
Phase Ib Trial To Evaluate the Safety and Pharmacokinetics of
Multiple Ascending Doses of Filociclovir (MBX-400,
Cyclopropavir) in Healthy Volunteers

Nadine G. Rouphael,a Selwyn J. Hurwitz,b Mari Hart,a Allison Beck,a* Evan J. Anderson,c Gregory Deye,d Blaire Osborn,d

Shu Yi Cai,d Chris Focht,e Cyrille Amegashie,e Terry L. Bowlin,f Jennifer Brooks,f Mark J. Mulligang

aThe Hope Clinic of the Emory Vaccine Center, Division of Infectious Diseases, Department of Medicine, Emory University School of Medicine, Decatur, Georgia, USA
bLaboratory of Biochemical Pharmacology, Department of Pediatrics, Emory University School of Medicine, Atlanta, Georgia, USA
cEmory Children’s Center, Department of Pediatrics, Emory University School of Medicine, Atlanta, Georgia, USA
dDivision of Microbiology and Infectious Diseases, NIAID, NIH, Rockville, Maryland, USA
eThe Emmes Company, LLC, Rockville, Maryland, USA
fMicrobiotix, Inc., Worcester, Massachusetts, USA
gAlexandria Center for Life Sciences (West Tower), New York University Langone Medical Center, New York, New York, USA

ABSTRACT Filociclovir (MBX-400, cyclopropavir) is an antiviral agent with activity
against cytomegalovirus (CMV). A phase 1, double-blind, randomized, placebo-con-
trolled (3:1 ratio), single-center, multiple-ascending-dose trial was conducted to as-
sess the safety, tolerability, and pharmacokinetics of filociclovir. Filociclovir (n � 18)
or placebo (n � 6) was administered as a daily oral dose (100 mg, 350 mg, or 750 mg)
for 7 days to normal healthy adults (ages, 25 to 65 years) who were monitored for
22 days. Safety assessments included clinical, laboratory, and electrocardiogram
monitoring. Plasma and urine samplings were used to determine pharmacokinetic
parameters. All study product-related adverse events were mild, most commonly
gastrointestinal (17%), nervous system (11%), and skin and subcutaneous tissue
(11%) disorders. One subject had reversible grade 3 elevation in serum creatinine
and bilirubin, which was associated with an �1-log increase in plasma filociclovir ex-
posure compared to levels for other subjects in the same (750-mg) cohort. No other
serious adverse events were observed. Plasma exposures (area under the concentration-
time curve from 0 to 24 h [AUC0–24]) on days 1 and 7 were similar, suggesting negligi-
ble dose accumulation. There was a sublinear increase in plasma exposure with dose,
which plateaued at the daily dose of 350 mg. The amount of filociclovir recovered in the
urine remained proportional to plasma exposure (AUC). Doses as low as 100 mg
achieved plasma concentrations sufficient to inhibit CMV in vitro. (This study has been
registered at ClinicalTrials.gov under identifier NCT02454699.)
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Cytomegalovirus (CMV) can cause significant morbidity and mortality, with severe
infections particularly affecting the fetus and immunocompromised patients (1–3).

Prevention and treatment can improve clinical outcomes. While several antiviral drugs
targeting CMV have been approved (ganciclovir, valganciclovir, cidofovir, foscarnet, and
letermovir), these medications have significant limitations related to toxicity, poor
bioavailability, and the development of resistance, particularly in the setting of pro-
longed antiviral use (4). Better-tolerated and safer drugs are needed for CMV treatment.

Filociclovir (MBX-400, cyclopropavir) is an investigational new oral synthetic meth-
ylenecyclopropane nucleoside analog (Z)-9-{[2,2-bis-(hydroxymethyl) cyclopropylidene]
methyl} guanine. Filociclovir is relatively hydrophilic. Like other nucleoside derivatives,
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the oral absorption and cellular accumulation of filociclovir are expected to be medi-
ated by nucleoside and possibly other transporters located on the membranes of
various tissues (5). Once internalized, nucleoside derivatives are phosphorylated to their
active nucleotide forms. The initial (rate-limiting) phosphorylation step to the mono-
phosphate form is catalyzed by the viral enzyme pUL97. Additional phosphorylation
steps are then catalyzed by cellular kinases to the di- and triphosphate forms. The
triphosphate form inhibits viral DNA polymerase (expression of both phosphoproteins
ppUL44 and pp28, essential for viral assembly and replication), which blocks viral
replication (6–9). Since uninfected cells do not contain pUL97, they are not expected to
phosphorylate filociclovir.

