
 

 

Introduction 
 
The family of carcinoembryonic antigen (CEA) 
constitutes glycoproteins that are involved in 
cell adhesion, thus referred to as carcinoembry-
onic antigen cell adhesion molecules 
(CEACAMs) and are produced during fetal devel-
opment [1]. Many CEACAMs are overly-
expressed in a variety of carcinomas, can there-
fore be detected both in tissue and in blood in 
those patients used as a serum marker for the 

prognosis of colorectal cancer, especially CEA-
CAM5, or CD66e [2-4]. Elevation of serum CEA 
has also been seen in symptom-free patients, 
where endoscopic examinations have verified 
the presence of tumors [5]. Blood levels of CEA 
can also be used as a preoperative prognostic 
marker for colorectal and breast cancers [6, 7] 
and may also be elevated in other cancer types, 
such as lung [8, 9], prostate [10], and adreno-
cortical cancer [11]. Its usefulness as a general 
marker is, however, limited in these diseases, 
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Abstract: The carcinoembryonic antigen (CEA) was visualized in vitro in tissue from patients with colorectal cancer 
with trivalent bispecific antibody TF2 and two hapten molecules, [67/68Ga]Ga-IMP461 and [67/68Ga]Ga-IMP485 by 
means of pretargeting. Colorectal cancer tissue samples obtained from surgery at Uppsala University Hospital, were 
frozen fresh and cryosectioned. The two hapten molecules comprising 1,4,7-triazacyclononanetriacetic acid chelate 
moiety (NOTA) were labeled with 67Ga or 68Ga. The autoradiography was conducted by incubating the tissue samples 
with the bispecific antibody TF2, followed by washing and incubation with one of the radiolabeled hapten molecules. 
After washing, drying and exposure to phosphor imager plates, the autoradiograms were analyzed and compared to 
standard histochemistry (hematoxylin-eosin). Pronounced binding was found in the tissue from colorectal cancer us-
ing the bispecific antibody TF2 and either of the haptens [67/68Ga]Ga-IMP461 and [67/68Ga]Ga-IMP485. Distinct bind-
ing was also detected in the epithelium of most samples of neighboring tissue, taken at a minimum of 10 cm from 
the site of the tumor. It is concluded that pretargeting CEA with the bispecific antibody TF2 followed by the addition of 
67/68Ga-labeled hapten is extremely sensitive for visualizing this marker for colorectal cancer. This methodology is 
therefore a very specific complement to other histochemical techniques in the diagnosis of biopsies or in samples 
taken from surgery. Use of the pretargeting technique in vivo may also be an advance in diagnosing patients with 
colorectal cancer, either using 67Ga and SPECT or 68Ga and PET. 
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and more for monitoring than diagnosis.  
 
Positron emission tomography (PET) is a sensi-
tive tool for visualization of various diseases. 
This technique is based on the introduction of a 
positron emitting nuclide, such as 11C-, 18F or 
68Ga, in molecules that bind to a target of inter-
est. The most commonly used radiotracer is 
[18F]fluoro-deoxy-glucose ([18F]FDG), which ac-
cumulates in tissue with high glucose consump-
tion such as in tumors. [18F]FDG has been 
widely used in the diagnosis and in manage-
ment of colorectal cancer [12]. However, one 
drawback of [18F]FDG is that it is non-specific 
and may also accumulate in the inflamed tis-
sues resulting in false-positive diagnosis as well 
as demonstrating negligible uptake in slowly-
growing tumor cells resulting in false-negative 
diagnoses. A selective tool for a specific bio-
marker, like CEA, is therefore of interest; there-
fore, monoclonal antibodies against CEA have 
been radiolabeled with several different ra-
dionuclides for use in radioscintigraphy [13-18]. 
However, it is essential that the labeled radio-
tracer has a fast clearance and has low binding 
to other endogenous components, especially 
those in the proximity to the target of interest. 
Since most intact antibodies have a long biologi-
cal half-life (days – weeks), this has hampered a 
wider use of radiolabeled antibodies in PET, 
where most radionuclides have a very short half
-life [19]. One way to overcome this problem is 
to use methods of pretargeting, i.e., to pretarget 
the tissue with a bispecific antibody followed by 
visualization of the bound antibody in a second 
step using s smaller molecules with more appro-
priate kinetics some days later [20]. A recently 
developed pretargeting technique is to use com-
plex antibodies or fragments of antibodies hav-
ing multiple binding sites interacting with both 
antigen and reporter moiety carrying hapten 
molecules containing the radionuclide. In this 
report we have used a pretargeting system 
made by a trivalent, bispecific binding antibody 
(TF2), consisting of two identical Fab fragments 
reacting against CEACAM5, is covalently linked 
to a different Fab fragment capable of reacting 
with a divalent hapten peptide containing hista-
mine-succinyl-glycine (HSG) residues and a che-
late to be used for attaching the appropriate 
radionuclide [21-23]. The specificity of TF2 to 
CEA has been demonstrated in previous studies 
[21, 24-26]. TF2 is pre-administered to allow 
the localization to the target and clearance from 
the blood within its pharmacokinetics time 

