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POSITRON EMISSION TOMOGRAPHY OF MONOCLONAL ANTIBODIES

KALEVI J. A. KAIREMO

A review on the use of monoclonal antibodies labeled with positron emitting nuclides is presented.
Potential radionuclides for labeling are e.g. '®F, 5Co, *Cu, *°Ga, *®*Ga, "Br, ¥Zr and '*I.
Radionuclides with short half-lives may be utilized especially by pretargeting approaches. Gallium-
isotopes have also been coupled to antibodies, using chelation methods. One promising nuclide for
antibody labeling seems to be '**I (t,,, =4.2 d) as radioiodination of antibodies is a well-characterized
procedure. Some of our own studies using "I labeled monoclonal antibodies in a nude mouse and rat

human ovarian cancer xenograft are reported.

Review of the literature

Positron emission tomography (PET) is superior to
SPECT in resolution, quantification possibilities and sensi-
tivity (1), its disadvantages being only of economic nature.
Monoclonal antibodies can be labeled for PET with either
long-lived or short-lived positron emitting radionuclides
(2). Possible radionulcides for PET are listed in the Table.

Short-lived radionuclides. Fluorine-18, gallium-68, and
possibly iodine-122 and carbon-11, may be used clinically
after two- or three-step pretargeting using labeled biotin or
biotinylated antibodies with avidin-biotin amplification
system (4, 5). In the literature no images have been shown
so far with '®F or %*Ga. Fluorine-18 has been studied in a
mouse human glioma xenograft model where an uptake of
18.7% ID/g tumor at 4h with !'8F-labeled Mel-14 M-Ab
was obtained (6). It has also been studied in a canine
myocardial infarct model using fluorinated antimyosin (7).
Several methods for fluorination have been described (8-
11). Antibodies can also be labeled with B*-emitting gal-
lium isotopes (12-18). Gallium-68 is generator-produced
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Table

Characteristics of selected positron emitters for antibody labeling
(properties collected from (3))

Radionuclide t2 B ax B main y
(MeV)  abund. (keV)
Fluorine-18 109.7 min 0.635 97%
Iron-52 82h 0.80 56% 165 (100%)
Cobalt-55 18.2h 1.50 81% 930 (80%)
Copper-64 12.8 0.656 19% 1340 (0.5%)
Gallium-66 9.45h 4.15 57% 1039 (37%),
2748 (25%)
Gallium-68 68.3 min 1.90 90% 1078 (3.5%)
Arsenic-72 26.0h 2.50 17% 835 (78%)
Bromine-76 16.1 h 3.6 62% 559 (63%)
Zirconium-8% 78.4h 0.90 22% 910 (99%)
Todine-122 3.5 min 3 100%
lodine-124 4.15d 2.14 26% 605 (67%)

