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Abstract
INTRODUCTION: The treatment of brain cancers is a major challenge in the
veterinary and human medicine. Despite the different treatment possibilities the
prognosis is still poor. Advances in biomolecular diagnostics of cancer genes, and
improvements in microsurgical techniques, radio-, immuno-, gene-, and chemotherapy
hopefully will increase survival time of patients diagnosed with malignant disease such
as glioblastoma. A promising alternative treatment could be internal radiation therapy,
using radioactive holmium microspheres. LITERATURE STUDY: The best treatment
strategy for brain tumors, until now, is surgical resection in combination with
radiotherapy and chemotherapy. Still the prognosis remains poor, median survival
time of nine months. 90Y-biotin as treatment for glioblastoma has superior results,
median survival time of 33.5 months. Holmium-166 is a new isotope and has favorable
characteristics compared to 90Y. Interstitial microbrachytherapy with Holmium-166
may be a potentially selective treatment for brain tumors. PRACTICAL RESEARCH
STUDY: Different sizes of holmium-166 particles are injected into ex vivo canine brain
tissue, to evaluate their distribution after intratumoral injection, comparing holmium
chloride (166HoCl3), 100 nm 166Ho-AcAc nanoparticles (NP), 8 µm 166Ho-AcAc-MS and
30 µm 166Ho-PLLA-MS. MRI and gamma scintigraphy successfully displayed the
holmium hotspots and showed a localized distribution. PATIENTS STUDY: Holmium
microspheres are used for interstitial microbrachytherapy in veterinary patients with
different inoperable tumors. Nine weeks post-treatment complete tumor remission was
achieved in a 13-year-old European shorthair cat with a squamous cell carcinoma on
the tongue. DISCUSSION: The distribution on the different holmium formulation in ex
vivo canine brain tissue is not comparable with the in vivo situation. In this pilot study
the holmium-166 appears to be distributed locally. The study design seems to be
largely useful for future studies on this matter. Furthermore, interstitial
microbrachytherapy by using holmium-166 microspheres appears to be applicable in
animals with oral squamous cell carcinomas. CONCLUSION: Multimodality treatment
of brain malignancies is recommended, and involves surgery, radiotherapy and
chemotherapy. The results of the study on the distribution of different sizes holmium166 in canine brain tissue and the use of holmium-166 microspheres in veterinary
patients are promising, but more research should be done before any conclusions can
be made.
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Introduction
The worldwide incidence of brain tumors is 14.8 per 100,000 person-years;
approximately half of these tumors are histological benign. Even benign tumors can
be fatal as a result of progressive growth in the closed space of the skull. The most
common benign brain tumors are meningiomas, and astrocytomas are the most
common malignant brain tumors 1.
Of all cancers only about 2% represent primary malignant CNS tumors, but
they account for a disproportionate rate of mortality. The malignant CNS tumors are
namely the leading cause of death from solid tumors in children and the third leading
cause of cancer-related deaths for adolescents and adults 1. The worldwide
incidence of primary brain and central nervous system tumors is 6.4 per 100,000
men and women per year. These incidence rates are higher in more developed
countries 2.
The patients diagnosed with brain tumor have a very poor prognosis;
according to Barnholtz-Sloan et al. the five-year relative survival rate is 24%.
Glioblastomas have the worst 5-year relative survival rate of 3% 3. Filippini et al.
studied a group of 676 patients with glioblastoma; their survival probability was 57%
at one year, 16% at two years and 7% at three years 4. The survival rate (SR)
depends on: age at diagnosis, grade, histological type of tumor, distribution in the
brain (malignant tumors in cerebrum and occipital lobe have the worst SR), race and
sex. The most common locations in the brain for malignant brain tumors are in
temporal, frontal and parietal lobes 3.
The most common intracranial tumors in human adults are metastases to the
brain. They appear ten times more common than primary brain tumors. Brain
metastases occur in 20-40% of adults with cancer; 55-75% is caused by lung
carcinoma, mamma carcinoma and melanoma. In 5-10% off the cases the primary
tumor is unknown 1, 5. Hematogenous spread causes these metastases in the brain.
The metastases are most common at the junction of the gray and the white matter,
where the emboli get stuck in the network of capillary vessels. Brain metastases
occur in 80% in the cerebral hemispheres, 15% in the cerebellum and 5% in the
brainstem. MRI with use of contrast medium is the best diagnostic test for brain
tumors 1.
Gliomas are the most common primary brain tumor in humans, they account for 85%
of all histological verified primary cancers of the central nervous system. Gliomas
are tumors originated from glial tissue. These gliomas can be subdivided in different
types: astrocytoma (about 85%), meningioma, oligodendroglioma or mixed type
(about 10%) 6, 7.
The astrocytoma can be divided according to the WHO grading of CNS tumors.
It established a malignancy scale based on histological features of the tumor.
WHO grade I
WHO grade II
WHO grade III

WHO grade IV

Includes lesions with low proliferative potential, a frequently discrete
nature, and the possibility of cure following surgical resection alone.
Includes lesions that are generally infiltrating and low in mitotic activity but
recur. Some tumor types tend to progress to higher grades of malignancy.
Includes lesions with histological evidence of malignancy, generally in the
form of mitotic activity, clearly expressed infiltrative capabilities, and
anaplasia.
Includes lesions that are mitotically active, necrosis-prone, and generally
associated with a rapid preoperative and postoperative evolution of
disease.
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Primary brain tumors
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Grade 1

Grade 2

Grade 3

Grade 4
50% Glioblastomas

Grade 1 astrocytomas, such as pilocytic astrocytoma, are typically benign.
Grade 2 astrocytomas are diffuse infiltrating low-grade tumors with only increased
cellularity. Together they account for approximately 20-25%. Grade 3 anaplastic
astrocytomas (synonym for malignant astrocytoma) have an increased mitotic
activity and grade 4 astrocytomas, such as glioblastomas, have evidence of
endothelial proliferation, microvascular proliferation and/or tumor necrosis. About
50% of adults with astrocytic tumors have the most malignant form, glioblastoma
multiforme.
Grading of oligodendroglial and oligo-astrocytic tumors generally conforms to
that of diffuse astrocytic tumors, except that tumors with necrosis and/or florid
microvascular proliferation are usually considered WHO grade 3 (anaplastic
oligodendroglioma or anaplastic oligo-astrocytoma, respectively) 1, 6.
Low-grade astrocytomas, grade 1 or 2, are uncommon (mostly in young adults,
20-40 years) and often can be cured by resection. Even if resection is incomplete,
the tumor may remain indolent or be successfully treated with radiation therapy.
They include pilocytic astrocytomas, pleomorphic xantho-astrocytomas,
subependymal giant cell astrocytomas and subependymomas.
The median age at diagnosis of anaplastic astrocytomas is approximately 45
years. Biopsy or surgical resection is necessary to establish the diagnosis. The
standard initial treatment is maximum surgical debulking without increasing
neurological deficit followed by radiation therapy and chemotherapy.
Glioblastoma multiforme can occur in all age groups, but the average age at
which it is diagnosed is 55 years. The extremely infiltrative nature of this tumor
makes complete surgical removal impossible. So adjuvant therapy with radiation and
chemotherapy is necessary 1.
In the Netherlands the world-standardized incidence rate of primary central nervous
system cancers are 6.5 and 4.4 per 100,000 person-years for males and females,
respectively. This means that each year there are 800-1,000 new patients diagnosed
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with gliomas. They cause brain damage and a curative treatment is generally not
possible. The prognosis remains poor 6, 7.
Few data exist concerning the incidence of brain tumors in dogs and cats. An
incidence rate of brain tumors in dogs is 14.5 per 100,000 of the population and for
cats 3.5 per 100,000 of the population per year. There are different tumor types, but
gliomas and meningiomas are the most common in dogs. In cats meningioma is the
most common primary brain tumor. Brain tumors occur at any age, in all breeds, in
both sexes and most frequent in older animals. Some breeds have a higher
incidence of some tumor types. Meningiomas occur most frequently in
dolichocephalic breed, whereas glialcell tumors and pituitary tumors occur
commonly in brachycephalic breeds 8.

Treatment possibilities and their effectivity
There are several different treatment possibilities for brain tumors, but the prognosis
is poor. The choice for one or more treatments depends on the histological type of
tumor, the distribution in the brain and the age at diagnosis. Current treatment of
glioblastoma is surgical resection followed by radiotherapy and chemotherapy. The
following paragraphs will outline the different treatments.

Neurosurgery
Until the beginning of the 20th century surgery was the only treatment option for
brain tumors. The prognosis of glioblastoma was poor, because the tumor cells
extensively infiltrate in their surrounding brain parenchyma, thereby limiting the
overall utility of surgical resection. The goal of surgery is to achieve maximum
reduction in tumor mass without compromising any neurological functions 9. This has
a positive effect on the intracranial pressure, the neurological function and direct
prolongation of survival. It also improves quality of life and the possibility of providing
adjuvant therapy 1, 10.
The risk of surgery has decreased significantly by improved anesthesia,
micro-neurosurgical techniques and instrumentation. Current stereotactic techniques
allow biopsy specimen to be obtained from nearly any part of the brain, including the
brainstem. Biopsy is generally reserved for patients with tumors in critical functional
portions of the brain, where resection would result in unacceptable neurological
deficit 1.
Today surgery is still the most important treatment option for brain tumors, but
in most cases it is combined with radiotherapy and/or chemotherapy. Most primary
brain tumors have an infiltrative character. That’s why in almost all patients
treatment of brain tumors is a palliative therapy, but it can be curative for (most)
benign tumors. The relief of the mass effect and debulking results in symptomatic
improvement and permit time for safe administration of following treatments 1.
In the literature no clear report on the effectiveness of surgical treatment of
brain tumors exists. According to Buckner et al. surgical resection is an effective
treatment for primary glioblastoma in adults. The effect of surgery in their study was:
45% reduction in the risk of death the first year, 37% reduction in the risk of
progression and surgery showed an 8-month median prolongation of overall survival.
These benefits appeared to be restricted to patients with good performance status;
they did not depend on the patient’s age. Therefore, surgery should also be
considered for elderly patients. Other reports mention unknown or no evidence of
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any survival advantage from surgery 11-14. For high-grade gliomas complete
resection is virtually impossible or may be associated with severe neurological
damage, because of their infiltrating nature.
Generally, standard treatment today consists of cytoreductive surgery
followed by radiotherapy and sometimes chemotherapy. The prognosis however
remains poor, with a median survival time of nine months and no more than 5-10%
of the patients surviving to two years 15.

