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Solithromycin, a new macrolide and the first fluoroketolide, is in late-stage clinical development and, like older macrolides, is
primarily metabolized and excreted through liver-dependent mechanisms. This study evaluated the safety and pharmacokinetics
of solithromycin in patients with chronic liver disease. This open-label, multiple-dose study in subjects with hepatic impairment
and in healthy control subjects (matched for age, weight, and sex) enrolled 8 Child-Pugh class A (mild), 8 class B (moderate), and
8 class C (severe) patients and 9 healthy controls. Subjects (n � 33) received one 800-mg dose on day 1 followed by once-daily
doses of 400 mg on days 2 through 5. The most commonly reported adverse events were mild diarrhea and mild headache, and
no significant differences were noted between hepatically impaired subjects and healthy controls. The pharmacokinetics of
plasma solithromycin in subjects with mild and moderate impairment was similar to that in control subjects. In subjects with
severe impairment, total exposure to solithromycin at steady state (area under the plasma concentration-time curve
[AUC0 –tau]) was decreased compared to that in control subjects, which may have been related to the higher body mass index of
individuals in this group. No greater accumulation was noted in any hepatically impaired cohort on day 5 compared to that in
control subjects. No decrease in dosage is therefore needed when administering solithromycin to patients with mild, moderate,
or severe hepatic impairment. Solithromycin was well tolerated in this patient population, and no significant differences in
safety, compared to healthy controls, were noted.

Solithromycin (CEM-101) is a new macrolide antibiotic, the
first fluoroketolide, being developed in both oral and intrave-

nous formulations for the treatment of bacterial infections. Soli-
thromycin has in vitro activity against both respiratory (1–4) and
urogenital (4–7) pathogens. In a phase 2 study in patients with
community-acquired bacterial pneumonia (CABP), treatment
with a once-daily 5-day regimen of solithromycin showed efficacy
comparable to, and was better tolerated than, levofloxacin (8). A
phase 2 single-dose study in patients with uncomplicated urogen-
ital gonorrhea showed a microbiological success rate of 100% at
the 2 doses evaluated (9). Solithromycin has been evaluated in one
phase 3 oral CABP study (ClinicalTrials registration no.
NCT01756339), in which noninferiority to moxifloxacin was
demonstrated (10), and is currently being evaluated in a phase 3
intravenous to oral CABP study (ClinicalTrials registration no.
NCT01968733) and in a phase 3 gonorrhea study (ClinicalTrials
registration no. NCT02210325).

Solithromycin exhibits nonlinear pharmacokinetics (PK) and
accumulates moderately over multiple dosing regimens due to
autoinhibition. Therefore, a loading dose regimen with lower
daily maintenance doses was chosen for clinical development. In
healthy subjects, the loading dose of 800 mg solithromycin on day
1 achieves peak plasma concentrations of �1.0 �g/ml; similar
peak concentrations are achieved on day 5 after once-daily dosing
of 400 mg for 4 days (11). Food does not appear to have an effect
on the bioavailability of solithromycin (11).

Solithromycin may be used to treat infections in patients with
hepatic impairment. CYP3A4 metabolism and hepatic elimina-
tion are likely its major metabolic and clearance pathways (data
not shown). Solithromycin is metabolized by CYP3A4, and, as a
mechanism-based inhibitor of CYP3A isozymes, it inhibits its
own metabolism. It does not induce CYP3A isozymes. Biliary ex-
cretion in animal models is extensive; in humans, the majority of

radioactivity was excreted in the feces after administration of
[14C]solithromycin (data not shown).

This hepatic impairment study was designed based on the cur-
rent FDA guidance (23), which recommends using the Child-
Pugh classification system to determine the degree of liver impair-
ment and a sample size of at least 8 subjects in the moderate-
impairment arm and the healthy control arm. This document also
acknowledges that statistical significance of differences between
groups (e.g., 90% confidence intervals between 80% and 125% or
50% and 200%) may not be achievable given the small sample
sizes. A review of published literature on PK studies of marketed
macrolide antibiotics in hepatically impaired subjects revealed
that clarithromycin was evaluated in 7 (moderate and severe) sub-
jects (12), azithromycin was evaluated in 16 (mild and moderate)
subjects (13), and telithromycin was evaluated in 12 (mild, mod-
erate, and severe) subjects (14).

