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Summary

Purpose: The aim of this study was to evaluate the clin-
ical reliability of the immunoscintigraphy with iodinated 
monoclonal antibodies for the detection of metastases and 
recurrences of colon carcinomas.

Methods: A total of 45 patients with colon carcinoma 
was investigated with gamma camera, after intravenous ap-
plication of iodinated monoclonal antibodies.

Results: The sensitivity of the method was 90%, speci-
ficity 86%, positive predictive value 93%, negative predictive 
value 80% and accuracy 87%. There was statistically signifi-
cant relationship between immunoscintigraphic and ultraso-
nographic (US) findings (p=0.005). Also, there was signifi-
cant relationship between immunoscintigraphy and Dukes 

stage (p=0.019). Tumor marker levels were not significantly 
correlated with immunoscintigraphic findings (p>0.05). Sig-
nificant difference was noted in patients with positive findings 
for malignancy on US and immunoscintigraphic findings 
(p=0.006), i.e. patients with positive findings for malignancy 
had more frequently immunoscintigraphic findings of malig-
nancy. Correlation with other diagnostic procedures (rectos-
copy, colonoscopy, CT) did not show significant correlations.

Conclusion: We conclude that immunoscintigraphy can 
be helpful in the detection of metastases and recurrences of 
colon carcinomas.
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Introduction

More than 50% of patients with surgical resection 
of primary colorectal carcinoma will develop disease re-
currence within the next 2 years [1]. Prompt diagnosis of 
the recurrent disease will influence the final patient out-
come. The diagnostic modalities most frequently used 
are barium enema and colonoscopy, which is considered 
as the gold standard. However, there are other imaging 
noninvasive modalities currently used for disease stag-
ing, restaging, choice of the biopsy site, as well as for fol-
low up after completion of therapy and for radiotherapy 
planning. Anatomical imaging methods, such as US, 
computed tomography (CT), and magnetic resonance 
imaging (MRI), are mostly used. Thus, for local stag-
ing, superficial tumors are best evaluated using endorec-
tal US, which can estimate the tumor ingrowth into the 
rectal wall layers. More advanced local tumors are best 

imaged using MRI. However, CT is not considered ac-
curate in the early detection of a recurrence of colorectal 
carcinoma due to the difficulties to provide the accurate 
data owing to the distorted local anatomy after opera-
tion and to differentiate the fibrotic areas from the viable 
tissue after radiotherapy. This modality has, however, 
certain advantages, such as the performance of virtual 
colonoscopy. For the assessment of nodal metastases, 
neither US, nor CT can be reliably used for clinical deci-
sion making, because of the usually small size of many 
affected lymph nodes (<1 cm). MRI, using a lymph node 
specific contrast, can be useful in the detection of nodal 
disease. For the detection of distant metastases, abdomi-
nal US is used as a primary diagnostic tool for the detec-
tion of liver metastases, especially with contrast agents. 
Chest X-ray is used also as the first-choice technique, but 
multidetector CT is nowadays the best imaging method 
for staging and follow-up of these patients, because it 
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examination, blood analyses, US, barium enema, rectoscopy/colo-
noscopy, CT, MRI, tumor markers estimations, and clinical follow-
up of at least 6 months. The investigation was performed whenever 
there was a rise in serum levels of CEA and CA 19.9 and metastases 
or recurrences could be not located based on clinical, radiological 
(chest X-rays), imaging or endoscopic findings.

Statistical considerations

Statistical analyses were performed using the SPSS pro-
gramme (v.18 for windows). We calculated sensitivity, specificity, 
positive and negative predictive values, as well as accuracy. Cor-
relations were estimated with Spearman’s bivariate correlation test 
and x2 test was used for estimation of the differences between the 
methods used.

Results

There were 27 true positive (TP), 12 true nega-
tive (TN), 2 false positive (FP) and 3 false negative (FN) 
findings. Of the 27 TP patients 16 had recurrences, 6 me-
tastases, while 5 had both recurrences and metastases.

The sensitivity of the method was 90%, specificity 
86%, positive predictive value 93%, negative predictive 
value 80% and accuracy 87%.

Bivariate correlation analyses showed that there 
was positive statistically significant relationship be-
tween immunoscintigraphy and US findings (rs=0.504, 
p=0.005) and also between immunoscintigraphic find-
ings and Dukes stage (rs=0.420, p=0.019).

Tumor markers levels were not significantly cor-
related with immunoscintigraphic findings (p>0.05). 
Chi square test showed significant difference in patients 
with positive findings for malignancy on US and immu-
noscintigraphic findings (p=0.006). Correlation with 
other diagnostic procedures did not show significant 
differences (p>0.05; Table 1). Figures 1 and 2 demon-
strate two characteristic cases with disease recurrence 
in the colon, liver and the lymph nodes.

