Development of an Intravenous Formulation of Solithromycin (CEM-101), a Novel Potent Fluoroketolide
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Solithromycin (CEM-101) is the first fluoroketolide in development

Abstract
Background: Solithromycin (CEM-101) is a potent new fluoroketolide under development
for the treatment of bacterial respiratory tract and other infections. In order to treat
moderate to moderately severe to severe community acquired bacterial pneumonia
(CABP), an intravenous formulation of Solithromycin is desirable.
Methods: A soluble, stable formulation of Solithromycin was developed and tested in 28day toxicology studies in dogs and monkeys.
CEM-101 was infused once daily at doses of 0, 5, 10 and 15 mg/kg in dogs and at doses
of 0, 5, 12.5 and 25 mg/kg in monkeys. Blood was drawn pre-dose and at 0, 0.5, 1, 4, 8,
12 (monkey) and 24 hours following cessation of dosing on days 1 and 28 for
pharmacokinetic measurements. Clinical pathology and histopathology evaluations were
performed.
Results: Unlike other macrolides, it was noted that there was no apparent pain and no
significant irritation at the injection sites with Solithromycin. Excellent blood levels were
achieved in both species. In the dog, the Cmax of the 15 mg/kg dose group on days 1 and
28 were 3.9 mg/L and 3.0 mg/L, respectively. There were no toxicologically significant
serum chemistry, hematology or coagulation changes. Injection site had minor
microscopic changes, mostly procedure related. Monkey plasma Cmax at 25 mg/kg were
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serum chemistry, hematology or coagulation changes. Injection sites had minor
microscopic changes, mostly procedure related. Overall, there was little variability in blood
levels and no cardiac or other pharmacological abnormalities were noted in the dog or
monkey.
Conclusion: The toxicology assessment for the intravenous product of Solithromycin has
been successfully completed. Solithromycin was well tolerated with only minimal and
reversible findings. Solithromycin is the first macrolide/ketolide since azithromycin to have
the potential for an intravenous formulation making it feasible to conduct trials with a
macrolide in moderately severe to severe CABP.
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Introduction
An intravenous (IV) formulation of solithromycin is being developed in an effort to provide
treatment for sicker patients with more severe CABP. The IV formulation followed by the oral
formulation could allow step-down therapy for appropriate patients, and thereby provide a
benefit over an oral formulation alone
Many experiments have been conducted toward the development of a suitable IV formulation, and were
based upon past experience and available information on IV formulations of macrolides.

Materials and Methods
Solithromycin IV formulation is a buffered isotonic solution.
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28-day Repeat-dose Toxicity in Dogs
Solithromcyin was administered to beagle dogs at doses of 0, 5, 10 and 15 mg/kg via intravenous
infusion into the saphenous or cephalic veins for 28 days.
28-day Repeat-dose Toxicity in Monkeys
Solithromcyin was administered to cynomolgus monkeys at doses of 0, 5, 12.5 and 25 mg/kg via
intravenous infusion into the saphenous or brachial veins for 28 days.

Single-dose and multiple-dose human PK support a once-daily oral dosing regimen.
bioavailability of Solithromycin is not influenced by food.

The oral

Solithromycin has an expanded spectrum of activity that will allow evaluation in areas of unmet
medical need, including gonococcal and nongonococcal urethritis/cervicitis, malaria, tuberculosis,
Hansen’s disease, Mycobacterium
y
avium-intracellulare complex
p
((MAC),
) and biodefense p
pathogens
g
(Bacillus anthracis and Francisella tularensis).
Solithromycin has anti-inflammatory properties that may enhance clinical efficacy in infections.
shows

Solithromycin at doses up to 25 mg/kg/d for 28 consecutive days was well tolerated and resulted
mainly in local lesions at the infusion sites. The majority of the infusion site lesions were also
seen in the control animals at lower incidence and/or severity,
severity suggesting that the changes were
predominantly procedure-related, but slightly exacerbated by the administration of solithromycin.

The majority of the infusion site lesions were also seen in the control animals at lower incidence
and/or severity, suggesting that the changes were predominantly procedure-related, but slightly
exacerbated by the administration of solithromycin. All of the changes were completely or
partially reversed by the end of the 28-day recovery period. There were no changes in
ophthalmology, electrocardiography or coagulation that could be attributed to the administration
of solithromycin.

