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TARGETING DISSEMINATED MELANOMA WITH RADIOLABELLED
METHYLENE BLUE

Comparative bio-distribution studies in man and animals

Eva M. LINK, DURVAL C. CosTA, DoMINIC Lul, PETER J. ELL, PHILIP J. BLOWER and MARGARET F. SPITTLE

Targeted radiotherapy for pigmented melanoma with 3,7-(dimethylamino) phenazathionium chloride
[methylene blue (MTB)] labelled with Astatine-211 (*''At; a-particle emitter) proved to be very
effective in animal model systems. Since the results justified an introduction of the treatment to the
clinic, the aim of the bio-distribution studies using ['*I]-MTB and [*'I|-MTB in patients was to
confirm selectiveness of radiolabelled MTB uptake in melanoma lesions. The investigations were carried
out using planar and SPECT (single photon emission computed tomography) y-cameras. A stable
uptake of radioiodinated MTB was found in pigmented melanomas in man, with tumour/surrounding
tissue and tumour/blood ratios amounting to 9 at 19 h after a single i.v. injection. A time-dependent
Kkinetics of radioiodinated MTB distribution was similar to that observed in human melanoma-bearing
athymic mice. Blood radioactivity decreased by about 90% during the first 2.5 min after i.v. injection
of the compound (T, 5 ;s = 0.58 min). Its retention time in various organs was either the same or very
similar to that characteristic of the blood. A rapid uptake of radioiodinated MTB in the liver and
kidneys confirmed the importance of these organs in excreting the compound: 25-30% of the
radioactivity administered was expelled with urine over the first 24 h after the injection. There was no
obvious retention of radioiodinated MTB in the brain over the observation period and in the eyes for
at least the first 14 h.

Regardless of the cause(s) triggering growth of
melanoma, this malignant neoplasm is rapidly increasing

over the past two decades. A particular resistance of

melanoma to all treatments routinely applied to other

cancers urges a constant search for new methods.
Melanoma is a pigmented tumour with a variable level
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of melanin but its non-pigmented form is very uncommon.
Melanin constitutes therefore a distinct target for
melanoma-seeking compounds which, when labelled with a
radioisotope(s), might deliver the radionuclides almost ex-
clusively to the tumour cells and thus form a selectively
localized source of radiation.

A class of compounds with a high affinity to melanin has
been discovered fortuitously and well before formulating
the idea of targeted radiotherapy (1-3). Most of these
drugs do not exhibit toxic effects while administered sys-
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temically in doses required for such therapy. One of them,
methylene blue (MTB) is well known in clinical practice
due to its bactericidal and staining properties (4-6). Its
affinity to melanin (7) made it the most attractive carrier
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for radioisotopes in targeted radiotherapy of melanoma.
Although the mechanism underlying such high affinity has
not been defined fully, a formation of charge-transfer
complex (7-10) and van der Waals’ forces occurring at the
conjunctions of the aromatic rings of the compound and
the aromatic indole-nucleus of melanin (i1) seem to be
predominantly responsible for the strong binding of
methylene blue to this bio-polymer.

Our initial bio-distribution studies in vivo revealed a
pigment-dependent uptake of [*°S]-labelled MTB, with
the most effective accumulation in melanoma lesions, and
confirmed that it is excreted through the liver and kidneys
(12). The highest uptake in any normal tissue was ob-
served in the pigmented eyes (12). Subsequent experi-
ments in vitro (13, 14) showed not only a
melanin-dependent uptake of radiolabelled methylene blue
but also a precise distribution of the agent within malig-
nant melanocytes. The localization coincided with that of
melanosomes i.e. cellular organelles producing the pig-
ment (13). These findings stimulated further our investi-
gations concerning therapeutic effectiveness for melanoma
of MTB labelled with various radioisotopes (13—17).
Physical and radiobiological parameters required of ra-
dioisotopes to achieve the highest effectiveness in targeted
radiotherapy (18) dictated a choice of three radionuclides:
358 (B-emitter), '°I (Auger electron emitter) and 2''At
(a-particle emitter). Effectiveness of 2!!At-methylene blue
in controlling growth of melanoma exceeded that of two
other MTB radioderivatives by two orders of magnitude
(13). 2"'At-methylene blue, therefore, was employed in
subsequent studies using human melanoma xenografts.
Astatine-211 features are very attractive: T,,=7.2h,
60 um average range of a-particles in tissue and the mean
energy of 6.8 MeV. These assure an almost optimal thera-
peutic efficacy of the radiation emitted without damage to
normal tissues surrounding the tumour. Indeed, *''At-
methylene blue administered intravenously appeared to be
very effective in preventing growth of metastases from
single cells circulating with blood and of tumourlets,
though a poorly pigmented melanoma was used to mimic
a pattern of pigmentation of secondaries frequently ob-
served in man (15). The treatment was also successful in
inhibiting growth of solid cutaneous lesions and their
spontaneous lymph node metastases. The overall effect
depended on the degree of pigmentation and initial size of
the cutaneous tumour, as well as fractionation régime
employed (16). At the same time there was no indication
of adverse effects caused by the treatment, either acute or
chronic (16, 17).

