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Intraoperative visualization techniques promise to significantly im-

prove the detection and resection of tumors. In this study, we used

an anti-CEA antibody (MN-14) tagged with both a radiolabel (111In)

and a fluorophore (IRDye 800CW) for radionuclide detection and
intraoperative fluorescence imaging, respectively. Methods: For this
purpose, we prepared and characterized the dual-labeled antibody
111In-diethylenetriaminepentaacetic acid (DTPA)-MN-14-IRDye 800CW
and performed 4 studies on mice with subcutaneous and intraperi-

toneal carcinoembryonic antigen–expressing tumors: a dose esca-

lation study to determine the optimal MN-14 protein dose, a biodis-

tribution study comparing dual-labeled MN-14 and radiolabeled
MN-14, a study to determine the optimal time for SPECT and fluo-

rescence imaging after injection of dual-labeled MN-14, and finally

a SPECT and fluorescence image–guided surgery study using this

dual-labeled antibody. Results: The optimal protein dose of dual-
labeledMN-14 was 10 μg per mouse, yielding a tumor-to-blood ratio

of 3.5 within 72 h. The biodistribution of 111In-DTPA-MN-14-IRDye

800CW in mice with subcutaneous LS174T tumors showed tumor
uptake after 3 d (19.7% ± 17.0% injected dose/g) comparable to that

of 111In-DTPA-MN-14 but higher accumulation in the liver. The opti-

mal time for imaging after administration of the dual-labeled anti-

body was 2–3 d after injection. Finally, in mice with intraperitoneally
growing LS174T tumor nodules that received 111In-DTPA-MN-14-

IRDye 800CW, intraperitoneal tumor nodules could be localized with

SPECT imaging after 3 d and subsequently resected using fluores-

cence image–guided surgery. Conclusion: Thus, we showed the
feasibility for assessment and image-guided resection of carcino-

embryonic antigen–expressing tumors using dual-labeled MN-14.

Both radionuclide detection and fluorescence imaging may provide
useful information to improve localization of tumors and radical

excision of tumor tissue. Because humanized MN-14 (labetuzu-

mab) is available for clinical use, translation to a clinical setting is

the next step.
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Colorectal cancer is the third most commonly diagnosed can-
cer in men and the second in women in the Western world, and the

third most common cause of cancer deaths (1). Radical surgical

resection of tumor tissue is the best or only chance for cure.

However, surgical procedures may be complex and may involve

multiple exenterative visceral resections requiring care by multiple

specialists (2). Despite increasingly sophisticated surgery and ad-

juvant therapy, local recurrence is observed in up to 10% of co-

lorectal cancer patients (3). Because the presence of microscopic

residual tumor tissue at the resection margins is one of the main

prognostic factors (4), optimizing the surgical procedure to prevent

positive resection margins is of the utmost importance. Accord-

ingly, intraoperative margin assessment and visualization tech-

niques may be advantageous in guiding the surgeon to achieve

curative resections.
During surgery, tumor localization and resection can be en-

hanced using specific radiotracers that target tumor tissue and can

be detected by a g probe (5). In addition to localizing primary

tumors, radioguided surgery is commonly used for sentinel lymph

node detection. Although this technique is extremely useful for

localizing tumor-draining lymph nodes intraoperatively, it cannot

precisely delineate the tumor. The addition of a fluorescent label

could help overcome this limitation. Intraoperative fluorescence

imaging could allow accurate real-time tumor delineation, but the

penetration depth of emitted light in biologic tissue is limited to

a few millimeters (6). Therefore, a powerful synergy can be

achieved by combining radiotracers for the detection of tumor

tissue and optical tracers for subsequent accurate delineation and

resection of tumor lesions.
Although nontargeted approaches have proven valuable for

sentinel lymph node mapping, these agents are not tumor-specific

and hence not optimally suited for determination of the tumor-free

margins (7). Also, distant metastases cannot be assessed using this

approach. Tumors may be targeted using antibodies directed

against tumor-associated antigens. Colorectal cancer can be tar-

geted using the high-affinity monoclonal antibody (mAb) MN-14

(8) directed against the carcinoembryonic antigen (CEA). Both

primary and metastatic colorectal cancer lesions show consistently

high expression of this antigen (9). Radiolabeled MN-14 has been

used as a tumor-targeting agent in both preclinical and clinical

studies of colorectal cancer (10–16). Dual-modality intraoperative

imaging in colon carcinoma patients may improve radical tumor

resection, which has been shown to be directly related to patient
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survival in peritoneally metastasized colorectal cancer (17). As the
first step toward clinical application of dual-modality image-
guided surgery, here we tagged MN-14 with both a radioactive
(111In) and a fluorescent (IRDye 800CW; LI-COR Biosciences)
label and assessed biodistribution, SPECT and fluorescence imag-
ing, and image-guided surgery using this dual-labeled antibody in
mice with CEA-expressing tumors.