(with an approximate generator half-life of 275 days) and
therefore easily available. In mice bearing colon carcinoma
approximately 50% ID/g tumor at 24 h using an anti-CEA
MAB 35 was achieved, when it was labeled with the
y-emitting gallium-67 (13). The same anti-CEA antibody
labeled with %’Ga (specific binding of 64.2% vs. 67.7%
with '#I) showed improved localization ability in colon
carcinoma patients (12). Tumor uptake (18.7% ID/g at
96 h) was also obtained in a study with M.2.9.4 anti-
melanoma MAb labeled with ¢’Ga by the use of P-ED-
DHA chelation (i4). Experimental studies using **Ga or
%8Ga have been reported. The utilization of a bispecific
antibody labeled with ®Ga hexadentate octahedral gallium
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chelate (Ga-HBED-CC) for rapid pretargeting: an uptake
3.9% ID/g tumor at 48 h was obtained in a melanoma
mouse model using preinjected MAb 3A10, '*'I-anti-
chelate MAb and anti-enantiomeric ’Ga-HBED-CC,
whereas without preinjection it was 0.13% ID/g tumor
{(15). All the mentioned gallium isotope applications may
be used for PET. A direct PET application has been
reported in two dogs, imaged for myocardial damage using
%Ga labeled transcomplexated DTPA-antimyosin MAb
(16). Short-lived radionuclides for PET were labeled with
parathyroid specific MAb BB5-G1 and specific uptake in
xenografted parathyroid was obtained in a mouse model
both with %Ga and '*F label (17). Suitable positron
emitters for very rapid targeting are carbon-11 and iodine-
122, which have not yet been used in experimental studies.
Carbon-11 can be coupled to proteins (19); for iodine-122
no applications have yet been reported but there are good
possibilities for radioiodination of proteins (20).
Long-lived isotopes — Experimental studies. Cobalt-55 is
also a possible positron emitter for antibody labeling; for
convenience, cobalt-57 has been used in experiments. In a
nude mouse model with xenografted colon carcinoma 17-
1A MAD labeled with 3’Co by use of different chelates
some differential tumor uptakes were observed at 24 h:
EDTA 34, CDTA 11.6, DTPA 5.6, and CDTPA 6.4%
ID/g tumor (21). Our group studied several MAbs labeled
with 3’Co (22) using CDPTA chelation; an approximate
uptake of 12% ID/g tumor was obtained using OC
125 MADb in a nude mouse bearing ovarian carcinoma
xenograft. Copper-64 is also an interesting label. High
specific uptakes have been demonstrated in a hamster
model for colorectal carcinoma using %*Cu-labeled intact
MADb and F(ab’), fragments with bifunctional chelate Br-
benzyl-TETA; at 24 h the uptake was 10.1% ID/g tumor
(23). In another study ®’Cu benzyl-TETA-Lym-1 was lo-
calized at 27 h up to 14.3% ID/g tumor in a mouse (24).
Zirconium-89 has also been evaluated (25). Bromine-76
can be used for protein labeling in the same way as 7Br
(26). However, 2 has been the most widely used positron
emitter for antibody PET, in spite of its limited availability
and some difficulties with antibody labeling (27-29). In
nude mice bearing Hep2 tumor xenografts studied with
1247 labeled anti-placental alkaline phosphatase (PLAP),
4.3% ID/g tumor at 48 h was obtained (30). Nude rats
have recently been used for animal PET scanning studies:
the first model was a neuroblastoma with a highly specific
GD,-gangliosidle MAb 3 F 8 (31). Also uterine and
ovarian cancer xenografts in rats have been studied with
high resolution PET (32-33), and some of these data will
be discussed later on. One reason for '>*1 PET may be
quantification for radioimmunotherapy (27, 28, 34), and it
has been demonstrated both by phantom measurements
(27) and by animal experiments (34) that '2*I PET has this
potential. In a recent study, a monoclonal antibody, recog-
nizing the external domain of the human c-erb B2 proto-

oncogene product, was labeled with 2%, and an uptake up
to 12% ID/g human breast carcinoma xenograft in
athymic mice was measured (35). This opens new aspects
in radioimmunoimaging, since it might be possible to
quantitate the overexpression of this oncogene product in
breast cancer patients. It is still unknown, however,
whether or not this can be applied in clinical work (36).
Clinical studies. Clinical PET studies (37, 38), have
demonstrated that '**I labeled MAbs can be used for
predicting the absorbed radiation dose, obtained by a
subsequent therapeutic activity (e.g. with '*'I-labeled
MAD). Larson et al. (37) have also shown that these
dosimetry calculations are consistent with measurements
made by different PET scanners, which was demonstrated
in a child with neuroblastoma using 3F8 MADb. Wilson et
al. (38) studied 7 breast cancer patients with HMFGI
MADb and 2 patients with non-specific MAb: uptake was
up to 7.7 x 1073% ID/g tumor. The highest uptake in the
neuroblastoma study was 59 x 1073% ID/g tumor (37).

