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Interventional radiology is well established and has been
described as the use of minimal invasive surgery performed
with the aid of simultaneous radiological imaging. It is
surprising that interventional nuclear medicine has not been
developed. Interventional nuclear medicine would employ a
similar approach where, with the aid of a simple interven-
tion radionuclide, treatment can be provided for benign and
malignant pathology. The main difference between interven-
tional radiology and nuclear medicine is that while the former
employs an anatomical approach with radiofrequency, ultra-
sound and cryotherapy ablating a volume which is larger than
the lesion, the nuclear medicine approach can use some aspect
of physiology to locate the radiopharmaceutical within the
target volume and especially any microscopic extension of
the pathology.

Probably the first attempt at interventional nuclear medi-
cine involved the use of 32P-labelled colloid. Order and col-
leagues in the USA injected the 32P colloid into pancreatic
carcinoma, a disease which is resistant to external beam
radiation and many forms of chemotherapy [1]. Westlin and
colleagues also treated patients with pancreatic tumours with
32P colloid [2]. Firusian and Dempke used the same radio-
pharmaceutical to treat 17 patients with refractory solid tu-
mours or solitary metastases [3]. Complete remission was
seen in 7 patients (41 %), and partial remission in 29 % (5
patients). 32P gives very high radiation doses not possible with
external beam radiotherapy, but the fact that these studies have
not been followed up could be because the high interstitial
tumour pressure means that the colloid spread is very limited
and the high injection pressure required, at least in pancreatic
tumours, makes the technique somewhat dangerous for the
operator [4]. The difficulty in injecting the radiopharmaceuti-
cal is probably due to the colloid stabilizer.

In this issue of the journal, Botta et al. report the develop-
ment of the concept of using a limited diffusion radiopharma-
ceutical with multiple injections for the treatment of prostate
cancer [5]. The use of 90Y avidin has been suggested as a
method of overcoming the problem of the migration of 125I
seeds used in brachytherapy. Presumably the same approach
could be used in other superficial tumours, although the more
convenient approach of injecting a diffusible targeted radio-
pharmaceutical as outlined below would be preferable.

It is difficult to administer high tumoricidal doses of
radiation by intravenous injection of a labelled radiophar-
maceutical since tumour uptake is limited by its blood flow.
This can be partially overcome by administering the activity
via a blood vessel supplying the pathology. It has been
shown that in hepatic neuroendocrine tumours there is a
considerable improvement in the uptake of 68Ga DOTATOC
following intraarterial injection compared with intravenous
injection [6]. Similarly intraarterial administration can be
used to enhance the therapeutic effect of 90Y/177Lu-
DOTATOC in suitable accessible tumours [7]. Using a
feeding artery in a patient with an unresectable meningioma
it has been possible to administer a dose of 500 Gy with 5
GBq DOTA-TATE (Baum R.P. 2013, personal communica-
tion). In studies using microspheres to treat hepatic carcino-
ma, limitations of the intraarterial approach with a
nonspecific radiopharmaceutical have been seen with the
irradiation of normal hepatic tissue and the shunting of
microspheres through the liver to the lungs. Suitable selec-
tion of patients can minimize these side effects, but overall
the outcomes of treatment with 90Y microspheres in terms of
tumour response and survival are limited [8, 9].

The optimum treatment for benign and malignant tu-
mours that are superficial and accessible is the direct percu-
taneous injection of a radionuclide-labelled carrier into the
pathology (PErcutaneous injection of Radionuclide THerapy-
PERTH). Using this approach accurately calculated optimal
high radiation doses not achievable with external beam radio-
therapy can be administered without irradiation of normal
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tissues. For example, 671MBq 111In octreotide retained in a 20-
cm3 tumour would give a dose of 100 Gy and 44 MBq 90Y
octreotidewould give the same dose. The ideal carrier is tumour-
specific, but if it is not retained in the tumour the activity lost
from the lesion would not produce a significant whole-body
dose. For example, in the case of 111In octreotide the activity that
would be required to give 100 Gy to a tumour by direct injection
would give a whole-body dose of only 37 mGy if there was
complete loss from the tumour, indicating a high level of safety.

In the search for suitable carriers for direct injection, ex-
perimental model tumours have shown that most of the pres-
ently commercially available radiopharmaceuticals would not
be suitable. Focal injections of 32P colloids result in minimal
spread and subsequent loss from tumours via the vascular
system to the reticuloendothelial system [10]. Similarly, 90Y
microspheres and radioiodine-labelled lipiodol do not diffuse
from the point of injection. In experimental models so-called
tumour-seeking radiopharmaceuticals such as DMSA(V) and
gallium citrate have shown limited long-term retention and
there is spread outside the target lesion. Exametazime
(HMPAO) shows high tissue retention in proportion to tissue
perfusion. Following intravenous injection increased uptake
in lung tumours has been demonstrated [11] but the therapeu-
tic possibility of 188Re exametazime as a suitable carrier for
direct intratumoral injection has not been explored.

