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Personalized irradiation therapy for NMSC by rhenium-188 skin cancer
therapy: a long-term retrospective study
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Mar Olmeda®, Gunilla Pietsch* and Bernadette Eberlein®

Nuclear Medicine Division, AlGa Institute, Celano, Italy; "OncoBeta GmbH, Munich, Germany; “Department of Dermatology and Allergy
Biederstein, School of Medicine, Technical University of Munich, Munich, Germany

ABSTRACT

Objectives: This study aimed to provide long-term clinical data about an innovative epidermal radio-
isotope therapy called Rhenium-SCT® (Skin Cancer Therapy) for non-melanoma skin cancer (NMSC),
based on the use of the non-sealed beta emitter rhenium-188.

Material and methods: 52 NMSC patients with a mean age of 71.7 years were treated with rhenium-
188 skin cancer therapy between the years 2005 and 2014. An acryl matrix containing rhenium-188
was applied on a plastic foil covering the tumor. The treatment time for reaching a radiation dose of
50Gy was calculated by a software program. Patients’ characteristics and clinical follow-up data were
collected and retrospectively analyzed.

Results: Overall 55 lesions (32 BCC, 19 SCC, 2 M. Bowen and 2 extramammary Paget’s disease (EMPD))
mainly in the head and neck region (72.3%) were treated. The average size of the irradiation area was
9.79cm? and the mean treatment time 46.35 min. All lesions showed a complete remission after a fol-
low-up period between 3 and more than 12 months. No complications or other post-interventional
problems were reported.

Conclusions: Rhenium-SCT® is considered as an effective, rapid, safe, painless treatment mostly per-
formed in a single therapeutic session, regardless of the shape complexity, anatomical site and num-
ber of lesions.
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Introduction brachytherapy using sealed radioisotope iridium-192 can be reli-
able alternatives (4,5).

Rhenium-188 is a high energy beta emitting therapeutic
radioisotope; beta particles have a maximum energy of
2.12MeV and a mean energy of 764KeV, and it also presents an
additional 155keV (15%) gamma emission. It has a half-life of
about 16.98 h, which means that it decays continuously while
mainly emitting beta-radiation. The therapeutic effect of rhe-

nium-188’s beta-radiation is very shallow in human tissue, up to

During the last decades the number of non-melanoma skin can-
cer (NMSC) diseases has increased worldwide, being the most
frequent malignancy (30% of total cancers) among European
population. NMSC occurrence increases with age and its peak is
found around the sixth to seventh decade and more frequently
in men than in women (1,2). In Germany, a continuous long-
term increase of NMSC incidence with no tendency for leveling
off is expected (3). Tumors appear very often on sun-exposed

areas of the body, such as the face, neck, bald scalp, hands,
shoulders, arms and back; the rim of the ear and the lower lip
are especially vulnerable to these cancers.

There are several kinds of treatment available for both types
of skin cancer, basal cell carcinomas (BCC) and squamous cell
carcinomas (SCC). The surgical intervention is the most common
way of treatment, followed by cauterization, cryosurgery, photo-
dynamic therapies and several other methods. For the treatment
of selected cases, such as tumors located in critical, or inoper-
able patients, owing to systemic underlying diseases (cardiomy-
opathy, pulmonary insufficiency) irradiation therapy with low
energy X-ray or electron beams as well as the interstitial

3mm in depth, which makes it ideal for targeted treatment of
superficial skin cancer types, like most non-melanoma skin can-
cers. Different to iridium-192, rhenium-188 has a flatter dose dis-
tribution in depth providing thus a more homogeneous dose to
the tumor. The rapid drop of dose after 3mm spares underlay-
ing layers of tissue, of particular importance for mucous tissues
like lips and genitals (5-7).