Filociclovir has potent antiviral activity against human CMV in vitro and in animal
models. In vitro median effective concentration (EC50) values determined against
wild-type human CMV are �1.2 �M (range, 0.36 to 1.91 �M) (10). For ganciclovir-
resistant strains, the in vitro EC50 values of filociclovir are generally lower than those for
ganciclovir (range, 0.04 to 37.2 �M depending on the strains tested) (10), often by a
factor of 5 to 10 or more. These data suggest that filociclovir is more potent than
ganciclovir and that it has a role in the treatment of patients that do not respond to
ganciclovir (11).

Single oral doses of filociclovir ranging from 35 to 1,350 mg were safe and well tolerated
in a cohort of 48 healthy participants enrolled in a prior phase 1 study (https://www
.clinicaltrials.gov/ct2/show/NCT01433835). The most commonly observed side effects
were gastrointestinal adverse events (AEs). There were no clear trends in frequency or
intensity of AEs with increasing doses of filociclovir, and dose-limiting toxicity was not
reached. Maximum plasma filociclovir concentrations following single-dose administra-
tion peaked 1 to 2 h postdose and returned to low/undetectable levels by 24 h
postdose. The maximum concentration of drug in serum (Cmax) and area under the
concentration-time curve (AUC) increased as filociclovir doses increased from 35 to
1,000 mg, although not in a dose proportional manner, and exposure peaked at a
filociclovir dose of 1,000 mg. Most of the filociclovir excreted in the urine occurred
within 4 h postdose, with minor amounts recovered between 8 and 96 h.

The objective of the current phase 1 trial was to evaluate the safety and pharma-
cokinetics (PK) of filociclovir with dose escalation (100, 350, 750, and 1,000 mg) in
healthy adults (ages 18 to 65 inclusive) receiving filociclovir versus placebo (3:1 ratio)
once daily for 7 consecutive days with full plasma concentrations time profiles obtained
following the first and seventh doses of the drug.

RESULTS
Demographics. A total of 24 subjects were enrolled into this single-center, multiple-

ascending-dose escalation clinical trial (Fig. 1). Eighteen received filociclovir, while six
received placebo. The majority receiving filociclovir were female (72%) and African-
American (56%). The mean age was 47.4 years (standard deviations [SD] of 13.0 and a
range of 25 to 65 years). Their mean height was 169.4 cm (SD of 10.1 and a range of 155
to 189 cm). Their mean weight was 76.5 kg (SD of 14.0 and range of 52 to 103 kg). The
average body mass index (BMI) was 26.6 kg/m2 (SD of 3.7 and range of 21 to 32.0 kg/
m2). The only notable difference among the treatment groups regarding baseline
characteristics (Table 1) was the distribution of genders: placebo recipients were 17%
female, while filociclovir recipients were 72% female (and similar across dose levels).

Safety. No serious adverse events were reported in this study. There were 21
nonserious clinical adverse events reported among 14 out of 18 (78%) subjects receiv-
ing filociclovir during the period of enrollment through day 22. None of the clinical
adverse events was considered to be severe; one unrelated event (physical assault) was
considered moderate, and 20 events were considered mild. The most common non-
serious adverse event was skin and subcutaneous tissue disorders (three events, two
related [rash and generalized pruritus]) and gastrointestinal disorders (three events all
related [nausea, esophageal discomfort, and abdominal distension]). Seven events
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were considered related to the study product, including headache in 2 subjects. Five
unrelated clinical adverse events were observed in 4 out of 6 placebo recipients (67%).

Hematologic adverse events (all grade 2 or lower) were observed in 10 subjects
(56%) receiving filociclovir with no difference between dose groups and in 5 subjects

FIG 1 Consort flow diagram.