Our own experience

Radioantibodies and animal models. Female nu/nu rats
(Taconic Farms, NY, NY, USA) and balb/c nude mice
(Memorial Sloan-Kettering Cancer Center (MSKCC),
NY, NY, USA) were used for animal models. For PET
studies, altogether 24 nude rats were used. Human ovarian
cancer cell lines SK-OV-3 and SK-OV-7 (33) were used as
target cell lines and SK-Mel-30 cells as xenografted in
animals were kept as controls. Murine monoclonal anti-
bodies (MAbs) MX35 and MH99 (39, 40) were produced
and characterized at MSKCC. MX35 is an IgG, subclass
antibody which recognizes an antigen expressed in 90% of
human epithelial ovarian cancers and, in lower concentra-
tions, in several normal tissues as lung, fallopian tube,
pancreas, endocervix, endometrial glands, and thymus.
MH99 was developed following immunization with the
SK-UT-1 (MSKCC) uterine cancer cell line. It is an IgG,
subclass antibody, detecting 38 kD glycoprotein related to
the 17.1 A antigen. The antigen is expressed an all normal
epithelia, as well as in virtually all human epithelial
ovarian cancers. Radiolabeling of MH99 and MX35 with
131 and '*1 was performed using the chloramine-T
method as described elsewhere (33). Labeling efficiency
was determined using trichloroacetic acid precipitation
assay (33) and the immunoreactivity was calculated using
an absorption assay on cell line SK-OV 7.

Instrumentation. PET scanning was performed at Mas-
sachusetts General Hospital in Boston, using high resolu-
tion PET scanner for animals (41). The spatial resolution
(FWHM) of this 1-ring system camera was 4.5 mm. Imag-
ing was performed at 0—6 days after i.v. injections. In two
animals also dynamical data were collected for 2 h.

Imaging findings and tissue data. Specific localization of
124]labeled monoclonal antibodies MX35 and MH99 was
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Fig. 1. Schematic illustration of a rat with subcutaneous ovarian
cancer xenograft and PET images 5 days after i.v. injection of
1241.MX35. a) (upper panel) demonstrates the possibility to recon-
struct a longitudinal slice from transaxial slices. b) (left lower). A
transaxial slice (thickness 5 mm) is presented where rat ureters (J
1-2 mm), urinary bladder and subcutaneous 2 gr tumor (SK-OV-
3) are seen. ¢) (right lower). In the longitudinal plane (thickness
5 mm) pelvices of rat kidneys, bladder and the same subcutaneous
tumor are visualized.

demonstrated by PET scanning. With '**I-labeled mono-
clonal antibodies the ROIs on the PET images were as
follows: '>*I-MX35 6.4+ 1.2 (SK-OV-3), 6.8+ 1.7 (SK-
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Fig. 2. Dynamic study with PET using '?*I-MX35 by collecting
10 x 6 min and 5 x 12 min frames in a nude rat bearing intraperi-
toneal ovarian cancer xenograft. The tumor-to-blood ratio was
calculated as ROI ratios at the tumor site and at abdominal aorta
(1 pixel).

OV-7), and 1.1 +0.1 (SK-Mel-30); '**I-MH99 4.8 +1.0
(SK-OV-3), and 4.4+ 0.8 (SK-OV-7). These scannings
were performed 5 days after injection in rats bearing
subcutaneous xenografts. Fig. la demonstrates the possi-
bility to reconstruct from transaxial PET slices a longitudi-
nal slice. In Fig. 1b a transaxial slice (thickness 5 mm) is
presented where rat ureters (Z 1-2 mm), urinary bladder,
and subcutaneous 2 g tumor (SK-OV-3) are séen. In the
longitudinal plane (thickness S mm) in Fig. lc pelvices of
rat kidneys, bladder and the same subcutaneous tumor are
visualized. Corresponding tumor-to-blood ratios in tissues
on the 6th day were as follows: '**I-M X35 3.4 (SK-OV-3),
3.6 (SK-OV-7), and 0.9 (SK-Mel-30); '**I-MH99 2.6 (SK-
OV-3), and 2.8 (SK-OV-7). In tissue sampling the tumor-
to-blood ratios increased as function of time up to 6 days
in these nude rats. The maximum uptake at 6 days was
2.2% ID/g tumor in a rat model (using '**I-MX35),
whereas it was 12.3% ID/g tumor in a mouse model (using
B11.MX35). A dynamic study revealed that the tumor-to-
blood ratio was >1:1 at 54min in an intraperitoneal
xenograft model as presented in Fig. 2. A partial volume
effect may interfere with interpretation of data, since the
blood curve was drawn using rat abdominal aorta, and its
diameter is smaller in size than one pixel in a PET image.
In PET images the tumors were clearly visualized, includ-
ing intraperitoneal tumors corresponding to the lesions
seen in MRI or CT images.

