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Molecular targeting may be defined as the specific concentration of a diagnostic or therapeutic tracer by its
interaction with a molecular species that is distinctly present or absent in a disease state. Monoclonal antibody
(mAb) is one of the successful agents for targeted therapy in cancer. To enhance the therapeutic effect, the
concept of targeting radionuclides to tumors using radiolabeled mAbs against tumor-associated antigens,
radioimmunotherapy, was proposed. The efficacy of radioimmunotherapy, however, has to be further optimized.
Several strategies to improve targeting of tumors with radiolabeled mAbs have been developed, such as the use
of mAb fragments, the use of high-affinity mAbs, the use of labeling techniques that are stable in vivo, active
removal of the radiolabeled mAb from the circulation, and pretargeting strategies. Until now, however, there are
many kinds of obstacles to be solved in the use of mAb for the targeted therapy. Major technical challenges to
molecular targeting are related to the rapid and specific delivery of tracers to the ftarget, the elimination of
unwanted background activity, and the development of more specific targets to create a cytocidal effect. Further
development of this field will be determined by success in solving these challenges. (Nucl Med Mol Imaging
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Table 1. Targeting Properties of Different Forms of Antibodies

H7IE Q| HAHIRIZ): LaE 018

IgG Flab*)2 Fab’ Diabody scFv
Physical
Molecular wt 150 K 100 K 50 K 40K 20 K
Biological
Imnune effector function Yes No No No No
Ty12 blood 2-3d 1-2 d 4h <4 h th
Target organ Liver Liver Kidney Kidney Kidney
Tumor binding
Uptake
1=highest, 4=lowest i 2 3 3 4
Duration
1=longest, 4=shortest 1 2 3 3 4
Optimal accretion time Days Day Hours Hours Hour
adopted by Goldenberg DM (J Nucl Med 2002)
Table 2. Radionuclides of Current Interest in Radioimmunatherapy
; ; Emmission Maximum energy Maximum range
Radionuclide T1/2 (h) (for tnerapy) (KeV) (mm)
lodine-131 (I-131) 193 8 610 20
Yitriurn-90 (Y-90) 64 B 2,280 12.0
Lutetium-177 (Lu-77) 161 g 496 1.5
Copper-67 (Cu-67) 62 g 577 18
Rhenium-186 (Re-186) N 8 1,080 50
Rhenium-188 (Re-188) 17 8 2,120 11.0
Bismuth-212 (Bi-212) 1 a 8,780 0.09
Bismuth-213 (Bi-213) 0.77 « >6,000 <0.1
Astatine-211 (At-211) 72 a 7.450 0.08

adopted by Goldenberg DM (J Nucl Med 2002)
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Table 3. Comparison of Efficacy of Radioimmunotherany in Refractory B-celt NAL.

Y Ibritumomalb

B Toxiturmomab

. . a 131 . . C
Rituximab @evaiiny® (Bexxan® I Riftuximab
No. of Patients 70 73 60 45
ORR (%) 56 80 65 71
CR %) 16 30 20 54
DR (months) 12.1 142 6.5 ¥
TIP (months) 10.1 11.2 8.4* 14
* Median PFS in 39 responders
t 20 months in patients with CR, 8 months in PR
Wn‘2|g et al J Clin Oncol 2002,
PKaminski et al. J Clin Oncol 2001,
“Tumner et al. Cancer Biother Rodlophorm 2003.
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Fig. 1. Comparison of administration conditions for 131ltositumomab and 90Y-ibritumomab
tiuxetan. (Adopted from Goldenberg, DM. Therapeutic use of radiolabeled antibodies:
hematopoietic tumors. In: Ell PJ, Gambhir SS, eds. Nuclear Medicine in Clinical Diagnosis and
Treatment. 3rd ed. London, UK: Churchill Livingstone; 2004:428-434.)
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Table 4. Currently Used Monoclonal Antibody for Non-Hodgkins™ Lymphoma

H7IE 9 HAHARIE(): 24N 018

monoclonal Antibodies Antigen Conjugate
Rituxirmab (Rituxan, Mabthera) CD20 None, 1-131
Alemtuzumab (Campath-1H, MabCampath) CD52 None
Epratuzumab CD22 None, -131, Y-90
Apolizumab (Hu-1D10) HLA-DR None
Galiximab CD80 None
Bevacizumab VEGF None
Toxitumomab (Bexxar) CD20 [-131
Ibritumomab (Zevalin) CD20 Y-90

Lym 1 HLA-DR -131

" (Fig. 3) HAMEA S Zo)7] 93 g2 vgozE A
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Fig. 2. Cross-fire effect by radionuclides.