MATERIALS AND METHODS

Study Overview

In total, 4 studies were conducted with dual-labeled MN-14. First,
a dose escalation study was performed to determine the optimal

MN-14 protein dose in mice with subcutaneous CEA-expressing
tumors. Using this optimal dose, in a second study the biodistribution

of dual-labeled MN-14 and radiolabeled MN-14 without the fluores-
cent label was compared. Third, the optimal time for SPECT and

fluorescence imaging after injection of dual-labeled MN-14 was
determined. Finally, SPECT and subsequent fluorescence image–

guided surgery were applied using dual-labeled MN-14.

Tumor Model

Female 6- to 8-wk-old athymic BALB/c nu/nu mice (Janvier)

weighing 20–25 g were used in the experiment. The mice were
allowed to become accustomed to laboratory conditions for at least

1 wk before the experiment started. The animals were housed in filter-
topped cages under nonsterile standard conditions with free access to

standard animal chow and water in accordance with institutional
guidelines. Subcutaneous tumors (studies 1 and 2) were induced by

subcutaneous injection in the right flank of 3 · 105 LS174T cells in
200 mL of RPMI 1640 medium. After 10–14 d, when the tumors

reached a size of about 0.2 cm3, the dual-labeled antibody prepara-
tions were administered intravenously. Intraperitoneal tumors (studies

3 and 4) were induced as described previously (16). In brief, mice
were inoculated intraperitoneally with 106 LS174T cells suspended in

300 mL of RPMI 1640 medium. Experiments were continued 2 wk
after tumor inoculation. All experiments were approved by the Animal

Welfare Committee of the Radboud University Medical Center and
were conducted in accordance with the Revised Dutch Act on Animal

Experimentation (Wet op de Dierproeven).

Synthesis of Dual-Labeled MN-14

Murine MN-14, a high-affinity (association constant, 1029 M) class

III anti-CEA (CEACAM5) IgG1 antibody produced by a hybridoma

cell line was provided by Immunomedics, Inc. (18). The antibody was
conjugated with IRDye 800CW-NHS and SCN-Bz-diethylenetriami-

nepentaacetic acid (DTPA) in 2 steps. First, MN-14 (2 mg) was con-
jugated with IRDye 800CW-NHS in 350 mL of 0.1 M NaHCO3,

pH 8.5, with an 8-fold molar excess of IRDye 800CW-NHS. After
1.5 h of incubation at room temperature on an orbital shaker in the

dark, the reaction mixture was purified by gel filtration using a PD-10
column (Amersham Biosciences) with 0.1 M NaHCO3, pH 9.5, as

eluent. Fractions with the highest protein concentration as determined
spectrophotometrically were subsequently concentrated by centrifugal

ultrafiltration (Amicon Ultra filter, molecular weight cutoff of 10,000;
Millipore) to a volume of 350 mL. Second, SCN-Bz-DTPA (Macro-

cyclics) was added in a 12-fold molar excess. After 1 h of incubation at
room temperature on an orbital shaker in the dark, the reaction mixture

was dialyzed for 5 d in a Slide-A-Lyzer (10-kDa cutoff; Pierce Bio-
technology Inc.) against 0.25 M NH4Ac, pH 5.4. The final concentra-

tion of the mAb was determined spectrophotometrically at 280 nm
(Ultrospec 2000 spectrophotometer; Pharmacia Biotech), correcting

for absorption of the dye at that wavelength (3%, according to the
manufacturer’s protocol). The molar substitution ratio of the fluorescent

dyewas determined spectrophotometrically at 774 nmusing a calibration

curve of IRDye 800CW in phosphate-buffered saline (PBS).