The possible model for the use of intralesional injections
of radionuclides would be thyroid toxic nodules. The nod-
ules are superficial and easily accessible. Iodide is retained
in thyroid tissue following oral or intravenous administra-
tion with high efficiency. Direct injection of 131I into a toxic
nodule would require only 123 MBq to give a radiation dose
of 400 Gy to a 10-ml nodule. This compares with the
recommended oral administration of 500–800 MBq [12].
The use of this approach would limit the disadvantages of
oral administration which include the irradiation of normal
thyroid tissue resulting in long-term hypothyroidism, and
unnecessary irradiation of other organs. There is also a small
but measurable risk of inducing cancer both in the thyroid
and elsewhere [13, 14]. A clinical trial would be required to
determine the optimum radiation dose for nodule ablation
since currently doses delivered by oral activities cannot be
directly measured. The injection volume required to uni-
formly diffuse to the edges of a volume measured by ultra-
sound without extranodular spill has also to be determined.

For malignant and some benign tumours the current most
likely candidate for intratumoral therapy would be a
somatostatin analogue. Unlike antibodies, somatostatin
analogues diffuse through the tissue [15]. There are
somatostatin receptors in a wide variety of tumours
which are accessible by percutaneous injection [16].
These include medullary carcinoma, some neuroblasto-
mas, phaeochromocytomas, carcinoid, small-cell carcino-
mas and breast carcinomas.

A further possible scenario for percutaneous radionuclide
direct injection is the ablation of primary breast carcinoma
and microscopic extension prior to surgery by injection of a
111In-labelled or 90Y-labelled somatostatin analogue such as
octreotide. An activity of only 44 MBq 90Y somatostatin
analogue would deliver 100 Gy to a 20-cm3 tumour. As-
suming that the radiopharmaceutical would be 100 %
retained, the administration of concomitant chemotherapy
should pose no problem since there should be no irradiation
of the bone marrow.

A study of the use of a directly injected radiopharmaceuti-
cal has demonstrated encouraging results confirming that the
technique is possible and outcomes improve. 90Y/177Lu/213Bi-
labelled peptide substance P has been injected locally into
malignant glial brain tumours. The radiopharmaceutical dis-
tributed according to the tumour geometry and following
resection widespread necrosis was seen [17, 18].

The question arises as to why directly injected radiophar-
maceuticals have not been implemented more widely already.
Unlike radiological interventionists, nuclear physicians are
perhaps more hesitant to use an intralesional injection. There
is a view that because cancer is a systemic disease, this
approach would not be appropriate. However, the increasing
use of anatomically based radiological interventional tech-
niques demonstrates the need for localized ablative therapy.
Interventional nuclear medicine has many potential advan-
tages. The use of a radiopharmaceutical targeted to a specific
lesion should be more effective and less traumatic than current
anatomically based radiological interventional techniques.
The localization of the radiopharmaceutical enables high
doses to be delivered to the pathology in a safe manner
reducing unnecessary irradiation of normal tissues. The low
activities required to give high doses offer the potential to
improve radiation protection for staff while being cost effec-
tive. Of course, for interventional nuclear medicine to be
successful, further research is required into developing novel
tumour-specific carriers, and into determining the optimum
radionuclide or combination of radionuclides, the diffusion
characteristics of tumours and the optimal doses for lesion
ablation. An example of the importance of using the correct
dose is seen in the study in this issue of the journal by Garin et
al. [19] who found a good correlation between tumour dose
and response in patients with hepatocellular carcinoma treated
with 90Y-loaded glass microspheres.

In the paper in this issue of the journal, Botta et al. [5]
raise and discuss the issue of comparing the doses delivered
from different radionuclides with different emissions and
half-lives in relation to their biological effectiveness. The
concept of biological effective dose has recently been
reviewed by Fowler [20]. Until now it has been applied
more to external beam radiotherapy, but it will also be
important in the development of interventional nuclear med-
icine techniques especially when applied to the combination
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of external beam radiotherapy, chemotherapy and irradiation
by locally injected radiopharmaceuticals.

Unfortunately, even when interventional nuclear medicine
involves using an already licensed radiopharmaceutical in a
novel way an expensive clinical trial is required. Hopefully the
potential clinical and economic advantages of this approach will
encourage investment in this new aspect of nuclear medicine.
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