We evaluated the PK, protein binding, and safety of solithro-
mycin in 24 subjects with mild, moderate, and severe hepatic im-
pairment compared to 9 healthy subjects with normal hepatic
function.
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MATERIALS AND METHODS
This was an open-label, nonrandomized, parallel-group study conducted
at 2 centers in the United States between March and August 2013. The
study was conducted in accordance with good clinical practice guidelines
and conformed to the ethical principles of the Declaration of Helsinki.
The protocol and informed consent documents were approved by two
institutional review boards (IRB) (Aspire IRB and University of Miami,
Human Subjects Research Office). Written informed consent was ob-
tained from all subjects prior to enrollment. Liver disease severity was
assessed by Child-Pugh scores.

Male and female subjects (ages 18 to 75 years) with mild (Child-Pugh
score of 5 or 6), moderate (Child-Pugh score of 7 to 9), and severe (Child-
Pugh score of �10) hepatic impairment and with a total body mass index
(BMI) of �18 and �40 kg/m2 were enrolled. Healthy control subjects
with normal hepatic function, matched for age (�10 years), weight
(�20%), and sex (approximately the same ratio of men to women), were
also enrolled. All subjects had to provide written informed consent, to
adhere to the lifestyle guideline restrictions (abstaining from smoking,
alcohol, and xanthine-containing beverages), and be confined to the clin-
ical research unit as required by the protocol. Subjects were required to
have a QT interval with Fridericia correction (QTcF) of �470 ms and to
have aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) levels of less than or equal to the upper limit of normal (ULN) for
healthy control subjects and �6 � ULN for hepatically impaired subjects.
Subjects with hepatorenal syndrome or a surgical portocaval shunt were
excluded; however, those who had undergone a transjugular intrahepatic
portosystemic shunt (TIPS) procedure were enrolled. Concomitant use of
medications that are moderate to strong substrates, inhibitors, or induc-
ers of CYP3A4 was prohibited.

Subjects with mild impairment and matched controls received one
dose of 800 mg (4 200-mg capsules) on day 1 followed by once-daily
400-mg doses (2 200-mg capsules) on days 2 through 5. In all cases, the
study medication was administered under the direct supervision of study
staff. The first and last doses (days 1 and 5) were administered in the fasted

state, and subjects drank �240 ml of water with each dose. Subjects were
confined in the study center during the 5-day dosing period and for at least
72 h after the last dose for PK sampling. All subjects returned for a fol-
low-up visit 14 (�2) days after the last dose. Preliminary PK and safety
data were reviewed from the previous groups prior to dosing the next
group (moderate and severe hepatic impairment groups), and no dosage
modifications were required; all groups received the same dosing regimen.

Safety was evaluated by clinical laboratory tests (on days 2, 4, 6, 8, and
19), physical examination, vital signs, 12-lead electrocardiograms
(ECGs), and adverse events (AEs). All reported AEs were coded to a stan-
dard set of terms, using the Medical Dictionary for Regulatory Activities
(MedDRA) version 15.1. The number of subjects experiencing treatment-
emergent adverse events (TEAEs) and the number of TEAEs were sum-
marized by the MedDRA-preferred term for each cohort.

Blood samples for the measurement of plasma concentrations of soli-
thromycin and its active side chain metabolites, N-acetyl-CEM-101 and
CEM-214, were collected on days 1 and 5 at 0 (predose), 0.5, 1, 1.5, 2, 3, 4,
6, 8, 12, and 16 h postdose. On days 2 to 4, samples were collected at
predose only, and on days 6 to 8, they were collected at 24, 36, 48, and 72
h postdose. Plasma samples were stored frozen at �70°C and analyzed in
batches using a validated liquid chromatography-mass spectrometry (LC-
MS) method at a central laboratory. The range of quantification was 10 to
10,000 ng/ml for CEM-101 (1 to 1,000 ng/ml for N-acetyl-CEM-101 and
CEM-214); deuterated CEM-101 was added as an internal standard. The
precision ranged from 4.4% to 5.6%, and the accuracy ranged from
�5.4% to �0.7%.