Discussion

Noninvasive imaging methods include nuclear 

allows visualization of the liver, abdomen in its entirety 
and the chest in one session. MRI is commonly used for 
the detection and characterization of liver lesions [2,3].

Morphological and functional imaging modali-
ties, such as immunoscintigraphy with single photon 
emission computerized tomography (SPECT), as well 
as positron emission tomography (PET), provide valu-
able clinical information in the diagnosis of metastatic 
and recurrent disease, owing to their ability to detect 
viable tumor tissue, especially since fusion and hybrid 
techniques (PET/CT and SPECT/CT) have been intro-
duced. Although PET and particularly PET/CT, mostly 
using 18F-fluorodeoxyglucose present great diagnostic 
potentials in all aspects of staging patients with meta-
static and recurrent colorectal carcinomas, they are very 
expensive and not widely available. Recently, radioim-
munoguided surgery (RIGS) was introduced, using con-
ventional gamma and positron emitting radionuclides 
[4]. Immunoscintigraphy can also be used as a basis of 
application of immuno- or radioimmunotherapy [5].

The aim of this study was to evaluate the reliabil-
ity of immunoscintigraphy with iodinated monoclonal 
antibodies for the detection of metastases and recur-
rences of colon carcinomas.

Methods

A total of 45 consecutive patients (34 males, 11 females, mean 
age 61.33± 9.23 years, range 38-78) with diagnosed colon carcino-
ma (primary, with recurrence and/or metastases) were included in 
the present study. Most of them (n=38) were operated on with cura-
tive intend and investigated during 6 months - 3 years after surgery. 
In the remaining 7 patients with metastatic disease clinical diagnosis 
was carried out through several diagnostic methods (colonoscopy, 
CT, MRI, US, tumor markers levels and biopsy). Seventy-five per-
cent of the patients (n=30) had initially Dukes stage C disease and 
12.5% (n=15) stage A.

Immunoscintigraphy
Immunoscintigraphy was performed using 30-min infusion of 

IMACIS 1, a cocktail of 111 MBq 131I MAb 19-9 F (ab’)2 and MAb 
anti CEA F(ab’)2. Potassium iodide (600 mg/day) was administered 
orally for 10 days (starting 24 h before the injection) to block the up-
take of free 131I into the thyroid gland. Imaging was carried out af-
ter 96-120 h. Planar images (~6 min per image, or at least 200,000 
kcounts over the whole field of view), including anterior and poste-
rior projections of the thorax, abdomen, and pelvis, were obtained us-
ing large field of view gamma camera, fitted with a parallel hole high 
energy collimator. In order to achieve more precise estimation of the 
localization of the pathologic lesions, as well as to increase the target-
to-background ratio, dual isotope acquisition (99mTc-sulphur colloid) 
and subsequent subtraction of the obtained images were carried out.

Patient selection
Selection of patients was based on anamnestic data, physical 

Table 1. Correlation of immunoscintigraphy with other diagnostic 
methods

 Immunoscintigraphy
 rs p-value*

Tumor marker level 0.577 0.134
Colonoscopy –0.310 0.226
Rectoscopy 0.138 0.539
US 0.504 0.005
CT 0.500 0.170
Dukes stage 0.420 0.019

*p-value with Spearman’s correlation test
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procedures (Table 1) did not show statistical differenc-
es (p>0.05).

Our results are in accordance with the results of 
other authors using this radiopharmaceutical. Thus, 
Chatal et al. [7], using 131I labeled CA19-9 monoclonal 
antibody or its F(ab’)2 fragments, showed significant 
accumulation in 66% of colorectal cancer sites. Baum 
et al. [8] obtained high sensitivity (82%) and specificity 
(90%), especially in the diagnosis of pelvic recurrences 
and intra-abdominal metastases. Our preliminary re-
sults using the same radiopharmaceutical, proved its 
value in the detection of recurrences, and in liver and 
extrahepatic metastases [4]. According to Jang et al. 
[9], similar to our results, the serum tumor markers lev-
el was not correlated with positive tumor uptake in im-
munoscintigraphy. Similarly, the sensitivity and speci-
ficity of immunoscintigraphy based on surgery, CT, US 
and pathology, were 90.5 and 100%, respectively. Like 
in our study, they emphasized the second-tracer tech-
nique as essential for anatomical landmark by using a 
double isotope scan. In addition, according to Sohn et 
al. [10], the sensitivity and specificity of radioimmunos-
cintigraphy with IMACIS1 were 80 and 100% respec-
tively, tumor detection rate was not proportional to the 
level of serum tumor markers, second-tracer technique 
was essential for tumor localization as an anatomic 
landmark, tumor/non-tumor radioactivity was most el-
evated at 7 days delayed imaging and using planar scin-
tigraphic technique it was possible to image most of the 
tumors. Furthermore, Naruki et al. [11] with IMACIS1 
obtained accumulation of radioactivity in the primary 