There were no changes in body weights, ophthalmology, electrocardiography, hematology,
coagulation, urinalysis or organ weights that could be attributed to the administration of
solithromycin by intravenous infusion at doses up to 25 mg/kg/d for 28 consecutive days.

A slight decrease in urine volume noted on Day 29 in the animals of both sexes at 15 mg/kg/d
was also completely reversed at the end of the 28-day recovery period.
Liver Enzymes: Marginal increases in mean ALT and cholesterol levels, slightly above the
historical normal ranges,
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In view of the small magnitude of the changes and in the absence of any histopathological
correlates, the toxicological significance of these changes remains equivocal. At the end of the
28-day recovery period, all values were comparable to concurrent controls.
Plasma Pharmacokinetics: Solithromycin exposures (Cmax and AUC(0-24)) increased with
increasing solithromycin dose in both sexes on Days 1 and 28.
The plasma exposure of
solithromycin was similar in both males and females on Day 1 and slightly higher in males on
Day 28. Solithromycin appeared to be eliminated more slowly at high doses. The blood levels
are shown in Figure 1.

All of the solithromycin related changes were completely reversed by the end of the 28-day
recovery period.

Liver enzymes: Marginal increases in mean ALT and AST levels were noted on Day 29 in the
12.5 and 25 mg/kg/d males. These changes were not considered to be toxicologically
significant, as most values remained within the normal variation range for this species or were
slightly above the historical normal ranges for cynomolgus monkeys but not statistically different
from controls and had no histopathological correlates. At the end of the 28-day recovery period
(Day 57), all values were comparable to concurrent controls.
Pharmacokinetics: Dose dependent increases in plasma levels were noted.
noted The plasma levels
on day 1 and day 28 in each of the dose groups are shown in Figure 2.
In the dog and monkey, plasma concentrations of the primary metabolites, N-acetyl
solithromycin and CEM-214, were very low.

Figure 2

Figure 1

Cynomolgus monkeys (Worldwide Primates, Inc., Miami, FL), 3 to 4 years old, body weights ranged
from 2.4 to 4.6 kg for males and 2.2 to 3.5 kg for females.

Solithromycin is well distributed in the blood, organs, tissues and cells in nonclinical studies, and
penetrates extensively into human lung ELF and AM. Taste was tolerable. It is not highly bound to
plasma proteins.
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28-day Repeat-dose Toxicity in Monkeys

Solithromycin at doses up to 10 mg/kg/d by intravenous infusion for 28 consecutive days was
well tolerated. Administration of 15 mg/kg/d resulted in the premature euthanasia of one male
dog but was well tolerated in the remaining dogs.
dogs The cause of death in the one dog was
unknown but the animals did have reduced fecal output and decreased body weight. A slight to
moderate treatment-related decrease in mean body weight, associated with decreased food
consumption, was noted in the 15 mg/kg/d animals of both sexes on Day 28; this was fully
reversible.

Animals:

Solithromycin has potent in vitro activity against the key bacterial pathogens associated with CABP,
including macrolide-resistant strains and atypical bacteria.

activity,

Results
28-day Repeat-dose Toxicity in Dogs

Beagle dogs (Marshall BioResources, Inc, North Rose, NY), 6 to 7 months old, body weights ranged
from 7.1 to 9.4 kg for males and from 5.3 to 6.8 kg for females.

The oral formulation of Solithromycin is currently in Phase 2 clinical trials in moderate to moderatelysevere community acquired bacterial pneumonia (CABP).

Solithromycin has in vitro intracellular
(intraphagocytic) pathogens in vivo.
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Solithromycin has no significant inhibitory effect on the nicotinic acetylcholine receptor subtype, in
contrast to telithromycin. Some of the adverse effects observed with telithromycin appear to be
associated with the inhibition of nicotinic acid acetylcholine receptor subtypes.
Unlike older macrolides, solithromycin did not activate the motilin receptor in vitro, and as a result, it is
not expected to induce gastrointestinal contractions through the motilin receptor response.

Discussion
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