Additional blood samples were obtained (at predicted maximum ob-
served concentration [Cmax]) 4 h postdose on days 1 and 5 to measure
unbound solithromycin concentrations in plasma for evaluation of pro-
tein binding. These samples were stored frozen at �70°C after collection
and incubated in batches in an equilibrium dialysis chamber, and samples
from each side of the membrane were analyzed using a validated LC-MS
method at a central laboratory.

Urine was collected from all subjects over 24 h postdose on days 1 and

TABLE 1 Demographic data of enrolled subjects

Trait

Result by group

Child-Pugh class
Aa (n � 8)

Child-Pugh class
Ba (n � 8)

Child-Pugh class
Ca (n � 8)

Healthy control
(n � 9)

Hepatically impaired
total (n � 24)

Sex (n [%])
Female 3 (38) 0 (0) 3 (38) 3 (33) 6 (25)
Male 5 (63) 8 (100) 5 (63) 6 (67) 18 (75)

Race (n [%])
Asian 2 (25) 0 (0) 0 (0) 0 (0) 2 (8)
White 6 (75) 8 (100) 8 (100) 9 (100) 22 (92)

Ethnicity (n [%])
Hispanic or Latino 2 (25) 5 (63) 5 (63) 5 (56) 12 (50)
Not Hispanic or Latino 6 (75) 3 (38) 3 (38) 4 (44) 12 (50)

Age (yr)
Mean 56.9 57.1 55.6 57.9 56.5
Minimum 49 49 42 51 42
Maximum 67 68 65 66 68

Wt (kg)
Mean 77.1 89.2 85.0 77.4 83.8
Minimum 68.0 71.0 65.2 66.0 65.2
Maximum 106.9 115.3 110.5 89.6 115.3

BMI, mean (kg/m2) 27.1 29.5 31.2 27.3 29.3
a Child-Pugh classes: A, mild hepatic impairment, mean score of 5.625; B, moderate impairment, mean score of 7.375; C, severe impairment, mean score of 10.625.
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5 for PK analysis of solithromycin, N-acetyl-CEM-101, and CEM-214;
stored frozen at �70°C after collection; and analyzed using a nonvalidated
LC-MS method at a central laboratory. The range of quantification was 50
to 50,000 ng/ml for CEM-101 (5 to 5,000 ng/ml for N-acetyl-CEM-101
and CEM-214); deuterated CEM-101 was added as an internal standard.
The precision ranged from 4.7% to 9.2%, and the accuracy ranged from
�10.0% to 0%.

PK parameters were calculated from the plasma and urine solithromy-
cin samples, N-acetyl-CEM-101, and CEM-214 concentration-time data
following dosing on days 1 and 5. The following PK parameters were
calculated using noncompartmental analyses as appropriate: areas under
the plasma concentration-time curves (AUC0 –t, AUC0 –inf, AUC0 –tau),
percentage of the area extrapolated for calculation of AUC0 –inf

(AUC%ext), Cmax, time of occurrence of Cmax (tmax), the apparent oral
clearance (CL/F), volume of distribution at steady state (Vss/F), percent-
age of bound plasma protein, amount of drug excreted in urine, cumula-
tive amount excreted in urine, percentage of dose excreted in urine, and
renal clearance (CLR). Descriptive statistics, including mean, standard
deviation (SD), and coefficient of variation (CV), were calculated for the
plasma concentrations and PK parameters of solithromycin and its 2 side

chain metabolites and for the fractional and cumulative amounts excreted
in the urine.