The above results encouraged us to introduce the
treatment to the clinic. Thus, detailed bio-distribution
studies in man were necessary to establish to what extent
the data obtained from animal investigations could be
extrapolated to man and to enable calculations of radia-
tion doses received from 2''At-methylene blue adminis-

Acta Oncologica 35 (1996)

tered systemically. The current paper presents and
discusses data obtained from first melanoma patients.

Material and Methods

Human melanoma xenografts. Two human melanoma
xenografts, poorly pigmented HX34 and a highly pig-
mented HX118, obtained by courtesy of Professor G. G.
Steel of the Institute of Cancer Research, Sutton, UK.
were used for animal investigations. Both sub-lines
derived from metastatic lesions of patients who had not
undergone previous cytotoxic therapy. They were estab-
lished in athymic mice by J. Mills of the same Institute
and their properties described (19, 20). The obtained
samples contained small pieces of tumour frozen at its
fourth passage and previously grown s.c. in athymic
mice. The material used for subsequent experiments
derived from inguinal tumours passaged in vivo in 50-
60-day-old female athymic mice ([Crlinu-nu (CD/
1™)BR] supplied by Charles River, U.K.) every 3-4
weeks (HX34) or 5-6 weeks (HX118). Small tumour
fragments obtained from either of the melanoma xeno-
grafts were suspended in Eagle’s Minimum Essential
Medium supplemented with 10% fetal bovine serum
(both from Flow Laboratories Ltd., Irvine, U.K.) and
inoculated subcutaneously into recipient mice (two ap-
prox. 0.5mm? pieces suspended in 0.1 ml medium per
site). Every experimental animal presented two cutaneous
inguinal lesions.

Patients with malignant melanoma. Bio-distribution of
radioiodinated MTB was studied in patients with dissem-
inated melanoma, both female and male age 23-69
years. Although cerebral metastases dominated, localiza-
tion of secondary lesions varied from lymph node de-
posits to the lung, liver, intestines, etc. All patients were
extensively treated with surgery, chemo- and/or radio-
therapy prior to radioiodinated MTB administration.
Detailed examination of every patient with CT, ultra-
sounds and other methods preceded investigations with
radioiodinated MTB.

Radioiodination of methylene blue. MTB was iodinated
by electrophilic aromatic substitution according to the
modified method designed by Blower & Carter (21) using
1% aqueous solution of MTB for injections (Bull Labora-
tories Ltd., Australia). Chemical stability of radioiodinated
MTB remained unchanged over at least 6 days. '**I was
obtained from Medgenix Ltd., U.K. and '*'I from Amer-
sham International Ltd., UK., as Na['®I] or Na['3']]
solution, free of buffers and reducing agents. A specific
radioactivity of the final preparation of [!*[]-MTB or
['3'1]-MTB did not exceed 150 MBq per mg MTB. A total
activity of ['*I]-MTB or ['*'I]-MTB administered to pa-
tients as an intravenous bolus injection varied between 135
and 559 MBq. The injected sample volume was 3-8 ml
and contained less than 5 mg MTB.



Acta Oncologica 35 (1996)

Gamma-camera and single-photon emission computed
tomography (SPECT) studies

23] with an energy of emitted radiation more suitable
for detection with y-camera than that from '*'I was chosen
for time-dependent bio-distribution studies in melanoma
patients.

