical phase I studies. Information obtained from microdosing biodistribution studies might result 
in less (serious) adverse events by anticipating potential expected adverse effects. In this way, patient 
discomfort in such trials may be reduced. Future microdosing immuno-PET studies will learn more 
about whether such studies will indeed speed up drug development. 
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Dit proefschrift beschrijft twee klinische uitdagingen betreffende de diagnose en de behandeling van 
hoofd-halskanker: (1) de stadiëring van de klinisch negatieve (cN0) hals met de schildwachtklier (SWK)-
procedure en (2) het verbeteren van de prognose van de individuele patiënt met behulp van systemische 
selectieve therapieën, de zogenoemde targeted therapies. Moleculaire beeldvormingstechnieken 
(bijvoorbeeld PET/CT en nabij-infrarood (NIR) fluorescente beeldvorming) kunnen een belangrijke rol 
spelen in het verbeteren van beide toepassingen. Moleculaire beeldvorming, zoals dat in dit proefschrift 
wordt beschreven, verschilt van traditionele beeldvorming omdat exogeen toegediende contrastmiddelen 
(tracers) gebruikt worden om bepaalde processen zichtbaar te maken. 

verbeteren van de stadiëring van de klinisch negatieve hals met behulp van de schildwachtklier-
procedure

Een van de grootste uitdagingen bij de diagnostiek van hoofd-halskanker is het correct aantonen van 
zeer kleine (occulte) lymfekliermetastasen in de hals. In de inleiding van dit proefschrift (hoofdstuk 
1) wordt geconcludeerd dat palpatie en conventionele technieken zoals echografie, CT, MRI, 18FDG-
PET en echogeleide cytologische punctie van de hals onvoldoende betrouwbaar zijn om deze occulte 
lymfekliermetastasen aan te tonen. Vooral bij patiënten met een klein mondholtecarcinoom (T1-T2) 
is dit een probleem, omdat bij 30% van deze patiënten occulte metastasen aanwezig zijn. Wanneer de 
tumor via de mond (transoraal) kan worden verwijderd ontstaat er een dilemma over de behandeling 
van de hals: uitvoeren van een electieve halsklierdissectie betekent chirurgische overbehandeling voor 
70% van de patiënten, terwijl een afwachtend beleid een risico geeft op onderbehandeling als er occulte 
metastasen aanwezig zijn.

De SWK-procedure heeft als doel om een betrouwbaar onderscheid te maken tussen patiënten 
die baat hebben bij het uitvoeren van een halsklierdissectie en patiënten waarbij een afwachtend beleid 
kan worden gevolgd. De SWK is de eerste lymfeklier die lymfeafvloed van de tumor ontvangt en 
deze zou daarom altijd een metastase moeten bevatten in het geval dat lymfogene metastasering heeft 
plaatsgevonden. Bij mondholtecarcinomen zijn vaak meerdere SWK-en aanwezig. De huidige SWK-
procedure bestaat uit drie stappen: (1) preoperatieve identificatie van de SWK door middel van nucleaire 
beeldvorming; (2) excisie van de SWK met behulp van een mobiele gammaprobe en blauwe kleurstof; en 
(3) uitgebreide histopathologische evaluatie van de SWK door het stapsgewijs maken van weefselplakjes 
en het uitvoeren van aanvullende immunohistochemische kleuringen.

Ondanks de goede resultaten van de SWK-procedure bij kleine mondholtecarcinomen is er nog 
voldoende ruimte voor verbetering, in het bijzonder bij tumoren die in de mondbodem gelegen zijn. 
Voor patiënten met een dergelijke tumor wordt een (significant) lagere sensitiviteit en een negatief 
voorspellende waarde van de SWK-procedure gerapporteerd. Een verklaring hiervoor is het zogenaamde 
shine-through-fenomeen, waarbij de SWK als het ware overstraald wordt door de primaire tumor en 
daarom niet afzonderlijk gedetecteerd kan worden. Dit fenomeen is het gevolg van de korte afstand 
tussen de SWK en de tumor in de mondbodem in combinatie met de beperkte resolutie van de huidige 
beeldvormingstechnieken (gammacamera en SPECT/CT) waarbij de gammastraler technetium-99m 
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(99mTc, t1/2=6 uur) gekoppeld aan het eiwit Nanocoll (99mTc-Nanocoll) wordt gebruikt als tracer. Slechts 
een klein gedeelte van de tracer zal worden opgenomen in het lymfesysteem, waardoor het grootste 
gedeelte achterblijft op de injectieplaats (in dit geval de mondbodem). Als gevolg hiervan is op de 
beeldvorming een grote hotspot te zien rond de injectieplaats. Ophoping van de tracer in een nabijgelegen 
SWK kan verborgen blijven achter deze grote hotspot, waardoor de SWK niet geïdentificeerd kan worden. 