Chemotherapy
Chemotherapy was first clinically explored in the 1930s. The medicine used in
chemotherapy spread over the entire body, making the side-effects the limiting
factor. Chemotherapy provides only modest benefits for many patients with brain
tumors. The blood-brain-barrier is a large obstacle for the adequate delivery of
chemotherapy agents to the brain. Only small and lipophilic molecules (e.g.
nitrosoureas) are able to cross the blood-brain-barrier to reach their target.
Furthermore, the expression of methylguanine methyltransferase (MGMT) is a
mechanism of resistance to alkylating agents, such as the nitrosoureas
temozolomide (TMZ) and procarbazine 16.
However chemotherapy plays an increasingly important role in palliation and
can have an adjuvant effect in combination with surgery and/or radiation therapy 1.
Randomized trials on malignant gliomas, conducted between 1970 and 1990s, all
failed to demonstrate a significant increase in survival by addition of chemotherapy.
However, they clearly established the role of radiotherapy in the treatment of
anaplastic gliomas 17-19. Nitrosoureas is mainly used as adjuvant chemotherapy in
these trials, because they are lipid soluble and cross the blood-brain-barrier 20.
In 2002 Stewart et al. published a systemic review and meta-analysis using
data on 3004 patients from 12 randomized controlled trials to asses the effects of
systemic chemotherapy on survival and recurrence in adults with high-grade glioma.
These trials compared only radiotherapy versus radiotherapy plus chemotherapy.
Among the included trials, total radiotherapy doses ranged from 40 Gy to 60 Gy
given in 25 to 35 fractions. In four trials whole-brain irradiation was delivered and in
eight trials the tumor plus margins were irradiated. All trials included at least one
nitrosoureas compound (mostly carmustine or lomustine), as a single agent or in
combination with other drugs. These have modest anti tumor activity, especially in
patients with oligodendroglioma. The results show a significant prolongation of
survival associated with the use of adjuvant chemotherapy, namely a 15% relative
decrease in the risk of death. This effect is equivalent to an absolute increase in 1year survival of 6% (from 40% to 46%), an increase in 2-year survival of 5% (from
15% to 20%) and a 2-month increase in median survival time. There were no
differences in the results between trials using single-agent chemotherapy and those
using combination chemotherapy. Furthermore, there was no evidence that the
effect of chemotherapy was different in any group of patients defined by age, sex,
histology, performance status or extent of resection 20.
This small improvement in survival from adjuvant chemotherapy and the
availability of temozolomide (approved since 1999) encouraged further investigation
of drug treatment in brain tumors. In 2002 and 2005, Stupp et al. published data
from a randomized trial with superior survival in newly diagnosed glioblastoma
multiforme patients treated with TMZ and radiation. According to the second article
the median survival was 14.6 months for radiotherapy plus TMZ, versus 12.1 months
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for radiotherapy alone. The 2-year survival rate was 26.5% for radiotherapy plus
temozolomide and 10.4% for radiotherapy alone. Treatment with radiotherapy plus
temozolomide resulted in 7% in hematologic toxic effects 19, 21, 22.
Temozolomide is well absorbed after oral administration. It is an alkylating
agent and has a positive effect on gliomas, because it penetrates the blood-brainbarrier. The most widely used TMZ dose and schedule has been 150 or 200 mg/m2
daily for five days, repeated every 28 days. When used in combination with radiation
therapy, the doses can be 75 mg/m2 per day 23.
As described earlier MGMT contributes to resistance to TMZ. Variable
mechanisms exist to deplete MGMT in tumor cells in an attempt to increase
sensitivity to TMZ: alternative schedules, pharmacological inhibitors of MGMT,
mismatch repair (MMR) system and base excision repair (BER) system 24.
These results led to the EORTC-NCIC (European Organization for Research
and Treatment of Cancer – National Cancer Institute of Canada) regimen as the
international standard 24. This standard treatment includes resection of > 95% of the
tumors, followed by concurrent chemotherapy and radiotherapy 25.
One of the questions still to be answered is the length of the maintenance
therapy. Stupp et al. administered TMZ for six cycles as adjuvant therapy (150 to
200 mg/m2 for 5 days during each 28-day cycle). Longer treatment periods are
frequently chosen because of the relative short time to relapse. However, the
alertness for severe hematological toxicity with prolonged use must be emphasized.
Also the nature and incidence of irreversible bone marrow suppression has to be
investigated 24.
Early-phase clinical trials with epidermal growth factor receptor inhibitors and
angiogenesis inhibitors are currently under investigation with promising results 26-28.
There have also been efforts to improve delivery of anti-neoplastic agents through
the variably disrupted blood-brain-barrier. Intra-arterial chemotherapy appears to be
effective for patients with chemo sensitive tumors, such as medullablastomas or
primary CNS lymphomas. However, it must be reported that intravenous or oral
administration of these drugs appears to offer comparable benefits 1.
Another innovative local therapy is implanting impregnated carmustine wafers into
the resection cavity, in addition to surgery or radiation. This treatment has
demonstrated a survival benefit in patients with newly diagnosed high-grade gliomas
compared with radiotherapy alone. The trial suggests a median survival of 14
months, a 2.5 months improvement over the placebo 29. These figures are similar to
those seen in the meta-analysis of chemotherapy by Stewart et al. and the trials with
temozolomide by Stupp et al. In recurrent disease, it does not appear to confer any
added benefit. Unfortunately, the treatment is not compared with systemic
chemotherapy. Thus no conclusions can be made on survival benefit and amount of
side-effects between systemic and local chemotherapy.
There are several new therapies combining chemotherapy agents with
radioactive isotopes, these will be discussed in the paragraph radiation therapy.
In summary, chemotherapy today is mostly combined with radiation therapy and/or
surgical therapy. The combination of Temozolomide with radiotherapy and surgery
prolonged survival significantly in patients with malignant gliomas. This combination
is now the standard of care for patients with glioblastoma 22, 24.
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Immunotherapy
The concept of using the specificity, activity and memory of the immune system itself
for the treatment of brain tumors has been present for several decades. In the late
1800s William Coley thought that stimulation of the immune system might slow
tumor growth. He was called the “father of immunotherapy” 30, 31.
The developed drugs preferentially target tumor cells without harming normal
tissue. The delivery of these drugs to brain tumors remains a major challenge. Like
chemotherapy, the blood-brain-barrier is a substantial obstacle for delivering these
anticancer agents to brain tumors. Recent developments in technology and
discoveries in CNS immunology suggest novel mechanisms that may significantly
improve the efficacy of immunotherapy against gliomas 32.
The innate and the adaptive immune systems both play a role in anti-tumor
surveillance. Tumor growth and invasion of tissues activate the innate immune cells
and activate the release of immunomodulator factors. Antigen presenting cells
(APC’s) take up tumor cell debris and activate subsequently helper T-cells; this
results in the activation of the adaptive immune system. Immune surveillance
provides continuously recognition and elimination of neoplastic cells, its failure
results in cancer 33
Both the innate and the adaptive components of the immune response have
been exploited as potential therapeutic strategies. Most cancer immunotherapeutics
are designed to activate cellular components of the anti-tumor immune response or
selectively target critical features of the tumor itself. Immunotherapy can be divided
in nonspecific tumor immunotherapy, stimulates immunity in general, and tumor
specific immunity, such as the use of monoclonal antibodies and immunotoxins 34.
Other divisions are passive and active immunotherapy.
In the 1970s and the 1980s the use of cytokines as immunotherapy was under
investigation: nonspecific immunotherapy 33. The goal of nonspecific immunotherapy
is to engage the innate and adaptive immune response in recognition and attack of
malignant cells. Stimulation of the innate component by for example dentritic cells
(DC) and macrophages, leads to more effective T- and B-cell-mediated adaptive
immune responses 34.
The role of interferon α, β and γ, to modulate the immune system, was
extensively studied. The first clinical results were published in 1989 by Jereb et al.
The clinical trial consisted of 17 patients with malignant brain tumors treated with
intratumoral interferon-α in addition to surgery and radiation versus surgery,
radiation and chemotherapy. The encouraging results were: four patients alive and
well 30 months after treatment, five patients died in this period without the tumor 35.
In 2009 Groves et al. published data from two phase II trials combining
temozolomide with short-acting (IFN) or long-acting interferon-α2b (PEG) in patients
with recurrent glioblastoma multiforme. Both studies used a standard dose of TMZ,
and both studies showed improved efficacy when compared to historical controls or
reports using TMZ alone. The median progression-free survival was 3.6 months in
the group treated with TMZ and IFN, and 4.4 months in the group treated with TMZ
and PEG 36.
Also interferon-γ was of particular interest due to its production by activated Thelper cells. At the same time interleukine-2 (IL-2), IL-12 and tumor necrosis factor-α
(TNF- α) were studied 34. Examples of other strategies that were studied were the
epidermal growth factor receptor (EGFR) 37, tenascin 38 and neural cell adhesion
molecule (NCAM) 39.
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With the adoptive immune strategy, lymphocytes were harvested by
leukopheresis and stimulated with IL-2, without the presence of specific antigens,
creating lymphokine-activated killer cells (LAK). Merchant et al. published results
which suggested the therapy did not appear to have a significant impact on patient
survival 40. However Dillman et al. had positive results, median survival of 17.5
months versus 13.6 months for a control group 41.
Specific immunotherapy strategies are synonymous with tumor vaccines.
Tumor vaccines require the presentation of tumor antigens to induce an effective
antigen-specific T-cell immune response. After activation these antigen-specific Tcells undergo clonal expansion with cytotoxic activity against tumor cells. Early
clinical studies demonstrate encouraging results, with evidence of tumor specific
immune response 42-44. A phase I study has been completed with DCVaxTM and
demonstrated that the treatment was well tolerated, but had poor results in response
and survival rate. It was an autologous cellular therapy using autologous dentritic
cells generated through leukopheresis. CDX-110TM is a peptide-based vaccine that
targets the tumor-specific mutated segment of epidermal growth factor receptor
variant III (EGFRvIII). This is a tumor-specific mutation that is widely expressed in
glioblastoma and other neoplasms. The therapy was well tolerated and the median
survival exceeded 18 months 33. According to Ebben et al. the tumor vaccines can
be in the following groups: peptide-based vaccines, dentritic cell-based vaccines,
viral vaccines and heat-shock proteins vaccines 45. This article and the review of
Pulkkanen et al. gives more detailed information about tumor vaccines 46.
The use of monoclonal antibodies (mAbs) has been studied for more than 35
years. mAbs can be used to stimulate anti-tumor immune response directly or can
be designed to deliver toxins, radionuclide drugs or cytokines to tumor tissue.
Thanks to positive results, several mAbs are now part of a ‘standard’ therapy for
lymphoma, renal cell cancer, breast and colon carcinomas. Bevacizumab (Avistin) is
an unconjugated mAbs which inhibits tumor angiogenesis, because it is an antibody
directed against vascular endothelial growth factor (VEGF). Immunotoxines are
conjugated mAbs. These are mAbs linked to bacterial, plant or synthetic toxins,
designed to induce cell death after internalizing in malignant cells 34.
Radionucleotides conjugated to mAbs have tremendous potential for both diagnostic
imaging and for targeted radiotherapy.
In summary, there have been many publications on immunotherapy of brain tumors,
but there have not yet been satisfactory results.

