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Radioiodinated N-[2-[N-ethyl-N-[2-(2-fluoropyridin-3-yloxy)ethylJamino]ethyl]-6-
iodoquinoxaline-2-carboxamide dihydrochloride salt, abbreviated as [12°1]56, is a
quinoxaline benzamide (BZA) derivative that was synthesized for melanin-targeted
radionuclide imaging and therapy of melanoma (1).

BZA derivatives represent a versatile class of aromatic compounds that possess a common
structure element of Ph-CONH(CH,),NRy (m = 1, 2) and exhibit comparable
properties, including high and specific binding with melanin in melanoma cells and
melanocytes (2-4). Some of these compounds, such as N-(2-diethylaminoethyl)-4-
[123]]iodobenzamide ([1231]BZA) and [1231]-N-(2-diethylaminoethyl)-2-iodobenzamide
([1231]BZA2), have been successfully evaluated in melanoma patients, showing high
sensitivity and selectivity in the detection of melanoma and its metastases (5-8).

The promising results with [123[]BZA have prompted great efforts from several groups in
screening BZA analogs (2, 9, 10). Among them is a group of investigators in France who
synthesized a series of BZA derivatives via structure-activity studies (11, 12). On the basis
of the structure of the lead agent [1231]BZA, they synthesized a group of spermidine BZA
derivatives by replacing the diethylaminoethyl moiety in the BZA structure with a
triamine (spermidine). Spermidine BZA derivatives exhibit high affinity for melanin
comparable to that of [1231]BZA; however, these compounds exhibit less accumulation in
tumors than [1231]BZA in animal models of melanoma (13). More recently, the
investigators generated a class of heteroaromatic BZA analogs by incorporating the
heteroaromatic structure in place of the benzene moiety to take advantage of the
polycyclic aromatic compounds that display a strong affinity for melanin while keeping
the lipophilic side chain (14). The heteroaromatic analogs, [1251]5a through (125751,
showed high specific and long-lasting uptake in the melanoma, which is favorable for
combined imaging and therapy. At the same time, the investigators also identified a group
of quinoxaline analogs; radioiodinated derivative 3 (ICF01012) is one of these
compounds, which show the most favorable pharmacokinetic properties for radionuclide
therapy (15, 16). The rapid and specific tumor uptake of quinoxaline compounds also
suggests that they are potentially valuable for radionuclide imaging. For radiofluorination,
ICF01012 was modified by incorporating 2- or 6-fluoropyridine in the N,N-
diethylethylenediamine framework of ICF01012. This strategy allows nucleophilic
heteroaromatic radiofluorination of corresponding halogeno- or nitro-precursors without
the need for an additional electron-withdrawing substituent in the aromatic ring.
Fluoropyridine was introduced on the tertiary amine either directly or in combination
with various linkers, which resulted in a group of amide tracers, such as the agents
[1251]56 and [18F]44 (compound 56 is the dihydrochloride salt of 44) (1). These
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derivatives showed favorable properties for combined radionuclide imaging (18, 12°1)
and therapy (1311) of melanoma using a single chemical structure. The following is a list of
some representative agents that were synthesized and tested by the investigators from the
group in France.

BZA derivatives: [125/123]]BZA, [1251]BZA2, [1251]BZ18, and [12°1]5a through [1257]51;
and quinoxaline derivatives: [125/1317]1CF01012 (or [125/1317]3), [125]1]56, and [18F]44.

This chapter summarizes the data of imaging studies obtained with [1251]56 (1).

Related Resource Links:
Melanin-targeted imaging agents in MICAD

Benzamide derivatives in PubChemBenzamide derivatives in clinical trials in
ClinicalTrials.gov

Synthesis
[PubMed]

Maisonial et al. described the chemical synthesis and characterization of compound 56 in
detail (1). Compound 56 was synthesized starting from the corresponding stannane
precursor 76 (N-[2-[N-ethyl-N-[2-(2-fluoropyridin-3-yloxy)ethylJamino]ethyl]-6-
tributylstannylquinoxaline-2-carboxamide). The formula of compound 56 was
CyoH21FIN502,2HCLH,O. The chemical yield was 91%. Radiolabeled versions of
compound 56, [1251]56 and [1311]56, were synthesized with a classic electrophilic
radioiodo-demetalation reaction, using no-carrier-added [125T]Nal and [1311]Nal,
respectively, in acidic medium (citrate buffer) in the presence of chloramine-T
monohydrate. The radiochemical yield and purity of [12°1]56 were 53% and 99.7%,
respectively, and the specific activity was 31.9 GBg/umol (0.86 Ci/umol). [}311]56 was
obtained with a specific activity of 106.9 GBq/umol (2.89 Ci/umol) and a radiochemical
purity of 98.5%; the radiochemical yield of [1311]56 was not reported.