Radiolabeling and Quality Control of the MN-14 Conjugate

For the biodistribution studies on mice with subcutaneous tumors,
DTPA-MN-14-IRDye 800CW was radiolabeled with 0.1 MBq of 111In

(Covidien) per microgram of antibody in 0.1 M 2-(N-morpholino)
ethanesulfonic acid (MES) buffer, pH 5.4 (3 times the volume of
111InCl3 solution), and incubated for 30 min at room temperature un-
der metal-free conditions. For the SPECT/CT studies, DTPA-MN-14-

IRDye 800CW was radiolabeled with 3.9 MBq of 111In per microgram
of antibody under the same conditions. After incubation, 50 mM

ethylenediamine tetraacetic acid solution was added (final concentra-
tion, 5 mM) to chelate unincorporated 111In. The labeling efficiency

was determined by instant thin-layer chromatography on silica gel
strips (Agilent Technologies) using 0.15 M citrate buffer, pH 6.0, as

the mobile phase. The labeling efficiency was greater than 95% for the
biodistribution studies. For the SPECT/CT studies, 111In-DTPA-MN-

14-IRDye 800CW was purified by gel filtration using a PD-10 column
with 0.5% bovine serum albumin in PBS as eluent, and the radiochem-

ical purity of the final product was greater than 95% as determined by
instant thin-layer chromatography. This dual-labeled MN-14 was used

in studies 2–4.
For the dose escalation study (study 1), the fluorescently labeled

antibody was radiolabeled with 125I (instead of 111In). Radioiodination
was performed using the IODO-GEN method (19). In short, the anti-

body and 125I were incubated at room temperature in 85 mL of PBS
(0.10 M, pH 7.4) in a glass vial coated with 100 mg of IODO-GEN.

After 10 min, the reaction was stopped by the addition of 100 mL of
a saturated tyrosine solution. The labeling efficiency of all radioiodi-

nation reactions exceeded 70%. Subsequently, the 125I-MN-14-IRDye
800CW was purified by gel filtration on a PD-10 column with 0.5%

bovine serum albumin in PBS as eluent.
The immunoreactivity of the radiolabeled MN-14 preparations was

determined using LS174T cells, as described by Lindmo et al. (20),

with minor modifications. A serial dilution of LS174T cells was in-
cubated with the MN-14 conjugate (10 mg/mL) for 30 min at 37�C.
Subsequently, cells were centrifuged and washed with 500 mL of
RPMI medium and analyzed in a g counter (Wizard; Pharmacia-

LKB). For all preparations, the immunoreactivity exceeded 70%.
Finally, the optical properties of both the IRDye 800CW and the

DTPA-MN-14-IRDye 800CW were investigated. For this purpose,
absorbance and fluorescence spectra of both samples in 50/50 serum/

PBS were acquired using an Infinite M200 Pro multimode reader
(Tecan).

Biodistribution

Biodistribution studies were performed by euthanizing the mice
using O2/CO2 asphyxiation 1–8 d after injection of 200 mL of MN-14

conjugates. Subsequently, tumor, blood, muscle, lung, heart, spleen,
pancreas, stomach, intestine, kidney, and liver were dissected and

weighed. Activity was measured in a g counter. To calculate the
uptake of radiolabeled antibodies in each sample as a fraction of the

injected dose, aliquots of the injected dosewere counted simultaneously.
The results were expressed as percentage injected dose (%ID) per gram.

SPECT and Fluorescence Imaging

SPECT/CT images were acquired using the U-SPECT-II/CT system
(MILabs). Mice were scanned for 60 min using a 1.0-mm-diameter

pinhole collimator tube, followed by a CT scan (spatial resolution, 160

mm; 65 kV; 612 mA) for anatomic reference. Scans were reconstructed
with MILabs software, using an ordered-subset expectation maximi-

zation algorithm with a voxel size of 0.375 mm.
Fluorescence images were acquired using an in vivo imaging system

(Xenogen VivoVision IVIS Lumina II; Caliper Life Sciences). The
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acquisition time was 1–5 min with the following parameters: F/stop, 2;

binning medium; field of view, C; excitation filter, 745 nm; emission
filter, indocyanine green (810–885 nm). Correction for autofluorescence

was performed using a second acquisition of 10 s with an excitation
filter of 675 nm.

Studies Conducted

Dose Escalation. Mice with subcutaneous LS174T tumors in their

right flank received 125I-MN-14-IRDye 800CW (0.2 MBq per mouse)
together with unlabeled MN-14 to adjust the antibody dose to 1, 3, 10,

30, or 100 mg/mouse (5 mice per group). The molar substitution ratio of
fluorescent dye to antibody was 2.1:1. Three days after injection of the

dual-labeled antibody, the mice were euthanized and the biodistribution
of the radiolabel was determined to assess the optimal MN-14 dose.