TABLE 1 Demographics and baseline characteristics of subjects in the study

Parameter

Values for each group

100 mg (N � 6) 350 mg (N � 6) 750 mg (N � 6) All PK subjects (N � 18) Placebo (N � 6)

Age, yr
Mean (SD) 50.8 (16.0) 40.3 (10.8) 51.0 (10.5) 47.4 (13.0) 39.7 (8.8)
Min, max 25, 64 27, 51 33, 65 25, 65 28, 52

Sex, n (%)
Female 4 (66.7) 4 (66.7) 5 (83.3) 13 (72.2) 1 (16.7)
Male 2 (33.3) 2 (33.3) 1 (16.7) 5 (27.8) 5 (83.3)

Race, n (%)
Black or African-American 3 (50.0) 5 (83.3) 2 (33.3) 10 (55.6) 2 (33.3)
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7)
White 3 (50.0) 1 (16.7) 4 (66.7) 8 (44.4) 3 (50.0)

Height, cm
Mean (SD) 171.3 (10.2) 172.6 (8.5) 164.4 (10.9) 169.4 (10.1) 180.4 (5.7)
Min, max 160, 189 165, 186 155, 183 155, 189 173, 188

Weight, kg
Mean (SD) 73.7 (7.9) 84.5 (10.0) 71.4 (19.7) 76.5 (14.0) 82.7 (5.1)
Min, max 65, 84 68, 98 52, 103 52, 103 75, 89

Body mass index, kg/m2

Mean (SD) 25.1 (2.3) 28.4 (3.5) 26.1 (4.6) 26.6 (3.7) 25.4 (1.8)
Min, max 23, 29 24, 32 21, 31 21, 32 23, 28
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(83%) receiving placebo. The most common related hematology adverse events re-
ported among the subjects receiving filociclovir were hemoglobin decrease (in 2
subjects [11%]) and decreased leukocytes (in 2 subjects [11%]).

Biochemical adverse events were observed in 17 subjects (94%) receiving filociclovir
with no difference between dose groups and in 6 subjects (100%) receiving placebo.
The most commonly reported related biochemistry adverse events (all grade 1) were
elevation of aspartate aminotransferase (AST; in 3 subjects [17%]), alanine aminotrans-
ferase (ALT; in 2 subjects [11%]), and alkaline phosphatase (in 2 subjects [11%]) and
decrease in calcium (in 4 subjects [22%]) or potassium (in 3 subjects [17%]) levels. There
were no urinalysis abnormalities reported for this study. Two subjects had abnormal
but not clinically significant electrocardiogram (ECG) results that were considered
unrelated to the study product.

One subject in the 750-mg group had a grade 3 elevation in creatinine and bilirubin
about 24 h after the initial dose, prior to receipt of the second dose of filociclovir. The
subject was withdrawn from further drug dosing after the second dose and was
monitored for safety. The creatinine peaked at day 4 at 2.57 mg/dl (grade 3 laboratory
AE), and the bilirubin level peaked at day 3 at 2.6 mg/dl (grade 3 laboratory AE) with
direct bilirubin at 0.3 mg/dl. She had no symptoms and her physical exam was normal,
including no jaundice or right upper quadrant tenderness. She was managed with
aggressive oral hydration, and her laboratory abnormalities returned to baseline with-
out sequelae. The subject had a drug exposure as measured by the area under the
plasma concentration versus time curve (AUC0 –24) of 46,716 ng·h/ml, which exceeded
the predetermined study safety cutoff (20,000 ng·h/ml). Her AUC and Cmax were 11.3-
fold and 6.5-fold higher, respectively, than the mean for the other subjects in the
cohort. The sponsor stopped dose escalation after predefined halting rules were met.
The safety results are detailed in the supplemental material (Tables S1 and S2).

Pharmacokinetics. Plasma exposures to filociclovir on dosing days 1 and 7 were

similar for each cohort. The mean (�SD) accumulation ratios (Ro) were 0.94 (�0.11),
1.03 (�0.40), and 1.19 (�0.74) for the 100-, 350-, and 750-mg cohorts, respectively,
suggesting negligible dose accumulation (Fig. 2). AUC0 –24 increased sublinearly with
increasing dose (Fig. 3) and plateaued around the 350-mg dose. The mean (�SD)
AUC0 –24 values on day 7 were 2,170.8 (813.8), 4,211.3 (1,393.9), and 3,962.8 (1,307.0)
ng·h/ml for the 100-, 350-, and 750-mg cohorts, respectively, and were similar in the
350-mg and 750-mg dosing cohorts (these calculations did not include the subject that
did not receive doses after the second day) (Table 2). The mean oral clearance values
(CL/F) were 47.2 (�15.3), 96.7 (�61.3), and 195.7 (�179.5) liters/h for the 100-, 350-, and
750-mg cohorts, respectively, for day 1.