Radiation therapy
External beam radiation
For many patients with brain tumors external beam radiotherapy is an essential
component of the treatment; it is the second most important form of treatment, next
to surgical resection. It can be curative for some patients, but in most patients it
prolongs survival. For radiation to have a therapeutic effect, radiation must cause
less damage to normal tissue than to the tumor. Radiation treatments have thus
been designed to deliver higher doses of radiation to the tumor, than to surrounding
normal tissue. Fractionated radiotherapy can also improve therapeutic ratio by
exploiting the different radiation sensitivities of normal tissues and tumor tissues. In
general, normal tissues are better able to repair DNA damage than tumor tissue,
because of aberrant cell cycle control mechanisms in tumors. However, a single
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large dose of radiation is able to overcome these repair mechanisms and damage
normal tissue along with tumor tissue, which results in various side effects and
several major complications. The therapeutic ratio could be improved by delivering
multiple small doses of radiation 1.
Radiotherapy is often the primary treatment modality for patients with
metastases to the brain, epidural spinal cord compression and leptomeningeal
metastases. Whole-brain radiation can be administered for tumors, such as
medullablastomas or primary CNS lymphomas. The standard treatment for most
patients with gliomas is involved-field radiation using multiple field techniques. This
is as effective as whole-brain radiation, but reduces the dose of radiation to normal
brain tissue and thus potentially reducing radiation-related damage 1.
Stereotactic radiosurgery (SRS) is a form of focal radiotherapy used to treat
many benign and malignant cranial conditions. The goal is to deliver a high dose in a
single fraction to an image-defined target while minimizing the radiation exposure to
the adjacent tissues. It spares normal structures by using dose plans that deposit
large radiation doses into the target with a rapid fall-off of radiation at the edges of
the dose plan. Multiple radiation beams are used and because of stereotactic
imaging and immobilization treatments are possible in high-dose regions with small
margins. Stereotactic radiosurgery techniques have demonstrated efficacy for wellcircumscribed lesions such as meningiomas or limited brain metastases. For the
infiltrative malignant tumors the role of SRS remains under investigation 1.
Brachytherapy
A promising alternative treatment option is internal radiation therapy using a
radioisotope that is conjugated to a suitable agent such as an antibody, a peptide or
a nanocarrier. A few examples of the different kind of radioisotopes that can be used
are: yttrium, rhenium and holmium. There are two ways in which radioactive particles
can be administered: by interstitial microbrachytherapy (intratumoral injection) or by
intra-arterial microbrachytherapy (transcatheter injection). The radioisotopes carriers
can be prepared by two general methods: (1) Labelling vectors like liposomes or
albumin with the isotope in its radioactive state or (2) incorporating the isotope in its
nonradioactive state into the vectors for a subsequent neutron irradiation
immediately before injection.
In recent years many different particles were developed and trials have been
performed. In Table 1, an overview is given of the most recent articles about
intratumoral radio-embolization treatment of brain tumors.
The different sizes are divided into nanoparticles, microspheres (MS) and polymeric
gels. They will be discussed in the following paragraphs.
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Author
Tian et al.
Wang et al.
Lin et al.
Nijsen et al.
Es et al.
Grana et al.
Huh et al.
Hafeli et al.
Yemisci et al.

Date
1996
1998
2000
2001
2001
2002
2005
2006
2006

Material
Yttrium-90 MS
188
Re-MS
90
Y-MS
166
Ho-PLLA-MS
166
Ho-PLLA-MS
90
Y-biotin
166
Ho Chitosan Complex
188
186
Re- en Re-MS Fibrin Glue
mitoxantrone-loaded poly
(lactide-co-glycolide)-MS

Size
15 ± 2 µm
20-30 µm
20-50 µm
38-80 µm

25-35 µm

Type MS
Glass
Resin
Glass
PLLA
PLLA
Glass
PLCG

Animal
Patients
Rats
Rats
Rabbits
Rabbits
Patients
Rats
Rats
Rats

Hamoudeh et al.
2007 Re-loaded PLLA nanoparticles
330-1500 nm
PLLA
None
188
Allard et al.
2008
Re-loaded lipid nanocapsules
55.5 ±11.5 nm Rats
186
Derrey et al.
Re-colloidal
10-15 nm
Patients
2008
166
Bult et al.
2009
Ho-AcAc-MS
5-40 µm
AcAc
None
Table1: An overview of the most recent articles over intratumoral radioembolization treatment of brain
tumors (MS = microsphere).

Nanoparticles
Nanoparticles are particles on the nanometer scale (1-100 nm). The size range of
nanoparticles can be better understood by comparing it with the diameter of a cell,
these ranges from 3,000 nm to 300,000 nm (300 µm). The size of cells in relation to
the small size of nanoparticles allow them to bind to cell membranes, deliver agents
into the cell or across anatomic and physiologic compartments, such as the bloodbrain-barrier and monitor cellular physiologic events.
Nanoparticles can be composed of polymers, ceramics, carbon and various
metals. They can also be designed in a number of shapes, such as tubes, rods,
hollow or solid spheres. Some of these materials and shapes are optimal for a
specific application. For biologic imaging and/or delivery of therapeutic agents the
nanoparticles often consist of a central structure on or within which an imaging agent
of drug can be held 47.
The most commonly used nanoparticles for central nervous system imaging and
therapy are: iron oxide particles, nanoshells, quantum dots, liposomes and micelles.
The iron oxide particles are one of the first nanoparticles developed and have
a wide range of application. These nanoparticles contain ultra small paramagnetic
iron oxide particles for application in MR imaging 48, 49.
Nanoshells are composed of a dielectric core surrounded by an ultrathin
conductive metal shell. The relative dimension of the core and the shell can be
modified in such a manner that the particles emit light of a characteristic wave
length. These nanoshells can serve as a optical imaging agent or be used in thermal
therapy of tumors 50.
Quantum dots are mostly used in cellular imaging. They have a heavy metal
core, composed of materials such as cadmium or selenium, surrounded by an
intermediate unreactive metallic shell. The outer coating can be modified for
targeting specific molecules 51. The heavy metal content in these quantum dots limits
their applicability because of their potential toxicity. Development of newer quantum
dot formulations is in progress.
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Liposomes are nanovehicles with a phospholipids bilayer membrane and an
aqueous core. Ligands that bind biologic targets can be attached to the surface of
the liposomes for target delivery. In the core, therapeutic drugs can be transported to
target sites. Thereby enabling drugs from action at non-intended target sites and
degradation52. Liposomal formulations of doxorubicin have already been FDA
approved for clinical application in tumors such as ovarian cancer and multiple
myeloma. Recently liposomes have been developed for treatment of brain tumors,
but these are still in the investigation stage 53, 54.
Micelles are spherical aggregates of molecules, in which the hydrophobic
regions of the molecules face inwards, and the hydrophilic regions face outwards,
allowing an insoluble compound to become soluble by being sequestered in the
hydrophobic core of the micelles. The external shell serves as a nanocarrier, offering
a mechanism for distribution of drugs across the blood-brain-barrier 55.
One of the major challenges is the delivery of nanoparticles across the blood-brainbarrier when administered intravenously. The most commonly used technique is to
coat the nanoparticles. Different techniques have promising results, such as Radiolabeled PEG (polyethylene glycol) - coated hexadecylcyanoacrylate nanospheres
tested in rats 56, encapsulated antineoplastic drug paclitaxel in PLGA (poly lactic-coglycolic) nanoparticles tested in in vitro experiments 57, poly (butylcyanoacrylate)
nanoparticles coated with polysorbate 80 58. These vector mediated drug delivery
can be used for anti-neoplastic drugs, but also for neuropeptides, such as
enkephalins (NMDA receptor antagonist) and chemotherapeutic drugs (for example
doxorubicin or 5-fluorouracil)), oligonucleotides, genes and contrast agents 59.
Nanoparticles-mediated selective drug delivery may minimize delivery to unintended
sites, potentially allowing larger doses of drug to be administered and with a greater
percentage of drug reaching the target, thereby possibly lowering toxicity 47.
Next to the intravenously administration of nanoparticles there is a lot of
research in orally administration, implantable drug-delivery systems and transdermal
delivery. Nanotechnology can also be used for the removal of toxins.
Nanotechnology is also a promising radiopharmaceutical carrier for internal
radiotherapy for brain tumors. In 2007 M. Hamoudeh et al. described the
development of biocompatible radioactive rhenium-loaded nanoparticles for
radionuclide anti-cancer therapy. Dirhenium decacarbonyl has been encapsulated in
poly(L-lactide) based nanoparticles by an oil-in-water emulsion-solvent evaporation
method. These nanoparticles could achieve a activity of about 32.5 GBq per gram.
Further investigation is necessary to evaluate the usage for radionuclide intratumoral therapy 60.
Derrey et al. published a retrospective study of 48 patients with
craniopharyngioma during 1989 and 2005. They were treated with stereotactic
endocavitary irradiation using colloidal 186Re. The rhenium isotope was chosen,
because of its good characteristics. In Table 2 characteristics of the most well-known
isotopes is summarized. Before treatment the integrity of the cyst wall was checked
by the injection of a small amount of 186Re (18.5 MBq). In the absence of leakage
the therapeutic dose of 186Re was administered (range 18.5 – 1554 MBq), providing
400 Gy to the cyst wall. The 186Re was removed five days after injection. Cyst
retraction was complete in 17 patients (43.5%) and partial in 17 patients (43.5%). In
five patients the cyst eventually expanded. This is a precise, focal and noninvasive
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technique with promising results. It is a safe procedure with low rate of morbidity and
a high rate of tumor control (80%) 61.
99m

characteristics
Half-life (hours)
β-energy (MeV)
γ-energy (MeV)
Maximum range in
soft tissue (mm)

32

90

Y
64.1
2.27

186

Re
90.6
1.07

188

6
-

P
343.2
1.71

Re
17
2.11

Au
64.8
0.96

+
-

7.9

11

0.137
4.5

0.155
10

0.412
3.9

Tc

Table 2: Characteristics of the most well-known isotopes

198

166

Ho
26.8
1.84 (51%)
1.78 (48%)
0.081
8.6

62

.