Biodistribution. To compare the biodistribution of dual-labeled
MN-14 with radiolabeled MN-14 (without the fluorescent label), mice

with subcutaneous LS174T tumors received 10 mg of 111In-DTPA-
MN-14 or 10 mg of 111In-DTPA-MN-14-IRDye 800CW (molar sub-

stitution ratio of fluorescent dye to antibody, 2.0:1; 1 MBq per mouse;
8 mice per group). Two mice from the 111In-DTPA-MN-14 group also

received 200 mg of unlabeled MN-14 (excess cold) to assess the
specificity of the localization of the radiolabeled MN-14 conjugate.

Three days after injection of antibodies, the mice were euthanized and
biodistribution studies were performed.

Optimal Time for Imaging. Mice with intraperitoneally growing
LS174T tumors received 10 mg of 111In-DTPA-MN-14-IRDye 800CW

(molar substitution ratio of fluorescent dye to antibody, 1.9:1; 40 MBq
per mouse). After 1, 2, 3, or 8 d (5 mice at each time point), SPECT/CT

imaging and fluorescence imaging were performed. Subsequently, the
mice were euthanized and the biodistribution of the radiolabel was

determined to assess the optimal time for imaging after administration
of the antibody.

Preoperative SPECT and Fluorescence Image–Guided Surgery.
Using the optimal settings as determined in the previous studies,

finally a dual-modality image–guided surgery study was performed.

Mice with intraperitoneally growing LS174T tumors received 10 mg
of 111In-DTPA-MN-14-IRDye 800CW (molar substitution ratio of

fluorescent dye to antibody, 1.9:1; 39 MBq per mouse; 4 mice) or
10 mg of a dual-labeled anti-PSMA antibody that served as a negative

control (111In-DTPA-D2B-IRDye 800CW, molar substitution ratio of
fluorescent dye to antibody, 1.8:1; 21 MBq per mouse; 4 mice). Three

days after administration of the antibodies, preoperative SPECT/CT
images were acquired, followed by fluorescence imaging of the mice

in supine position after surgical relocation of skin, abdominal muscle
layers, and peritoneum. Subsequently, the visualized tumor nodules

were resected and fluorescence imaging was repeated to check for
residual tumor tissue. This procedure was repeated until all visible

tumor nodules were removed.

Statistical Analysis

All statistical analyses were performed using InStat, version 5.03
(GraphPad Software). Single comparisons were analyzed with 2-

tailed, unpaired t tests. Statistical significance was set at a P level of
less than 0.05.

RESULTS

The absorbance and fluorescence spectra of both the IRDye
800CW and the DTPA-MN-14-IRDye 800CW are shown in½Fig: 1� Figure
1. Similar patterns of fluorescence emission of the fluorophore before
and after conjugation with the antibody were observed in the near-
infrared region we used for fluorescence detection (810–885 nm).
In the first study on mice with subcutaneous LS174T tumors,

the optimal MN-14 dose was determined in a dose escalation

study. The tumor-to-blood ratio of mice that received 1, 3, 10, 30,
or 100 mg of 125I-MN-14-IRDye 800CW was 2.8, 3.2, 3.5, 3.0,
and 2.9, respectively. On the basis of these results, a 10-mg dose of
MN-14 was chosen as optimal in the subsequent studies.
Next, the biodistribution of dual-labeled MN-14 was compared

with the biodistribution of radiolabeled MN-14 (without the
fluorescent label). The average weight of the tumors in this
subcutaneous model was 0.58 6 0.6 g and 0.58 6 0.4 g for mice
that received 111In-DTPA-MN-14 or 111In-DTPA-MN-14-IRDye
800CW, respectively. An example of the fluorescence imaging
results is shown in ½Fig: 2�Figure 2. The biodistribution results are sum-
marized in ½Fig: 3�Figure 3. The tumor uptake after 3 d was 26.4 6 10.1
and 19.7 6 17.0 %ID/g for 111In-DTPA-MN-14 and 111In-DTPA-
MN-14-IRDye 800CW, respectively (P 5 0.44). Compared with the
radiolabeled MN-14, 111In-DTPA-MN-14-IRDye 800CW showed
higher accumulation in the liver (8.8 6 0.8 vs. 18.6 6 9.1 %ID/g,
respectively, P 5 0.012). Adding an excess of unlabeled MN-14 de-
creased tumor uptake to 10.7 6 3.2 %ID/g and the tumor-to-blood
level to 0.80 6 0.18, showing that uptake of labeled MN-14 was
specific.