frame. The subsequent administration of the 
radiolabeled hapten peptide characterized with 
fast target (TF2) localization and blood clear-
ance provides imaging of high contrast [21, 24]. 
 
Non-invasive visualization of the distribution 
and density of CEA not only in tissue fluids, but 
also in the patient in order to locate the spread 
of the CEA containing cancer by using the pre-
targeting technique in combination with PET 
could be advantageous for staging of the dis-
ease. This sensitive technique for visualization 
of various endogenous binding sites should be 
suitable for prognostic investigations of the 
presence of CEA, and due to the high sensitivity 
of PET this also allows for the detection of small 
metastases that may be occult by other imaging 
modalities.  
 
A considerable number of radionuclide-labeled 
antibodies is investigated currently for cancer 
therapy with radionuclides such as 90Y, 125/131I, 
213Bi, 188Re, 177Lu, 211At where the radiation to 
healthy organs is high due to the slow pharma-
cokinetics and blood clearance, with high con-
centrations in the red marrow [27]. Thus, the 
introduction of the bispecific pretargeting con-
cept contributes to the improvement of not only 
of diagnostic imaging but also possible therapy 
applications. The hapten molecule may contain 
various chelators (DTPA, DOTA, NOTA) for com-
plexation with a variety of radionuclides, such 
as 111In, 99mTc, Al18F [28, 29], 67Ga or 68Ga for 
the imaging in SPECT and PET studies of the 
distribution of CEA, or has been proven effica-
cious for therapy when labeled with 177Lu or 90Y 
[23].  
 
The present in vitro study was undertaken to 
evaluate the binding of the trivalent bispecific 
antibody TF2 and the two haptens, Ga-IMP461 
and Ga-IMP485 (Figure 1), in colorectal cancers 
removed from patients at surgery. Both haptens 
were labeled with 68Ga for PET and with 67Ga for 
SPECT for the in vitro evaluation. 
 
Material and methods 
 
Compounds and chemicals 
 
The trivalent, bispecific binding antibody TF2 
was prepared as described previously and 
stored at + 4°C until use [22]. Two haptens, 
IMP461(NOTA-D-Ala-D-Lys(HSG)-D-Tyr-D-Lys
(HSG)-NH2) and IMP485 (NOTA-MPAA-D-Lys
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(HSG)-D-Tyr-D-Lys(HSG)-NH2) (Figure 1) [20, 23], 
as well as TF2, were obtained from Immu-
nomedics Inc., Morris Plains, NJ, USA. 68Ga was 
obtained from a 68Ge/68Ga generator system 
(iThemba, IDB Holland bv, The Netherlands). 
HEPES (4-(2-hydroxyethyl)piperazine-1-
ethanesulfonic acid, used as a powder), doubly 
distilled hydrochloric acid (Riedel de Haën), 
NaCl (38979), NaOH (306576, semiconductor 
grade) were obtained from Sigma-Aldrich Swe-
den (Stockholm, Sweden). Trifluoroacetic acid 
(TFA) was obtained from Merck (Darmstadt, 
Germany). Water (18.2 MΩ), produced with a 
Purelab Ultrapure system (Elga Bucks, the UK), 
was used in all reactions. The purchased chemi-
cals were used without further purification. 67Ga 
(T½ = 3.2612 d, decay by electron capture (EC), 
gamma energy 93 keV 40%, 184 keV 20%, 300 
keV 17%, 393 keV 5%) in 0.1M HCl solution was 
obtained from MDS Nordion Inc., Vancouver, 
BC, Canada and used without further purifica-
tion. Strong anion exchange solid phase extrac-
tion cartridges (Chromafix, PS-HCO3) were pur-
chased from Macherey–Nagel GmbH, Düren, 
Germany.  
  