Data acquisition with gamma camera. The GE/CGR
400XCT gamma camera (General Electric Medical Sys-
tems, Milwaukee, USA) linked to a computer star 2000
and equipped with a parallel hole all purpose collimator
and energy set at 159 keV, 20% window was used for
acquisition,

a) Dynamic studies:

Twelve frames of 5s each were acquired immediately
after i.v. injection of ['**T]-MTB with a detector facing the
thorax and abdomen of the supine patient. These were
followed by 59 frames of 60s each to make a total
sequential acquisition time of 1 h. The acquisition matrix
was always 128 x 128.

b) Whole-body scanning:

Anterior and posterior whole-body scans were obtained
using 512 x 128 matrix. A speed of 10 min per meter was
employed for scans taken between 1 and 15 h post injec-
tion, and 15-20 min per meter (depending on the count
density) at 24 h after ['**I]-MTB administration.
¢) Plain images:

When thought necessary, plain images (projection data)
of the organs of interest such as the liver, lungs, limbs or
head were acquired using 128 x 128 matrix. The acquisi-
tion time was as long as possible to obtain a minimum of
2 x 10° counts.

Data acquisition with SPECT. SPECT of the head was
carried out on a single slice brain dedicated tomograph
(SME 810; Strichman Medical Equipment Inc., Medfield,
Massachussets, USA). Sequential investigations at a level
of the basal ganglia, 4 cm above and parallel to the orbito-
meatal line, as well as at different levels between cerebel-
lum and vault of skull were obtained. A time of image
collection was 5—10 min per slice.

Data analysis

a) Gamma camera:

Dynamic (sequential) acquisition data, as well as whole-
body and plain images were analysed using the regions of
interest (ROI) method. The obtained results were cor-
rected for the radioisotope decay and a time-dependent
accumulation kinetics of ['>*I]-MTB for several organs
was determined.

b) SPECT:

Data obtained from SPECT were processed, including
attenuation corrections, by using the software supplied by
the manufacturers (for detailed description of the pro-
gramme see Ref. 22). As previously, the ROI method was
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employed to calculate time-dependent changes of ['#[]-
MTB uptake in the regions of interest in the brain includ-
ing corrections concerning '>*T decay.

Bio-distribution of radioiodinated methylene blue

Bio-distribution of ['**I-MTB—animal studies. Experi-
ments have been performed using 17 athymic mice bearing
two highly pigmented HX118 tumours each and 10
athymic mice with two poorly pigmented HX34 melanoma
per animal. 1 MBq of ['2*]-MTB was administered i.v. to
one of the tail veins of melanoma-bearing mice 12 days
after subcutaneous tumour implantation (mean diameter
of the tumours = 3 mm). Two animals with either HX118
or HX34 melanoma were chosen randomly at S min and,
subsequently, at regular time-intervals after the injection.
Blood, as well as tumours and a number of organs (lungs,
stomach, spleen, kidneys, skin, muscles, eyes, thyroid and
lymph nodes) were taken. All tissues were rinsed with
phosphate-buffered saline, blotted and weighed. Blood
samples (0.5 ml) were centrifuged to separate red cells
from plasma. The latter was carefully transferred with
Pasteur pipette to another vial and its volume measured.
23]-radioactivity present in every specimen was determined
using scintillation gamma counter and subsequently ex-
pressed as !'2*I-radioactivity per g of tissue. The results
were compared with similar data obtained using the same
methods as described above and derived from 76 mice
bearing either human or Bl16 melanoma, as well as 33
hamsters with Bomirski’s hamster melanoma (2 tumours/
animal) injected with other radioderivatives of methylene
blue, ie., [**S]-, ['**1}- or ['*'T}-MTB ({12) and unpub-
lished data).

Bio-distribution of ['**I1-MTB and ['*'I]-MTB — human
studies. Eight patients with disseminated melanoma and
the thyroid blocked by potassium iodate (170 mg daily for
5 days starting 2 days prior to radioiodinated MTB admin-
istration) were injected iv. with a single dose of 135-
559 MBq of the compound. Monitoring of the heart, liver
and kidney(s) with y-camera was carried out in patients
immediately after ['**1]-MTB administration and lasted
for 1 h, while a whole body (anterior and posterior) scan-
ning was performed at 1, 2, 3, 4, 15 and 23/24 h after the
injection. Every patient was given laxatives (twice daily) to
clean the bowels.