Allard et al. used 188Re- loaded lipid nanocapsules (LNC) for internal radiotherapy of
malignant gliomas in rats. The control group had a median survival of 25 days.
Animals treated with 8 Gy 188Re-SSS LNC showed excellent survival with a median
survival of 45 days (two of the six rats survived beyond day 100), an increase of
80%. The animals treated with 12 Gy 188Re-SSS LNC, 50% of the rats died after
treatment and median survival was 27.5 days 63. Preliminary results of these
different nanoparticles are promising tools for radionuclide intra-tumoral therapy.
Microspheres
Microspheres are polymer spheres with diameters in the micrometer range (1 µm to
1000 µm). These spheres can be merged with different radioisotopes, which can
emit beta radiation, gamma radiation or both. Table 2 summarizes the
characteristics of most well-known isotopes. Microspheres can be made of the
following particles: inert ceramic, glass, resin, poly L-lactic acid (PLLA), Human
Serum Albumin (HSA). An overview is given in Table 3 62.
Element
Holmium

Radionuclide
Ho

Microsphere
PLLA
Resin
90
Yttrium
Y
Glass
Resin
PLLA
Albumin
186
188
Rhenium
Re/ Re
Glass
Resin
PLLA
Albumin
32
Phosphor
P
Glass
Table 3: An overview of the different kind of
microspheres, currently in use.
166

Glass microspheres are relatively resistant to radiation-damage, highly
insoluble and non-toxic. Glass can be easily spheridized in uniform sizes.
Microspheres based on ion exchange resins are favored for radioembolization
due to their lower density compared with glass and their commercial availability 62.
99m
Technetium-microspheres of human serum albumin have been widely
used for clinical nuclear medicine, particularly for lung scanning, since 1969. HSA
microspheres labeled with 188Re for internal radiotherapy of tumors were reported by
Wunderlich et al. 64
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Polymers-based microspheres have a near-plasma density and are
biodegradable. Their major disadvantage is their inability to withstand high thermal
neutron fluxes. However, additives and adjustments of irradiation-parameters can
overcome this problem 65.
Over the years different kinds of microspheres have been developed. At the moment
yttrium-90 microspheres (glass and resin) are the only ones commercially available
in human medicine. They are developed for intra-arterial application in palliative
treatment of liver malignancies. The use of microspheres for the treatment of brain
tumors has only been described with yttrium-90 and rhenium-188/186.
Stefanou et al. introduced yttrium-90 as an intracavitary beta therapy for highgrade glioblastomas. This short theoretical study investigates the conditions under
which 90Y treatment might be most effective and assesses the likely amounts of
activity which must be infused in order to successfully cope with the low
radiosensitivities which characterize such tumors. Their investigation suggests that
high activities of 90Y (1480 MBq) need to be administered for effective treatment of
glioblastoma 66.
In 2006 Häfeli et al. published 188Re/186Re fibrin glue to be a promising vehicle
for delivery of local radiation. The treatment efficacy was measured in a 9Lglioblastoma rat model. All animals receiving the non-radioactive fibrin glue died
within 17 ± 3 days, whereas 60% of the treated animals (1.85 MBq) survived till the
end of the experiment (36 days). A control group of animals without tumor injection
was treated with radioactive fibrin glue, showed no toxic effects over one year 67.
In 2001 van Es et al. studies the intra-arterial embolization of head-and-neck
cancer with radioactive 166Ho-PLLA-MS. This experiment was performed in rabbits
with VX2 squamous cell carcinomas transplanted into the auricles. 166Ho-PLLA-MS
were used with a mean diameter of 38-80 µm. Complete tumor remission were
obtained in 79% and 86% following embolization with radioactive and inactive
microspheres, respectively. Over 95% of the microspheres were retained in the
tumor and the leaching of holmium in urine and feaces was less than 0.1% in two
days. The addition of irradiation appeared not to contribute to tumor remission in this
model. The author’s explained this by an inefficient infusion of the microspheres
resulting in an insufficient injected dosage 68.
Yttrium-90 has useful qualities, including the high-energy betas emitted (100%
incidence) and favorable physical half-life (Table 2). However, it lacks γ-emission,
which makes good quality nuclear imaging not feasible. Rhenium-186 does emit
(medium-energy) γ-photons, but has a relatively long half-life and low β-energy
(Table 2). Rhenium-188 also emits (medium-energy) γ-photons, and has a relatively
short half-life. The β-energy is much higher than rhenium-186 (Table 2). Holmium166 is also a combined beta-gamma emitter, and has a shorter half-life (Table 2). In
addition, holmium-166 is highly paramagnetic which allows for MRI. Bult et al.
developed microspheres with an ultrahigh holmium content; these microspheres
conceivably could be an effective microbrachytherapy device for treatment of patient
with (high-grade) glioblastomas, which are relatively insensitive to ionizing radiation.
The holmium-166 characteristics in combination with the results of van Es et al.
make this isotope a promising candidate for further studies on intratumoral treatment
of brain tumors.
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Chitosan
Chitosan is a chelating agent; it is obtained by the N-deacetylation from chitin. Chitin
is the second most common natural polymer. The N-deacetylation of chitin leads to a
cationic polymer, which has a pH-dependent solubility in water. It exist in liquid form
when the acidity is 4.0 or lower, after it is injected into the body and meets the
neutral body fluid, it becomes gelatinized as the pH increases to 6.5. Because of
these characteristics, chitosan has the potential to be retained at the injected site for
a long period of time.
Holmium-166 chitosan complex has been used in animal experiments and
clinical studies in various skin cancers, hepatoma, squamous cell carcinoma and
basal cell carcinoma. Huh et al. examined the effectiveness of holmium-166 chitosan
complex therapy in rat brain tumor model. In their study group 1, 2 and 3 were
injected with Ho-166 chitosan, respectively with 10 µl of 100 µCi, 5 µl of 50 µCi and
1 µl of 10 µCi. Median survival time was 22 days in the control group, 60 days in
group 2 and 3 and 36.5 days in the group with the highest activity (group 1). The
percentage reduction of the tumor volume relative to the control group was 97.4%,
92.5% and 91.9% in groups 1, 2 and 3. The benefits of holmium-166 chitosan
complex are based in minimizing the irradiation dosage to the normal tissue around
the tumor and intensively irradiating a toxic beta rays dose to the tumor 69.
Boron Neutron Capture Therapy
Boron Neutron Capture Therapy (BNCT) is a strategy in which an agent delivers nonradioactive isotope boron-10 selectively to the tumor site. After exposure to an
external epithermal neutron beam, the boron disintegrates into stable lithium and
emits an α particle with a short path length (9 µm) and high-linear-energy transfer 32.
Two low molecular weight (LMW) boron delivery agents currently are being
used clinically, sodiumborocaptate and boronophenylalanine. And a variety of high
molecular weight (HMW) agents consisting of macromolecules and nanovehicles
have been developed. The latter includes: monoclonal antibodies, dendrimers,
liposomes, dextrans, polylysine, avidin, folic acid, and epidermal and vascular
endothelial growth factors (EGF and VEGF) 70.
Recently completed clinical trials have been carried out in Japan, Europe, and
the United States. The vast majority of patients have had high-grade gliomas.
Treatment has consisted first of ‘‘debulking’’ surgery, followed by BNCT at varying
times after surgery. Sodiumborocaptate and boronophenylalanine administered
intravenous have been used as the boron delivery agents. The best survival data
from these studies are at least comparable with those obtained by current standard
therapy for glioblastoma multiforme, and the safety of the procedure has been
established 71.
Chemoradiation and radioimmunotherapy
Chemotherapeutica and immunotherapeutica can also be bound to microspheres as
well. There are many articles over the different chemotherapeutica. Yemisci et al.
demonstrated that mitoxantrone (MTZ) - loaded poly(lactide-co-glycolide) (PLGA)
microspheres can deliver therapeutic concentrations of drug to the tumor and
prevent glioma growth without causing side effects 72. Fournier et al. developed 5FU-loaded poly (methylidene malonate 2.1.2)-based microspheres for the treatment
of brain cancers 73. Menei et al. performed a randomized phase II trial with 5fluorouracil from biodegradable microspheres 74. Overall chemoradiation treatment
may increase the efficiency of anti-neoplastic therapy and positively impact survival.
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An example of immunotherapeutica combined with radiotherapy is the pilot
study by Grana et al., using yttrium-90-biotin in malignant glioma patients 75. This
method makes fundamental use of the covalent and irreversible binding seen
between avidin, an egg white protein, and biotin, a vitamin. By establishing a biotin
link, through avidin, between the horseradish peroxidase enzyme and a secondary
antibody reagent, enzyme localization can be achieved at the site of primary
antibody interaction with the specimen. The biotin molecule is small and can be
easily conjugated to immunoglobulin by amino substitution at alkaline pH without the
loss of immunoglobulin activity. The horseradish peroxidase enzyme can incorporate
many biotin molecules without the loss of enzymatic activity. Biotin can also be
conjugated to immunoglobulin, which accepts the molecules, as did the enzyme,
without the loss of apparent activity. The two biotin molecules can be joined via an
avidin molecule by creating a complex of avidin and biotinylated enzyme, and
attaching it to the biotinylated secondary antibody 76. All patients received surgery
and radioimmunotherapy. In all the patients the treatment was well-tolerated and
58% of the patients did not develop hematological toxicity. 90Y-biotin can be safely
administered up to 2.22 GBq m-2. The median survival of the glioblastoma patients
was 33.5 months, vs. 8 months in the control group. The median disease-free
interval was 28 months. In the grade III glioma patients median disease-free interval
was 56 months and only two patients died. Median survival in the control group was
eight months 75.