FIG 2 Plasma concentration versus time profiles of filociclovir recipients by dose level and study day. Solid curves and markers represent day 1 concentrations,
each coded by subject identifier, while dashed curves and hollow markers represent day 7 concentrations. There were 24 samples below the limits of
quantification; these are plotted at 1 ng/ml on the log10-transformed y axis.
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The CLr (amount recovered in urine/AUC0 –24, means � SD) were similar on day 1
(15.4 � 4.6, 15.5 � 7.3, and 15.6 � 5.6 liters/h) and day 7 (16.1 � 5.1, 17.0 � 2.9, and
17.0 � 2.9 liters/h) for the 100-, 350-, and 750-mg cohorts, respectively.

DISCUSSION

This phase 1, double-blind, randomized, placebo-controlled, single-center, multiple-
ascending-dose trial was the second human study with filociclovir conducted in healthy
CMV-uninfected subjects.

While filociclovir was generally well tolerated, one subject receiving 750 mg daily for
2 days developed a grade 3 elevation in creatinine and bilirubin levels that was
considered to be related to increased exposure to the drug relative to levels for other
subjects in the cohort, which triggered individual halting rules for that subject and
prevented dose escalation to the 1,000-mg cohort. The subject fully recovered. In rat
toxicology studies (n � 2), there were no clinical or histopathologic changes in the
kidney or the liver at any dose administered (up to 300 mg/kg of body weight as a
single dose and 100 mg/kg as a multiple dose). In toxicology studies in dogs (n � 4),
increased blood urea nitrogen (BUN) and creatinine were observed at higher doses.

FIG 3 Boxplot summaries of subject AUC0 –24, percentage of oral dose recovered in the urine, and renal clearance (Ae/AUC, where Ae is the amount recovered
in urine during the dosing interval). Solid symbols represent averages, while open symbols represent individual data points. Bars extend to the minimum and
maximum values for the group, whereas the midline, top, and bottom of the box indicate the median, 75th percentile, and 25th percentile values, respectively.

TABLE 2 Plasma pharmacokinetic parameters of filociclovir by dose level on days 1 and 7

Parameter

Value by group and daya

Day 1 Day 7

100 mg (N � 6) 350 mg (N � 6) 750 mg (N � 6) 100 mg (N � 6) 350 mg (N � 6) 750 mg (N � 5)

Mean AUC0–24, ng·h/ml (%CV) 2,281.0 (29.7) 4,832.2 (55.9) 11,343.0 (153.5) 2,170.8 (37.5) 4,211.3 (33.1) 3,962.8 (33.0)
Mean Cmax, ng/ml (%CV) 547.8 (26.1) 1,086.0 (41.9) 2,084.0 (119.1) 588.5 (25.3) 855.5 (49.0) 882.0 (60.1)
Mean Tmax, h (Min, max) 1.835 (1.00, 3.65) 2.050 (1.43, 3.97) 2.500 (1.43, 3.87) 1.618 (0.95, 1.98) 2.552 (1.98, 3.80) 1.882 (1.43, 2.07)
Mean t1/2, h (%CV) 3.2080 (10.3) 3.3532 (15.5) 3.5905 (21.4) 3.6220 (17.2) 3.2635 (9.4) 3.8974 (12.3)
Mean CL/F, liters/h (%CV) 47.198 (32.3) 96.750 (63.4) 195.658 (91.7) 52.618 (42.4) 91.268 (33.1) 210.970 (40.3)
Mean CLr, liters/h (%CV) 15.359 (29.9) 15.517 (47.1) 15.602 (36.1) 16.090 (31.8) 17.005 (17.2) 16.978 (17.0)
Mean Pctrec, % (%CV) 34.25 (30.3) 22.18 (65.7) 13.82 (76.3) 32.46 (30.3) 19.67 (20.9) 9.07 (40.7)
Mean V/F, liters (%CV) 220.95 (35.8) 502.08 (83.2) 1015.37 (105.8) 286.53 (53.6) 430.92 (34.1) 1,205.16 (49.6)
aN, number of subjects in the PK population; AUC, area under the curve; Cmax, maximum observed concentration; Tmax, time to maximum concentration; t1/2,
elimination half-life; CL/F, dose/AUC; CLr, Ae/AUC, where Ae is the amount recovered in urine during the dosing interval; Pctrec, 100 � (Ae/dose); V/F, dose/(AUC �
ke), where ke is the elimination rate constant.
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These changes were associated with histopathologic observations in the kidney. Clin-
ical pathology parameters as well as decreased oral intake showed that the animals
were likely dehydrated and that there is likely a prerenal component to the toxicity.
There were no changes in liver enzymes observed at any dose following oral admin-
istration of filociclovir. These findings identified the kidney as a target organ and
suggested that the liver is not a target organ.

