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Introduction
MTL-005, a boronated metalloporphyrin, is being developed as a radiosensitizer. The
biodistribution and efficacy of the compound has previously been studied in an EMT-6
mammary carcinoma model. Radiotherapy is commonly used to treat head and neck
cancers of which over 90% are squamous cell carcinomas. The SCCVII murine
squamous cell carcinoma model is a well established model for human squamous cell
carcinoma, and is known to be non-immunogenic and resistant to radiation and
chemotherapy.1,2 The radiosensitizing effect and tissue distribution of MTL-005 was
studied in mice implanted with SCCVII subjected to single-fraction X-ray therapy.

Results
Radiotherapy

Biodistribution

MTL-005 did not enhance overall survival in mice in the 25 Gy groups (Figure 1). Two mice
in the 25 Gy only group survived to day 62 with no observable tumor (controlled tumor). The
only mouse in the 25 Gy plus MTL-005 group that survived to day 62 had detectable tumor
(Table 1). Mice treated with 32 Gy with or without MTL-005 had better survival than those
that received 25 Gy. Four mice that received 32 Gy only survived to day 62 and 3 of these
had controlled tumors. In the 32 Gy plus MTL-005 group, 8 mice survived to day 62, of these
6 had controlled tumors.

At 1 day post administration MTL-005 accumulated in the following tissues ( figures
given as μg boron/g tissue): liver (263 ± 32); spleen (100± 18); tumor (83 ± 17);
blood (45 ± 12); skin (10 ± 2); brain (0.8 ± 0.4).
Boron was detected in both the liver and tumors (where present) of animals at the time
of euthanasia at all time points up to and including 62 days post irradiation. (Figures 3 &
4).
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Tissue boron content in mice given MTL-005 plus 25 Gy
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Animal Tumor Model
SCCVII murine squamous cell carcinoma cells were cultured in D-MEM enriched with 10%
fetal bovine serum, 1% penicillin/streptomycin, and 1% L-glutamine. Cells (2 x 105 in 0.05
mL of medium) were then implanted sc into the left thighs of 20-25 g female C3H mice
(Charles River Laboratories, Wilmington, MA).
Formulation
MTL005 was used to make three 15 mL batches of ~3 mg/mL formulations. The final
concentration assayed by HPLC was 2.80 mg/mL MTL005 with 97% purity by HPLC.
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Irradiations
Irradiation was carried out 1 day after the final injection of MTL005.
The animals in each Group A were irradiated 8 days, and those in Groups B were irradiated
9 days after tumor implantation. Mice were anesthetized (sodium pentobarbital, 60 µg/g
i.p.) and positioned for irradiation with the tumor-bearing leg extended across a 2-cm
diameter collimated irradiation port. Tumors were irradiated using a single dose fraction of
either 25 Gy or 32 Gy at a dose-rate of 2.0 Gy/min using a Philips RT-100 set, operating at
100 kVp and 8 mA.
Dosimetry
Dosimetry for x-irradiation was carried out using a thimble ionization chamber applying the
1996 IPEB code of practice. 5
Assessments
Tumors were measured 2-3 times per week and the mice were killed humanely when the
calculated tumour volume (x2y/2, where x is the shorter surface dimension) exceeded 500
mm3. All surviving mice were euthanized at day 62 or 61 post irradiation for Groups A and B
respectively.
A group of five mice, each of which were given MTL005, was euthanized at the time of
irradiation (24-hour clearance) for boron biodistribution data in tumor, blood, liver, spleen,
brain, and skin. The liver and tumor of irradiated mice given MTL-005, were also assayed
for boron concentration at the time of euthanasia.
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Table 1

Total Mice Irradiated

Untreated
Controls

25 Gy Only

9

12

25 Gy plus
MTL-005

32 Gy Only

12

12

Figure 4

32 Gy plus
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Tissue boron content in mice given MTL-005 plus 32 Gy
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Administration Protocol and Total doses
A total dose of 150 mg/kg MTL005 was administered to mice using three i.p. injections over
an 8-hour period at 4-h intervals using 0.018 mL/gbw for each injection. Due to the large
number of animals to be dosed and irradiated, it was necessary to split the animals at each
X-ray dose level into two equally sized groups: Groups A and B. Animals in each Group A
were injected on day 7 after tumor implantation, while animals in each Group B were
injected on day 8 post tumor implantation.

0

iii
Mice alive at 62 days
with observable
tumors

0

%Controlled Tumors

0

0

1

16.7

1

0

2

25

54.5*
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Boron and MTL005 Analysis
Direct current plasma-atomic emission spectroscopy [DCP-AES] (ARL/Fisons Model SS-7)
was used (detection limit: 0.1 µg B/mL) to determine boron concentrations in tissues of
individual mice. Samples (50-130 mg) were digested at 60°C with sulfuric acid:nitric acid
(1:1). Triton X-100 and water were added to give final concentrations of ~50 mg tissue/mL,
15% total acid v/v and 5% Triton X-100 v/v. 3 The reference standard for MTL005 was
assayed using prompt-gamma spectroscopy at the Massachusetts Institute of Technology
Reactor Prompt-Gamma Neutron Activation Facility.4 The concentrations of MTL005 in the
SCVII tumor and normal tissues can be calculated from the boron concentration of the
porphyrin (22.5% boron). Previous work has shown that the ether linkages between the
porphyrin and carborane cages remain intact in vivo.
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MTL-005 significantly enhanced the effectiveness of radiotherapy of a squamous cell
carcinoma (SCCVII) implanted in mice, slowing tumour growth and increasing the
number of controlled tumors. The number of controlled tumors was doubled in the
presence of MTL-005 compared to radiation alone following a single dose of 32Gy. In
contrast there did not appear to be a significant tumor control effect at 25 Gy, although
tumor growth was delayed. MTL-005 remained at detectable levels in tumor up to 63
days post administration which was 62 days post irradiation. MTL-005 is worthy of further
investigation. A Phase I clinical trial was initiated in the United Kingdom in Q4 2013.
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