An analysis of variance (ANOVA) was performed on the ln-trans-
formed PK parameters AUC0 –t, AUC0 –inf, AUC0 –tau, and Cmax for soli-
thromycin, as applicable, between each impaired group and the control
group, using PROC MIXED of SAS version 9.3 for day 1 and day 5 sepa-
rately. The ANOVA model included group as a fixed effect. Each ANOVA
included calculation of least-square means (LSM), the difference between
the LSM of the impairment group (group A [mild], B [moderate], or C
[severe]) and the healthy matched control group (group D), and the stan-
dard error and 90% confidence interval (CI) associated with this differ-
ence. These were transformed back to the original concentration or ratio
scale, and the geometric mean values were reported. Ratios of means and
their 90% CIs were expressed as percentages of the impaired group over
the matched control group. The comparisons of interest were group A
versus group D, group B versus group D, and group C versus group D.

RESULTS

Thirty-three subjects were enrolled in the study and assigned to
treatment. Eight subjects with mild hepatic impairment (Child-

TABLE 2 Treatment-emergent adverse events

Adverse eventa

No. (%) of subjects

Child-Pugh class
Healthy controls
(n � 9)

Hepatically impaired
total (n � 24)A (n � 8) B (n � 8) C (n � 8)

All subjects with adverse events 1 (13) 4 (50) 4 (50) 4 (44) 9 (38)

Gastrointestinal disorders 1 (13) 4 (50) 2 (25) 1 (11) 7 (29)
Diarrhea 1 (13) 4 (50) 2 (25) 0 (0) 7 (29)
Gastritis 0 (0) 0 (0) 0 (0) 1 (11) 0 (0)

General disorders and administration site
conditions

0 (0) 0 (0) 1 (13) 0 (0) 1 (4)

Noncardiac chest pain 0 (0) 0 (0) 1 (13) 0 (0) 1 (4)

Investigations 0 (0) 0 (0) 1 (13) 1 (11) 1 (4)
Blood creatine phosphokinase increased 0 (0) 0 (0) 1 (13) 0 (0) 1 (4)
Hepatic enzyme increased 0 (0) 0 (0) 0 (0) 1 (11) 0 (0)

Nervous system disorders 0 (0) 0 (0) 1 (13) 2 (22) 1 (4)
Headache 0 (0) 0 (0) 1 (13) 2 (22) 1 (4)

Skin and subcutaneous tissue disorders 0 (0) 0 (0) 0 (0) 1 (11) 0 (0)
Rash 0 (0) 0 (0) 0 (0) 1 (11) 0 (0)

a Adverse events are classified according to MedDRA version 15.1.

TABLE 3 Liver-related chemistry changes from baseline, days 6 and 8

Laboratory test Day

Change from baseline (mean � SD) in:

Child-Pugh
class A

Child-Pugh
class B

Child-Pugh
class C

Healthy
control

ALT (IU/liter) 6 6.4 � 10.2 6.9 � 8.9 2.5 � 9.8 4.6 � 6.2
8 4.0 � 8.0 7.8 � 6.9 6.3 � 14.6 2.6 � 4.5

AST (IU/liter) 6 3.4 � 7.9 �1.5 � 7.7 0.0 � 26.5 �0.4 � 2.5
8 0.4 � 5.9 0.1 � 10.6 5.8 � 22.4 �0.6 � 2.9

Direct bilirubin (mg/dl) 6 0.06 � 0.15 0.03 � 0.05 0.11 � 0.25 0.04 � 0.09
8 0.00 � 0.08 0.03 � 0.05 0.04 � 0.21 0.00 � 0.05

Total bilirubin (mg/dl) 6 0.00 � 0.24 0.04 � 0.29 0.14 � 0.57 0.03 � 0.20
8 �0.13 � 0.13 �0.01 � 0.25 0.00 � 0.55 �0.03 � 0.17
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Pugh class A, mean Child-Pugh score of 5.625), 8 with moderate
hepatic impairment (Child-Pugh class B, mean Child-Pugh score
of 7.375), 8 with severe hepatic impairment (Child-Pugh class C,
mean Child-Pugh score of 10.625), and 9 healthy matched con-
trols were enrolled. The demographic characteristics of the sub-
jects are shown in Table 1; the groups were well matched for age,
weight, and sex.

