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After promising results of in vivo tumor localization by radiolabeled 

antibodies against carcinoembryoric antigen (CEA) in heterografted 

animals (11,7), polyclonal (6,10) and later on monoclonal (1,9) 

anti-CEA antibodies have been used for the scintigraphic detection of 

CEA containing tumors in the human. These antibodies were essentially 

labeled with 1-131. In order to improve the contrast in ccnventional 

scanning, subtraction techniques with Tc-99m labeled compounds were 

introduced. But these techniques are not free of possible errors (12). 

Emission computerized tomography (ECT) has shown to improve the 

detection, especially of small lesions as the contrast is less volume 

dependent and as the overlap of active structures can be eliminated 

(2). 1-131, however, is not an ideal isotope for ECT because of its 

unfavorable photon energy for gamma cameras and the relatively 

important radiation dose to the patient. 1-123 with its energy of 159 

keV and its half life of 13 hours is much more favorable (5) but it 

does not permit to examine the patient later than 48 hours post 

injection. 

F(ab')2 and Fab fragments of monolonal antibodies (MAb) give higher 

tumor to background ratios than the intact antibody by reduced binding 

to reticulo-endothelium and faster urinary excretion. But even when 

renal excretion is prevented there remains an inverse relationship 

between size and tumor uptake of the intact MAb and its fragments (8). 
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The tumor to background ratios as well as the specificity indices of 

the anti-CEA MAb-fragments used have been shown to be higher for 

F(ab')2 fragments in comparison with the intact antibody in huKxn 

colon carcinoma bearing nude mice. For Fab fragments these ratios even 

increased (3). Thus both types of antibody fragments could reasonably 

be used with the 1-123 label. 

Method 

All patients are examined after informed consent. They receive Lugol's 

5% Iodine solution for 2 days prior and 3 days following injection in 

order to block the thyroid. Additionally potassium perchlorate is 

given in order to diminish the elimination of free iodine by the 

gastric mucosa. Possible allergic reactions should be prevented by the 

administration of antihistaminic drugs (12 and 2h before injection) 

and of prednisolone (100 mg iv 2 h before injection of the labeled 

antibody). He do not perform intracutaneous testing. With this 

premedication we did not observe any adverse reaction. 

F(-.b')2 or Fab fragments of MAb 35 labeled with 3-5 mCi of 1-123 

produced from the 1-127 (p,5n) Xe-123 reaction (SIN, EIR) are injected 

in an one hour perfusion under continous control by a nurse trained in 

intensive care and a physician. The amount of the antibody is 1,5 mg 

for F(ab')2 and 1,0 mg for Fab fragments. 
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All patients are examined at 6 and 24 h (sometimes 48 h) by the means 

of a dual head rotating camera device equipped with a whole body 

attachment (Siemens) and linked up with an array processor (Computer, 

Design and Applications) and a computer (DEC PDP 11/44). 

Whole body distribution of the tracer is measured by simultaneous 

anterior and posterior whole body scanning. ECT is performed of the 

pelvis and upper abdomen (liver) in all patients, additional regions 

are studied when metastases are suspected elsewhere. At the end of the 

study of the upper abdomen we proceed, without moving the patient, on 

an ECT of the liver after injection of Tc-99m sulfur colloid (4mCi). 

For immunotomography data collection is performed using both heads 

rotating 180° each at an angular increment of 6°. At 6 h a mean of 

4.2x10 counts are collected per region in about 15 minutes, at 24 h 

some 3.0>10° counts in 30 minutes. At 48 it takes about 1 h for 

collecting about 1.8xl06 counts. 

Tomographic sections are reconstructed in 3 planes : transverse, 

sagittal and coronal. An ectopic tracer accumulation is considered as 

probably corresponding to tumor tissue when it is detected on at least 

two section planes and, possibly, at both examinations at 6 and 24 h. 
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Results 

Even if the relative tumor uptake increases with time most of the 

primary ard even metastatic tumors are well demonstrated on the 6 h 

ECT already. Fig. 1 shows the relative increase in a patient with an 

Figure 1 

Transverse sections at the level of aorta and vena cava (above) and of 

ilial bifurcation (below) of the same tumor as Fig. 2 at 6, 24 and 48h 

after injection. Relative tumor uptake <-•>) with respect to circulating 

activity increases with time 
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adenocarcinoma Dukes C of the ascending colon. The upper row 

represents transverse sections through the right colon tumor and the 

big vessels (aorta and inferior vena cava), whereas the lower row 

represents sections at the level of iliac bifurcation at 6, 24 and 48 

hours. 6 hours after injection vascular activity exceeds tumor 

activity in spite of its clear visualization. The tumor to circulating 

activity ratio increases with time being near to unity at 24 and 

definitely higher at 48 hours. In our experience, however, the most 

relevant images were obtained after 24 hours. On later recordings 

artefacts may be created by patient movement in the case of long or 

statistical uncertainty in that of short data collection times. 

