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Abstract: The aim of this study was to develop 68Ga-SPIONs for use as a single contrast agent for dynamic, quan-
titative and high resolution PET/MR imaging of Sentinel Lymph Node (SLN). In addition 68Ga enables Cherenkov 
light emission which can be used for optical guidance during resection of SLN. SPIONs were labeled with 68Ga in 
ammonium acetate buffer, pH 5.5. The labeling yield and stability in human serum were determined using instant 
thin layer chromatography. An amount of 0.07-0.1 mL (~5-10 MBq, 0.13 mg Fe) of 68Ga-SPIONs was subcutaneously 
injected in the hind paw of rats. The animals were imaged at 0-3 h and 25 h post injection with PET/CT, 9.4 T MR 
and CCDbased Cherenkov optical systems. A biodistribution study was performed by dissecting and measuring the 
radioactivity in lymph nodes, kidneys, spleen, liver and the injection site. The labeling yield was 97.3 ± 0.05% after 
15 min and the 68Ga-SPIONs were stable in human serum. PET, MR and Cherenkov luminescence imaging clearly 
visualized the SLN. Biodistribution confirmed a high uptake of the 68Ga-SPIONs within the SLN. We conclude that 
generator produced 68Ga can be labeled to SPIONs. Subcutaneously injected 68Ga-SPIONs can enhance the identi-
fication of the SLNs by combining sensitive PET and high resolution MR imaging. Clinically, hybrid PET/MR cameras 
are already in use and 68Ga-SPIONs have a great potential as a single-dose, tri-modality agent for diagnostic imaging 
and potential Cherenkov luminescent guided resection of SLN.

Keywords: 68Ga, superparamagnetic iron oxide nanoparticle (SPION), sentinel lymph node (SLN), PET/MR imaging, 
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Introduction

Solid tumors (carcinomas) mainly disseminate 
through the lymphatic system and the first 
metastases often arise in regional lymph nodes 
[1]. Therefore, the pathological status of the 
sentinel lymph node (SLN), defined as the first 
node receiving lymphatic drainage from the pri-
mary tumor site, provides important informa-
tion of tumor progression [2]. SLN involvement 
is the most significant prognostic factor in 
breast cancer and melanoma patients [3, 4]. 
The clinical practice is to identify the SLN on 
lymphoscintigraphic images after periareolar 
injection of 99mTc labeled colloids, and then 
intraoperatively by using a handheld gamma 

probe. The SLNs are surgically removed and 
analyzed for the presence of tumor cells [5]. 
However, pre- and intraoperative identification 
of the SLN is challenging due to the low specific-
ity and low uptake of the tracer (<1% of the 
injected activity) [6]. An injection of a blue dye is 
also administrated to guide the intraoperatively 
dissection of SLN [7]. Identification of the SLNs 
is limited by the small surgical field of view for 
nodal sampling and the lack of pre-operative 
anatomical images for surgical guidance which 
sometimes make the localization of the SLN dif-
ficult. This is particularly true in obese patients 
[8]. Furthermore, histopathological studies 
show that more than 64% of dissected SLNs 
are tumornegative [9]. Therefore, non-invasive, 
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sensitive and specific techniques for in vivo 
SLN diagnostics are warranted.

In the past decade several new tracers such as 
quantum dots, silica nanoparticles, liposomes 
and dendrimers in combination with or without 
fluorophores have been tested in animal mod-
els using different stand alone or hybrid imag-
ing modalities [10]. However, the toxicity and in 
vivo stability of these tracers have not yet been 
fully evaluated. Another approach for pre-oper-
ative imaging was presented by Goldberg et al. 
and Sever et al. where micro-bubbles were 
used for the localization of SLN with ultrasound 
[11, 12]. For intraoperative guidance fluores-
cent dye such as indocyanine green (ICG) [13, 
14] and reticuloendothelial-cell-specific recep-
tor binding tracer, 99mTc-tilmanocept undergo-
ing Phase III studies have been proposed [15]. 
Recent development includes optical imaging 
which detects Cherenkov luminescence, using 
radionuclides that emit beta-particles with 
electron energies higher than 219 keV [16, 17]. 
Thorek et al. and Park et al. presented intraop-
erative guidance for SLN resection using 18F-
FDG or 124I-TCL-SPIONs in pre-clinical studies 
[18, 19]. In addition, instruments for endoscop-
ic imaging of Cherenkov emission for surgical 
guidance have also been developed by Liu et al. 
[20].