FIGURE 1. Absorption (A) and fluorescence emission (E) of IRDye

800CW and DTPA-MN-14-IRDye 800CW in 50/50 serum/PBS.

RGB

FIGURE 2. Photograph (left) and fluorescence image (right) of mouse

bearing subcutaneous CEA-expressing LS174T tumor 3 d after admin-

istration of 111In-DTPA-MN-14-IRDye 800CW. sr 5 steradian.

RGB
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In the third study, we determined the optimal time for imaging
after administration of 111In-DTPA-MN-14-IRDye 800CW. After
1, 2, 3, or 8 d, SPECT/CT imaging, fluorescence imaging, and
biodistribution studies were performed. At each time point, tumors
could be visualized with both SPECT and fluorescence imaging.
Although absolute tumor uptake was highest on days 1 and 2
(10.9, 10.9, 7.9, and 5.1 %ID/g for days 1, 2, 3, and 8, respec-
tively), tumor-to-liver ratios (0.39, 0.37, 0.46, and 0.38 for days 1,
2, 3, and 8, respectively) peaked on day 3. From this information,
2–3 d after administration of 111In-DTPA-MN-14-IRDye 800CW
was chosen as the optimal time point for imaging intraperitoneal
tumors. From the blood values on days 1, 2, 3, and 8, we estimated
the half-life of 111In-DTPA-MN-14-IRDye 800CW to be 2.3 d.
Finally, we performed preoperative SPECT imaging and fluo-

rescence image–guided surgery on mice bearing intraperitoneally
growing tumors. First, SPECT images were acquired and fast re-
construction of the data using only the first iteration was performed
to get a quick snapshot of the distribution of the radioactive label.
Subsequently, mice were euthanized and laparotomy was per-
formed to macroscopically search for intraperitoneal tumors. When

suspected tumors were found on the basis of SPECT imaging results
and visual inspection, fluorescence imaging was applied and tumors
were surgically removed. ½Fig: 4�Figure 4 shows the SPECTand fluorescence
images of a mouse that received 111In-DTPA-MN-14-IRDye 800CW.
The SPECT images clearly show 2 larger tumor nodules in the left
upper abdomen and multiple smaller ones in the right abdominal
region. Visual inspection and fluorescence imaging visualized the 2
larger tumor nodules, and these were subsequently resected (Fig. 4).
In total, 13 intraperitoneal tumors were resected from the 4

mice in this group. The average weight of these tumors was 0.02 g.
The weight of the tumors in 2 mice was too small to be determined
accurately. These tumor nodules were excluded from further
analysis. Ex vivo analyses indicated a tumor uptake of 29.5 6
2.2 %ID/g and a tumor-to-liver ratio of 5.4 6 1.2, which was
marginally higher than the tumor-to-liver ratio found in the sub-
cutaneous model (tumor-to-liver ratio, 2.2 6 2.5; P 5 0.070).
Mice that received the control dual-labeled antibody 111In-

DTPA-D2B-IRDye 800CW did not show any specific accumula-
tion of the tracer in the tumor on either SPECT or fluorescence
images (data not shown). This finding was confirmed by the biodis-
tribution results (tumor: 3.4 6 0.7 %ID/g; blood: 6.9 6 0.4 %ID/g).

DISCUSSION

In this study, we showed the feasibility of image-guided surgery
using dual-labeled MN-14 in CEA-expressing tumor models. We
found high and specific accumulation of the dual-labeled antibody
in CEA-expressing tumors and a good correlation between the
radiosignal and the fluorescent signal. Furthermore, intraoperative
fluorescence imaging was shown to provide surgical guidance for
the resection of intraperitoneally growing tumors. However, very
small tumor nodules (,0.02 g) that were deeper in the peritoneal
cavity could be detected only on the basis of the radiosignal of the
dual-labeled antibody, underlining the limitation of fluorescence
imaging and the importance of a dual-mode approach. We also
showed that the pharmacokinetics of fluorescently labeled anti-
bodies may change compared with unlabeled antibodies, leading
to faster blood clearance, increased liver accumulation, and de-
creased tumor uptake. This finding has been reported for other
fluorescently labeled antibodies as well and has been attributed
to conformational changes to the antibody due to conjugation of
the fluorophore (21) but may also be explained by the lipophilicity
and negative charge of the fluorophore, which may lead to in-