Conclusion
The best treatment strategy for brain tumors, until now, is the combination of surgical
resection, radiation therapy and chemotherapy. Surgery is the most important
treatment option, followed by radiation therapy. The goal of surgical resection is to
reduce the tumor mass. In most cases it is a palliative treatment. Stewart et al.
investigated the combination of radiation therapy and chemotherapy (nitrosoureas),
vs. radiotherapy alone. They concluded a 6 % increase in one-year survival, and a
two months increase in median survival time 20. Stupp et al. found an increase of 2.5
months in median survival time with the combination of radiotherapy and TMZ, vs.
radiotherapy alone 22. There are many different immunotherapeutic agents, some
with promising results. However, it is important to realize that much additional work
lies ahead before an effective therapy is validated for clinical use. External beam
radiation is the second most important treatment option for brain tumors. It has
proven to be effective in several randomized studies 77, 78. Still with this multimodality
treatment the prognosis remains poor, with a median survival time of nine months. A
promising alternative treatment option is internal radiation therapy with
radioisotopes. Yttrium-90 microspheres are the only ones commercially available in
human medicine at the moment. Superior results were published about Yttrium-90biotin, as treatment for glioblastoma. A median survival time of 33.5 months was
seen, vs. 8 months in the control group 75. Furthermore the use of rhenium fibrin glue
in rats had promising results 67. Holmium is a new isotope introduced in the
treatment strategies for brain tumors. There are several articles using holmium in the
treatment of liver malignancies. Holmium has favorable characteristics and may be
beneficial in the treatment of brain tumors. In the following practical research study
and patient study the first results will be discussed.
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Experimental studies on the treatment of brain
tumors with Holmium-166
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Introduction
When a brain tumor is diagnosed, treatment of choice is resection of the tumor in
toto. Unfortunately, this is not possible in a high percentage of cases. Other
treatment options are chemotherapy, immunotherapy, and/or radiation therapy, but
none of these give satisfactory results. A promising alternative treatment option
could be internal radiation therapy. Radioactive microspheres are herewith directly
injected into the tumor (interstitial microbrachytherapy) or in the vasculature of the
specific organ (intra-arterial microbrachytherapy), resulting in the radiation of
tumorous tissue.
Over the years, different kinds of microspheres
have
been
developed.
Yttrium-90
microspheres are at the moment the only one
commercially available and clinically used for the
treatment of liver malignancies. Mumper et al.
were the first to describe holmium-166 poly(Llactic acid) microspheres (166Ho-PLLA-MS) in
1991 (Figure 1) 79. Extensive research on this
device has been done by Nijsen et al. 80-84. Bult
et al. developed microspheres with ultrahigh
166
holmium
content,
Ho-acetylacetonate
166
microspheres ( Ho-AcAc-MS). Nowadays, a
number of (preclinical) studies has been carried
out on the 166Ho-PLLA-MS and 166Ho-AcAc-MS
85-88
. The results of this research are promising
with regard to the treatment of both human and
veterinary patients with unresectable liver
malignancies.

Figure 1: Scanning electron micrograph of
Holmium poly(L-lactic acid) microspheres.

166

Ho-PLLA-MS consist of 166Ho-acetylacetonate (166Ho-AcAc) and PLLA. 166Ho has
a relatively short physical half-life of 26.8 h. and is a combined beta-gamma emitter.
Its beta particles have a maximum range in tissue of 0.86 cm 89. The therapeutic
properties are based on the ability of these microspheres to damage DNA with its β
radiation. Holmium-166 also emits γ photons, suitable for nuclear imaging a.k.a.
gamma scintigraphy. Furthermore, holmium-166 is highly paramagnetic which allows
for in vivo visualization of this micro device by magnetic resonance imaging (MRI).
Finally the high linear attenuation coefficient of holmium-166 permits for it to be
visualized by X-ray computed tomography (CT) 65, 80, 90.
It can be stated that interstitial microbrachytherapy with Holmium-166 may be a
potentially selective treatment for brain tumors. It requires deposits of radioactive
microspheres in the centre of (usually) compact tumorous tissue. The overall
injection volume was described by Bult et al. to be 0.1-0.3 ml 91. This depends highly
on the tumor size and compactness. The injected activity per microsphere should be
as high as possible, for the best results in tumor ablation. The tumoricidal dose is
50-70 Gy. The recently developed holmium-166 microspheres with an ultra-high Hocontent are potentially useful. These holmium-166 acetylacetonate microspheres
(166Ho-AcAc-MS) do not contain PLLA. These Ho-AcAc-MS have a high holmium
content of 45% (w/w) which is substantially higher than the Ho-PLLA-MS (17%
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(w/w)). The increased holmium content leads to a 2.6 fold higher specific
radioactivity per sphere (29 MBq/mg for Ho-PLLA microspheres vs. 76 MBq/mg for
Ho-AcAc microspheres), which allows tumoricidal radioactive doses in small
volumes necessary in interstitial microbrachytherapy through intratumoral injections.
Additionally, the increased holmium content leads to a higher sensitivity for MRI and
CT, enabling detection of microgram amounts of microspheres in vivo 68, 85, 91.
The aim of this study is to evaluate the distribution of radioactive holmium-166 after
intratumoral injection in ex vivo canine brain tissue, comparing holmium chloride
(166HoCl3), 100 nm 166Ho-AcAc nanoparticles (NP), 8 µm 166Ho-AcAc-MS and 30 µm
166
Ho-PLLA-MS. The distribution was visualized using MRI and gamma scintigraphy.
First, a phantom experiment in agar gel was prepared, to evaluate the volume
that can be administered into the agar gel, the distribution of the holmium-165
particles, and to determine the best amount of holmium-165 (10 mg or 25 mg)
needed for imaging. The second phantom experiment was to test the injection
procedure and to visualize the biodistribution. In this study, non-radioactive holmium165 microspheres were injected into the cerebrum of two ex vivo canine heads.
Finally, the main experiment was performed, injecting radioactive 166HoCl3, 100 nm
166
Ho-AcAc-NP, 8 µm 166Ho-AcAc-MS and 30 µm 166Ho-PLLA-MS, into both
hemispheres of four ex vivo canine heads. Hereafter, their biodistribution was
evaluated with SPECT, planar and MR images.

Materials and Methods
Aim and study design
The main objective of the study is to asses the distribution of different sizes of
radioactive holmium-166 microspheres post-injection into the cerebrum of ex vivo
canine heads. The following holmium-166 formulations were used: 166HoCl3, 100 nm
166
Ho-AcAc-NP, 8 µm 166Ho-AcAc-MS and 30 µm 166Ho-PLLA-MS. The distribution
was evaluated on a macroscopic level. These experiments constitute a pilot study
prior to a study in which the effects of interstitially injected 166Ho-MS will be
assessed in living animals.
Preparation of 166Ho-PLLA-MS
GMP-grade Ho-PLLA-MS were prepared as described by Zielhuis et al.
Acetylacetone (180 g) was dissolved in 1,080 g water. The pH of this solution was
brought to 8.5 with an aqueous solution of ammonium hydroxide (NH3) (28.4% v/v).
This solution turned yellow, indicating that acetylacetonate was formed. HoCl3 (10 g
in 30 ml water) was stirred in the solution and Ho-AcAc crystals were formed at room
temperature in 24 h. The crystals were collected by filtration, washed three times
with water and dried under nitrogen 65. The Ho-AcAc complex (10 g) and PLLA (6 g)
were added to continuously stirred chloroform (186 g). Polyvinyl alcohol (PVA) (20 g)
was dissolved in 1,000 g of boiling water. After cooling it to room temperature the
solution of Ho-AcAc, PLLA and chloroform was immediately added. It was stirred for
40 h, until the chloroform was completely evaporated (Figure 2). The formed
microspheres were collected by centrifugation and washed three times with water,
three times with 0.1 M HCl and again three times with water. After sieving of the
microspheres a fraction of 20–50 µm remained 83.
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Neutron activation of the microspheres was performed via the 165Ho(n,γ)166Ho
reaction in the nuclear reactor of the Delft University of Technology (Delft, The
Netherlands), in a facility with a thermal neutron flux of 5 x 1012 cm-2 s-1 83.
Chloroform solution:
Ho-AcAc + PLLA

Water solution:
PVA in water

Ho-PLLA-MS
Figure 2: Preparation of holmium microspheres.

Preparation of 166Ho-AcAc
The 166Ho-AcAc-MS were prepared using a solvent evaporation process as well. HoAcAc crystals were prepared as previously described. Ho-AcAc crystals were
dissolved in chloroform (186 g, 5.5% (w/w)), without using PLLA, and emulsified in
an aqueous PVA solution (1 l, 2% (w/w)). The chloroform / water emulsion was
continuously stirred at a preset stirring speed (300–500 rpm). After 40 h of
evaporation the formed microspheres were collected by centrifugation and washed
five times with water. The washed microspheres were sieved using an electronic
sieve vibrator (EMS 755) and an ultrasonic processor (UDS 751; Topaz GmbH,
Dresden, Germany), as described by Zielhuis et al. 92. The microspheres were dried
at room temperature for 24 h, followed by drying at 50°C for 48 h 91. The neutron
activation performed as previously described.
Preparation of agar gel
A 2% agarose gel was prepared. In a glass beaker, cold water and agarose were
mixed. This mixture was continuously stirred during heating. To diminish the amount
of air bubbles the mixture was placed in an ultrasound bath (Branson 2510) (Figure
3) for a few minutes. Subsequently, the mixture was cooled to room temperature. In
a couple of agar gels some notches were made (Figure 4).

Figure 3: Ultrasound bath.
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Canine brains
The heads of six laboratory dogs were used. These were adult, healthy Beagles
euthanized for another experiment involving the spinal cord. After euthanasia, these
dogs were immediately frozen at -20°C. The heads we re in toto severed from the
body between vertebrae C3 and C5. Two heads were used in the phantom
experiment, to test the procedures and the others were used in the main experiment.
Injection method in agar gels
The microspheres (10 mg) were suspended in 0.5 ml 2% solution of Pluronic (10%
ethanol). This volume was injected in the notches in the agar gels. Thereafter, these
notches were covered with agar gel and put in the refrigerator during 24 hours.
Administration method in canine heads
The microspheres (10 mg) were suspended in a 2% solution of Pluronic (10%
ethanol). Before injection of the holmium-166 microspheres, the head was prepared.
After thawing of the head, the skin, fasciae and musculus temporalis were removed.
Subsequently, the cranium was clearly visible and two
holes were drilled in both sides of the head using a
handle with chuck, as shown in Figure 5 (in Dutch:
Jacobsklauw) (Ø 1.5 mm), under an angle of 45° with
the ground.
The drill site was appointed halfway sinus frontalis
and occiput, at one third of the distance between
occiput and the lateral corner of the eye and two cm
lateral of the midline. Figure 6 shows the drill site
according to the craniometric points (red circle).
Figure 5: Handle with chuck and
bonewax.

Bregma

Inion

Bregma

Inion

Figure 6: Craniometric points of the skull. Left:
dorsal view and right: lateral view. Arrow points at
drill site; between the bregma and the inion, 2 cm
lateral of the midline.