Identificatie van de SWK kan daarnaast bemoeilijkt worden door het soms complexe lymfogene 
drainagepatroon van mondholtetumoren. Indien er meerdere hotspots zichtbaar zijn kan het lastig zijn 
een onderscheid te maken tussen de SWK en lymfeklieren van een hoger echelon. Visualisatie van de 
SWK en deze verderop gelegen lymfeklieren hangt af van de tijd die verstreken is tussen het moment van 
injectie en de beeldvorming, waarbij het aannemelijk is dat langere tijd na injectie lymfeklieren van een 
hoger echelon ook tracer zullen gaan bevatten en dus zichtbaar zullen zijn. De klinische consequentie 
hiervan is dat lymfeklieren soms ten onrechte worden verwijderd omdat ze aangeduid worden als SWK, 
terwijl het in werkelijkheid lymfeklieren van een hoger echelon zijn. 

In hoofdstuk 2 wordt de klinische waarde van een routinematig uitgevoerd lymfoscintigram op een 
laat tijdstip (2-4 uur na injectie van 99mTc-Nanocoll) geëvalueerd. Dit werd vergeleken met de resultaten 
van een (vroeg) lymfoscintigram dat direct na injectie werd gemaakt (de eerste 30 minuten). Bij 9 van 
de 60 patiënten werd de SWK alleen gezien tijdens het late lymfoscintigram, terwijl bij de overige 51 
patiënten de SWK ook zichtbaar was op het vroege lymfoscintigram. Het late lymfoscintigram liet 
vervolgens bij 14 (27%) van de overige 51 patiënten extra hotspots zien, die geduid werden als SWK, 
waardoor de chirurgische procedure uitgebreider werd. Bij geen van deze patiënten hadden deze extra 
verwijderde SWK-en klinische consequenties: de op het vroege lymfoscintigram geïdentificeerde SWK-
en voorspelden correct of lymfogene metastasering had plaatsgevonden. Uit deze studie bleek tevens dat 
drainage van de tracer bij andere tumorlokalisaties dan tong of mondbodem trager verloopt. Hetzelfde 
geldt voor tumoren die net naast of op de middenlijn gelegen zijn. Hierbij treedt vaak contralaterale 
drainage op die vaak pas laat zichtbaar wordt. Om het risico op fout-negatieve waarnemingen te 
minimaliseren zou bij patiënten met deze tumoren een lymfoscintigram op een laat tijdstip gemaakt 
moeten worden, terwijl voor de overige patiënten een vroeg lymfoscintigram volstaat. Indien geen SWK 
geïdentificeerd kan worden op het vroege lymfoscintigram is een laat lymfoscintigram wel noodzakelijk. 
Op deze manier kan onnodige extirpatie van lymfeklieren worden voorkomen en is de SWK-procedure 
minimaal invasief. Deze studie laat duidelijk zien hoe lastig het kan zijn om op basis van de huidige 
beeldvorming te differentiëren tussen een SWK en een lymfeklier van een hoger echelon. Daarnaast bleek 
dat slechts 55% van de geëxcideerde SWK-en blauw kleurde, waarbij de overige 45% tijdens de operatie 
niet met het blote oog als SWK te identificeren waren.