Among the three hepatically impaired groups, the most fre-
quent cause of hepatic disease was hepatitis C virus infection, fol-
lowed by alcohol abuse and/or alcoholic cirrhosis. The majority of
the moderately and severely hepatically impaired subjects had one
or more medical conditions commonly associated with hepatic
disease, such as hepatic encephalopathy, ascites, or portal hyper-
tension. Many hepatically impaired subjects were on concomitant
medications, most frequently diuretics, insulin, oral hypoglyce-
mic medications, antihypertensive drugs, and antianxiety drugs.

Thirty-two subjects completed the study in accordance with
the protocol; 1 subject (a healthy control) was discontinued by the
investigator after dosing on day 2 due to a mild rash AE, which
resolved after treatment with diphenhydramine. These 32 subjects
were included in the PK analyses, and all 33 subjects who received
the study drug were included in the safety analyses.

Solithromycin was well tolerated by both healthy subjects and
hepatically impaired subjects. No deaths or serious AEs were re-
ported in this study. Overall, 16 TEAEs were reported by 13 sub-
jects, with 9 of 24 (38%) hepatically impaired subjects and 4 of 9
(44%) healthy matched controls reporting AEs (Table 2). Of these
AEs, 12 were considered mild and 4 were considered moderate in
severity. The investigator considered 11 AEs to be related to the
study drug and 5 AEs to be unrelated. All events resolved by the
end of the study.

The most common AE was mild diarrhea, reported a total of 7
times by 7 subjects (21%), including 1 mildly hepatically impaired
subject, 4 moderately hepatically impaired subjects, and 2 severely
hepatically impaired subjects. All 7 of these events were consid-
ered related to the study drug.

All remaining AEs were experienced by �3 subjects (�9%). Of
these, 3 AEs (headache, increased hepatic enzyme, and rash), all
experienced by healthy control subjects, were considered treat-
ment related.

There were no clinically significant shifts in chemistry, hema-
tology, or coagulation parameters in this study. The mild AE of
increased ALT on day 4 (70 IU/liter; 1.3 � ULN) was reported in
a healthy 60-year-old female control subject.

Many hepatically impaired subjects had liver function tests
above the ULN at baseline and throughout the study. Mean AST
was above the ULN (41 IU/liter) at all pre- and postdose time
points for all subjects in the moderately and severely hepatically
impaired groups. Mean direct bilirubin was above the ULN (0.5
mg/dl) at all pre- and postdose time points for the severely hepati-
cally impaired group. For this reason, mean changes from baseline
results on day 6 (after 5 days of study drug administration) and
day 8 (upon discharge) for ALT, AST, and direct and total biliru-
bin are presented in Table 3. None of the mean changes from
baseline were considered clinically important in any group.

ECGs were obtained in triplicate, on days 1, 3, and 5, prior to
dosing and at 4 h postdose. No clinically important ECG shifts
from normal at baseline to abnormal postdose were observed.
There were no significant changes in QTcF postdose in any
group. There were no ECG AEs in this study, and all individual

subject ECG abnormalities were considered not clinically sig-
nificant. Mean change from baseline in heart rate, across all
groups, ranged from 1 to 11 beats per minute (bpm) at post-
dosing time points and did not differ significantly between
study subjects with and without liver disease. Tachycardia (de-
fined as a heart rate of 	100 bpm) was not observed at any time
point in any study subject.

Plasma concentrations of solithromycin on days 1 and 5 are
presented in Fig. 1 and 2. Select plasma PK parameters of solithro-
mycin on days 1 and 5 and the results of inferential statistical
analyses comparing the Cmax and AUC in subjects with hepatic

FIG 1 Mean (
SD) plasma concentrations of solithromycin on day 1 and
day 5.
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impairment and those with normal hepatic function are presented
in Table 4. Each group (mild, moderate, severe, control) consisted
of 8 subjects in this analysis.