Tissues 
 
The colorectal cancer tissue samples were ob-
tained from surgeries performed at Uppsala 
University Hospital, and were immediately fro-
zen and stored at -80°C until sectioned. Tissues 
from cancerous colorectals as well as from 
neighboring tissue taken at a minimum of 10 
cm from the site of the tumor were used. The 
sections were also stained with hematoxylin-

eosin.  
 
CEA-expressing LS174T human colorectal can-
cer xenografts from one nude rat and one nude 
mouse were sectioned and used as positive 
control tissues. All tissues were cryosectioned 
using a Leica cryocut to 20 µm, and put on Su-
perfrost glass slides. The sections were stored 
at -25°C before use within a few months.  
 
Analytical methods for radiolabeling 
 
HPLC analysis was performed on a Beckman 
Nouveau HPLC system equipped with a Beck-
man 166 variable-wavelength UV detector and a 
flow-count radio detector (Bioscan, Inc., USA) 
connected in series. The reverse-phase separa-
tion was conducted using a Grace Vydac C18 
Protein and Peptide HPLC column (Vydac, 
USA,150 × 4.6 mm; 5µm). The gradient elution 
with 0.1% trifluoroacetic acid (TFA) aqua (A) and 
acetonitrile/water 70:30, containing 0.1% TFA 
(B), as mobile phase, was as follows: 5% B for 2 
min, and then to 90% B in 8 min. The flow rate 
and UV wave length were 1 ml/min and 280 
nm, respectively.  
 
Pre-concentration and purification of 68Ga 
 
68Ga (T½ = 68 min, β+ = 89% and EC = 11%) was 
available from a 68Ge/68Ga generator system 
(iThemba, IDB Holland bv, The Netherlands) in 
which 68Ge (T½= 270 d) was attached to a col-
umn of an inorganic matrix based on stannous 
oxide. A pre-elution using 6 ml of 1 M HCl was 
performed four hours prior to the synthesis. 

Figure 1. Structural formula of IMP461 (left) and IMP485 (right).  
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68Ga was eluted with 6 ml of 1 M HCl into a vial 
containing 1.4 g NaCl and stirred until dis-
solved, giving a chloride concentration of 5 M. 
The solution was passed through the anion ex-
change cartridge (Chromafix, PS-HCO3), and 
afterwards the 68GaCl3 was eluted with 300 µl 
of water. 
 
Preparation of [68Ga]Ga-IMP461 and [68Ga]Ga-
IMP485 
 
HEPES (0.048 g, 0.20 mmol) was dissolved in 
the 300 µl of preconcentrated 68Ga in a 2 ml 
Eppendorf tube. The pH was 4.2-4.6 (adjusted 
by the addition of 30% HCl (aq) or 10 M NaOH 
(aq) if necessary). Thereafter, an aqueous solu-
tion of IMP461 or IMP485 (1-6 nmol) was 
added. The reaction took place by using conven-
tional heating at 90°C for 10-15 min. The purity 
of the labeled product was analyzed using HPLC 
and the pH of the reaction mixture was adjusted 
to ~7 by addition of 10 M NaOH (aq) prior to use 
in the biological experiments. 
 
Preparation of [67Ga]Ga-IMP461 and [67Ga]Ga-
IMP485 
 
67Ga obtained as GaCl3 solution in 0.1M HCl 
(106 μL) was used without further purification. 
The amount of 67Ga (9 ± 1 MBq) used for the 
labeling was adjusted to the required specific 
radioactivity. The corresponding volume of the 
stock solution was added to the HEPES solution 
(0.3 M, 130 µl) in 0.1 H HCl. The pH of the solu-
tion was adjusted to 3.5-4.5, if needed, with 
NaOH. Then 3 nmol of IMP461 or IMP485 were 
added, and the reaction mixture was incubated 
either at room temperature for 10 minutes or 
90°C for 5 min. The radiochemical purity of 
[67Ga]Ga-IMP461 and [67Ga]Ga-IMP485 was 
assessed by UV-radio-HPLC, and the concentra-
tion of the conjugate and the tracer was deter-
mined from UV-HPLC standard plots.  
 