Dit gebrek aan het intraoperatief kunnen identificeren van de SWK kan, zeker gezien de complexe 
anatomie van de hals, leiden tot uitgebreide chirurgische exploratie in een poging de SWK te vinden. Een 
postoperatief gevolg van uitgebreidere chirurgische exploratie is meer littekenvorming wat een eventueel 
hierop volgende halsklierdissectie kan bemoeilijken. Het niet kunnen identificeren van de SWK is vooral 
problematisch wanneer de SWK nabij de injectieplaats is gelegen (zoals bij mondbodemcarcinomen), 
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omdat de gammaprobe dan te veel last heeft van de hoge concentratie radioactiviteit rond de injectieplaats. 
De SWK kan mogelijk gemakkelijker worden geïdentificeerd tijdens de operatie door gebruik te maken 
van een mobiele SPECT-camera (freehand SPECT). Deze camera kan door middel van driedimensionale 
navigatie de SWK opsporen. Hoofdstuk 3 beschrijft de eerste resultaten van het gebruik van deze 
camera bij 29 patiënten met een mondholtecarcinoom. De freehand SPECT kon intraoperatief 95% 
van de preoperatief geïdentificeerde SWK-en zichtbaar maken. Vier hotspots die op het preoperatieve 
lymfoscintigram geïdentificeerd werden als SWK konden tijdens de operatie niet geïdentificeerd worden. 
Drie hiervan bevonden zich in level Ib (bij drie afzonderlijke patiënten), twee van deze drie patiënten 
hadden een tumor in de mondbodem. De intraoperatieve detectiegraad van een SWK die in level Ib is 
gelegen was daarmee 75% bij mondbodemcarcinomen tegenover 88% bij tongcarcinomen. Hoewel de 
aantallen klein zijn lijkt het erop dat de freehand SPECT eveneens moeite heeft met de detectie van SWK-
en die zich dicht bij de injectieplaats bevinden. Wel bleek dat bij 38% van de patiënten de informatie die 
de freehand SPECT tijdens de operatie gaf van toegevoegde waarde was voor het lokaliseren van de SWK. 
De freehand SPECT kan dus de mate van chirurgische exploratie verminderen, waardoor de kans op het 
ontstaan van fibrose afneemt. De toevoegende waarde van de freehand SPECT bij de SWK-procedure bij 
mondbodemcarcinomen dient nog verder onderzocht te worden in grotere studies.

Zoals hierboven aangegeven kan preoperatieve identificatie van een SWK welke zich dicht bij de 
injectieplaats bevindt bemoeilijkt worden door het shine-through-fenomeen, een gevolg van de beperkte 
resolutie van de gammacamera en SPECT/CT. Door een techniek met een hogere resolutie te gebruiken, 
zoals PET, zou een dergelijke SWK gemakkelijker geïdentificeerd moeten kunnen worden. Voor een PET-
lymfoscintigrafie is echter een PET-tracer nodig. In hoofdstuk 4 wordt de ontwikkeling en preklinische 
evaluatie beschreven van een nieuwe PET-tracer die geschikt is voor SWK-detectie. Er werd een procedure 
ontwikkeld voor de koppeling van de positron-emitter zirconium-89 (89Zr, t1/2=78.4 uur) aan Nanocoll 
(89Zr-Nanocoll). Voor een succesvolle koppeling diende het Nanocoll eerst gemodificeerd te worden 
met het bifunctionele chelaat p-isothiocyanatobenzyldesferrioxamine B (Df-Bz-NCS). Hierna bleek 
koppeling van 89Zr aan het gemodificeerde Nanocoll op een efficiënte manier mogelijk te zijn, waarbij 
een stabiel product met een radiochemische zuiverheid van meer dan 95% verkregen werd. Metingen 
met een atomic force-microscoop lieten zien dat de koppelingsprocedure geen effecten had op de grootte 
van de Nanocoll-deeltjes. Er waren geen verschillen met 99mTc-Nanocoll wat betreft de resultaten van de 
kwaliteitscontroles. Voor preklinische in vivo validatiestudies werd gebruik gemaakt van een lymfogeen 
metastaserend tumormodel in konijnen wat uitermate geschikt is voor SWK-studies. Informatie over 
distributie van de tracer werd verkregen via beeldvorming, waarbij conventionele lymfoscintigrafie werd 
vergeleken met PET-lymfoscintigrafie. PET met 89Zr-Nanocoll toonde een vergelijkbaar drainagepatroon 
met conventionele lymfoscintigrafie. De resolutie van PET met 89Zr-Nanocoll was echter hoger: 
(tussenliggende) lymfevaten konden driedimensionaal zichtbaar gemaakt worden, waardoor beter een 
onderscheid kon worden gemaakt tussen de SWK en lymfeklieren van een hoger echelon. Naast de 
beeldvorming werden biodistributie-studies uitgevoerd op verschillende tijdstippen na co-injectie van 
99mTc- en 89Zr-Nanocoll. Hierbij werd een vergelijkbare opname van de tracers in de SWK gevonden 
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(R2=0.99).
Omdat bij de kwaliteitstesten en het in vivo gedrag geen verschillen werden gevonden tussen 89Zr- 