Discussion and Conclusions

In experiments on nude rats it was clearly demonstrated
that PET could accurately locate tumors in 3 dimensions
(32). The images can be used for quantitative interpreta-
tion, and the resolution with this PET camera was
<5mm. More accurate experimental images in animal
studies have been described using pinhole SPECT (42)
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where a resolution of 2.5 mm was achiever in rats, but a
quantitative interpretation of the images is probably not
possible. In the presently reported nude rat study also
organs, such as liver, spleen, and kidney pelvices were
clearly visualized. Intraperitoneal tumors were visualized
as good as in the corresponding MRI images. The dynamic
study (Fig. 2) showed that the antibody accumulation is a
quite fast process; this is probably mainly depending on
the second fast exponential component of antibody kinet-
ics (in 2—3 exponential models) (43, 44). The weakness in
this study was quantification of the blood component, as it
was impossible to define a region of interest for the rat
abdominal aorta without including adjacent structures be-
cause of the small diameter of the vessels. The blood
volume is also too small for collection of adequate sam-
ples. Anyhow, PET opens new perspectives of 3-D dy-
namic imaging of in vivo antibody kinetics.

Clinical PET studies (37, 38) have demonstrated the
value of '*I PET as a guidance for subsequent radioim-
munotherapy with radioiodinated antibodies, allowing in
vivo estimation of absorbed radiation doses. An aiterna-
tive or a supplement to PET for assessment of absorbed
radiation doses in radioimmunotherapy could be direct
measurements using a beta-probe. The antibodies MX35
and MH99, labeled with ' are suitable for targeting
studies, as shown by PET studies. Some animals have also
been studied for positron labeled antibody targeting using
a beta-probe (45, 46). The advantage of the beta-probe is
its close vicinity to tissue containing the B-emitting nuclide.

Fig. 3. A beta-probe study of a nude mouse with intraperitoneal
and subcutaneous SK-OV-7 ovarian cancer after injecting '3'I-
MX35. The probe counts (10 s/point) were measured 2 days after
i.v. injection and were in good agreement with tumor sites (shaded
areas}.

Even though good results have been reported also with
gamma probes (47-50), the influence of distant back-
ground adtivity remains a problem. In an intraperitoneal
mouse tumor model radionuclide measurements using the
B-probe were in concordance with gamma camera imaging
and the radioantibody localization was similar to cancer
tissue distribution confirmed by surgery (Fig. 3).

This beta probe (51, 52) can also be constructed for
intraluminal or endoscopic surgical purposes opening up a
wide scale of applications e.g. probe studies inside a bowel
(colorectal carcinoma) and during less radical operations,
such as laparoscopies. Fortunately, positron emission de-
tection with X-Y coordinates for microdosimetric purposes
is also possible using the beta camera (53).

ACKNOWLEDGEMENTS

The author is grateful to all his collaborators both in Finland
and in USA. Thanks are also expressed to Nordisk Forskningsud-
dalsesakademi, Finnish Cancer Union, Scandinavian Cancer
Union, Finnish Society of Nuclear Medicine, MAP Medical Tech-
nologies Inc., and Behringwerke AG for their support, which
made this Scandinavian Radioantibody Symposium possible.

REFERENCES

1. Daghighian F, Sumida R, Phelps ME. PET imaging: an
overview and instrumentation. J Nucl Med Tech 1990; 18:
5-13.

2. Welch MJ. Potential of labeling monoclonal antibodies for
positron emission tomography and magnetic resonance imag-
ing. Acta Radiol 1990; (Suppl 374): 129-33.