Vessel

Fig. 3. Characteristics of g - and « -emitters. § -particles show
long-range, low-energy deposition resulting in most of the energy
being deposited in normal fissue and not in the target cells. «
-particles show a low range with high LET, resulfing in deposition
of almost all the energy in the target cells. (Adopted from
Bethge WA et dl. in Semin Oncol 2004)

A: Direct Radioimmunoconjugate Approach

Radisimmunoconjugate
N

mAb-Streptavidi
Radionuclide-Biotin-Conjugate reptavidin
>

x;

/

/

/
/ y
mAD-Streptavidin Clearing A/gent

B: Pretargeting Approach

Fig. 4. Different approaches to RIT. (A) RIT involving the injection
of a stable radioimmunoconjugate. (B) RIT using pretargetfing. A
three-step approach involving injection of mAb-streptavidin
conjugate (step 1), followed by injection of a clearing agent
(step 2) and, finally, radiolabeled biotin (step 3). (Adopted from
Bethge WA et al. in Semin Oncol 2004)
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A Avidin-biotin pretargeting: 2-steps

Fig. 5. The next generation of radionuclide fargeting; examples of prefargeting
approaches: (A) Two-step streptavidin IgG/radiolabeled biotin procedure (Kraebe-Bodere
et al). (B) Threestep biotinylated IgG/radiolabeled biotin  pretargeting procedure
(Hnatowitch et al). (C) Bispecific antibody pretargeting procedure (Goldenberg et al). (D)
Oligonuclide pretargeting procedure (Rossi et al). (Adopted from Sharkey et al, J Nucl
Med 2005)

Table 5. Recent Clinical Studies of Radioimmunotherapy in Solid Tumors

Tumor type Target antigen Antibody radiolabels
Glial tfumors Tenascin BC4 I-131, Y-90
Tenascin 816C I-131, Bi-213
EGFR 425 [-125
Leptomeningeal cancer ED2 3F8 [-131
Qvarian cancer MUCH HMFG1 Y90
Glycoprotein MOv18 l-131
TAG-72 B72.3, CC49 [-131, Y90, Lu-177
CEA MN-14 131
Colorectal cancer TAG-72 B72.3, CC49 I-131, Y90
CEA hMN-14 131, Y-90
A33 Anti-A33 [-131
Pancarcinoma NR-LU-10 Y-90/biotin
Breast cancer MUCI HuBre3 Y-90
L6 chlé [-131
TF-antigen 170H.82 Y50
TAG-72 CC49 I-131, Lu-177
TAG-72 CC49 131
PSMA J591 I-131, Bi-213
Bladder cancer MUCI HMFG1 i-125
MUCT C595 Cu-67
Renal cell carcinoma Glycoprotein chG250 1-131
CEA hMN-14 I-131, Y90
Medullary thyroid cancer CEA F6 -131/hpaten(AES)
Hepatocellular carcinoma Ferritin Rabbit 1-131, Y90
Small cell lung cancer CEA F6 1-131/hapten(AES)

adopted by Goldenberg DM (J Nucl Med 2002)
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Baseline 1mo 3 mo 6 mo

Fig. 6. Radicimmunotherapy in a patient with B-cell NHL using
I-131 rituximab. A 69-year-old man with chemotherapy-refractory
mantle cell lymphoma underwent the radicimmunotherapy by
I-131 rifuximab. On FDG PET scans, disseminated hypermetabolic
lesions in cervical lymph nodes and subcutaneous nodules at
prefreatment decrease sequentially affer radioimmunotherapy.
However, this patient shows aggravation at 6 months after
radioimmunotherapy.
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1st RIT, Baseline
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Fig. 7. Repeated radioimmunotherapy in a patient with B-cell
NHL using I-131 rituximab. A 64-year-old man with chemo-
therapy-refractory marginal zone B-cell lymphoma underwent
the radioimmunotherapy by [-131 rituximab. On FDG PET scans,
disseminated hypermetabolic lesions in lymph nodes and spleen
at prefreatment decrease markedly offer 1st and 2nd radio-
immunotherapy.
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