en 99mTc-Nanocoll, en omdat 89Zr-Nanocoll geproduceerd kan worden volgens Good Manufacturing 
Practice (GMP), kon een klinische pilotstudie gestart worden. Hoofdstuk 5 beschrijft de resultaten van 
deze studie, waarin vijf patiënten met een mondholtecarcinoom zowel de standaard SWK-procedure met 
99mTc-Nanocoll (100 MBq) en conventionele lymfoscintigrafie waaronder SPECT/CT ondergingen als 
de nieuwe procedure met 89Zr-Nanocoll PET. Eén week voorafgaand aan de standaard procedure werd 
rondom de tumor 89Zr-Nanocoll (1-2 MBq) geïnjecteerd, waarna direct een dynamische PET/CT-scan 
werd gemaakt, en een PET/CT-scan na 24 uur herhaald werd. De resultaten van de PET/CT en SPECT/
CT werden met elkaar vergeleken op het gebied van SWK-identificatie en tracer-distributie. Opnieuw 
werd een vergelijkbaar drainagepatroon gezien voor beide tracers, waarbij PET/CT afbeeldingen van 
een hogere resolutie gaf en identificatie van additionele SWK-en nabij de injectieplaats (mondbodem) 
mogelijk maakte. Bij sommige patiënten konden met PET/CT (tussenliggende) lymfevaten zichtbaar 
worden gemaakt, en bij één van de patiënten leidde dit tot betere differentiatie tussen de SWK en een 
lymfeklier van een hoger echelon. De resultaten van deze pilotstudie tonen de potentie van de klinische 
toepassing van PET met 89Zr-Nanocoll.

Een andere mogelijkheid voor het verbeteren van het de intraoperatieve identificatie van de SWK, naast 
het gebruik van innovatieve camera’s zoals de freehand SPECT, is het gebruik van nabij-infrarood (NIR)-
fluorescente beeldvorming. NIR-fluorescente beeldvorming kan gebruikt worden voor de detectie van 
oppervlakkig gelegen fluorescent gelabelde structuren. Op dit moment is er slechts één NIR-fluorescente 
stof die klinisch gebruikt wordt bij de SWK-procedure: indocyanine groen (ICG). ICG heeft echter als 
nadeel dat het slechts beperkte retentie heeft in de SWK waardoor het alleen van toegevoegde waarde 
kan zijn tijdens een korte tijd na injectie. In hoofdstuk 6 worden de ontwikkeling, karakteristieken en 
preklinische evaluatie van een nieuwe NIR-fluorescente tracer met optimale eigenschappen voor SWK-
detectie beschreven. Eén van de geschiktste fluorescente stoffen van dit moment, IRDye800CW, werd 
gekoppeld aan Nanocoll: Nanocoll-IRDye800CW. Koppeling, opnieuw volgens GMP, resulteerde in 
een zuiver en stabiel product, waarbij de grootte van de Nanocoll-deeltjes wederom onveranderd bleek. 
De kwantum yield, een maat voor de hoeveelheid fluorescentie, was vergelijkbaar met dat van ICG 
gemengd met humaan serum albumine (ICG/HSA). Preklinische in vivo validatie in het lymfogeen 
metastaserend tumormodel in konijnen liet optimale retentie van Nanocoll-IRDye800CW zien, tot 
minstens 24 uur na injectie, hetgeen superieur bleek ten opzichte van de retentie van ICG/HSA. Niet-
invasieve, NIR-fluorescente detectie van de SWK was goed mogelijk en excisie van de SWK op geleide 
van NIR-fluorescente beeldvorming toonde een zeer hoog contrast tussen de fluorescerende SWK en de 
omliggende structuren. Op basis van deze resultaten kan Nanocoll-IRDye800CW beschouwd worden 
als een veelbelovende NIR-fluorescente tracer voor SWK-detectie. 

Hoewel de resultaten van de SWK-procedure bij kleine mondholtecarcinomen over het algemeen 
goed zijn, kunnen verfijningen leiden tot verbetering van de procedure. Met de introductie van de 
nieuwe PET-tracer 89Zr-Nanocoll zouden SWK-en die dicht bij de primaire tumor liggen gemakkelijker 
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geïdentificeerd moeten kunnen worden, waardoor de SWK-procedure nog betrouwbaarder wordt. 
Technieken om de SWK met daarin 89Zr-Nanocoll tijdens de operatie te detecteren zullen nog ontwikkeld 
of verder onderzocht moeten worden. Voorbeelden zijn een mobiele fotonen-probe die geschikt is voor 
detectie van 511 keV-gammastralen, een mobiele β-probe die de positronen (β+-deeltjes) detecteert, het 
gebruik van NIR-fluorescente beeldvorming met bijvoorbeeld Nanocoll-IRDye800CW als optimale 
fluorescente tracer of combinaties van deze technieken.