No air should be introduced into the drilled hole, because air-based artifacts on T2*
weighted MR images are black, as are the holmium-166 based artifacts. Therefore,
in order to minimize the risk of getting air in the cerebrum, the hole was drilled under
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water and closed with bone wax. The needle is positioned in the hole, under an
angle of 45 degrees and one cm deep. Subsequently, 10 mg of each holmium-166
formulation was injected, with a one ml syringe and a black 22G liquor puncture
needle, at room temperature.
Imaging
MR imaging was performed a day before the holmium-166 injections, to obtain a
baseline anatomical image of the brain. On the day of the holmium-166 injections
MR imaging was performed, to assess the distribution of the holmium-166. To delay
the autolysis process, the heads were kept in the refrigerator in between pre- and
post-holmium-injection MR imaging. For radiation safety considerations, the heads
were kept in good reclosable plastic buckets. Outside the scanner room the buckets
were covered with lead (one mm thick). Immediately after the second MRI, the
heads were frozen at -20°C, to diminish brain tissu e degradation.
MR Imaging was done on a 1.5T clinical whole body MR system (Achieva
1.5T, Philips Medical Systems, Best, The Netherlands). A multi-slice multiple gradient
echo with 12 echoes was performed. Scan parameters included: 80 slices of 2mm,
with field of view 210x210, reconstruction matrix 224x224, read-out bandwidth =
873.5Hz, repetition time = 3200 ms, flip angle 80°, first echo time = 2.3 ms, echo
spacing=2.3 ms, and number of signal averages = 1.
One day post-holmium-injections, SPECT and planar images were acquired on a
gamma camera equipped with medium energy collimators (Philips Forte System,
matrix size 128x128, holmium energy window = 80.6 keV ± 15%, 180° scan arc, 120
projections, 30 s/projection). Attenuation correction was applied with a 153Gd
scanning line source and the reconstruction was performed using the standard
OSEM3D method. A region of interest (ROI) analysis was made. The hotspots were
normalised to the amount of counts. Twenty-three different sizes of ROI’s were
drawn with the centre in the hotspot (r = [1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 22 24
26 28 31 34 37 40]).
Day
Day -1
Day 0
Day 1

Time
(h)
17:30
14.00
17:30
18.00

Imaging
MRI
Injection 166Ho-MS
MRI
SPECT and planar

Table 4: Imaging schedule.

Dosimetry
The aim was to inject 200 MBq Holmium-166 into each hemisphere, because this
amount would allow for good quality SPECT imaging on the day post-injection. The
activities of the rabbit, the syringe before injection, and the syringe + needle after
injection were measured. The total amount of activity injected in each hemisphere (in
mg and MBq) was calculated to the time of injection. Table 5 shows the injected
amount of MBq in each hemisphere of each head.
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Results and Discussion
Phantom experiment in agar gels
The experiment in agar gel was prepared, to evaluate the volume that can be
administered into the agar gel, the distribution of the holmium-165 particles, and to
determine the best amount of holmium-165, 10 mg or 25 mg, for imaging.
It was not possible to inject any amount of volume in the agar gels, because
the consistency of the agar gel is too dense. Therefore, agar gels with holes were
used in the further experiments. The holmium-165 suspension was injected into the
holes, which thereafter were covered with agar gel. The blackening of the holmium
artifact can be seen on MR images. The presence of air, also causing blackening
artifact, in the vicinity of the holmium microspheres would disturb MRI interpretation.
The MR images consists of minimal intensity projections
Figure 7 shows the MR images of an agar gel phantom containing HoCl3. No
significant diffusion of the HoCl3 was observed after 24 hours. This is surprising,
because it is a saline and it was suspected to diffuse through the entire agar gel. It is
plausible that the consistency of the agar gel is too dense, so the HoCl3 was not able
to diffuse through the agar gel. Or maybe the HoCl3 needed more time to diffuse, so
more MR images should have been made during multiple and longer intervals.

Figure 7: The left MRI image
shows a top view. The right MRI
image shows a transversal view.
The red arrows depict the HoCl3
that was injected in the agar gel.
The other black artifact is a hole
containing air.

In the second agar gel phantom holmium-165 microspheres of different sizes (8 and
30 µm) and different amounts (10 and 25 mg) were injected (Figure 8). At the places
A and C, in Figure 8, 8 µm 165Ho-AcAc-MS were injected, and at the places B and D
30 µm 165Ho-PLLA-MS were injected.

A

B

C

D

A

B

C

D

C A

D B

Figure 8: The diagram on the left shows the order in which the particles were injected. The left MR
image shows a top view. The right MR image shows a transversal view.
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The MR images of 25 mg holmium microspheres give large overlapping artifacts.
The MR images of 10 mg holmium microspheres give more suitable MR images.
Thus the use of 10 mg holmium microspheres in the following experiments is
preferable. On the acquired MR images, the size of the artifacts is dependent of the
holmium-165 concentration, amount and distribution.
Phantom experiment in ex vivo canine brains
The procedure was tested in two ex vivo canine heads, prior to
the original study, with “cold” (i.e., not neutron activated) 165HoPLLA-MS, 165Ho-AcAc-MS and 165HoCl3, to evaluate the
procedure before working with radioactive holmium. 165HoCl3 (10
mg) was injected in one hemisphere of head I, 165Ho-AcAc-MS (10
mg 8 µm diameter) in the right hemisphere of head II and 165HoPLLA-MS (10 mg 30 µm diameter) in the left hemisphere of head
II. Technically, the procedure was carried out successfully. It was
found that it is imperative to drill the hole at the correct angle. The
Figure 9: Intersection
aim was to inject 0.5 ml of each holmium-165 of a canine brain.
solution/suspension. However, it was observed that after injection
still about 0.2 ml was left in the needle; only 0.3 ml was injected.
By using bone wax to prevent air from getting in the holes, the heads did not have to
be suspended in water during the MRI scan. Which allows more straight forward
comparison of the MR images pre and post holmium injection. It was concluded
(after sawing the heads in slices) that it is important to not inject the holmium-165
too deep (deeper than approx. 1-1.5 cm), to prevent deposition of the
solution/suspension into the ventricle (Figure 9).
One day post-injection, MRI was used to assess the distribution of the microspheres
in head I and II. It was clearly shown that the 30 µm 165Ho-PLLA-MS (in the left
hemisphere) remain localized in the tissue. The 165Ho-AcAc-MS in the right
hemisphere of head II had spread more, which was probably due to deposition into a
ventricle (Figure 11). The HoCl3 also remained confined to the injection side (Figure
10). The complete MR images are shown in Annex 1.
Right hemisphere

Figure 10: Head I shows a
165
hotspot ( HoCl3) in the right
hemisphere.

Drs. E. Veldwachter, September 2009

Left hemisphere

Figure 11: Head II: The left image shows the right
165
hemisphere with Ho-AcAc-MS. The right image shows the
165
left hemisphere with Ho-PLLA-MS. The red circle indicates
the holmium.
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Radioactive experiments in ex vivo canine brains
Table 5 shows the administered amounts of the holmium formulations.
Administered
Injected
amount
amount
(MBq)
(mg)
166
Head A
R
HoCl3
14.0
188
166
L
HoCl3
12.0
165
166
8.4
39
Head B
R 30 µm Ho-PLLA-MS
166
6.0
28
L 30 µm Ho-PLLA-MS
166
Head C
R 8 µm Ho-AcAc-MS
10.4
139
166
L 8 µm Ho-AcAc-MS
16.9
111
166
Head D
R 100 nm Ho-AcAc-NP
11.6
146
166
L 100 nm Ho-AcAc-NP
13.3
185
Table 5: Administered amounts of the holmium formulations.

Head

Holmium formulation

MRI
(distribution)

Gamma
scintigraphy

Localized
Localized
Localized
Localized
Localized
Localized
Localized

Single hotspot
Single hotspot
Single hotspot
Single hotspot
Single hotspot
Diffuse distribution
Single hotspot
Single hotspot

The duration for which the 30-µm 166Ho-PLLA-MS were neutron activated was too
short to achieve the amounts of radioactivity that were requested. Nuclear imaging
was successfully performed 5 hours post-injection and gamma scintigraphy 29 hours
post-injection.
MRI gave more detailed information on the intracerebral distributions of the
various holmium formulations. Figure 12 shows the MR images of head D. The first
row consists of average intensity projections of a cross section. The second and
third row consists of minimal intensity projections (side view and top view,
respectively). The red circles show the holmium in the left hemisphere and the blue
circles in the right hemisphere. In Annex 2 the MR images of the other heads are
shown.
The MR images of head
C only show holmium in the
right hemisphere. The lack of
the holmium (signal) in the left
hemisphere of head II may be
explained
by
inadvertent
injection of the 166Ho-AcAc-MS
into the ventricle, or by clothing
of the microspheres in the
needle. The MR images of the
heads, in which the other
holmium formulations were
administered, show a more
localized distribution in the
brain. It has to be sad that the
distribution has been measured
only one time (after about 6
hours). For more accurate
conclusions the MR imaging
should have been repeated
after one day, one week and
166
Figure 12: MR images of head D in which Ho-AcAcone month.
NP (100 nm) had been instilled. The red circles show
the holmium-166 in the left hemisphere and the blue
circles in the right hemisphere.
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Both anterior and posterior planar
nuclear images were acquired. The
images of all heads revealed two
hotspots, except head C, in which one
hotspot was seen. In the other
hemisphere of head C, the radioactivity
was distributed more diffusely. This
result corresponds with the distributions
on the MR images. There is a difference
in the size of the hotspots. The hotspots
in head A (166HoCl3) were the largest,
and the hotspots in heads B (166HoPLLA-MS) and C (166Ho-AcAc-MS) were
the smallest (Figure 13) (Annex 3).
Annex 4 shows the SPECT images of
these heads.

Planar image head A

Planar image head C

Planar image head B

Planar image head D

Figure 13: Planar scan of the canine heads.

In Figure 14 the graphic of the ROI analysis is shown. As was expected the 166HoPLLA-MS had distributed the most compactly (blue lines), whereas the distributions
of the other formulations were not unanimously consistent with the hypothesis that
smallest formulation type (166HoCl3) would distribute less focally. For hard
conclusions to be drawn, more experiments are warranted.

100%

Black = HoCl3
166
Blue = Ho-PLLA-MS
166
Red = Ho-AcAc-MS 8 µm
166
Green = Ho-AcAc-MS 100 nm
0 = left hemisphere, x = right hemisphere

Distance from the centre
Figure 14: A region of interest analysis of the planar images.
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The results that were obtained in these ex vivo experiments can probably not
completely be reproduced in in vivo experiments, because in dead brain tissue
obviously no blood flow exists and the permeability of the tissue higher.