The observed variability of the PK parameters of solithromycin
was higher in this study than in previous studies, with the intra-
subject CV between 54.92% and 134.12% across both AUC and
Cmax values. The high variability and the small sample size of the
study (n � 8 per cohort) preclude making statistical conclusions
based on the 90% CIs of the ratios of LSM for Cmax and AUC. The
results from the statistical analyses are therefore also discussed
based on the ratios of LSMs and the overall tendency, if any, re-
lated to the degree of hepatic impairment.

All 90% CIs were outside the 50% to 200% range and, in most
cases, expanded outside this range on both the lower and upper
limits. Based on the ratios of LSMs, there were no apparent trends
in Cmax and AUC with regard to the degree of hepatic impairment
or compared to the control group.

Although the variability of the PK parameters at steady state
was lower than after a single dose, it remained high for all param-
eters (CV, 	50%). Based on the ratios of LSMs, AUC0 –tau ap-
peared to decrease with increasing degree of hepatic impairment.
For subjects with severe hepatic impairment, the ratio of LSM was
58.9%, and the 90% CI for AUC0 –tau was entirely below 100%. An

effect of hepatic impairment on the Cmax and AUC0 –t parameters
was not as apparent, with a 12% lower Cmax for the severe impair-
ment group than for the control group. This observed difference
may be somewhat underestimated because one subject in the con-
trol group had a low Cmax and AUC0 –t.

The volume of distribution at steady state (Vss/F) also in-
creased with increasing severity of liver impairment. On day 5,
control subjects had a mean Vss/F of 542 liters, and mild, moder-
ate, and severe subjects had mean Vss/F values of 778, 832, and
1,749 liters, respectively. The median CL/F values ranged from 75
to 97 liters/h and were relatively comparable for all groups.

Plasma concentrations of the active side chain metabolites
were low relative to the parent concentrations, with exposure
(AUCtau) to CEM-214 at �5% of parent exposure while exposure
to N-acetyl-CEM-101 ranged from �5% to 21% of parent expo-
sure (see Tables S1 and S2 in the supplemental material). For
N-acetyl-CEM-101, based on the ratios of LSMs, Cmax and AUC
values seemed to increase with increasing degree of hepatic im-
pairment (see Table S1 in the supplemental material). For CEM-
214, based on the ratios of LSMs, moderate and severe hepatic
impairments appeared to decrease the Cmax and AUC values by at
least 40% and 30%, respectively (see Table S2 in the supplemental
material).

FIG 2 Individual plasma concentrations of solithromycin on day 5 in subjects with Child-Pugh class A (mild), Child-Pugh class B (moderate), and Child-Pugh
class C (severe) impairment and in healthy control subjects. Colors/symbols are used to represent individual subjects.
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The protein binding of solithromycin was evaluated 4 h post-
dose on days 1 and 5 and was slightly lower for subjects with
moderate and severe hepatic impairment than for control sub-
jects. Hepatic impairment had a minimal effect on the protein
binding of solithromycin following multiple once-daily doses for
5 days, with a decrease in the mean percentage of protein bound of
�9%, from 71% to 62%, between subjects with severe hepatic
impairment relative to the control group with normal hepatic
function. A slight increase in the free fraction with increased de-
gree of hepatic impairment was observed.

Mean urinary excretion parameters for solithromycin follow-
ing a single oral 800-mg dose (day 1) and following multiple
400-mg doses (day 5) are presented in Table 5.

The urinary excretion of solithromycin over 24 h following a
single oral 800-mg dose (day 1) and following multiple 400-mg
doses (day 5) appeared to be similar across groups. There were no

apparent trends with the degree of hepatic impairment. Approx-
imately 8.8% to 11.8% of the dose was recovered in urine in the 24
h after the 400-mg dose on day 5. In addition, no apparent time
dependency was observed in the PK of solithromycin in urine, as
CLR was generally similar on days 1 and 5 within each cohort.

Only very small amounts of the active side chain metabolites
were recovered in the urine. After a single 800-mg dose, �1% was
recovered as N-acetyl-CEM-101 or CEM-214 over 24 h. On day 5
over 24 h, �1.3% was recovered as N-acetyl-CEM-101 and �2%
as CEM-214. Hepatic impairment did not affect the renal elimi-
nation of solithromycin and its N-acetyl-CEM-101 and CEM-214
metabolites.