3. Table of Isotopes. Lederer CM, Hollander JM, Perlman I,
eds. Sixth ed. New York: John Wiley & Sons, Inc. 1967.

4. Goodwin DA, Meares CF, McCall MJ, McTigue M, Chaova-
pong W. Pretargeted immunoscintigraphy of murine tumors
with !"'In-labeled functional haptens. J Nucl Med 1988; 29:
226-34.

5. Paganelli G, Belloni C, Magnani P. Two-step tumour target-
ting in ovarian cancer patients using biotinylated monoclonal
antibodies and radioactive streptavidin. Eur J Nucl Med 1992;
19: 332-9.

6. Vaidyanathan G, Bigner DD, Zalutsky MR. Fluorine-18-la-
beled monoclonal antibody fragments: a potential approach
for combining radicimmunoscintigraphy and positron emis-
sion tomography. J Nucl Med 1992; 33: 1535-41.

7. Zalutsky MR, Garg PK, Johnson SK, Utsunomiya H, Cole-
man RE. Fluorine-18-antimyosin monoclonal antibody frag-
ments: preliminary investigations in a canine myocardial
infarct model. J Nucl Med 1992; 33: 575-80.

8. Vaidyanathan G, Zalutsky MR. Labeling proteins with
fluorine-18 using N-succinimidyl 4-('*F) fluorobenzoate. Nucl
Med Biol 1992; 19: 275-81.

9. Herman LW, Elmaleh DR, Fischman AJ, Hanson RJ, Strauss
HW. The use of pentaftuorophenyl derivatives for the !'SF
labeling of proteins. J Labelled Compounds Radiopharm
1991; 30: 205-6.

10. Shive C-Y, Wolf AP, Hainfeld JF. Synthesis of '*F labeled
N-(p-("®F)fluorophenyl)ymaleimide and its derivatives for la-
belling monoclonal antibodies with '|8F. J Labelled Com-
pounds Radiopharm 1988; 26: 287-9.

11. Kilbourn MR, Dence CS, Welch MJ, Mathias CJ. Fluorine-
18 labeling of proteins. J Nucl Med 1987; 28: 462-70.



14.

17.

20.

21.

22.

23.

24.

2s.

26.

27.

28.

29.

POSITRON EMISSION TOMOGRAPHY OF MONOCLONAL ANTIBODIES

. Ryser JE, Jones RML, Egeli R, et al. Colon carcinoma

immunoscintigraphy by monoclonal anti-CEA antibody la-
beled with gallium-67 aminooxycetyldeferroxamine. J Nucl
Med 1992; 33: 1766-73.

. Pochon S, Buchegger F, Pelegrin A, et al. A novel derivative

of the chelon desferrioxamine for site-specific conjugation to
antibodies. Int J Cancer 1989; 43: 1188-94.

Matzku S, Schumacher J, Kirchgessner H, Briiggen J. Label-
ing of monoclonal antibodies with a ¢’Ga-phenolic aminocar-
boxylic acid chelate. Part I1. Comparison of immunoreactivity
and biodistribution of monoclonal antibodies labeled with
%’Ga-chelate or with >'I. Eur J Nucl Med 1989; 12; 405-12.

. Zoller M, Schumacher J, Reed J, Maier-Borst W, Matzku S.

Establishment and characterization of monoclonal antibodies
against an octahedral gallium chelate suitable for immuno-
scintigraphy with PET. J Nucl Med 1992; 33: 1366-72.

. Goethals P, Coene M, Slegers G, et al. Production of carrier-

free ®°Ga and labeling of antimyosin antibody for positron
imaging of acute myocardial infarction. Eur J Nucl Med 1990;
16: 237-40.

Otsuka FL, Welch MJ, Kilbourn MR, Dence CS, Dilley WG,
Wells SA. Antibody fragments labeled with fluorine-i8 and
gallium-68: in vivo comparison with indium-111 and iodine-
125-labeled fragments. Int Rad Appl Instr [B] 1991; 18:
813-6.