One promising agent for SLN mapping is super-
paramagnetic iron oxide nanoparticles 
(SPIONs). SPIONs consist of a magnetic core 
coated with biocompatible material, which 
serve as an efficient contrast agent for MR 
imaging. SPIONs injected intravenously are 
retained in the reticuloendothelial system such 
as the liver, spleen and lymph nodes. Studies of 
patients with breast, head and neck, pelvic, 
and esophageal cancer have suggested that 
SPION enhanced-MRI can differentiate bet-
ween healthy and metastatic SLNs in vivo [21, 
22]. However, this technique suffers from low 
sensitivity. Additionally, SPIONs “negative” con-
trast properties make it difficult to identify the 
SLN in MR images. To overcome these prob-
lems, we previously suggested labeling the 
SPIONs with 99mTc which is useful for high sensi-
tivity SPECT and high resolution MR in pre-sur-
gical identification of SLNs [23]. The excellent 
properties of the 99mTc-SPIONs, shown in that 
paper, encourage further development in order 
to combine SPIONs and PET tracers for PET-MR 
imaging. The inclusion of PET would benefit the 

sensitivity and generate quantitative images 
and can also make use of current hybrid PET/
MR system development. 68Ga can be obtained 
from 68Ge/68Ga generators, which are highly 
available and easy to implement in the clinical 
infrastructure.

Here we present a triple-modality imaging 
agent, 68Ga-SPIONs, administrable in a single 
injection for PET-MR SLN mapping. Additionally, 
68Ga-SPIONs enable Cherenkov light emission 
due to the high energy of the emitted positrons 
useful for optical guidance at surgery. The aim 
of this study was to develop a labeling method 
for 68Ga-SPIONs and demonstrate the feasibili-
ty for all three modalities to pre- and intraoper-
atively identify and localize SLNs.

Material and method

Radiolabeling

The SPION nanoparticles (Genovis AB, Sweden) 
have been described previously in a paper by 
Madru et al. [23]. Briefly, they are composed of 
spherical monodispersed iron oxide cores com-
posed of Fe3O4 (~13 nm in diameter measured 
by transmission electron microscopy) and coat-
ed with biocompatible and functionalized poly-
ethylene glycol (PEG). The coated nanoparticles 
have a hydrodynamic diameter of 30 nm (SD 3 
nm) and provides a strong T2 and T2* relax-
ation based contrast in MR images. 

68Ga (T1/2=67.7 min, β+=89% and EC=11%) was 
available from a 68Ga/68Ge-generator system 
(IDB, Holland). 68Ga was eluted with 6 mL of 0.6 
M hydrochloric acid in 0.3-0.4 mL fractions. A 
fraction containing 40-80 MBq of 68GaCl3 in a 
volume of ~0.3 mL was used for labeling.

To determine the optimal pH for the labeling, 
three buffering agents were used in order to 
obtain the required pH values of 3.5, 5.5, 7 and 
9. Sodium acetate (0.4 M), HEPES (0.6 M), and 
ammonium acetate (1 M) was added to ~0.4 
mL 68GaCl3 and the pH was (if required) further-
more adjusted with HCl (0.6 M) and NaOH (10 
M). SPIONs in physiological saline (40 µL, 1.4 
mg Fe) were mixed with 40 µL of the buffering 
agent (pH 3.5, 5.5, 7 or 9) and added to the vial 
with the 68Ga-buffer (corresponding pH as men-
tioned above). The pH was monitored with pH 
test strips (3 steps, Sigma, USA and Merck, 
Germany). The reaction mixture was incubated 
in a heating box under gentle shaking condi-
tions at 50°C for 25 min.
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Quality control: Samples were taken at 5, 10, 
15 and 25 min post labeling and analyzed for 
radioactivity incorporation by instant thin layer 
chromatography (ITLC, TEC-control chromatog-
raphy strips, Biodex, USA) using 0.2 M citric 
acid as running buffer. The ITLC strips were 
imaged by a phosphor imager (Welesley, MA, 
Perkin Elmer, USA). A phosphor storage plate 
(Multisensitive, medium, Perkin Elmer, USA) 
was placed on the top of the strips and exposed 
for 5 minutes. The plate was scanned and ana-
lyzed using the OptiQuant image analysis soft-
ware (Perkin Elmer, USA).