DISCUSSION

While the overall prevalence of cirrhosis in the United States is
difficult to ascertain, the incidence of mortality from chronic liver

TABLE 4 Statistical comparison of select plasma solithromycin pharmacokinetic parameters, days 1 and 5

Compared groups and parametera

Geometric LSMb

Geometric mean ratio
(test/reference)c (%) 90% CI CV (%)Test group Reference group

Day 1
Mildly impaired vs control

Cmax (�g/ml) 0.782 0.709 110.34 46.56–261.51 134.12
AUC0–inf (�g · h/ml) 8.039 12.376 64.96 30.02–140.59 100.49

Moderately impaired vs control
Cmax (�g/ml) 0.558 0.709 78.75 33.23–186.63 134.12
AUC0–inf (�g · h/ml) 9.491 12.376 76.69 34.62–169.88 100.49

Severely impaired vs control
Cmax (�g/ml) 0.712 0.709 100.37 42.35–237.88 134.12
AUC0–inf (�g · h/ml) 9.112 12.376 73.63 33.24–163.09 100.49

Day 5
Mildly impaired vs control

Cmax (�g/ml) 0.786 0.649 121.08 64.38–227.71 85.78
AUC0–tau (�g · h/ml) 7.900 10.492 75.30 47.89–118.39 54.92

Moderately impaired vs control
Cmax (�g/ml) 0.684 0.649 105.36 56.02–198.14 85.78
AUC0–tau (�g · h/ml) 7.509 10.492 71.58 45.52–112.55 54.92

Severely impaired vs control
Cmax (�g/ml) 0.504 0.649 77.69 41.31–146.11 85.78
AUC0–tau (�g · h/ml) 6.176 10.492 58.86 37.44–92.55 54.92

a Parameters were ln transformed prior to analysis. n � 8/group.
b Geometric least-squares means were calculated by exponentiating the LSMs from the ANOVA.
c Percent geometric mean ratio � 100 � (test/reference).

TABLE 5 Mean pharmacokinetic parameters for urine solithromycin, days 1 and 5

Pharmacokinetic parametera

Result (mean � SD) by group

Child-Pugh class
A (n � 8)

Child-Pugh class
B (n � 8)

Child-Pugh class
C (n � 8)

Healthy control
(n � 8)

Day 1
CumAe total (mg) 38.4 � 19.1 51.5 � 31.2 44.2 � 29.3 38.1 � 19.2
Total dose (%) 4.8 � 2.4 6.4 � 3.9 5.5 � 3.7 4.8 � 2.4
CLR (liter/h) 4.9 � 2.2 6.5 � 1.8 5.7 � 3.4 4.9 � 3.5

Day 5
CumAe total (mg) 35.3 � 8.8 45.6 � 20.6 47.3 � 18.9 41.1 � 19.4
Total dose (%) 8.8 � 2.2 11.4 � 5.2 11.8 � 4.7 10.3 � 4.9
CLR (liter/h) 4.4 � 0.8 5.6 � 1.6 7.6 � 3.1 4.6 � 1.8

a CumAe, cumulative amount of drug excreted in urine. CLR was calculated using matching intervals between plasma and urine data.
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disease in 2008 in the United States was reported to be 25.7 deaths/
100,000 people, and chronic liver disease ranked twelfth among
the leading causes of death (15). In 2004, 	2.4 million ambulatory
care visits in the United States were attributed to chronic liver
disease (16). Chronic liver disease is also a significant contributor
to morbidity and mortality in the European Union and Asia (17).
The importance of knowledge guiding drug dosing in the setting
of liver disease is thus of great importance. While dosage adjust-
ments have been recommended for erythromycin (18), newer
macrolides, such as azithromycin, clarithromycin, and the ke-
tolide telithromycin, have not required dosage adjustments due to
hepatic impairment (12–14).