Synthesis of [NatGa]Ga-IMP461 and [NatGa]Ga-
IMP485 
 
NatGa of natural isotope composition (69Ga and 
71Ga) was complexed with IMP461 and IMP485. 
Twenty mM aqua solution of NatGaCl3 (5 µl) were 
added to the HEPES solution (0.3 M) of 0.1 M 
HCl (200 µl) and the pH was adjusted with 
NaOH to 3.5-4.5. Then 10 nmol of either 
IMP461 or IMP485 were added and the reac-
tion mixture was incubated at room tempera-
ture for 10 min or 90°C for 5 min. [NatGa]Ga-

IMP461 and [NatGa]Ga-IMP485 were used as 
authentic references for the confirmation of the 
radio-HPLC chromatogram signals. 
 
Stability study 
 
The stability of formulated [67/68/NatGa]Ga-
IMP461 and [67/68/NatGa]Ga-IMP485 counter-
parts in phosphate-buffered saline (PBS) at pH 
7.4 was monitored at room temperature by UV-
radio-HPLC during 4h, 17h and 3d, respectively, 
for 68Ga, 67Ga and NatGa. Appearance of radi-
osignals was followed for the compounds com-
prising 68Ga and 67Ga. The stability of the mole-
cules containing NatGa was followed by UV-HPLC 
and determinations of the corresponding ab-
sorbance and concentration were made. 
 
Autoradiography 
 
The assay conditions were optimized by varying 
concentrations of the bispecific binding anti-
body and of the radioligand on rat and human 
tumors and control tissue. Both [67Ga]Ga-
IMP461 and [68Ga]Ga-IMP461 were used in the 
optimization studies.  
 
The optimal assay conditions for in vitro autora-
diography were found to be as follows. The 
thawed sections were preincubated for 60 min 
at 37°C in Tris-HCl buffer (Tris-HCl 0.05 M, 
pH7.4, with BSA 0.2%, MgCl2 5 mM, bacitracin 
50 mg/l ) without and with bispecific antibody 
diluted 1:10000 (“pretargeting”). The sections 
were then washed in buffer twice for two min in 
ice-cold buffer to remove unbound antibody. 
The incubation was conducted for 60 min at 
37°C with [67/68Ga]Ga-IMP461. Unbound radio-
tracer was then removed by washing twice for 
three min in ice-cold buffer. The sections were 
dried at 37°C for 7-10 min and exposed to 
phosphor imager plates (Molecular Dynamics, 
Amersham Biosciences, UK) over night before 
analyzing in a PhosphorImager SI (Molecular 
Dynamics, Amersham Biosciences, UK) and 
quantification using ImageQuant TL (GE Health-
care).  
 
Results 
 
Synthesis of [67/68/NatGa]Ga-IMP461 and [67/68/

NatGa]Ga-IMP485 
 
The optimization of the 68Ga-labeling synthesis 
was conducted using IMP461. The lowest 
amount of the hapten molecule in the protocol 
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providing radioactivity incorporation (RAI) of 
>95% was 3 nmol. The nearly quantitative RAI 
and biological compatibility of HEPES buffer 
allowed for the omission of the purification step. 
This amount was used throughout the study in 
order to provide highest possible specific radio-
activity and resulting in relevant comparison of 
the biological results. SRA values varied, de-
pendent on the age of the generator, from 41 to 
117 MBq/nmol. The pre-concentration of the 
generator eluate was conducted using methods 
described earlier [30].  
 
The amount of 67Ga used in the labeling reac-
tions was defined by the product specific radio-
activity determined by the biological experiment 
design. It was below (3-10 pmol) the amount 
(200 pmol) when the concentration of metal 
impurities starts to interfere with the labeling 
complexation [31]. The amount of the hapten 
molecules used for the synthesis was defined 
by the values optimized for the 68Ga-labeling in 
order to keep the same amount and ensure 
relevant comparison. The specific radioactivity 
was 3.1 ± 0.1 MBq/nmol.  
 
