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The role of nuclear medicine in oncology
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Nuclear Medicine offers screening methods for oncology such as bone and bone marrow
scintigraphy. During the last two decades, special procedures have gained widespread appli-
cation. This paper is centered around the “tumor-specific” radiopharmaceuticals. In patients
with thyroid cancer, I-131 still plays a significant role. Ga-67 still has its indications in
lymphoma, while in other diseases TI-201 cloride is now the agent of choice. Especially in
thyroid cancer, TI-201 has proved to be a reliable tumor imaging radiopharmaceutical.
More recently, Tc-99m MIBI was introduced for tumor imaging. Tc-99m HMPAO may
also be used for tumor scintigraphy, especially in brain lesions. In addition, 1-123 IMP
has successfully been used for imaging malignant melanoma. Another promising field of
tumor diagnosis is receptor imaging. In neuroblastoma and malignant pheochromocytoma,
I-131/123 mIBG is the radiopharmaceutical of choice and may be considered as a re-
ceptor imaging agent also. First clinical results with In-111 octreotide show potentials
as somatostatine-receptor radiopharmaceutical in insulinoma, islet cell carcinoma, medullary
and lung cancer, while I-123 estradiol needs some improvement until it may be recom-
mended as diagnostic tool in breast cancer. Since 1978, radiolabeled poly- or monoclonal
tumor antibodies and their fragments have gained widespread application. Especially the
Tc-99m 225.28S melanoma antibody, 1-131 or Tc-99m CEA and In-111/I-131 labeled OC-125
antibodies have proven to be of clinical significance in melanoma, colorectal and ovarian

cancer.
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non-immunological and immunological procedures.
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oncology, tumor-specific tracers, monoclonal antibodies

Each tracer is based on a specific principle of uptake
(Tables 1, 2). The different procedures will now be
described in detail.

Scintigraphy with I-131

Thyroglobulin (hTg) has now become a routine
tumor marker in the follow-up of thyroid cancer.
Despite the high significance of hTg, whole body
scintigraphy with I-131—especially with therapeutic
doses—still remains a useful imaging procedure in
management of thyroid cancer.!™ Delayed “post
therapy” imaging was clearly superior to “diag-
nostic” I-131 imaging?!: 19/28 patients presented with
positive post therapy scans, while results were sig-
nificantly worse with diagnostic doses (11/29). Since
positive I-131 scans are observed in approx. 5% of
patients with negative hTg concentrations, whole
body scintigraphy is still useful in thyroid cancer.
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Table 1

“Specific Procedures”
Non-immunological
1-131, Ga-67, Ti-201, Tc-99m MIBI, 1-123 1IMP,
Tc-99m HMPAO, Tc-99m(V)DMSA
Receptor imaging: 1-123/131 mIBG, In-111 Octreotide,
1-123 Estradiol
Protein Uptake: I-123 Methyltyrosine
Immunological
CEA, 225.28s, OC-125, AFP, CEA 19/9,
Beta-HCG, PSA (Tc-99m, In-111, I-131)

Table 2

Principles of Uptake

1-131: iodine trap

Ga-67: increased permeability of tumor vessels and
binding to intracellular proteins

T1-201: perfusion-related uptake in tissue with
increased number of mitochondria

1-123 IMP: melanine metabolism

Tc-99m MIBI: negative-charged membranes of
mitochondria, increased perfusion

Tc-99m: HMPAO: perfusion (““‘microsphere”)

Tc-99m(V)DMSA : Similarity to phosphate molecule ?

I-123 IMT: enzyme inhibition (trapping)

1-123 mIBG: receptor binding+ metabolism

1-123 Estradiol: receptor binding

In-111 Octreotide: receptor binding

MOoAB:s: in vivo AG/AB reaction

TI-201

Since almost 15 years, TI-201 is used as a tumor-
imaging agent, at first in lymphoma and melanoma,
later in iodine-negative thyroid cancer, lung cancer
and brain tumors.4 ¢ T1-201 SPECT (Fig. 1) pro-
vided good results in thyroid and lung cancer.4:5

Tc-99m MIBI

The TI-201 analogue, Tc-99m MIBI, (Fig. 1) has
also been successfully used for tumor imaging in
iodine-negative thyroid cancer as well as in lung
cancer. Despite of better imaging statistics (higher
count rates), a superiority of Tc-99m MIBI was not
found, especially in thyroid and lung cancer.45:7

Ga-67

Ga-67 may be considered the most widely used
tumor-specific radiopharmaceutical. Since almost
25 years, this tracer has been used in a wide range of
tumors. However, the development of new tracers
has led to a decrease of imaging procedures. Some of
the few domaines in which gallium is still useful, are
staging and follow-up of lymphoma, melanoma and
testicular tumors.®-11 Especially in the evaluation of
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hilar lymphoma after radiation, Ga-67 plays an
important role.89

1-123 lodoamphetamine (IMP)

IMP may be used as a tumor-specific radiophar-
maceutical in malignant melanoma as well as squa-
mous cell carcinoma.l213 However, especially in
melanoma, the significance of IMP is only limited
as melanoma antibodies have taken over this posi-
tion.