The labeling efficiency was also evaluated by 
separating the 68Ga-SPIONs from the reaction 
mixture with a column containing ferromagnet-
ic spheres (Miltenyi Biotech, Germany). 
Attaching a magnet to the column and filtering 
the reaction mixture, the 68Ga-SPIONs were 
trapped within the column while the free 68Ga 
and buffer solution flow through. The magnet 
was removed and the 68Ga-SPIONs were eluted 
with sterile water, saline or ammonium acetate 
buffering solution. The radioactivity of the 
68Ga-SPIONs was compared with the activity of 
the free 68Ga by using a dose calibrator (Atomlab 
500, Biodex, USA).

The labeling stability studies were performed 
by incubating the 68Ga-labeled SPIONs in 
human serum (pH 7) at 37°C for 60, 120, 180 
and 240 min and analyzed with ITLC as 
described previously. The experiments were 
performed in triplicate.

Animal studies

White Wistar rats (n=9, Charles River, Germany) 
with weight 250-300 g were used in compli-
ance with local and national regulations 
approved by the Local Ethics Committee for 
Animal Research, Lund, Sweden. The animals 
were anesthetized with 2-3% isoflurane during 
injection and imaging and the 68Ga-SPIONs in 
ammonium acetate buffer (pH 5.5) or physio-
logical saline (3-10 MBq equivalents to 0.05-
0.07 mL, ~0.13 mg Fe) was subcutaneously 
injected in the right hind paw. The contralateral 
side served as control.

PET/CT imaging: To evaluate the in vivo biodis-
tribution of 68Ga-SPIONs the injected animals 
were placed on an animal bed and imaged with 
a dual-modality, positron emission tomography 
and computed tomography system (PET/CT, 

NanoPET/CT, Bioscan, USA). The injection site 
was covered with a lead plate during imaging 
sessions in order to eliminate possible interfer-
ing with the adjacent SLN. The PET images 
were collected in 10-15 min intervals or as a 
dynamic PET acquisition performed up to 3 h. 
Reconstruction of the images was made by 
using ordered subset expectation maximum 
(OSEM) iterative method with the following 
parameters: energy window 400-600 keV, sin-
gle slice rebinning to 2D LOR, ring difference 16 
and coincidence 1-3. Morphological informa-
tion was provided by CT images acquired with 
55 kV, 360 projections, medium or maximum 
zoom and reconstructed with RamLack filter. 
The PET and CT images were sent to a worksta-
tion for coregistration and analysis (InVivoscope, 
Bioscan USA). One animal was returned to its 
cage and was sacrificed the next day (25 h post 
injection). Five animals were sacrificed by an 
overdose of isoflurane at the end of the PET/CT 
scan.

MR imaging: Two of the sacrificed animals were 
imaged in a horizontal bore MR scanner 3 h 
and 25 h p.i. (9.4 T Agilent Palo Alto, CA, USA) 
using a transmit/receive, 72 mm inner diame-
ter volume coil (Rapid Biomedical GmbH, 
Rimpar, Germany). The images were acquired 
using PD-weighted 3D gradient-echo (3D-GRE) 
pulse sequence with the following parameters: 
TR=9.50 ms, TE=2.53 ms, number of average 
(NA)=4, flip angle 6 degrees, field of view=113 
mm × 58.5 mm × 66.3 mm, Matrix 512 × 512 
× 256.

Optical imaging: Three animals were used for 
optical imaging after the PET/CT scan. 
Cherenkov fluorescence imaging was per-
formed by using a slow-scan deep-cooled CCD 
camera (Andor iKon 934 M, Andor, Ireland). The 
camera was equipped with an objective lens of 
focal length 25 mm and f-number 0.95 (Xenon, 
Schneider Kreuznach, Germany). The camera 
was placed in a light tight enclosure to sup-
press ambient room light. Cherenkov emission 
images of the animals employed 8 × 8 binning 
and an exposure time of 10 min or 2 min.

In order to ensure the linearity of Cherenkov 
radiance with 68Ga activity, a well plate was 
imaged containing 1.2 mL water, 0.2 mL scat-
tering liquid (20% - Intralipid©, Fresenius-Kabi, 
Sweden) to mimic the scattering properties of 
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tissue, and 68Ga with activity concentrations 
varying from 0.098 MBq to 1.79 MBq. The well 
plate images employed 4 × 4 binning and expo-
sure times of 10 min. All Cherenkov emission 
images were subject to median filtering to 
remove the hotspots from the registered 
gamma photons.