Blood samples (5 ml each) were collected from patients
over the initial 3 h (the additional sample was taken from
some patients at 13 and 24 h). Urine was collected from
patients for approx. 24 h after ['?*I]-MTB or ['*'1]-MTB
administration. The radioisotope content in the blood and
urine was assessed using scintillation gamma counter with
the results expressed as a percentage of the total radioac-
tivity administered.

SPECT was used to investigate a time-dependent distri-
bution of radioiodinated MTB in the brain. In patients with
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Fig. 1. Time-dependent kinetics of ['**[]-MTB and ['>'I]-MTB in the blood of melanoma patients after a single i.v. injection of the
compound. Insertion: the same parameter in athymic mice bearing a highly pigmented HX118 human melanoma (@) or a poorly

pigmented HX34 human melanoma ( O). Error bars: +S8.D.

cerebral metastases ['2*[]-MTB uptake and clearance from
the organ was monitored at the visual cortex level immedi-
ately after the radioisotope injection for 2 h. Subsequent
images of ['2*I]-MTB distribution have been taken in either
thirteen 1 cm thick slices of the brain at 3 h after the injection
and 2.5 h later in nine 0.5 cm thick slices, or alternatively, at
2.5 and 15/16 h after ['**I}-MTB administration.

Biopsy of cutaneous lesions with their diameter varying
from 2-10 mm has been taken whenever possible at 19
and 26 h after ['2I]-MTB injection. The tumours were
separated carefully from the surrounding tissues, weighed
and the radioisotope content in both tumour and normal
tissue measured using scintillation gamma counter. The
tumour/skin and tumour/blood ratios were calculated.

Simultaneously with every patient 2 athymic mice bear-
ing two HXI118 human melanoma tumours each were
injected with radioiodinated MTB given to the patient.
The animals were sacrificed 30 h later and the radioactivity
content in tumours, blood, as well as several normal
organs determined in scintillation counter. The ratios:
tumour/normal tissue, tumour/blood and normal tissue/
blood were calculated and compared with previous results
to confirm chemical stability of the radiolabelled com-
pound used and its high affinity to melanoma.

Calculations of absorbed doses

Estimations of doses received by tumour, critical organs
and blood from [*''At]-MTB to be used for targeted

radiotherapy of disseminated melanoma have been calcu-
lated using the method described by Kassis et al. (23). To
simplify the calculations, a homogeneous distribution of the
radiolabelled MTB was assumed within both normal and
malignant tissues. A pattern of biological decay of the
radiolabelled MTB in every tissue of interest and the
compound’s biological half-life(s) were determined from
biokinetic curves obtained from biodistribution studies
presented in this paper.

Results

Bio-distribution of radioiodinated methylene blue: Animal
investigations

A bio-distribution of ['?*I]-MTB in athymic mice bearing
human melanoma was similar to that of [>*S]-MTB observed
previously in hamsters with Bomirski’s melanoma (12), as
well as ['®I]- and ['*'I]-MTB in mice bearing either B16 or
human melanomas (unpublished data).

['211-MTB uptake in normal tissues. The radioactivity in
blood diminished within the first 5 min to about 4% of that
administered, and to below 0.5% over the next 2—3 h after
['#1]-MTBinjection (Fig. 1 — insertion). The highest uptake
of ['**1]-MTB in normal organs was observed in the liver
and kidneys (Fig. 2 and Table 1) which metabolize and
excrete methylene blue, respectively (24). Both accumula-
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Fig. 2. A time-dependent bio-distribution of ['?*I]-MTB in melanoma lesions and normal tissues of athymic mice bearing highly
pigmented (A) or pootly pigmented (B) human melanoma after a single i.v. injection of the compound: @ —highly pigmented tumour;
O —poorly pigmented tumour; A —spleen, l—liver; ¢ —kidney; x —lung; dashed line-blood.

tion and decrease of the radioactivity in the organs were
rapid: a maximum uptake occurred at less than 5 min
after ['2°I]-MTB injection and the radioisotope level di-
minished subsequently with T, of approximately
30 min (Fig. 2).

Initial accumulation of [!2*I]-MTB in the lungs was also
significant (Fig. 2). However, its time-dependent kinetics

appeared to parallel that of blood, suggesting the latter as
a cause of the transiently high level of the radioisotope in
the organ.