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

The in vitro data of the lead compound 3 were summarized in the literature regarding
[1251]ICF01012 (or [12°1]3) (15, 16). In vitro studies with cells were not performed for the
compound 56.

Animal Studies

Rodents
[PubMed]
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Maisonial et al. performed a biodistribution study in C57B16 mice (n = 3) bearing
melanoma B16F0 tumors after injection of 2.7 MBq (0.073 mCi) [1251]56, with [12°1]3 as
the reference (1). High tumor accumulation was observed at 1 h, and it increased
gradually to a maximum at 3-6 h. The radioactivity continued to be measurable for at
least 5 days. The tumor uptake levels werel2.7 + 2.3,20.2 + 4.2, 18.8 £ 1.6, 18.2 + 0.6, 10.3
+1.7,52+1.2,32+04,1.7 £ 0.4, 0.6 + 0.3% injected dose per gram tissue (ID/g) at 1, 3,
and6hand 1, 3,5, 7, 10, and 14 days after injection, respectively. In comparison, the
tumor uptake levels of [1221]3 were 21.8 + 6.6, 26.3 + 6.6, 29.6 + 8.4, 28.0 + 8.2, 12.3 + 3.7,
7.3+3.6,34+0.3,and 1.9+ 0.4% ID/g 1,3,and 6 hand 1, 3, 5, 7, and 10 days after
injection. [12°1]56 showed a rapid excretion (20% remaining after 24 h), similar to that
observed with [12°1]3. These results suggest that [1251]56 maintains the high tumor
affinity, giving rapid and long-lasting tumor radioactivity uptake. The long-lasting tumor
radioactivity uptake led to a calculated biological half-life of 38 h for [1311]56 and a
tumor-absorbed dose of 1.12 Gy/MBq of injected [1311]56. Although these values were
lower than those obtained with [1311]3 (49.3 h and 1.71 Gy/MBq injected), they were in a
range compatible with radionuclide therapy for melanoma No blocking studies were
performed.

Serial scintigraphic images also illustrated rapid clearance from nontarget organs,
allowing well-defined images of the tumor. In nontarget organs of liver, lung, or kidney (n
= 2 mice), radioactive uptake decreased to a very low level after 3 h and was undetectable
after 24 h. The tumor/muscle ratios were 23 and 37 at 1 h and 3 h after injection,
respectively. The pigmented structures of the eyes exhibited a radioactivity uptake profile
similar to that of the tumor. High radioactive uptake was also visualized in the throat area,
mainly in the salivary glands and thyroid, likely due to a nonspecific concentration.
Analyses on collected urine and feces showed an imbalance between urinary and fecal
elimination routes, at 38.1% and 36.1%, respectively, for the 0-24 h period and 45.1% and
38.7%, respectively, for the 0-72 h period.

The therapeutic efficacy of [1311]56 was assessed in C57B16 mice bearing subcutaneous
B16F0 melanoma (n = 10 mice). Two doses of [1311]56 (2 x 18.5 MBq) were administered
at day 6 and day 10, respectively. BI6F0 tumors in the untreated group (n = 10 mice)
showed exponential growth, with a tumor-doubling time of 2.8 + 0.3 days, whereas
[1311]56 inhibited the in vivo growth of BI6F0 tumors (doubling time, 3.8 £ 0.3 days) (P <
0.001). The concentration of [1311]56 used here was much lower than its 50% lethal dose
(data not shown).

In summary, Maisonial et al. synthesized 14 new iodinated and fluorinated analogs of the
lead compound 3 ([1311]3) (1). All of these tracers contain a 2- or 6-fluoropyridine moiety
incorporated in the N,N-diethylethylenediamine scaffold. Most of these novel
radioiodinated compounds showed significant tumor retention, especially the derivative
[125/1317]56, which presented high and long-lasting tumor uptake combined with a rapid
clearance from nontarget organs, offering both diagnostic (12°T and 18F) and therapeutic
(131y) potentialities (1).
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Other Non-Primate Mammals
[PubMed]

No references are currently available.

Non-Human Primates
[PubMed]

No references are currently available.

Human Studies
[PubMed]

No references are currently available.
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