The hapten counterparts were complexed with 

stable isotopes of gallium, 
69,71Ga (NatGa). NatGa -IMP461 
and NatGa -IMP485 were syn-
thesized for the authentic ref-
erence purpose and in order to 
follow the stability of the com-
pounds for longer time peri-
ods. The reaction mixture was 
spiked with the reference and 
monitored by UV-Radio-HPLC. 
The radiosignals of 67/68Ga-
IMP461 (Rt = 5.12 ± 0.04) 
and 67/68Ga-IMP485 (Rt = 5.35 
± 0.14), and the UV-signals, 
respectively, from NatGa-
IMP461 (Rt = 5.25 ± 0.04) or 
NatGa-IMP485 (Rt = 5.10 ± 
0.05) co-eluted with slight de-
lay due to in-line configuration 
of the detectors. The original 
compounds, IMP461 (Rt = 
5.41 ± 0.01) and IMP485 (Rt 
= 5.68 ± 0.01), were well re-
solved from their respective 
complexes with stable gallium 
and allowed unambiguous 
determination during the sta-
bility tests. All compounds 

demonstrated high stability in the buffer at 
room temperature for at least 4, 17 and 72 h, 
respectively, containing 67Ga, 68Ga and NatGa. 
The detected signals corresponded only to the 
compounds of interest.  
 
Optimization and validation for autoradiography 
 
In the optimization studies using [67/68Ga]Ga-
IMP461, the concentration of the bispecific 
binding TF2 antibody varied between 1:1000 
and 1:100000 (Figures 2 and 3). Maximum 
binding was obtained at a dilution of approxi-
mately 1:5000, but sufficient binding contrast 
was obtained with a dilution of 1:10000, which 
therefore was used in subsequent studies. Vary-
ing the concentrations of [68Ga]Ga-IMP461, 
based on radioactivity (from 0.05 MBq/ml to 
0.5 MBq/ml), showed that high intensity of 
binding was obtained already at the lowest con-
centration, although the maximum binding was 
increased with increasing hapten concentra-
tions. In subsequent studies concentrations 
close to 0.25 MBq/ml (corresponding to 2-6 
nM, depending upon specific radioactivity ob-
tained) were used. A lower concentration of 
[67Ga]Ga-IMP461 was found to be optimal at 

Figure 2. Autoradiography using [68Ga]Ga-IMP461 and bispecific antibody 
TF2 on a mouse tumor. Effects of varying antibody concentration and hapten 
concentration, respectively. 
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lower concentrations, due to the longer nuclide 
half-life (0.01 MBq/ml, corresponding to ap-
proximately 3 nM) (Figure not shown). Similar 
conditions and concentrations were subse-
quently used for [67/68Ga]Ga-IMP485. 
 
In the initial studies we used rat and mouse 

tumor xenografts and single human colorectal 
cancers from surgical specimens. All four 
ligands, regardless radionuclide or hapten, 
showed strong binding to pretargeted tissue. 
The addition of [67/68Ga]Ga-IMP461 to sections 
without in vitro pretargeting, i.e., without prior 
pre-treatment with the bispecific antibody TF2, 
resulted in absence of, or very low binding of 
the radioligand to either xenografts (Figure 2) or 
primary human tumors. Using the optimal condi-
tions as mentioned above very distinct images 
were seen in the murine xenografted tumor 
(Figure 2).  
 
Patient tissue study 
 
The bispecific antibody, TF2, and the haptens 
[67/68Ga]Ga-IMP461 and [67/68Ga]Ga-IMP485 
were used for the study of specimens from colo-
rectal cancers obtained at surgery. The tissue 
sections were subsequently analyzed using he-
matoxylin-eosin staining in order to verify the 
autoradiographic localization. In all tissue 
judged from the staining to be part of the tumor, 
extensive and strong labeling was found (Figure 
4). Moreover, distinct labeling was also found in 
the epithelium of most samples of tissue ob-

Figure 3. Effects of varying antibody concentration 
and hapten concentration on autoradiography using 
[68Ga]Ga-IMP461 and bispecific antibody TF2. Half 
maximum was reached at antibody concentrations of 
approximately 1:10000 and 1:50000 with hapten 
concentration of 0.5 and 0.05 nM, respectively. 

Figure 4. Autoradiograhy using [67/68Ga]Ga-IMP461 and [67/68Ga]Ga-IMP485 and bispecific antibody TF2 on two sam-
ples from two colorectal cancer patients. 
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tained at least 10 cm from the cancer. However, 
in one of the samples, considered to be taken 
from the ileum, much lower labeling was found. 
 