medicine tests, MRI, CT and US. Monoclonal antibod-
ies are high-affinity molecules that can be used for spe-
cific, high-signal delivery from the cell surface. How-
ever, studies indicate that there are several factors that 
influence successful targeting and imaging. These in-
clude stability of the monoclonal antibody fragment, the 
labeling chemistry (direct or indirect), whether critical 
residues are modified, the number of antigens expressed 
on the cell surface, and whether the target has a rapid re-
cycling rate or internalizes upon binding [6].

In this study, 45 patients were investigated. There 
were 27 TP, 12 TN, 2 FP and 3 FN cases. From 27 TP 
patients 16 had recurrences, 6 metastases, while 5 had 
both recurrences and metastases. TN results were reg-
istered in 12 patients. In two patients with local inflam-
mation, FP findings were obtained. In 3 patients FN re-
sults were obtained because of the small size of the le-
sion (1.5 cm).

Bivariate correlation analyses showed that there 
was statistically significant positive relationship be-
tween immunoscintigraphic and US findings (rs=0.504, 
p=0.005). Also, there was significant positive relation-
ship between immunoscintigraphic findings and Dukes 
stage (rs=0.420, p=0.019), meaning that in advanced 
disease stages the clinical value of immunoscintigraphy 
is better, as well as that immunoscintigraphic findings 
correlate with the clinical disease course.

We also noticed that tumor marker levels were not 
significantly correlated with the immunoscintigraphic 
findings (p>0.05). Correlation with other diagnostic 

Figure 1. A patient with colon adenocarcinoma, two years after sur-
gery. Immunoscintigraphy, anterior view, after subtraction of radiocol-
loid image, showed two hot spots in the abdomen: one in the ascending 
colon pointing out recurrence (arrow) and the second in the upper part 
of the right liver lobe, pointing out liver metastases (arrow).

Figure 2. A patient with colon adenocarcinoma, 18 months after sur-
gery. Immunoscintigraphy, anterior view, after subtraction of radio-
colloid image, showed a hot spot (arrow) between liver and spleen, 
pointing out metastases in the abdominal lymph nodes.
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However, Willkomm et al. [18] point out that both FDG 
PET and immunoscintigraphy are suitable for the diag-
nosis of local recurrence of colorectal carcinoma, but 
that FDG PET alone is clearly superior in the detection 
of distant metastases (liver, bone, lung) and lymph node 
involvement. However, considering that PET has an in-
creasingly important role in the diagnosis, staging, and 
monitoring response to treatment in a variety of cancers, 
recent efforts have focused on immuno-PET, which uses 
antibody-based radiotracers to image tumors based on 
the expression of tumor-associated antigens. This way, 
the specificity allowed by antibody targeting should im-
prove both tumor detection and provide information re-
lated to primary and metastatic lesions that will guide 
therapeutic decisions. Advances in antibody engineer-
ing are providing the tools to develop antibody-based 
molecules with pharmacokinetic properties optimized 
for use as immuno-PET radiotracers [19].

According to Florio et al. [20] application of RIGS 
demands close cooperation between nuclear medicine 
physicians and surgeons. It can be performed using col-
loid radiotracers, monoclonal antibodies or various non-
immunological tracers. The way and time of applica-
tion of the radiopharmaceutical can also be variable. It 
is being used for radioguided occult lesion localization 
and sentinel lymph node biopsy, as well as for pre- and 
intraoperative staging of primary and recurrent colorec-
tal cancers. This method gives a chance for an optimal 
radical surgical and oncological treatment in localized 
and recurrent cancer. According to Lechner et al. [21], 
in 30% of the cases this method led to an up-staging of 
the disease. Furthermore, metastatic spread to lymph 
nodes was not always very close to the primary tumor. 
According to these investigators, this is the way to pre-
cisely identify even very small tumor deposits, leading to 
accurate staging even during operation. RIGS is found to 
be particularly useful in recurrences and in small tumor 
deposits which are difficult to localize. According to Sun 
et al. [22] RIGS with 125I-labeled anti-TAG-72 antibody 
provides opportunities for intraoperative cancer detec-
tion of both big and small tumors. Kim et al. [23] report-
ed that RIGS with two 125I-labeled anti-CEA antibodies 
facilitated accurate detection and removal of occult can-
cer foci in colorectal cancer. Similarly, Hladik et al. [24] 
and Mery et al. [25] emphasized the value of immunos-
cintigraphy and RIGS in order to improve the pre- and 
intraoperative localization of colorectal cancer lesions. 
However, all of the authors emphasize the importance of 
further research and prospective studies in order to esti-
mate the precise usefulness of this methodology and its 
impact on survival parameters [20-25].