This epidermal radioisotope therapy using rhenium-188 is
commercially known as Rhenium-SCT®. The medical working
principle of the Rhenium-SCT®, or epidermal radioisotope ther-
apy, is based on the local direct cell-killing effect of the beta-
radiation, which triggers both the local death of cells and local
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reactions of the immune system of the body to repair itself. This
radioisotope therapy to treat NMSC with non-sealed rhenium-
188 offers a personalized solution for NMSC patients and is
already available in specialized centers in Italy, South Africa,
Australia, and Germany.

The present study retrospectively analyses 52 patients with a
confirmed diagnosis of NMSC treated with the rhenium-188 skin
cancer therapy between the years 2005 and 2014. The aim of
the study is to collect clinical data to prove the effectiveness of
the treatments performed with rhenium-188. Additionally, infor-
mation about the size of the tumors, their location and the
treatment time was collected, including reports of potential side
effects of the mentioned therapy.

Materials and methods
Patients

52 patients, 34 males and 18 females, were considered in the
present retrospective study performed in the Nuclear Medicine
Department of S. Eugenio Hospital, Rome, Italy from May 2005
to May 2014. Patients with multiple lesions were also included
in the study and the total number of lesions treated was 55.
The following information was documented: general patient
data such as age at treatment time, gender, anatomic site and
histological type of the lesion, individual dosimetry files as well
as treatment and diagnostic confirmation dates. Clinical photo-
graphs before, during and after the intervention were recorded.
Recurrent tumors from previous treatment options were also
included and 28 patients of the 52 had been previously treated
with surgery or other methods. Patients whose available per-
sonal or clinical information was incomplete or undetailed were
excluded from the study.

The selected cases were all histologically confirmed and
grouped into the following 4 morphological categories: (1) basal
cell carcinoma (BCC), (2) squamous cell carcinoma (SCC), (3)
Bowen’s disease and (4) extramammary Paget’s disease (EMPD).
Cancers whose histological type was other or unspecified were
not considered. Regarding the anatomical sites of the tumors,
the following classification was selected: head and neck, trunk,
limbs and genitalia. The head and neck area were subdivided
into smaller regions: forehead, scalp, cheek, nose, ear and peri-
orbital and perioral regions.

All procedures performed in this study involving human par-
ticipants were in accordance with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
Informed consent was obtained from all individual participants
included in this study.

Treatments

The carrier-free rhenium-188 (perrhenate) was obtained from a
'88\y//'88Re generator (Oak Ridge National Laboratory, Oak
Ridge, TN, USA; ITG GmbH, Garching, Germany) by elution with
saline. A sterile nanocolloid (200-800 nm) of rhenium-188 results
from a reaction of perrhenate with hydrogen sulfide. This nano-
colloid is then thoroughly mixed with a synthetic acrylic resin
(Max Meyer, Milan, Italy) to obtain a compound with a homoge-
neous distribution of the radioactive nanocolloid.

To proceed with the treatment, the lesion needed to be out-
lined with a dermographic pen using accurate visual examin-
ation and dermoscopy, including a safety margin of

Figure 1. Application of the radioactive compound (a). Lesion before (b) and
after (c) the application of the paste.

approximately 5mm around it. This safety margin was selected
to match the common one used in a standard surgery. Right
before the treatment starts, the skin to be treated was covered
first by a thin layer of a protective cream (Tueor; SOFAR, Milan,
Italy) and/or a special foil (Aero Healthcare Ltd, Horsham, United
Kingdom).The radioactive resin was then evenly applied on top
of the protective cream or on top of the protective foil covering
the previously mentioned outlined area, to prevent any direct
contact of the radioactive compound with the epidermis
(Figure 1).

Once the compound was applied, it was left over the lesion
for a defined period of time in order to enable delivery of the
targeted dose at the desired depth (see Dosimetry section for
more information). Once the treatment time was over, the
cream and/or the foil was easily removed together with the
compound and properly disposed of. At the end, a contamin-
ation test needed to be carried out on the treated lesion(s) to
confirm the absence of radioactivity. During the application
physicians and patients needed to be properly protected from
radioactive sources to which they may be subjected, as a result
of the therapy.