The patient shown in Fig. 2 presented with a large mass measuring 6cm 

in diameter and weighing 33g of the right colon. This large tumor 

could be quite easily seen even on the planar scintigraphy (left). The 

corresponding coronal section (right) shows a much sharper delineation 

of the tumor as well as of liver, bladder and vessels. 

Detectability of primary tumors seems - at least in our present 

experience - not only related to size. Tumors of 3-5g have not been 

detected on planar views especially when they were located near active 

organs like kidneys or urinary bladder whereas they have clearly been 

shown by this method of immunotomoscintigraphy (Fig. 3). 
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Figure 2 

On the planar image on the left big tumors like this 33 g 

adenocarcinoma Dukes C of the ascending colon (-»•) may already be 

distinguished from vascular (v), hepatic (1), renal (k) and urinary 

(b) activity. On the corresponding coronal ECT (C) at the right the 

tumor is much better delimited with respect to surrounding active 

structures. This not only demonstrates the better imaging quality of 

ECT in comparison with planar images but also the need for ECT when 

dealing with small lesions especially when they are located near 

active organs like liver, kidneys or bladder as shown in Fig. 3. 
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Figure 3 

Transverse (left) and sagittal (right) sections through the pelvis of 

a patient with a small carcinomatous polyp of the rectum 24 h after 

injection of 1-123 Fab MAb 35. The tumor was not visualized on the 

planar view, hidden as it was by the urinary bladder, but even on the 

transverse section it could not clearly be distinguished from bladder 

activity (B). On the sagittal slice it is nicely defined {-*•) behind 

the bladder (B). 
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For primary tumors and local recurrences F(ab')2 and Fab fragments 

performed equally well (7/7 and 15/16 of these tumors were detected 

respectively) but the higher tumor to background ratio obtained with 

Fab incited us to use them preferentially as the quality of the 

scintigraphic images was better. In what concerns the visualization of 

metastases, especially in the liver. Fab are superior to F(ab')2. In a 

retrospective study on more than 30 patients, 70% of metastases were 

detected with F(ab')2 and 82% with Fab. 

Discussion 

Even with a monoclonal antibody of high affinity (5.8xl09 M"1) for CEA 

and not crossreacting with granulocyte glycoproteins as it is the case 

for anti-CEA MAb 35 which we currently use for immunoscintigraphy, 

only poor tumor to background ratios, thus only poor quality planar 

images are obtained. Circulating antibody and non specific tracer 

uptake may mask the tumor uptake which has shown to be non uniform 

and rather low even with specific antibodies. Several attempts have 

been made to improve the tumor definition and localization on the 

scans. 1-131, the first radiolabel used, offered the possibility to 

perform late scans after the decrease of circulating activity. The bad 

counting statistics of these images, however, make the detection of 

small tumors difficult. Different subtraction techniques were used in 

order to separate target from non target activity. These techniques 

however are not free from possible artefacts (7) which are mainly due 

to the different photon energies of the radionuclides used, and to the 

differences of the in vivo distribution of pertechnetate, serum 

albumin or red cells in comparison with antibodies. 
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The higher tumor to background ratio which may be obtained by the use 

of F(ab')2 and especially Fab fragments with respect to the intact 

antibody by reduced binding to reticulo-endothelium and faster 

unrinary excretion allows the scintigraphic visualization of tumors 

within 24 h after injection. This short interval between injection and 

registration of the distribution of the antibody makes the use of 

1-123 possible despite its relatively short half life. 

The major advantage of the use of tomoscintigraphy and 1-123 labeled 

MAb fragments consists in the high quality of the images which allows 

to distinguish tumor accumulation of radioactivity from physiological 

organ concentration and circulating radioactivity without the 

artefacts inherent in subtraction techniques. 

In spite of the first promising results of this method (4) strictly 

prospective studies remain mandatory in order to assess its value in 

the early diagnosis and localization of recurrences and metastases 

after surgery for colo-rectal carcinoma. 
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