Nadelen van PET/CT-beeldvorming zijn de hoge kosten en de beperkte beschikbaarheid van PET/
CT-scanners. Goede patiëntenselectie is hierbij van groot belang: 89Zr-Nanocoll lijkt met name waarde 
te hebben bij patiënten van wie bekend is dat de SWK dicht bij de tumor ligt. Op dit moment is 
89Zr-Nanocoll de enige beschikbare tracer voor SWK-detectie zonder 99mTc met exact hetzelfde in vivo 
gedrag als 99mTc-Nanocoll, waardoor 89Zr-Nanocoll het enige betrouwbare alternatief lijkt te zijn voor 
99mTc-Nanocoll. Dit kan belangrijk worden in het geval dat er een tekort ontstaat aan 99mTc, een zorg die 
recentelijk (wereldwijd) geuit werd. Tot slot is het gebruik van 89Zr-Nanocoll en Nanocoll-IRDye800CW 
niet beperkt tot mondholtecarcinomen; deze kunnen bij ieder tumortype ingezet worden waarbij de 
SWK-procedure wordt toegepast. 

verbeteren van de behandelingsmogelijkheden en de ontwikkeling van targeted therapies

In deel twee van de inleiding (hoofdstuk 1) wordt de toevoeging van systemische selectieve therapieën 
(targeted therapies) aan de huidige behandelingsmogelijkheden van hoofd-halskanker beschreven. Targeted 
therapies hebben als doel om gericht de tumor te bestrijden door middel van selectieve targeting, waarbij 
gezond weefsel gespaard moet blijven. Deze middelen hebben in theorie de potentie om de prognose van 
de patiënt te verbeteren. Tot op heden blijkt echter dat de ontwikkeling van nieuwe antikankermiddelen, 
waaronder targeted therapies, zeer inefficiënt verloopt en enorm hoge kosten met zich meebrengt. Slechts 
10% van de middelen die klinisch worden getest bereikt uiteindelijk de markt. Daarom is het van groot 
belang dat in een vroege fase van de geneesmiddelenontwikkeling klinische informatie verkregen wordt 
over de uiteindelijke toepasbaarheid van dit middel. In hoofdstuk 7 wordt de allereerste klinische 
microdosing (fase 0)-studie beschreven waarin immuno-PET gebruikt wordt om informatie te verkrijgen 
over de biodistributie, farmacokinetiek en selectieve tumor-targeting van het anti-angiogenese mini-
antilichaam F16SIP, gericht tegen het extradomain A1 van tenascine-C. F16SIP wordt beschouwd als 
een veelbelovend antilichaam voor antilichaamgebaseerde therapeutische antikankerstrategieën. In deze 
studie met slechts 4 patiënten werd een microdosis F16SIP gelabeld met jodium-124 (124I, t1/2=100.4 
uur) zodat (immuno-)PET-beeldvorming mogelijk was. Er was beperkte interpatiënt-variabiliteit en 
duidelijke selectieve tumor-targeting in alle vier de patiënten. De tumor-bloedratio was ongeveer 8 
gemeten op 5-7 dagen na injectie van het antilichaam. De conclusie van deze studie was dan ook dat 
verdere klinische evaluatie van F16SIP verantwoord is.

Immuno-PET kan beschouwd worden als één van de betrouwbaarste methoden om veelbelovende 
antilichamen in een zeer vroeg stadium van klinische ontwikkeling te selecteren voor verdere evaluatie. 
Met immuno-PET kan op deze manier efficiënte selectie van deze veelbelovende nieuwe antilichamen 
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plaatsvinden, waardoor de kosten van de geneesmiddelenontwikkeling verlaagd kunnen worden. 
Daarnaast kan op basis van de gegevens verkregen uit fase 0 immuno-PET-studies geanticipeerd 
worden op eventuele bijwerkingen waardoor de veiligheid van patiënten in klinische fase I-studies beter 
gewaarborgd kan worden. Toekomstige fase 0 immuno-PET-studies zullen moeten laten zien of dit soort 
studies inderdaad zal leiden tot een snellere en efficiëntere ontwikkeling van geneesmiddelen. 
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