No marked differences in the radioactivity up-
take, dependent on the radionuclide (67Ga vs. 
68Ga) or hapten molecule (IMP461 vs. IMP485), 
were found. All four radioligands showed strong 
binding to the tumor tissue as well as to the 
epithelial tissue in the surgical specimen to a 
similar extent. 
 
Discussion 
 
These in vitro autoradiographical studies con-
firm previous in vivo studies on animal xeno-
grafts of human tumors and primary human 
tumor specimens that the TF2 bispecific anti-
body, labeled with [67/68Ga]Ga-IMP461 or 
[67/68Ga]Ga-IMP485, can be used for the visuali-
zation of CEA-containing cancers. Moreover, the 
in vitro imaging allows for higher resolution and 
thus more detailed information and more pre-
cise distribution of the target in the tissue pro-
viding valuable information on cancer cell exten-
sion. The signal-to-noise ratio in the colorectal 
cancer tissues was excellent, and could be con-
sidered specific as the radioligand did not bind 
to the tissue in the absence of pretargeting with 
the bispecific antibody. The labeling of CEA in 
the epithelial cells could be easily distinguished 
from the labeling of the tumor, because the lo-
calization of the epithelium resulted in a thin, 
more localized image than what was achieved 
in the tumor tissue. The good specificity versus 
binding to non-cancerous tissue thus makes 
this pretargeting in vitro autoradiography very 
reliable.  
 
A pre-concentration procedure was performed 
for 68Ga by anion exchange using sodium chlo-
ride instead of hydrochloric acid [30]. To obtain 
>95% radioactivity incorporation in the 68Ga-
labeling reaction it was necessary to use 3 nmol 
of the IMP461 precursor. Using this protocol for 
radioactivity incorporation no further purification 
was needed prior to the biological experiments. 
This is important because purification can lead 
to a decrease in specific radioactivity by means 
of losses by time and also by the procedure it-
self.  
 
In the previous published studies a large num-
ber of variants of the hapten molecules have 
been used. The haptens can be labeled with 

several different radionuclides, e.g. 18F [20, 24, 
29, 32], 111In [20, 33], 99mTc [20, 34] for diag-
nosis, as well as with other radionuclides for 
radiotherapy (90Y [20], 177Lu [35]). However, the 
use of 68Ga [32] is not common for these stud-
ies, in spite of obvious advantages such as 
availability and suitable half-life. In this study, 
we have used and compared two haptens, 
IMP485 and IMP461, both with NOTA as a che-
lator, labeled with 67Ga or 68Ga. We have also 
labeled both haptens with the SPECT radionu-
clide, 67Ga, for comparison. It is obvious from 
the figures that the two haptens result in identi-
cal in vitro images, and that any of the two ra-
dionuclides may be used.  
 
In surgery of colorectal cancer patients, the sur-
geon resected the cancerous tissue, as well as 
neighboring tissue at a minimum of 10 cm from 
the site of the tumor. In this study the tissue 
obtained 10 cm from the tumor was used as 
control. However, previous immunohistological 
studies have shown that the epithelial cells of 
the normal colon also contain CEA, although to 
a lower extent than tissue with cancer cells [36-
38]. Thus, this very sensitive pretargeting tech-
nique can also visualize CEA in putatively nor-
mal tissue adjacent to cancer. However, as the 
epithelial cells have a very distinct localization 
in comparison to the cancer cells, the difference 
between the two cell types is easily recognized 
in the autoradiograms. It must be appreciated, 
however, that normal-appearing epithelium ad-
jacent to cancers of the colon and rectum may 
have elevated CEA expression, as compared to 
intestinal tissues from individuals free of cancer 
in this organ [36-38]. 
 
It can be concluded that pretargeting the CEA 
with the bispecific antibody TF2 followed by the 
addition of Ga-labeled hapten is extremely sen-
sitive in visualizing CEA. This methodology can 
therefore be a very specific method that is com-
plementary to other histochemical techniques in 
the diagnosis of colorectal cancer in biopsies or 
in samples taken from surgery. These tissue 
findings support the view that the pretargeting 
technique may also be a step forward in diag-
nosing patients with colorectal cancer, either 
using 67Ga and SPECT or 68Ga and PET for imag-
ing. Furthermore the use of high specific radio-
activity might be valuable if repeated PET stud-
ies using 68Ga can be undertaken in order to 
optimize the therapeutic protocol, as was dis-
cussed previously [23]. 
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