Conclusion
The aim of these experiments was to asses the distribution of different sizes of
radioactive holmium-166 microspheres.
It can be concluded that 165HoCl3, like 165Ho-PLLA-MS and 165Ho-AcAc-MS,
injected in agar gels phantoms, did not distribute throughout the agar gel in the first
24 hours.
Furthermore, MR imaging gave more detailed information on the intracerebral
distributions of the various holmium formulations in ex vivo canine brain tissue. It
can be concluded that the size of the holmium artifacts on MR images are
dependent on the holmium concentration, amount (mg) and distribution. Furthermore
the results showed that all the different sizes holmium formulations will stay locally.
Gamma scintigraphy, also successfully displayed the holmium hotspots of
almost all holmium formulations, except for the left hemisphere of head C with 166HoAcAc-MS. Unfortunately, the ROI analysis found that the results were not consistent
and more experiment have to be performed to conclude witch size particle is the
most suitable to be used in the treatment of brain tumors. The results are very
promising and more studies have to be performed.
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Veterinary patients
A previous pilot study by C.G. van de Bovenkamp, discussed the treatment of the first
three veterinary patients treated by interstitial microbrachytherapy with holmium-166
microspheres 93. In this study, the treatment of a 4th patient and the follow-up of the
first three patients will be discussed. The aim of this study is to evaluate the toxicity
and efficacy of the holmium therapy, and to decide for which tumor types/veterinary
patients this technique is potentially useful.

Patient 4: European shorthair cat with squamous cell carcinoma
Introduction
Squamous cell carcinoma (SCC) is the most common oral tumor reported in cats,
accounting for approximately 65% of all oral tumors. SCC occurs most often in
elderly cats, with a median age of 12 years. However, cases in cats as young as five
months 94 and as old as 21 years 95 have been reported. The majority of cats have
been non-purebreds and there is no gender predisposition 95-97.
It has been postulated that cats may expose their oral cavity to environmental
contaminants, both through inhalation and through oral ingestion during grooming of
particulate matter deposited on the fur and eating canned food. Moore et al. have
shown that cats that wear flea collar have five times the risk of oral SCC as cats that
do not. Conversely, use of flea shampoo substantially reduces the risk, presumably
through washing off of the insecticide and other substances 97, 98. Snyder et al.
concluded that the exposure to household environmental tobacco smoke was
associated with p53 tumor suppressor gene mutation, implying that tobacco smoke
may play a role in the pathogenesis 99. Cats with a high canned food intake had a
three-fold increase in risk developing SCC. Canned tuna fish intake increased this
risk 98.
SCC can affect any mucosal surface in the mouth; however, the tongue is
most commonly involved. The frenulum and ventral surfaces are often ulcerated.
The second most common site is the mucosa of the maxilla or mandible. The tumor
may invade the underlying bone and can cause a severe periosteal reaction. Clinical
signs are: a noticeable mass, less feed intake, dysphagia, ptyalism, and halitosis.
Clinical oral SCC is indistinguishable from other malignant and benign tumors.
Biopsy is the only method of achieving a definitive diagnosis, there must be taking
into account that there is often severe secondary inflammation. Oral SCC is highly
invasive, and the tumor is usually much larger than apparent on physical
examination. Metastasis is infrequent, seen in 10% of affected cats at diagnosis.
When it occurs the mandibular or retropharyngeal lymph nodes are most commonly
involved. Lung metastases are rare 96, 97.
Local excision of visible oral SCC, incorporating one to two cm margins, is
rarely successful as the tumor is deeply invasive in both soft tissue stroma and
bone. Therefore surgical removal is almost always incomplete. Cats treated with
surgery alone rarely live longer than untreated cats; median survival of less than two
months is reported. The major indications for surgical excision are as a component
of multimodality therapy and those associated with significant metastatic potential.
Radiation therapy alone or following surgery has been used to treat oral SCC.
Tumor response to radiation leads to pain control and decreased tumor mass.
However, regrowth usually takes place once the radiation therapy is completed, with
reported median survival times of 3-4.5 months 97.
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Chemotherapy alone had done little to improve survival in cats with oral SCC. De
Vos et al. performed a pilot study on the combination treatment, piroxicam and
carboplatin, of canine oral SCC. Complete remission of the tumor without surgery
was seen in five of seven patients. This study, although limited in number of animal,
suggest a useful treatment option for oral SCC in dogs, maybe subsequently for cats
100
. In 2008 Kisseberth et al. performed a phase I clinical evaluation of carboplatin,
showing partial responses in one cat with oral SCC (in total 16 cats) 101.
As a supporting therapy a pharyngostomy/esophagostomy tube can be placed, for
nutritional support, in combination with pain relief. This will significantly improve the
cat’s attitude and quality of life. It also allows administration of enteral medications
without the need to manipulate the patient’s mouth, improving patient comfort and
relationship between cat and owner.
Feline oral SCC has poor outcomes and remains a therapeutic challenge. Patients
left untreated or treated with any single treatment modality have survival
expectations of less than three months 102.
Signalement
The patient was a 13-years-old neutered male European Shorthair cat with
squamous cell carcinoma of the tongue (Figure 15).

Figure 15: Lucky, a 13-year old cat with a
tongue tumor.
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Anamnesis
The cat was presented with bad grooming and multiple bold spots, probably caused
by picking at its fur. In addition, the cat had lost one kilogram over the period of a
half year. The local veterinarian saw an abnormal tongue position, after further
investigation she detected a thickening of the left part of the tongue. One week later
an aspiration biopsy was taken and it indicated a solid carcinoma.
Two weeks later the cat was brought to the Utrecht University Clinic for
Companion Animals (UUCCA); the tumor measured about 2x1x1 cm in size and was
ulcerated on the lateral side.
General impression
The cat presented was alert and vivid. However, it had an emaciated condition and a
poor fur condition with multiple bold spots. It can be assumed this was a result of the
tumor on its tongue which will have made it troublesome for the cat to properly
groom itself.
Physical examination
During physical examination, multiple bold spots over the entire body were found
and a poor physical condition was diagnosed. The tongue in toto was somewhat
swollen and reddish. The tumor was localized on the left underside of the tongue.
Rostral to the tumor an erosive defect was present, measuring 3x1.4x1.5 cm, filled
with hair and exudates (Figure 16 and Figure 17).

Figure 16: The tongue of the cat
before injection with holmium-166
microspheres.

Figure 17: The tongue of the cat after
cleaning the cavity, pre-treatment.

Diagnosis
Squamous cell carcinoma had already been diagnosed by cytology. A blood sample
was taken to evaluate the health status of the cat. Hematocrit, leucocytes, blood
clotting, total protein, albumin, urea, creatinine and enzymes were checked. The
kidney values were abnormal: urea 23.2 mmol/l (reference value 6.1-12.8 mmol/l)
and creatinine 319 µmol/l (reference value 76-164 µmol/l). The high kidney values
were associated with dehydration of the cat. Presence of metastases was checked
for, by a palpation of the lymph nodes, X-rays of the thorax (Annex 5), and a whole
body CT scan. No metastases were detected.
Aim of treatment
Holmium therapy was suggested because it could possibly irradiate the tumor or
reduce the size of the tumor, to allow for surgically removal.
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Microsphere preparation
Good manufacturing practice (GMP) grade Holmium-PLLA-MS were prepared, as
previously described 65, 83. The microspheres were neutron activated via the
165
Ho(n,γ)166Ho reaction in the nuclear reactor of the Delft University of Technology
(Delft, The Netherlands) with a thermal neutron flux of 5 x 1012 cm-2 s-1. After arrival,
the microspheres were suspended in 1.1 ml of a Pluronic® solution and transferred
into four one ml syringes. The amount of radioactivity was then measured in a dose
calibrator (VDC-404, Veenstra Instrumenten B.V., Joure, The Netherlands) (Annex
7)
Treatment procedure
Premedication for general anesthesia consisted of ketamine hydrochloride (10-20
mg/kg) and midazolam (0.5 mg/kg) IM. Induction of general anesthesia consisted of
alfaxalon (5 mg/kg) IV. General anesthesia was maintained by continuous
intravenous infusion of alfaxalon (7 mg/kg/h). Postoperative pain medication
consisted of meloxicam (5 mg/ml) and buprenorphine (2dd 10 µg/kg, during five
days) IM. A feeding tube was placed in the esophagus, so the cat could be
nourished if it did not eat after the surgery. Tumor localization was easily accessible.
The cat was taken to the nuclear medicine department, places on a perspex board
and covered with perspex, for radiation safety. The 166Holmium-PLLA-MS were
injected using three one ml syringes.

Figure 18: Cat laying ready in
the radionuclide department for
holmium-166 injections.

Figure 20: Gamma
scintigraphy.
Figure 19: Dr. F.
Nijsen is injecting the
tongue of the cat with
166
Ho-MS.

The needles were inserted several times in order
to have the holmium-166 microspheres dispersed
throughout the entire tumor. The cat was taken to
the scan area and gamma scintigraphy was
performed (Annex 6) (Figure 21).

Figure 21: SPECT image, showing the injected
surrounded by the three technetium markers.
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Immediately hereafter the cat was taken to his cage. The cat recovered slowly from
the anesthesia, maybe due to low temperature. The temperature was not measured,
because of radiation safety of the nursing staff.
Dosimetry
Three syringes were prepared containing a total activity of 690 MBq. After injection
of the holmium-166 the activity of the syringes was measured. These still contained
311 MBq (Annex 7). The remaining activity of 379 MBq was not entirely
administered into the tumor, because there was some leakage of microspheres
during the injection in the tumor to the mouth. The radiation dose was measured
every day at one meter and at 50 centimeter distance from the application site.
Furthermore, the feces and urine were also measured for the presence of
radioactivity. The radiation dose (one meter from the injection site) had to be less
than 0.03 µSv/h, before the cat can be discharged from the nuclear medicine
department.
Clinical follow-up
Immediately post-treatment the cat was not eating, after one day it was given food
and water through the feeding tube. Four days post-treatment the radiation dose, at
a distance of one meter from the injection site, was less than 0.03 µSv/h. The cat
was discharged from the nuclear medicine department, and transferred to the
surgery ward. Three days later, or eight days post-treatment, the cat was taken
home by the owner.
Almost a month later the cat developed extreme kidney failure; urea 73
mmol/l, creatinine 982 µmol/l. The cat was admitted at the intensive care unit and
started on infusion therapy. After a week urea was lowered to 16.6 mmol/l and
creatinine to 366 µmol/l (Annex 8).
Seven weeks post-treatment the cat was still not able to eat itself, the owners
still fed him through the feeding tube. Figure 23 show the tongue is clearly healing.
The cat was started on Prednisolon (5 mg 1dd), to stimulate his appetite. One week
hereafter the cat was more lively and alert, but still did not eat itself.
Nine weeks post-treatment the tongue of the cat was entirely healed and the
tumor was in complete remission. The cat was livelier and began to eat and drink
itself (Figure 23).