The preclinical data presented are compelling, 
and it is evident that antibody-based molecular imag-

tumor and precise visualization of the liver metastases. 
Thus, detection of liver metastasis was better than in 
primary or recurrent tumors, with the recommendation 
of the delayed imaging (5-7 days). Like in our investi-
gation, there was no correlation between serum concen-
tration of CEA or CA19-9 and the visualization of tu-
mors. Contrary to ours and the results of other authors, 
Holting et al. [12] using immunococktail of 131I labeled 
F(ab’)2 fragments of monoclonal antibodies against 
CEA, with CA 19-9, found disappointing immunoscin-
tigraphic results in comparison to other diagnostic mo-
dalities, especially concerning extrahepatic tumor di-
agnosis. Similarly, Schlag et al. [13], using the same ra-
diopharmaceutical concluded that immunoscintigraphy 
cannot give information beyond that of conventional 
diagnostic tools for indication or planning of operative 
strategy in the treatment of recurrent colorectal cancer.

Some authors performed immunoscintigraphy 
with 123I labeled antibodies. Goldenberg et al. [14] us-
ing immunoscintigraphy with 123I labeled fragments, 
F(ab’)2 and Fab’, of IMMU-4, and anti-CEA monoclo-
nal antibody (Immu-RAID-CEA) showed that this im-
aging method complemented CT findings by confirming 
suspected tumors and disclosing occult lesions. Also, 
Bischof-Delaloye et al. [15] proved that immunoscin-
tigraphy with SPECT based on 123I-labeled anti-CEA 
monoclonal antibody allows early detection of recur-
rence or metastasis of colorectal cancer, thus reducing 
the delay between diagnosis and treatment. Wong et al. 
[16] evaluated an engineered intermediate-molecular-
mass radiolabeled antibody construct directed against 
CEA (cT84.66). They demonstrated tumor targeting in 
colorectal cancer and a faster clearance in comparison 
with intact antibodies, making it appropriate for further 
evaluation as an imaging and therapeutic agent. The 
conclusion was that 123I, because of its favorable physi-
cal characteristics, allows easy performance of SPECT, 
which is the advantage, but has much shorter half life 
which doesn’t allow acquisition of the delayed images, 
an issue that has been emphasized as very important in 
this type of investigation [8-10], and is much more ex-
pensive in comparison to 131I.

Some investigators tried to compare the results ob-
tained by PET and immunoscintigraphy. According to 
Ito et al. [17] the usefulness of PET and immunoscintig-
raphy (by means of 131I or 111In anti-CEA monoclonal 
antibody) was confirmed for the diagnosis of recurrent 
colorectal cancer. They concluded that, although PET 
reflects the biological character of the tumor and makes 
a more accurate diagnosis when combined with regular 
CT and MRI, this technique cannot provide the specific-
ity of an antibody-based functional imaging agent, and 
cannot help select patients for antibody-based therapy. 
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ing tracers will have important future role in the diag-
nosis and management of cancer and other diseases [6]. 
Some authors pointed out that soon SPECT/CT, PET/
CT and RIGS with the development of new radiophar-
maceuticals/antibodies may enable patient selection for 
radioimmunotherapy [25,26]. Because of the fact that 
131I is also a beta emitting radionuclide currently used 
in radionuclide therapy of various diseases, (hyperthy-
roidism, thyroid carcinoma) it is necessary to emphasize 
that 131I labeled antibodies can have the best potential to 
be used not only for diagnosis but also and for radioim-
munotherapy.

Conclusion

The main advantages of immunoscintigraphy 
consist of the ability to estimate tumor tissue viability, 
as well as whole body imaging at the same time. There-
fore, immunoscintigraphy is a very suitable method for 
staging colorectal cancer patients before and during 
their follow up after surgery, and a big help in the choice 
of appropriate and due-time therapy. Furthermore, the 
hybrid SPECT/CT, PET/CT, RIGS and radioimmuno-
therapy open a new field for application of radiolabeled 
antibodies.
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