Tc-99m HMPAO

Since 1986, HMPAO has been used for tumor imag-
ing,14717 especially in brain tumors.14 There was no
correlation between HMPAO uptake and tumor
grading or type. HMPAQO proved to be a useful
radiopharmaceutical for the evaluation of therapeutic
response in brain tumors.14

I-123 Alpha methyl tyrosine (IMT)

IMT had been synthesized some 15 years ago for
pancreas imaging.18 Later on, it had been used for
imaging of occular melanoma.!® Qur own group
published first results on IMT imaging in brain
tumors in 1989.19 IMT is a strong enzyme inhibitor.
It does not represent protein metabolism, but only
protein incorporation. Some of the main indications
for IMT imaging are the proof or exclusion of brain
tumor recurrence and the differential diagnosis
abscess/glioblastoma (Fig. 2). Again, this tracer may
be used to evaluate the therapeutic response in
cytotoxic or radiation therapy.l® A grading or dif-
ferential diagnosis of brain tumors is not possible.20

Tc-99m(V) DMSA

The pentavalent Tc-99m-dimercaptosuccinate com-
plex has been successfully used for imaging of
medullary thyroid cancer and squamous cell carci-
noma of the head and neck.21.22 It is discussed that
Tc-99m(V) is taken up by the tumor cells as it shows
a similarity to phosphate molecules which are ac-
cumulated due to increased protein metabolism.

Receptor imaging: Tumor imaging via receptor
imaging may be performed using metaiodobenzyl-
guanidine, estradiol, and octreotide.

I-123-Estradiol®

The results of a German Mulicenter Trial have been
published by Scheithauer et al. in 199124 using 16-
alpha-I-123-iodoestradiol-17 beta (I-123-E2). In 42
patients (30 carcinomas (Fig. 3), 12 benign lesions),
the overall sensitivity was only 66%. “False posi-
tives” were obtained in patients with fibrocystic
mastopathia with positive receptor status.
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Fig. 1 Lymph node metastases of thyroid cancer: Uptake of TI-201 (left) and Tc-99m

MIBI (right).

Fig. 2 1-123 IMT uptake in left-sided glioblastoma.
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Fig. 3 1-123 Estradiol uptake in breas cncer (arrow).
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I-123/131 mIBG

Since 1980, this radiopharmaceutical has been used
for imaging of pheochromocytoma and neuroblas-
toma (Fig. 4) as well as of carcinoids and para-
ganglioma. Especially in pheochromocytoma and
neuroblastoma, mIBG imaging is now a routine
procedure in oncology.25:26 In neuroblastoma, sen-
sitivity was 90%, in catecholamine-positive tumors
969, respectively. In 540 patients with pheochro-
mocytoma, sensitivity was 87%;, specificity 999, with
a prevalence of 309 .26

In-111 Octreotide (Somatostatin receptor imaging
agent)

In 1990, first results using In-111 octreotide were
published in islet cell cancer, glucagenoma, insu-
linoma (Fig. 5) and medullary thyroid cancer.27.28
The results of the Dutch group2?.28 are very pro-
mising. However, phase III clinical trials in Europe
have to be finished to fully evaluate the clinical
usefulness of octreotide imaging.

Monoclonal tumor antibodies and their fragments
(MoABs): Up to now, a wide range of tumor
antibodies and their fragments have been used.
However, only a limited number of these tracers
have been evaluated in larger patient populations.
This review will only refer to radioimmunodetection
(RID) in patients with melanoma, ovarian cancer
and colorectal cancer.

Melanoma antibody F(ab')+-Fragment 225.28s

This antibody has been evaluated for 5 years now in
our institution. 181 patients with melanoma were
investigated, 109 of them presenting with proven
metastases. In the remaining 72 patients, metastases
could be excluded by follow-up, surgery, and other
imaging techniques. With respect to the number of
“positive” and ‘“‘negative” patients, sensitivity was
74% , specificity 889, and accuracy 809 . A total
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Fig. 4 1-123 mIBG uptake in bone metastasis (skull,
both legs) of neuroblastoma.
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Fig. 5 In-111 Octreotide uptake in insulinona (arrows).

of 212 tumor localization were evaluated in 181
patients. Sensitivity was 53%, specificity 88%, and
accuracy 639 . However, if only lymph node metas-
tases (94 lesions in 89 patients) were evaluated (axil-
lary (Fig. 6) and inguinal as well as iliacal), sensi-
tivity was 889, specificity 83%, and accuracy 88%.
These data allow the assumption that immuno-
scintigraphy can now be regarded as a routine
procedure in the evaluation on melanoma patients
with suspected lymph node metastases.29:30 In in-
traocular malignant melanoma, this antibody
showed also promising results.3!

In-111/1-131 OC-125 antibody F(ab'):-Fragment
In another series, 47 patients with ovarian cancer
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Fig. 6 Extensive axillary lymph node uptake in mel-
anoma (melanoma antibody).

Fig. 7 Left-sided parailiacal lymph node involvement
as evidenced by uptake of In-111 OC-125 antibody frag-
ment.

(Fig. 7) and 65 proven tumor localizations were
investigated using an OC-125 antibody fragment.
Sensitivity was 86%,, specificity 789, and accuracy
85%. In 21 tumor localizations who had follow-up,
sensitivity was 819, specificity 75% and accuracy
80% . Thus, immunoscintigraphy shows promising
results in patients with ovarian cancer and has also
become a routine tool in the follow-up of this
disease.32:33

1-131-19-9/ Anti CEA F(ab')o-Fragment

This antibody is routinely available since some years
now. Baum et al3 have published results in 92
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patients with colorectal carcinoma. With respect to
different localizations (abdomen, liver, peritoneum,
lung, bone) the sensitivities were between 78 and
889, the specificity between 90 and 94%;. These data
make evident that immunoscintigraphy has reached
the stage of clinical usefulness in colorectal cancer.3®
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