['2I]-MTB uptake in the eyes remained low over the
period of investigation (Table 1), unlike that previously
observed in hamsters (12). However, it should be
pointed out that eye pigmentation in athymic mice is

Table 1

A time-dependent biodistribution of ['**I]-methylene blue in normal tissues of athymic mice bearing human
melanoma after a single i.v. injection of the compound

Time ['#*1]-MTB uptake in various tissues (%/g)*
(hours)
Lymph nodes Stomach Skin Muscles Eyes
0.08 2.0+0.62 424043 1.2+0.16 2.0 +0.03 1.1 +0.27
12 1.2 £0.17 0.9+0.12 1.4 +0.06 0.6 +0.05 0.25+0.04
3.0 0.3+0.04 0.4 +0.06 0.6 +0.05 0.2 +£0.07 0.04 + 0.01
11.0 0.06 + 0.01 0.05 +0.001 0.07 + 0.025 0.05 + 0.006 0.02 + 0.005
17.0 0.05 +0.01 0.06 + 0.005 0.03 + 0.002 0.02 +0.002 0.02 + 0.003
25.0 0.01 0.03 £0.01 0.02 4+ 0.0008 0.01 0.06
355 0.01 0.02 0.01 0.01 0.01
41.0 0.01 0.01 0.01 0.01 0.01

(*)['**1}-MTB uptake expressed as percentage of injected radioactivity per g of tissue (mean value + S.D.)
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Table 2

Tumour [normal tissue ratios obtained after a single i.v. injection of
1 MBq ['*I)-MTB 1o athymic mice bearing a highly pigmented
HX118 human melanoma

Time after ['*1]-MTB Ratio
(injection)
Tumour/ Tumour/ Tumour/
Blood Muscle Skin
5 min 0.7 0.6 1.0
ih 2.0 5.2 22
3h 20.0 14.0 5.0
10h 220 25.0 19.0
17h 30.0 42.0 28.0
40h 52.0 2150 72.0

negligible. The compound accumulation in the whole
thyroid gland amounted to 0.07% of injected ['**I]-MTB
as compared to 1-3% of free radioiodine mixed with
MTB (measurements were carried out 24 h after i.v. ad-
ministration of the preparations). Since a high affinity of
iodine and its radioisotopes to the thyroid gland is well
known, a lack of specific uptake of ['**I]-MTB in this
organ confirms binding stability of the radioiodine to
MTB in vivo.

A time-dependent accumulation of {'**1}-MTB in other
organs including the spleen followed that found in blood
(Fig. 2 and Table 1). It should be emphasized that the
bio-distribution of radiolabelled MTB observed in nor-
mal tissues was independent of the pigmentation of the
tumours borne by the animals.

['BI-MTB uptake in melanomas. Maximum uptake of
['#1)]-MTB in highly pigmented HX118 tumours oc-
curred approximately 1h after administration of the
compound and was followed by 65% decrease over the
next 7h (Fig. 2A). Subsequently, the level of ['**I]-MTB
remained almost stable until the end of the observation
period (40h). Consequently, values of the tumour/
blood and tumour/surrounding tissue (i.e. skin) ratios
increased with time elapsed after ['**I]-MTB injection
from 0.7 and 1.0 at 5min to 52 and 72 at 40 h respec-
tively (Table 2).

The magnitude and pattern of ['*I]-MTB uptake in
poorly pigmented HX34 melanoma followed those found
for blood and an average normal organ (Fig. 2B).

Bio-distribution of radioiodinated methylene blue: Hu-
man investigations

A pattern of radioiodinated MTB uptake and reten-
tion in man, as well as their time-dependent kinetics,
were comparable to those found in the animals.
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Radioiodinated MTB uptake in normal tissues. Radioac-
tivity found in whole blood diminished to about 10% of
that injected with T, of 0.58 min in the first 2.5 min
after ['2’I]-MTB or ['3'[)-MTB administration, and to 5%
over the next 5 min (Fig. 1). Further decrease in blood
radioactivity was continuous but slow (Fig. 1). There was
no difference between the uptake in the spleen and in the
blood itself as revealed by simultaneous monitoring of
both the spleen and the heart for 1 h after the injection of
the compound. This suggested that the spleen had not
possessed its own affinity to MTB (Fig. 3A).