The Rhenium-SCT® includes several ready-to-use, CE certified
medical devices. The rhenium-188 compound is filled in the so-
called carpoules, which include a specially designed brush for
precise application within the marked lesion area. The carpoules
are operated with a specially designed shielded ergonomic
applicator holding the carpoule with the radioactive compound
inside. Three additional devices are also part of this ready-to-use
kit: a base station to safely handle both the applicator and the
carpoules, a measurement station to record the measurement of
the activity and a waste station, for the management of the
radioactive waste once already disposed of (Figure 2).

Dosimetry

With the Rhenium-SCT®, the administered dose for each patient
depended on the initial activity of the isotope, the isotope emis-
sion energy, the application area, the depth of the lesion and
the contact time of the radioactive source. The application area,
also called irradiation area, included both the lesion area and



the 5mm security margin around it. For each patient, the
applied radioactivity was measured using a dose calibrator, and
the treatment time was calculated using a multi-point source,
real-time integration software program (VARSKIN 3.0; US Nuclear
Regulatory Commission), which had already been validated as a
proper method by comparison with the results with an inde-
pendent Monte Carlo calculation (8).

For these calculations, a cylinder model was selected, and
the application area was used as the irradiation field. The choice
of including healthy tissue within the irradiation area was an

(a) (b)

Figure 2. Rhenium-SCT® equipment: carpoules filled with the radioactive com-
pound (a); applicator (b); set of devices required to perform the therapy: base
station, measurement station and waste station (c).
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important parameter because a lethal dose must be adminis-
tered to the potentially infiltrating cells in the external border.
The acrylic matrix was assumed to be constant of a density of
1.2g/cm?, a thickness of 100 um and average atomic number of
15. The plastic foil was assumed to have a density of 1.0 g/cm?
and a thickness of 10 um. The applied activity completed the
input data for the calculation.

The resulting time needed to treat a tumor was calculated
based on the assumption that a dose of 50Gy at a depth of
300-600 um from the epidermis is sufficient to be lethal to any
skin tumor of that thickness, as already clinically demon-
strated (9).

Results
Age, gender and clinical type distribution

Of the 52 participants of the study treated between 2005 and
2014, 34 (65.38%) were male and 18 (34.62%) were female. A
total number of 55 lesions were treated, 35 in male patients
and 20 in female patients. The age distribution ranged from 48
to 96years (Figure 3). The average age of the patients was
71.65years at the time of treatment. The peak of the age fre-
quency distribution was the seventh decade.

Of the 55 lesions registered, 32 were histologically diagnosed
as BCC, 19 as SCC, 2 as M. Bowen and 2 as EMPD. BCC was the
most common clinical type (58.18%).

Anatomical site distribution

Head and neck regions were by far the most affected areas
(72.73%), being the nose the commonest site of incidence
(27.5%), followed by the cheek (20%) and the perioral region
(15%). High incidence rates were also found in the genitalia,
with 8 cases (Table 1).

Irradiation area and times

Irradiation areas, which included the area of the lesions and the
security margin, ranged from 0.3 to 60.5cm?, with an average
size of 9.79cm? Most of the areas treated were registered
between 2 and 10cm? (57%) (Figure 4). In these calculations, 2

70-79
Age (years)

80-89

Figure 3. Age distribution of non-melanoma skin cancer patients treated with Rhenium-SCT®.
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of the 55 cases were excluded since the information regarding
the total irradiation area was not clearly documented.

The treatment times with the Rhenium-SCT® for all the 55
registered lesions varied from 8 to 151 min, with an exceptional
case of 240 min where unusually little radioactivity was applied.
This particular case did not correspond to the usually performed
Rhenium-SCT® applications and it was therefore excluded for
the average time calculations. The determination of the mean
time provided a value of 46.35 min.