creased albumin binding (22) and subse-
quent liver uptake.
The specific uptake of MN-14 in CEA-

expressing tumors as observed in our study

has been reported before and has led to

a series of studies using radiolabeled MN-

14 for imaging and radioimmunotherapy of

CEA-positive tumors (23). In these studies,

an increased median survival of mice with

subcutaneous or intraperitoneal tumors

was found after radioimmunotherapy with

radiolabeled MN-14, and the therapeutic

efficacy of the high-affinity mAb MN-14

was shown to be superior to low-affinity

anti-CEA mAbs (10,13,16,23). In addition

to MN-14, other anti-CEA mAbs also have

been used in preclinical studies. For exam-

ple, a green fluorophore-labeled anti-CEA

FIGURE 3. Biodistribution of dual-labeled MN-14 (dark blue) and

radiolabeled MN-14 (light blue) in mice with subcutaneous LS174T

tumors 3 d after administration of 111In-DTPA-MN-14-IRDye 800CW

or 111In-DTPA-MN-14. Two mice from 111In-DTPA-MN-14 group also

received excess of unlabeled MN-14 (gray). *Tumor uptake P , 0.05.

RGB

FIGURE 4. SPECT/CT images (lateral [A] and supine [B] positions) of mouse bearing intraper-

itoneal CEA-expressing tumors 3 d after administration of 111In-DTPA-MN-14-IRDye 800CW.

Laparotomic inspection using fluorescence imaging revealed 2 visible tumor nodules, as in-

dicated by arrows (C), that were subsequently removed using fluorescence-guided surgery (D).

sr 5 steradian.

RGB
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antibody was shown to improve tumor detection and resection in
open laparotomies in mouse models (24,25), and recurrence rates
were significantly decreased in mice after fluorescence-guided
surgery (26).
Clinically, anti-CEA antibodies have been used in both imaging

and therapy studies of several types of cancer (27–32). Radiola-
beled MN-14 has been used in clinical studies mainly for radio-
immunotherapy, and encouraging results have been shown both
in colorectal cancer (10,12,33) and in medullary thyroid carci-
noma (28,34). Although radiolabeled anti-CEA antibodies have
shown their potential in the clinic for SPECT imaging and radio-
immunotherapy, image-guided surgery has not been performed
yet with these tracers. For this purpose, the combination of both
a radiolabel and a fluorescent label for detection and accurate
resection of tumors could be advantageous. After intravenous
injection of such a probe, primary tumor, lymph nodes, and
distant metastases may be assessed by preoperative noninvasive
whole-body PET or SPECT imaging, which can contribute to
decisions on therapeutic management (e.g., whether to perform
laparotomy). However, the main application of dual-modality
imaging is the option for subsequent intraoperative tumor disclo-
sure. During surgery, tumor localization may be improved using
intraoperative scintillation detection, followed by fluorescence
imaging to facilitate radical tumor resection. Preclinically, this
approach has shown promising results in mice with human xeno-
grafts with antivascular endothelial growth factor antibodies and
antihuman epidermal growth factor 2 antibodies labeled with 89Zr
and the fluorescent dye IRDye 800CW (35). Recently, Zhang (36)
and Hong (37) showed the feasibility of this approach in CD105-
expressing breast tumor xenografts using dual-labeled TRC105.
Patients with peritoneal carcinomatosis of colorectal origin may

particularly benefit from image-guided surgery using dual-labeled
MN-14, as these patients may be eligible for cytoreductive surgery
followed by hyperthermic intraperitoneal chemotherapy (38). It
has been shown that the extent of cytoreduction has a direct im-
pact on survival, and maximal cytoreduction is one of the most
powerful determinants for survival among peritoneal carcinoma-
tosis patients (17). Because the tumor lesions in these patients may
be small and numerous, and tumor tissue may not be easily dis-
criminated from normal or scar tissue, surgical outcome in these
patients may be improved by image-guided surgery.

CONCLUSION

Targeted intraoperative fluorescence imaging has been demon-
strated in ovarian cancer patients and may revolutionize oncologic
surgery (39). Here, we have shown the feasibility and potential of
this method in CEA-expressing tumors using MN-14 in colorectal
cancer xenografts. Furthermore, we extended this technique by
using a dual-labeled probe, enabling both preoperative and intra-
operative radiodetection and subsequent fluorescence imageg-
guided surgery. This result now requires clinical translation.
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