Biodistribution

Four animals were dissected immediately after 
the PET/CT imaging where lymph nodes, kid-
neys, spleen, liver and the hind paw containing 
the injection site were removed, weighed and 
measured for radioactivity in a NaI(Tl) well-type 
detector (1282 CompuGamma CS; LKB Wallac). 
All measurements were corrected for back-
ground and radioactive decay. The accumula-
tion of the 68Ga-SPIONs in the dissected organs 
was expressed as the percentage injected 
activity per gram wet tissue (% IA/g).

Results

Radiolabeling

The ammonium acetate buffer (1 M, pH 5.5) 
was found optimal for 68Ga labeling of SPIONs. 
The radiolabeling efficiency, as determined by 
ITLC was >95% within 10 min and reaching a 
plateau of 97.3 ± 0.05% after 15 min incuba-
tion at 50°C (Figure 1A, 1B). The radiolabeled 
SPIONs remained at the origin on the ITLC 
sheets, whereas free 68Ga moved with the sol-
vent front at an Rf value of 0.9. Similar results, 
97% labeling efficiency after 15 minutes incu-
bation, were found with the magnetic separa-
tion method. 68Ga-SPIONs were stable in 
human serum (pH 7, >93%) at 37°C for 4 h. The 

labeling efficiency was found to be 95 ± 3% in 
HEPES buffer at pH 3.5 and 87 ± 1.7% in sodi-
um acetate buffer at pH 4 after 25 minutes of 
incubation at 50°C.

Animal studies

PET/CT imaging: The accumulation of the 
68Ga-SPIONs within the SLN (popliteal node) 
was detectable with PET within 30 min. The 
anatomical information provided from the 
coregistration with CT images confirmed that 
the 68Ga-SPIONs were localized within the 
lymph node (Figure 2A, 2B). A small amount of 
radioactivity could be visualized in the second 
(iliac) lymph node (3 h p.i.), in good agreement 
with the biodistribution data.

MRI imaging: To demonstrate the potential of 
68Ga-SPIONs for future simultaneous PET/MR 
imaging, the animal bed with the rat was 
removed from the PET system and moved into 
the MR camera and imaged with the GRE 
sequence (image parameters described above). 
The MR image visualizing the SLNs is shown in 
Figure 3A. The SLN on the right side could be 
recognized due its hypointensity, compared 
with the reference node. The MR image showed 
good delineation of the SLN. Figure 3B shows 
the presence of the SPIONs 25 h p.i., with a 
somewhat more homogenous uptake within 
the SLN compared with Figure 3A. Even in this 
image a good delineation of the node is demon-
strated and no obvious “blooming artifacts” are 
present that could be caused by the iron oxide 
core.

Cherenkov imaging: Cherenkov emission imag-
es of 68Ga-SPIONs (3 h p.i., ~15 MBq injected 
activity) are shown in Figure 4A. The rat skin 

Figure 1. Radiolabeling of the 68Ga-SPIONs. A: The Radiolabeling yield in ammonium acetate buffer (pH 5.5) ex-
ceeded 95% (n=3) after 10 minutes of incubation time. B: The radiolabeling yield is shown to be optimal when the 
labeling of 68Ga-SPIONs is performed at pH 3-7 (n=3).
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was shaved but intact rendering a low radiance 
due to the large penetration depth. The expo-
sure time was 10 minutes. In Figure 4B the skin 
was removed leading to a stronger Cherenkov 
radiance in the image acquired using a short 
exposure time of 2 minutes. In Figure 4C a rep-

resentative image of the Cherenkov emission 
from a well plate filled with the tissue mimick-
ing liquid solution is shown. The extracted radi-
ance from each well and plotted for different 
levels of activity show an excellent linearity as 
demonstrated in Figure 4D.

Figure 2. PET/CT image of one representative animal. A: Fused whole-body image of the rat 3 h after subcutaneous 
injection with 68Ga-SPIONs. The arrows show accumulation of 68Ga-SPIONs in the SLN (popliteal) and iliac node. B: 
The axial image visualizing the SLN in comparison with the contralateral reference node. 