Solithromycin, given orally as an 800-mg loading dose on day 1
followed by 400 mg once daily on days 2 to 5, was safe and well
tolerated by the hepatically impaired and healthy matched sub-
jects in this study. The AE profiles of hepatically impaired subjects
did not differ significantly from those of the age-, weight-, and
sex-matched control subjects. Mean changes from baseline in liver
function tests were also similar between the hepatically impaired
and healthy subjects.

The PK of plasma solithromycin in subjects with mild and
moderate hepatic impairment were similar to that in subjects with
normal liver function. Total exposure to solithromycin at steady
state (AUC0 –tau) decreased by �41% for subjects with severe he-
patic impairment compared to that in subjects with normal he-
patic function. With an LSM AUC of 6.176 �g · h/ml in the se-
verely hepatically impaired group after day 5 and an MIC90 to
Streptococcus pneumoniae of 0.25 (19), an AUC/MIC ratio of �24
would be achieved, which should still produce a 	2-log kill based
on previous studies (20). This decrease in plasma exposure may
reflect the 	3-fold larger mean Vss/F observed in severely im-
paired subjects receiving solithromycin; a similar increase was ob-
served with clarithromycin in severely impaired subjects (13), but
azithromycin was not evaluated in severely impaired subjects (14).
The severely impaired cohort had the highest mean BMI (31.2
kg/m2), which may have contributed to the larger volume of dis-
tribution observed. The CL/F values were relatively comparable
for all groups. There was no apparent relationship between CL/F
and the degree of hepatic impairment. There was no evidence of
greater accumulation in hepatically impaired subjects than in
healthy subjects on day 5. These data suggest that no dosage de-
crease is needed for solithromycin administration in patients with
chronic liver disease, regardless of the degree of hepatic impair-
ment.

As observed with other macrolides, plasma exposure of soli-
thromycin exhibited a high degree of variability in small cohorts.
One healthy subject had low plasma levels, as seen in Fig. 2. It is
known that the plasma concentrations of macrolide antibiotics
are variable and that they concentrate intracellularly and in the
lung (12, 21). In the recently completed phase 3 oral CABP study,
solithromycin was demonstrated to be noninferior to moxifloxa-
cin in 860 moderate to moderately severe pneumonia patients
(10).

Within each group, the mean AUC0 –tau following the 400-mg
once-daily solithromycin doses was roughly 20% to 30% lower
than the AUC0 –inf following a single 800-mg dose. These results
suggest time-dependent PK and autoinhibition of CYP3A4, con-
sistent with prior evaluations.

The systemic exposure of N-acetyl-CEM-101 increased by 2- to
3-fold while the systemic exposure of CEM-214 decreased by 50%

to 60% for subjects with severe hepatic impairment compared to
those in the control group. These results may suggest a potential
change in the relative contribution of the different metabolic
pathways of solithromycin with hepatic impairment. N-Acetyla-
tion is primarily an extrahepatic metabolic pathway and appears
to increase with increasing severity of liver dysfunction. As both of
these metabolites are much less active than the parent (22) and
present at much lower concentrations than the parent, these
changes would not be expected to be clinically relevant.

Hepatic impairment had a minimal effect on the protein bind-
ing of solithromycin following multiple once-daily dosing for 5
days, with a difference of 9% between the severely hepatically im-
paired group and the control group with normal hepatic function.
Solithromycin was not highly bound to plasma proteins, with
mean values of �75% in this study across all groups. Therefore,
small variations in the free fraction of solithromycin are not ex-
pected to have any significant impact on the disposition of soli-
thromycin.

Hepatic impairment did not affect the renal elimination of
solithromycin or its N-acetyl-CEM-101 and CEM-214 metabo-
lites. Approximately 5% of the dose was excreted as solithromycin
in the urine over 24 h after a single dose and �10% was ex-
creted over 24 h after 5 once-daily doses. As the first dose was
twice as large as subsequent doses (800 versus 400 mg), the
actual amounts excreted in the urine over 24 h postdose were
similar on days 1 and 5.

In conclusion, patients with mild, moderate, or severe chronic
liver disease should not require a decrease in dosage when soli-
thromycin is administered once daily for 5 days.
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