The highest accumulation was observed in the liver,
thoracic organs and kidneys. Maximum uptake in the liver
occurred at 8 min after the injection (Fig. 3A). Thereafter,
the hepatic biological T,;, amounted to approx. 1.5 h (Fig.
3B). This rapid clearance from the liver resulted in an
increase of the compound in the bowel. (The latter was
eliminated effectively with laxatives.)

Similarly to the liver, a high and rapid accumulation of
radioiodinated MTB (approx. 10% of the injected radioac-
tivity at 1h after its administration) was found in the
thorax. However, a subsequent clearance from the organ
with T, 0 Of approx. 1h excluded any affinity to the
tissue and suggested that the initially high level of radioac-
tivity found should be attributed to the thoracic blood
pool amounting to 20% (10% in the lungs and the heart
cach) of the total blood volume.

Maximum uptake in the kidneys was found at 2—3 min
after radioiodinated MTB administration to the patients
(Fig. 3A). Subsequently, a slope of the curve illustrating
excretion from the organ became almost parallel to that
characterizing the retention in the blood (Fig. 3A). Of the
initially injected radioactivity 25-30% was excreted with
urine over the first 24 h. Radioiodinated MTB uptake
monitored by y-camera was higher in the face than in the
brain (Fig. 3B). However, the rates of disappearance of
the radioisotope from both did not differ. More detailed
investigations carried out with SPECT confirmed a rapid
uptake and almost equally fast clearance of ['**I]-MTB
from the brain. A maximum accumulation took place
between 10 and 20 min after ['**I]-MTB injection and,
subsequently, the activity diminished with T,/ =0.8h
(Fig. 4A).

Radiciodinated MTB uptake in melanoma lesions. A
simultaneous, time-dependent monitoring of the brain and
a cerebral metastasis with SPECT showed in detail the
pattern of the compound’s uptake and clearance/retention
in both normal and malignant tissue (Fig. 4). While the
radioactivity diminished rapidly in the brain (T, piq =
0.8 h), ["**[]-MTB clearance/retention in metastatic lesion
occurred in a bi-phasic manner similar to the pattern
observed in pigmented melanomas grown in animals (com-
pare Figs. 4B and 2A). Rapid accumulation in the tumour
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compound. Insertion: Whole-body clearance of [!2I]-MTB in melanoma patients after a single i.v. injection of the compound. All data
obtained from planar y-camera.

was followed by 54% decrease of the radioactivity over the  after investigations with ['*’I]-MTB prevented calculation
next 50 min and, subsequently, the level of radioiodinated of the tumour/normal organ ratio per g of tissue. Instead,
MTB remained almost stable until the end of the observa- the ratio of radioactivity accumulated in the entire lesion
tion time (Fig. 4B). An unknown weight of this very small to that present in the whole brain was determined and
lesion (it was revealed on the CT scan only 5 months illustrated in the insertion to Fig. 4B. After a plateau
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metastasis expressed as the tumour/brain ratio.

over the initial period of rapid clearance of radioiodinated
MTB from blood (approx. 1.75 h) the tumour/brain ratio
increased 3-fold within 4 h. (Such increase in the tumour/
surrounding tissue ratio was also observed in the animal
model—see Table 2.) Consequently, cerebral lesions (ver-
ified subsequently with routinely used methods) were de-
tected easily with planar y-camera in all investigated
patients with brain metastases even a few days after ['*'I}-
MTB administration.

Direct measurement of radioactivity was carried out in
three cutaneous melanomas characterised by various pig-
mentation and biopsied from two patients at 19 and 26 h
after administration of radioiodinated MTB. The tumour/
skin ratio for highly pigmented lesions amounted to 8.5 at
19 h and 6.6 at 26 h, whereas 1.1 was the value for poorly
pigmented tumour. The ratios were irrespective of the initial
radioactivity of the injected compound (Table 3). Since the
vasculature develops equally well in melanomas regardless
of tumour pigmentation (16) the observed difference in
radioiodinated MTB uptake in the lesions can only be
accounted for the discrepancy in their melanin content.