Figure 3. MR imaging of rats visualizing the SLN. A: Axial MR image of the same animal as shown in Figure 2. The 
uptake of the 68Ga-SPIONs in SLN after 3 h is evidently seen in the image. B: The SLN are clearly visualized indicat-
ing hypointensity due to accumulation of the 68Ga-SPIONs, 25 h after injection. 
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Biodistribution: The clearance of the 68Ga- 
SPIONs from the injection site was between 20 
and 30%, 3 h after injection. The mean uptake 
in the lymph nodes, spleen, liver and kidneys is 
shown in Figure 5. The radioactivity uptake of 
the 68Ga-SPIONs was highest in the SLN with 
123% IA/g when in the second (iliac) node 
retained a mean of 47% IA/g. Organs of the 
reticuloendothelial system as liver and spleen 
had a low uptake of 0.3% IA/g respectively 
0.1% IA/g, 3 h p.i. The kidneys retained a mean 
of 0.05% IA/g.

Discussion

SLN mapping using 99mTc-labeled colloids and 
blue dye has been widely accepted as a stan-
dard method, mostly for its reasonable detec-
tion rate, availability and low cost. However, 
these tracers are not specific and give no infor-
mation regarding the pathological status of the 
lymph nodes. Lymphoscintigraphic images 
have low resolution and lack anatomical infor-
mation for accurate localization of the SLN. 
Identification of the SLN is particularly difficult 
in malignant melanoma patients where the pri-

mary tumor may drain to several distant nodes. 
Recently, agents including micro-bubbles using 
ultrasound, ICG-fluorescent dye or 99mTc-tilam-
nocept have been suggested to identify the 
SLN. Pre-operative sonographic examination of 
axillary nodes in combination with biopsy sug-
gested that the technique may identify meta-
static involvement in SLN, however has low 
sensitivity (53.7%) and accuracy (67.9%) which 
not justifies its clinical use [24]. The use of 
micro-bubbles, however may enhance the 
detection rate of the SLN (up to 89%) as dem-
onstrated by Sever in a study of 80 breast can-
cer patients. The ICG-fluorescent methods 
using standard CCD imaging instrument show a 
high detectability of over 90% of the SLN but 
cannot differentiate between normal- and 
nodes with tumor involvement [25]. 99mTc-tilam-
nocept has the main advantage of its small 
molecular size which leads to a rapid clearance 
from the injection site and selective accumula-
tion in SLNs within 20 minutes.

Other agents with potential to identify meta-
static involvement in SLNs are those containing 

Figure 4. Optical images of 68Ga-SPIONs visualizing the SLN 2.5-3 h p.i. A: Cherenkov emission image, 10 min ex-
posure, where the skin was shaved but intact. B: Cherenkov emission image, 2 min exposure, after the skin was 
removed. C: Representative Cherenkov emission image, 2 min exposure, of a well plate filled with 68Ga mixture with 
20% Intralipid. The activity levels in the range of 0.08-1.8 MBq for each well are as indicated in the figure. D: The 
Cherenkov radiance plotted for the different levels of activity as extracted from each well. The linear relation is con-
firmed with an R2-value of 0.99. White bar in Figure 4A, 4B indicates the length scale 10 mm.
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SPIONs used for MR imaging. SPIONs cause a 
shortening of the transversal relaxation of the 
spins and introducing a local field inhomogene-
ity within the SLN which leads to the decrease 
of the signal, generating “dark nodes” in MR 
images. Metastatic nodes however, with an 
inhomogeneous accumulation of SPIONs within 
the SLN will not be homogenously darkened. 
Other advantage compared to the 99mTc-labeled 
colloids is that SPIONs can be produced in a 
systematic way with the desired diameter in a 
narrow size range, crucial for SLN imaging [26].

With this in mind we choose to work with 
SPIONs and designed a single agent, 68Ga- 
SPIONs for multiple imaging purposes. Firstly, it 
enables localization of SLN with sensitive PET 
and high resolution MR imaging. Secondly, 
68Ga-SPIONs enables Cherenkov luminescence 
optical guided SLN surgery.