Figure 22: The tongue of the cat four weeks
post-treatment.
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Additions patient 1: Rottweiler with osteosarcoma
Introduction
The first veterinary patient that was treated was an 8-year-old neutered female
Rottweiler with an osteosarcoma located on the proximal left humerus (7x3.25 cm).
The complaint of the owner was progressive lameness of the dog’s left front leg.
After the interpretation of different X-rays and an aspiration biopsy, the diagnosis
was suspected osteosarcoma. No abnormalities were found during physical
examination except the thickness on the left proximal humerus. The dog appeared
alert and lively and was in good physical condition. Tumor metastases were
excluded through CT imaging and a bone scan. The aim of the holmium-166
treatment was to avoid leg amputation by irradiating the tumor from the inside.
The 166Ho-AcAc-MS were used: these spheres contain 45% (w/w) holmium.
The holmium-166 was administered through three needles and the treatment was
without complications. In total 1121 MBq was injected into the tumor. During this
procedure some biopsies with a jamshidi needle were taken and these revealed that
it was a high-grade osteosarcoma.
Five days after the holmium treatment the dog was using her left front leg to a
certain extent, this was sufficient result to send her home. Two days later the dog
came back for X-rays and chemotherapy (treatment regime: crossover 3x
carboplatin and 3x doxorubicin, three weeks apart). The dog, again, had lameness in
her left leg, especially observed at the beginning of walks. Three weeks later the Xrays showed a lot of bone renewal and some lyses. Two weeks later the dog was
showing severe lameness again: she was not bearing any weight on her left front
leg. The X-rays at this time showed not much more bone renewal than the previous
X-rays. Seven weeks post-treatment the owner agreed to the amputation of the leg.
During the operation, the dog died from cardiac arrest.
Follow-up
Post-mortem examination showed no detectable metastases in thorax and
abdomen. Microscopically, a lot of bone renewal was seen covering over half of the
humerus. The cortex was mostly intact. The presence of bone renewal could
indicate that either the holmium therapy was effective or the tumor had expanded.
Therefore, histology was performed on bone biopsies. After decalcification the
pathologist saw extensive necrosis of bone tissue and possible tumor cells.
Furthermore, there were a lot of malignant tumor cells present, mixed osteoblastair,
fibroblastair and chondroblastair osteosarcoma (Figure 24). Apparently, the
holmium-166 did have effect, but not enough to irradiate the entire tumor.
Figure
24:
Left:
macroscopy of the bone
tumor on the left
humerus in sagittal
plane. Right: 16x the
microscopy of the bone
biopsy.
Extensive
necrosis of bone tissue
is seen.
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Additions patient 2: Jack Russell Terrier with pituitary macroadenoma
Introduction
The second veterinary patient that was treated with 166Ho-MS was a 10-year-old
neutered male Jack Russell Terrier with a pituitary macro adenoma (32.2x20.2x31.1
mm). The dog was a calm and alert dog in good physical condition. The complaints
of the owners were behavioural changes, stiff gait and circling. After MR imaging the
diagnosis was brain tumor at the location of the pituitary gland. One year later
another MRI showed that the tumor had grown through the basisphenoid. The
clinical signs of the dog were minimal, although the dog showed some signs of
Cushing’s syndrome. The neurosurgeon decided not to operate because of possible
complications. Again one year later, two years after the diagnosis, the dog was in
bad clinical condition and the owners gave permission for treatment with holmium166.
The purpose of the treatment was decreasing the size of the tumor and
thereby reducing pressure on the remaining brain, with the aim to reduce
neurological signs.
Again the 166Ho-AcAc-MS were used: 1097 MBq was administered through a
needle through the soft palate (checked by CT imaging). A small part of the tumor
was removed and it turned out to be an adenoma/low malignant adenocarcinoma.
The first days the dog slept continuously. When it was more awake, it kept
walking in circles. During the next couple of weeks the dog recovered well from the
surgery and had less neurological symptoms. Seven weeks after the holmium-166
injection CT and MR imaging showed a change in tumor shape and an increase in
right ventricle volume. All his clinical signs had returned and worsened. To reduce
the pressure in the brain the dog received prednisone. This was immediately
effective; the dog was more alert, calm and did not walk in circles anymore.
Follow up
Almost 4½ months later the clinical signs, caused by the tumor, had not returned.
However, the dog showed several signs of Cushing’s syndrome, such as drinking a
lot of water, incontinence and lying on a cold spots.

Tumor volume 8.5 cm

3

Tumor volume 4.9 cm

3

Figure 25: Left CT image of the head before holmium-166 microspheres injection, right CT image of
the head 4½ months after holmium treatment.
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Based on MRI measurements the tumor volume was reduced from 8.5 to 4.9 cm3,
this is a tumor reduction of 58% (Figure 25). One week later the dog underwent a
debulking operation, a resection with curative intent. Eradicated tissue showed only
necrotic tumor tissue. At first the dog showed less clinical signs, but after one week it
worsened. The dog was euthanized two weeks after the last operation.

Additions patient 3: Persian cat with malignant melanoma
Introduction
The next patient was a 9-years-old neutered male Persian cat with malignant
melanoma caudally on the base of the left ear (25x25 mm and 15x20 mm). The
diagnosis malignant melanoma was concluded from a histological biopsy. The cat
had no clinical signs, was alert and in good physical condition. During physical
examination they found a strider, intensified breathing and the tumor. A thoracic Xray did not show any signs of metastases, but a CT scan showed spots, which were
strongly suspected to be metastases.
The aim of the holmium treatment was to reduce the tumor size, after which it
could maybe be surgically removed. Additionally, a canine melanoma vaccine
(Canine Melanoma Vaccine®, Merial) was given 4 times, with a two weeks interval.
The aim of the vaccin injections was to treat the residual disease. The 166Ho-PLLAMS, these spheres contain 17% holmium, were dispersed throughout the entire
tumor. In total 299 MBq was injected in the mass.
Two weeks post-treatment the tumor did not appear to have decreased in
size. At this time the cat did not seem to be bothered by the tumor. Eight weeks
post-treatment the cat was passive and stopped eating. The tumor had grown
considerably (40x55x44 mm) and had metastasized to other locations in the skin.
Follow up
Throughout the following weeks the tumor grew steadily and the vaccination had no
effect. The cat died 2½ months after the treatment with holmium-166 microspheres.
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Annex 1: MR images phantom experiment

Head II: First row 166Ho-PLLA-MS (10 mg, 30 µm in diameter) in the left hemisphere.
Second row 166Ho-AcAc-MS (10 mg, 8 µm diameter) in the right hemisphere.

Head I: Hotspot HoCl3 in the right hemisphere.
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Annex 2: MR images main experiment
Head A; injected with HoCl3

Head C; injected with Ho-AcAc-MS (8 µm)

Head B; injected with Ho-PLLA-MS

Head D; injected with Ho-AcAc-MS (100 nm)

The first row is an overview of position of the head; it
projection of a cross section. The second row is also a
minimal intensity projection. The third row is a top view
projection. The red circles show the holmium-166 in the left
circles in the right hemisphere.
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Annex 3: Planar scan images main experiment
Planar image head A

Planar image head B

Planar image head C

Planar image head D
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Annex 4: SPECT images main experiment

SPECT image head A

SPECT image head C
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SPECT image head B

SPECT image head D
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Annex 5: X-rays cat with squamous cell carcinoma
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Annex 6: SPECT image cat with squamous cell carcinoma

SPECT image of the head post-treatment. The central spot matches the injected
holmium-166 microspheres and the surrounding three spots matches the three
Technetium-markers.

SPECT image of the head post-treatment (without markers).
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Annex 7: Prepared activity 166Ho-PLLA-MS for the cat with squamous cell carcinoma

Preparation 166Ho-PLLA-MS for the cat with squamous cell carcinoma
Administration date:
Administration time:
t 1/2 Holmium-166

7-7-2009
13:30:00
26,8

Preparation date:
7-7-2009
Preparation time:
12:00
syringe
prepared activity (MBq)
1
268
2
280
3
169
4
48
Total at administration time injected activity:

Back measured:
Date measurement:
Time:

7-8-2009
11:30

1
65
2
47
3
64
4
27
Total at administration time injected activity:

Totally administered on 7-7-2009 at 13:30 hours:
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hours
hours

hour
vervaltijd (hours)
1,5
1,5
1,5
1,5

act 13:30 hours (MBq)
258
269
163
Not administered
690

hours
-22
-22
-22
-22

115
83
113
Not administered
311

379

MBq
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Annex 8: Blood and urine values of the cat with squamous cell carcinoma
pre
Intensive Care Unit at DGK
Ho (one month post-treatment)

166

Blood/urine values
Blood
examination Ref.

Jul-6 Aug-3 Aug-4 Aug-5
9

Lymphocytes
Thrombocytes
Leucocytes
TE
Albumin
Urea
Creatinine
Na
K

2.0-7.2 10 /L
9
156-626 10 /L
9
6.3-19.6 10 /L
54-70 g/L
25-34 g/L
6.1-12.8 mmol/L
76-164 µmol/L
146-158 mmol/L
3.4-5.2 mmol/L

1.3
30
11.3
86
28
23.2
319

Urine
analyses

Ref.

Jul-6 Aug-3 Aug-4 Aug-5

Protein
Glucose
Hemoglobin
Creatinine
AF

<0.56 g/l

µmol/L
U/L

Sediment
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0.5
15
1.4
84
22
73
982
141
3.5

Aug-6

Aug-7

Aug-10

0.6

1.5

1.3

2.1

36.7
487
151
2.9

28
420
151
3.1

16.6
366
152
3.6

27.8
354

15.9
287

Aug-6

Aug-7

Aug-10

Aug-18

Sept-5

649
1.2

67.5
806
154
4.1

47.5
624
155
3.1

Own vet.
Aug-18

Sept-5
(17%)
405
6.2

0.76
+++
4729
13
erythrocytes, squamous
and kidney epithelia
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