Discussion

Detailed bio-distribution studies of radiolabelled MTB in
man have been initiated after encouraging therapeutic

results achieved by us, particularly with [*''At]-MTB in
targeted radiotherapy of disseminated melanoma in animal
model systems (15-17) justified an introduction of this
treatment to clinical trials. Similarities in the time-depen-
dent distribution of the compound in melanoma patients
and human melanoma-bearing animals are suggestive of the
effectiveness of [?''At]-MTB therapy in man. The data
enabled an estimation of the absorbed doses received from
[?"'At]-MTB in human organs with the highest risk from
the accumulated [*''At]-MTB (Table 4) and assured their
safety in the therapeutic procedures on the basis of animal
toxicological investigations (17).

Results presented in this paper confirm a highly selective
uptake of radiolabelled methylene blue in pigmented
melanomas in man: tumour/surrounding tissue ratio
amounted to approximately 9 at 19 h after a single intra-
venous injection of radioiodinated MTB. At the same
time, there was no obvious affinity of the compound to any
normal organ.

Parallel studies carried out in animals enabled a com-
parison of the data obtained from melanoma patients with
those in mice bearing human melanoma xenografts. De-
tailed investigations concerning a time-dependent kinetics
of ['#1]-MTB accumulation and retention in pigmented
tumours grown in animals showed a gradual uptake of the
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Table 3

Tumour [normal tissue ratios obtained from cutaneous biopsies taken from two melanoma patients to whom radioiodinated
MTB was administered as a single i.v. injection

Time after -MTB Ratio Ratio of absorbed dose from [2''At]-MTB (*)
mjection
Tumour/Blood Tumour/Skin Tumour/Blood Tumour/Skin

Highly pigmented tumours

19h 8.9 8.6 229 211

26 h — 6.6 — 167
Poorly pigmented tumour

19h 1.2 1.1 30 28

(*) To calculate doses absorbed by cutaneous tumours T, ; = const was applied, and T, i, = 330 min for the blood

and the skin.

compound and, subsequently, a comparably fast decrease
of the radioactivity to the level of approximately 35% of its
maximum. The latter remained stable afterwards through-
out the time of investigation. Similar pattern of the com-
pound accumulation and retention was found in metastatic
melanoma in man. MTB, being a very small molecule, can
penetrate easily through plasma membranes resulting in a
uniform distribution of the compound within tissue.
Therefore, there should be an equilibrium between the
MTB level in the blood and tissue unless the compound
were bound to a cellular structure(s) or involved in bio-
chemical processes. Since MTB forms a strong complex
with melanin (7), the compound is bound to the bio-poly-
mer once it enters melanosomes. Taking into account that
approximately 40% of a tumour tissue consists of cells (in
case of melanoma—melanocytes) and melanosomes are
restricted to the melanocytes—a total volume of these
organelles must be smaller than that of melanocytes them-
selves, i.e. 40% of the total volume of the tumour. Conse-
quently, a final and stable MTB level in melanoma lesion
should be in a range of 40% of its maximum uptake and
should depend on a degree of pigmentation of the tumour.
The above explains the observed pattern of radioiodinated
MTB retention in highly pigmented lesions, as well as a
comparable level of the compound in very poorly pig-
mented melanoma and in blood found both in man and
animals. A significant, time-dependent increase in the tu-
mour/blood and tumour/surrounding tissue ratios ob-
served for the highly pigmented lesions validates the
reasoning,.

A furthér confirmation of the stability of radiolabelled
MTB binding in highly pigmented lesions in man came
from biopsies of cutaneous melanomas. The radioactiv-
ity found in these tumours (as determined per g of the
tissue—data not shown), as well as the tumour/skin
ratios were almost independent of the radioactivity admin-
istered to the patients and the time that elapsed between
injection of the compound and the surgery (i.e., 19 h and
26 h).