Similarly to generator produced 99mTc, the posi-
tron emitter 68Ga will be available from an in-
house 68Ge/68Ga generator, making it attractive 
for sites without cyclotrons. Additionally, 68Ga 
has favorable physical properties (half-life of 
68 minutes, 89% β+ emission) and easy che-
late-mediated or direct labeling chemistry [27, 
28]. Due to its superior imaging properties, 
68Ga-DOTA-octreotides have already replaced 
the 99mTc/111In-DTPA-octreotides used for imag-
ing of neuroendocrine tumors [29]. 68Ga-labeled 
peptides have also been successfully used for 
visualization of different inflammatory diseases 

encouraged to in vivo applications using white 
Wistar rats. 68Ga-SPIONs injected subcutane-
ously in the right hind paw of the rats was trans-
ported within the lymphatic vessels and 
retained in SLN as demonstrated in PET, MR 
and Cherenkov luminescence images. 

In PET images Figure 2A, 2B, the activity within 
the SLN was well correlated with the ex vivo bio-
distribution study and show that there was 
about three times more activity in the first node 
compared with the second lymph node. MR 
images taken 25 h after injection demonstrates 
that the 68Ga-SPIONs are still present in the 
SLN in high concentration which may enable 
second day protocols in clinic. No image arti-
facts have been detected around the SLN as 
demonstrated in Figure 3A and 3B. However, 
due to the “negative” contrast in MR images, 
localization of the SLNs in patients could be dif-
ficult, and the results suggest that there is a 
need to label the SPIONs with 68Ga in order to 
improve the overall (pre- and intraoperative) 
SLN detectability.

Optical imaging using 68Ga-SPION as a source 
for Cherenkov emission can potentially find a 
role as a tool for intra-operative surgical guid-
ance. However, the optical photons are affect-
ed by the optical attenuation as well as the 
depth of emission. In order to battle the ever 
present optical attenuation there is a need for 
radionuclides that can generate strong Cher-
enkov emission. In this work the radionuclide 

Figure 5. Biodistribution data of 68Ga-SPIONs in 4 white Wistar rats 3 h after 
subcutaneous injection in the right hind paw. Uptake is shown as mean ± SD 
% IA/g.

[30] which demonstrates 
that 68Ga is a promising 
candidate in the modern 
era of “personalized 
medicine”.

In this study, 68Ga is 
attached to SPIONs with 
direct labeling method. 
Ammonium acetate was 
found to be the most suit-
able buffer solution for 
labeling, with a labeling effi-
ciency over 97% within 15 
minutes. The labeling yield 
was found highest at pH 
3-5.5. 68Ga-SPIONs were 
found to have a good dis-
persion in buffer agents 
and to be stable in human 
serum (up to 4 h) which 
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68Ga is responsible for emission of Cherenkov 
light. In comparison to previously reported 
studies, the beta particles emitted from 68Ga 
have much higher energy (Max. 1.89 MeV) 
compared with 18F (0.634 MeV) and 124I (0.819 
MeV). This higher energy leads to a stronger 
Cherenkov emission [30]; hence the use of 
68Ga can enable identification of SLN localized 
deeper in the tissue.

The clearance of the 68Ga-SPION from the injec-
tion site was found to be comparable to the 
clearance of 99mTc-SPIONs used in our previous 
study for SPECT/MR imaging of the SLNs (~20% 
3 h post injection) [23], demonstrating that the 
clearance mainly depends on the size and the 
coating of the SPIONs and is less affected by 
the attached radionuclide. The mean uptake of 
68Ga-SPION in SLN was over 2% with the lowest 
value of 0.8% and highest 6.3%, three hours 
post injection. This can be compared to the 
mean value of 1.72%, the lowest value 0.4% 
and the highest 4.0% for 99mTc-SPIONs, 4 h 
after injection. Individual variations observed in 
uptake, probably occurred as an influence of 
the anesthesia. The biodistribution data shows 
that a small amount of 68Ga-SPION was trans-
ported through the lymphatic system and other 
nodes and finally accumulated in liver and 
spleen. PET compared to SPECT imaging offers 
advantages such as better spatial resolution 
and quantitative images. Due to the higher sen-
sitivity, PET allows much shorter scanning 
times than SPECT.

Conclusion

In this study, a fast one step labeling method of 
SPIONs with generator produced 68Ga was 
demonstrated. Hybrid PET-MR systems are 
already available for both preclinical and clini-
cal use which encourage the development of 
this kind of probes. Our results reveal that the 
first lymph node draining the injection site was 
clearly visible on PET, MR and Cherenkov imag-
es demonstrating the potential of this agent as 
a novel multimodality probe.
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