. Wagner SJ., Welch MJ, Gallium-68 labeling of albumin and

albumin microspheres. J Nucl Med 1979; 20: 428-33.

. Stratman MG, Welch MJ. A general method for labeling

proteins with "'C. J Nucl Med 1975; 16: 425-8.

Bhargava KK, Acharya SA. Labeling of monoclonal antibod-
ies with radionuclides. Semin Nucl Med 1989; 19: 187-201.
Srivastava SC, Mease RC, Meinken GE, Mausner LF,
Steplewski Z. Cobalt-55 labeled immunoconjugates for PET
imaging studies. Fourth International Conference on Mono-
clonal Antibody Immunoconjugates for Cancer, March 30—
April 1. 1989: San Diego, CA, USA. 1989: 118-9.

Hiltunen JV, Kairemo KJA, Penttili PI, Hannelin MJ. Com-
parison of ’Co and ""'In labeled monoclonal antibodies in
imaging nude mice human xenografts. Antibody Immunoconj
Radiopharm 1990; 3: 45.

Anderson CJ, Connett JM, Schwarz SW, et al. Copper-64-la-
beled antibodies for PET imaging, J Nucl Med 1992; 33:
1685-91.

Deshpande SV, DeNardo SJ, Meares CF, et al. Copper-67-la-
beled monoclonal antibody Lym-1, a potential radiopharma-
ceutical for cancer therapy: labeling and biodistribution in
RAIJI tumored mice. J Nucl Med 1988; 29: 217-25.

Eary JF, Link JM, Kishore M, Johnson MW, Badger CC,
Richter KY. Production of positron emitting Zr-89 for anti-
body imaging by PET. J Nucl Med 1986; 27: 983.
McElvany KD, Welch MJ. Characterization of bromine-77-
labeled proteins prepared using myeloperoxidase. J Nucl Med
1980; 21: 953.

Pentlow KS, Graham MC, Lambrecht RM, Cheung NK,
Larson SM. Quantitative imaging of '**I using positron emis-
sion tomography with applications to radioimmunodiagnosis
and radioimmunotherapy. Med Phys 1991; 18: 357-66.
Larson SM. Radioimmunology. Imaging and therapy. Cancer
1991; 67: 1253-60.

Finn R, Cheung NK, Divgi C, et al. Technical challenges
associated with the radiolabeling of monoclonal antibodies
utilizing short-lived, positron emitting radionuclides. Int J
Rad Appt Instr [B] 1991; 18: 9-13.

. Snook DE, Rowlinson-Busza G, Sharma HL, Epenetos AA.

Preparation and in vivo study of '*!I-labeled monoclonal
antibody H 17E2 in a human tumor xenograft model. A

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

829

prelude to positron emission tomography. Br J Cancer 1990;
10 (Suppl): 89-91.

Miraldi F. Monoclonal antibodies and neuroblastoma. Semin
Nucl Med 1989; 19: 282-94.

Kairemo KJA, Brownell AL, Daghighian F, et al. Positron
emission tomography (PET) for diagnosis of human ovarian
cancer in nude rats using '**I-labeled monoclonal antibodies.
Antibody Immunoconj Radiopharm 1991; 4: 48.

Rubin SC, Kairemo KJA, Brownell AL, et al. High-resolution
positron emission tomography of human ovarian cancer in
nude rats using '**I-labeled monoclonal antibodies. Gynecol
Oncol 1993; 48: 61-7.

Westera G, Reist HW, Buchegger F, et al. Radioimmuno
positron emission tomography with monoclonal antibodics: a
new approach to quantifying in vivo tumour concentration
and Dbiodistribution for radicimmunotherapy. Nucl Med
Commun 1991; 12: 429-37.

Bakir MA, Eccles SA, Babich JW, et al. c-erbB2 protein
overexpression in breast cancer as a target for PET using
iodine-124-labeled monoclonal antibodies. J Nucl Med 1992;
33: 2154-60.

Hellstrom 1, Hellstrom K-E. Radiolabeled antibodies to
oncogene-encoded molecules for tumor imaging and therapy
{Editorial). J Nucl Med 1992; 33: 2160-1.