A comparison of radioiodinated MTB bio-distribution
in man and mice revealed the same pattern of uptake
and retention of the compound in organs of both host
types. Slopes of most curves were either the same or
very similar to those characteristic of the blood, thus
confirming that the blood-flow rather than a specific
affinity of radioiodinated MTB to these tissues was re-
sponsible for the presence of radioactivity in them. Since
a fast clearance of radiolabelled MTB from the blood
assures that low radiation doses are delivered by [*!''Af]-
MTB (Table 4), all these organs should not be affected
by targeted radiotherapy with [*''At]-MTB. Indeed, toxi-
cological studies performed in human melanoma-bearing
mice did not reveal serious adverse effects caused by
[2'"'At]-MTB treatment in normal organs (17). Particularly
high and rapid uptake of the compound in the liver and
kidneys showed once again that these two organs are most
important in metabolising and excreting MTB (24) and,
additionally, that the introduction of the radioisotope to
the structure of the compound did not change the above
pattern. On the other hand, such elevated uptake of MTB
labelled with 2'' At might result in radiation doses delivered
during [*''At]-MTB therapy too high for these organs.
However, combination of a rapid clearance of the com-
pound from the structures, a short half-life of ''At and an
exceptionally small range of emitted a-particles prevents

Table 4

Estimations of absorbed doses expected in critical organs and blood
from 2! At-methylene blue if distributed homogeneously within the

tissues
Organ T2 viol Dose
{min) (cGy/MBq)
Blood 0.58 0.0011
Thorax 60 0.075
Liver 90 0.073

Kidney 68 0.28
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deposition of excessive radiation doses (Table 4) and dam-
age to the organs (17) during [>''At]-MTB treatment.

The pattern of radioiodinated MTB uptake and reten-
tion in the brain was also very similar to that of blood
suggesting an existence of the blood-brain barrier impene-
trable to radiolabelled MTB (such barrier does not apply
to cerebral metastases). An appearance of neurotoxic
effects after intrathecal administration of MTB, but not
after an intravenous injection of the compound (25, 26),
confirms the existence of such a barrier. The difference in
toxicity depending on the route of administration could
not be explained by high MTB doses delivered intrathe-
cally as compared with the intravenous ones; severe neuro-
logical disorders distant from the site of MTB injection
occurred after a single dose not exceeding 60 mg. The
highest non-toxic dose of MTB administered intravenously
amounts to 7 mg/kg body weight ( =490 mg per 70 kg)
(24). Since the cerebro-spinal blood volume equals approx-
imately 18% of the total blood pool, the MTB dose
delivered to the brain and the spinal cord after an intra-
venous injection would amount to approximately 88 mg.
Therefore, the compound should induce similar neurologi-
cal symptoms to those observed after its intrathecal injec-
tions in the absence of the blood-brain barrier. However,
this is not the case. The above information is of particular
importance since highly pigmented structures of the brain
such as substantia nigra or locus coeruleus might be at a
significant risk from [''At]-MTB used for systemic treat-
ment of melanoma if the barrier were not present. More
detailed studies using ['2*]]-MTB, ['*'I]-MTB and SPECT,
as well as ['2*I]-MTB and PET are therefore in progress to
confirm the findings.

There was no obvious ['2*I}-MTB accumulation in the
eyes of melanoma patients over the first 14 h. However,
similar investigations to those of the brain were under-
taken to ensure safety of pigmented structures of the eye
when [?''At]-MTB is applied.

The clinical results obtained explicitly confirm a high
affinity and a stable binding of radiolabelled MTB to
pigmented melanomas in man and predict an effectiveness
of targeted [?''At]-MTB radiotherapy comparable to that
observed for melanoma xenografts grown in athymic mice
(15-17), whereas similarities in the time-dependent pattern
of radiolabelled MTB bio-distribution in man and animals,
as well as the absence of [*''At]-MTB toxicity in
melanoma bearing mice (16, 17) promise a lack of adverse
side-effects from [2!'At]-MTB in melanoma patients,

The present studies were focused predominantly on bio-
distribution of radioiodinated MTB. It seems likely, how-
ever, that the compound might prove to be useful not only
for targeted radiotherapy of disseminated melanoma but
also for detecting melanoma metastases of a size too small
to be visualized with other imaging methods in patients who
previously presented highly pigmented primary tumour.
Although melanoma secondaries are often less pigmented
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than the primary lesions, a process of ‘depigmentation’
progresses gradually with tumour growth and proportion-
ally to the growth rate rather than affecting cells released
directly from a primary tumour that initiate metastatic
spread. Since nearly random dissemination of melanoma
makes a prediction of the localization of its metastases
almost impossible, a prospect of systemic scanning of small
secondaries leading to their immediate detection and treat-
ment is of particular importance in a long-term prognosis
for melanoma patients. Preliminary data concerning diag-
nostic potential of radioiodinated MTB will be reported
separately.
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