Applied dose

A dose of 50 Gy at the deepest point of the lesion was used for
all patients. The different lesion depths ranged from 300 to
600 um, being therefore the mentioned dose an adequate one
as clinical practice has already demonstrated. The calculated
dose for each patient was dependent on the irradiation time,
the depth of the lesion, the irradiation area and the activity
applied to each of them (Figure 5).

Table 1. Anatomical site distribution of non-melanoma skin cancer lesions
treated with Rhenium-SCT®,

Non-Melanoma Skin Cancer

The treatment time, which is defined as the irradiation time
of a lesion with the radioactive source, decreased with increas-
ing activity applied per area, especially with small doses in the
range of 20 to 100 MBg/cm?. For deeper lesions, slightly longer
irradiation times were needed when applying the same dose.

Follow-up

All 52 patients showed complete remission shortly after the
treatment with only one session. Clinical evaluations were car-
ried out during follow-up visits to confirm complete remission
of the tumor (Figure 6). The average follow-up time was
414 days, and the median was 296 days. 36 cases completed the
documentation with at least 6 months clinical follow-up pictures.
19 cases had documentation for more than 12 months and 45
patients had only documentation for more than 3 months; 5
patients who did not have complete documentation died after
the first post-interventional year. For 14 patients no reason for
the missing follow-up is known.

No complications or other post-interventional problems were
reported, as well as no contaminations of the patients, staff,
or equipment.

The use of radioisotopes as an alternative to surgical treatment
of skin cancer is known since the 1960s and started with irid-
ium-192 (10-12). Now there is an alternative to iridium-192,
which is rhenium-188, an isotope with strong therapeutic prop-
erties, conferring therefore the Rhenium-SCT® some benefits.
Use of rhenium-188 as a dermatological high-dose-rate
brachytherapy for the treatment of basal and squamous cell car-
cinoma was first described in 2008 (13). It has already been
used in a large variety of BCC and SCC forms, from tumors of
very large sizes to relapsing or recurrent forms, to multifocal
lesions (14). This technique was later employed to treat patients
with a histologically confirmed diagnosis of squamous cell car-
cinoma of the penis (SCCP) with irradiation times that ranged
between 30 and 60 min, resulting in the spare of the anatomical
integrity of the organ (6). Brachytherapy with rhenium-188 was

Male, n=35 Female, n=20 Total, n=55 Discussion
No. (%) No. (%) No. (%)
Head and neck
Periorbital 4 (17.39) 0 (0) 4 (10)
Forehead 1 (4.35) 2 (11.77) 3(7.5)
Scalp 3 (13.04) 0 (0) 3(7.5)
Cheek 4 (17.39) 4 (23.53) 8 (20)
Nose 5 (21.74) 6 (35.29) 11 (27.5)
Ear 4 (17.39) 1 (5.88) 5(12.5)
Perioral 2 (8.7) 4 (23.53) 6 (15)
Subtotal 23 17 40 (72.73)
Trunk
Back 1 (100) 0 (0) 1 (100)
Subtotal 1 1(1.82)
Limbs
Upper limbs 3 (60) 1 (100) 4 (66.67)
Lower limbs 2 (40) 0(0) 2 (33.33)
Subtotal 5 1 6 (10.91)
Genitalia 6 2 8 (14.54)
60
50 -
40 -
£
=30 A
o)
=2
20 A
10 -
0 i . i

<0,5

2-10

Area (cm?)

Figure 4. Size distribution of non-melanoma skin cancer lesions treated with Rhenium-SCT®, including the 5mm security margin around them.
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Figure 5. Correlation between the activity applied to a patient and the resulting treatment time for a Rhenium-SCT® therapy.

also selected to treat extramammary Paget’s disease (EMPD) in
15 patients, with a consequent complete healing process (15).
Overall, more than 460 patients, with a total of approximately
1300 histologically or clinically confirmed lesions of BCCs and
SCCs have been successfully treated to date with the referred
epidermal radioisotope therapy. This study provided some clin-
ical data acquired with a long-term follow-up that proves its
medical efficiency.