Larson SM, Pentlow KS, Volkow ND, et al. PET scanning of
iodine-124-3F9 as an approach to tumor dosimetry during
treatment planning for radioimmunotherapy in a child with
neuroblastoma. J Nucl Med 1992; 33: 2020-3.

Wilson CB, Snook DE, Dhokia B, et al. Quantitative mea-
surement of monoclonal antibody distribution and blood flow
using positron emission tomography and '**iodine in patients
with breast cancer. Int J Cancer 1991; 47: 344-7.

Mattes MJ, Look K, Furukawa K, et al. Mouse monoclonal
antibodies to human epithelial differentiation antigens ex-
pressed on the surface of ovarian carcinoma ascites cells.
Cancer Res 1987; 47: 6741-50.

Lloyd KO. Ovarian tumor antigens: Targets for diagnosis,
monitoring and therapy. In: Conte PF, ed. Multimodal treat-
ment of ovarian cancer. New York; Raven Press, 1989: 47-54.
Brownell GL, Burnham CA, Stearns CW, Chesler DA,
Brownell A-L, Palmer MR. Developments in high resolution
positron emission tomography at MGH. International Jour-
nal of Imaging Systems Technology 1989; 1: 207-17.

Strand SE, Ivanovic M, Erlandsson K, et al. High resolution
pinhole SPECT for tumor imaging. Acta Oncol 1993; 32:
861-7.

Koizumi K, DeNardo GL, DeNardo SJ, et al. Multicompart-
mental analysis of the kinetics of radioiodinated monoclonal
antibody in patients with cancer. J Nucl Med 1986; 27:
1243-54,

. Webster WB, Harwood SJ, Carroll RG, Morrissey MA. Phar-

macokinetic of indium-111-labeled B 72.3 monoclonal anti-
body in colorectal cancer patients. J Nucl Med 1992; 33:
498 -504.

Daghighian F, Ikezaki K, Kairemo KJA, et al. Beta sensitive
intraoperative probe. J Nucl Med 1990; 31: 759.

Mazziotta JC, Daghighian F, Hoffman EJ, Black KL, Siegel
S. Intraoperative probe for detection of cerebral tumors la-
beled with positron emitting isotopes. J Cereb Blood Flow
Metab 1991; 11: 589S.

Aitken DR, Thurston MO, Hinkle GH, et al. Portable gamma
probe for radio immune localization of experimental colon
tumor xenografts. J Surg Res 1984; 36: 480-9.

Woolfenden JM, Barber HB. Radiation detector probes for
tumor localization using tumor-seeking radioactive tracers.
Am J Roentgenol 1989; 159: 35-9.



830

49.

50.

51

K. J. A KAIREMO

Martin EW, Mojzisik CM, Hinkle GH, et al. Radioim-
munoguided surgery: A new approach to the intraoperative
detection of tumor using monoclonal antibody B 72.3. Am J
Surg 1988; 156: 386-92.

Nieroda CA, Mojzisik CM, Sardi A, et al. The impact of
radioguided surgery on surgical decision making in colorectal
cancer. Dis Col Rect 1989; 32: 927-32.

Daghighian F, Kairemo KJA, Mazziotta JC, et al. Beta sensitive
probes for intraoperative and intraluminal radioimmuno-
detection. Antibody Immunoconj Radiopharm 1991; 4: 54.

52. Kairemo KIJA, Daghighian F, Rubin SC, Federici MG,

53.

Larson SM. Intraoperative beta-probe for detecting
tumor deposits using >'I- and '**[-labelled monoclonal anti-
bodies in xenografted human ovarian cancer. In: Hofer
R, Bermann H, Sinzinger H, eds. Radioactive isotopes in
clinical medicine and research. Schattauer Verlag, 1993:
82-7.

Ljunggren K, Strand SE. Beta camera for static and dynamic
imaging of charged-particle emitting radionuclides in biologi-
cal samples. J Nucl Med 1990; 31: 2058-63.