The main advantage of the described technique lies in the
usefulness in all types of BCCs and SCCs, without restriction of
anatomical location, dimension, number of lesions, clinical or
histological type, and patient clinical situation.

A superiority of the proposed treatment with respect to sur-
gery is evident for all tumors located in high-risk areas or diffi-
cult sites on which surgery would be difficult (nose, ears,
eyelids), for patients with a high number of lesions or with
tumor relapses, patients for which surgery would produce func-
tional mutilations (penis, vulva, eyelids lesions), and, generally,
in elderly, infirm, or otherwise inoperable patients.

By binding the radionuclide to a matrix and applying it over
the foil that sits right on top of the lesion, the exact shape and
size of the lesion can be covered, without direct contact of the
radionuclide to the skin itself. As a result, healthy tissue can be
spared, and no contamination is derived.

The rapid drop of the dose after 3mm also spares underlay-
ing layers of tissue, of particular importance for mucous tissues
like lips and genitals. Of great importance are the ears in order
to spare the cartilage and for the eye lids due to radiation sensi-
tive eye lenses. Thereby, the application field spreads and offers
new opportunities to areas where the conventional treatment is
inefficient. The technique proposed by the Rhenium-SCT® offers
the ability to treat almost every anatomical location, as well as
the possibility to treat several lesions at once, leading to a great
advantage if compared with conventional treatments.

Likewise, in contrast to conventional radiation therapy and
brachytherapy with sealed sources, in the proposed method
generally only a single treatment is needed and no anesthesia
(local or otherwise) is required. The role of the dermatologist is
crucial when defining the safety margin around the lesion to
ensure the treatment of the entire tumor and avoid thus a
second or even a third treatment. A mean time of 46.53 min for
a session of the Rhenium-SCT® treatment has been reported in
the present study.

The use of natural or artificial radioactive substances in medi-
cine requires special protective measures to prevent radiation
from causing damage to the human organism. In addition to
the need for appropriate protection against external irradiation,
which may originate from open end enclosed preparations,
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Figure 6. NMSC lesions before (a), during (b) and after (c) a treatment with rhenium-188 in 4 cases (case 1: BCC at the forehead; case 2: M. Bowen at the scalp;

case 3: BCC at the finger; case 4: BCC at the nose).

appropriate measures were taken to avoid the constant risk of
damage to radioactive preparations. External contamination was
prevented by appropriate measures from transport to discharge.
Internal contamination was also prevented by various measures,
such as the use of a foil, the covering of hazardous areas and
continuous training of the user. No contaminations or radiation
damage were observed in any application.

Special care needs to be paid to the working protocols
involving radiation therapies with non-sealed sources. The level
of radiation exposure for the patient and medical staff could
also be increased if the necessary measures are not taken. For
this reason, special protective clothing was used by the medical
personnel, which reduced the exposure of the staff below 0.7
uSv per application. Additionally, the Rhenium-SCT® have been
provided with the right amount of shielding to minimize the
dose received by the physician. The radiation exposure for the
patient during a Rhenium-SCT® therapy is mainly due to the
gamma levels of rhenium-188 and it varies depending on where
the tumor is located. It is usually no more than 50 — 100 pSv,
with a maximum value of 170 pSv, whereas in comparison, the
average natural radiation exposure per year in Germany is
2,100 pSv.

Given that the Rhenium-SCT® is an epidermal radioisotope
therapy, several complications can be conceived. However, no
indication of radiation damage could be observed during the
treatment of the 52 patients and the subsequent follow-ups
with the patients. Some of the areas treated showed a slight
depigmentation of the skin compared to the surrounding layers.
Besides that, no further complications were reported or could
be directly correlated to the Rhenium-SCT® treatment.
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