Preclinical studies and data from a single-dose human study (https://www.clinicaltrials
.gov/ct2/show/NCT01433835) suggest that filociclovir is eliminated primarily via renal
excretion. CLr remained similar at the plasma concentrations achieved in the trial, and
the subject with the elevated plasma AUC0 –24 also had the largest amount of admin-
istered drug recovered in the urine (Fig. 3). Since filociclovir is primarily eliminated in
the urine and the CL of the subject with the high exposure remained similar to that
of the other subjects, the elevated AUC0 –24 may result from enhanced absorption
rather than reduced drug elimination. Incorrect dosing was excluded and plasma
concentration data were verified by reanalysis. The possibility of an unusual nucleoside
transporter phenotype in the subject cannot be excluded. Other antiherpetic acyclic
nucleosides, including acyclovir and valacyclovir, also demonstrate saturable oral ab-
sorption (12). In a study with wild-type and PepT1 knockout mice, Yang et al. reported
saturable oral absorption of valacyclovir at clinically relevant doses, which was mark-
edly reduced in knockout mice lacking the PepT1 proton-coupled oligopeptide trans-
porter (13). Although the precise mechanism behind the isolated case of increased
exposure remains uncharacterized, physicochemical characterization studies indicated
that the solubility of filociclovir increases at low pH. Therefore, it is also possible that the
subject’s increased absorption was related to an abnormally low gastric pH. Improving
oral bioavailability of filociclovir in the future would minimize the risk of enhanced
exposure for certain subjects with this potential interindividual variability.

The in vivo potency of antiviral nucleoside agents is related to the pharmacokinetics
of the agent, its cellular accumulation and phosphorylation to the active nucleotide
triphosphate (NTP) form, the cellular stability of the NTP, and its binding affinity with
the CMV polymerase target (14, 15). The mean plasma concentrations (AUC0 –24/dose
interval) between doses exceeded the in vitro 90% inhibitory concentration (IC90) for
doses of �100 mg per day (Fig. 4). Comparison of the median between dose plasma
concentrations with in vitro IC90 may be a reasonable predictor of in vivo efficacy, as
antiviral nucleoside derivatives do not bind significantly to plasma proteins. However,
PK profiles of the unphosphorylated form of the drug in plasma may underestimate in
vivo efficacy, as the active triphosphate form of filociclovir in CMV-infected cells (not
measureable in uninfected individuals) is expected to decay less rapidly between doses
than concentrations of filociclovir in plasma. Compared to that of ganciclovir, filociclovir
has a 2-fold lower in vitro IC50 (11, 16, 17), a 2-fold higher peak triphosphate level in
infected cells (18), and an �10-fold higher affinity of the nucleotide triphosphate form
to CMV polymerase (6).

Seven days of single-dose filociclovir treatment demonstrated that exposures from
doses as low as 100 mg may be adequate to achieve efficacy, and doses can be safely
administered with close monitoring.

MATERIALS AND METHODS
Participants. Subjects were required to be between the ages of 18 and 65 years with a BMI between

18.0 and 32.0 kg/m2, with either no ability to reproduce or no sexual behavior that could result in
fathering or conceiving a child in the future (while the reproductive risks of filociclovir have not been
thoroughly assessed, azoospermia is a possible risk given its occurrence in closely related drugs, such as
ganciclovir). Subjects were also required to be in good health, as determined by the absence of clinically
significant findings from medical history, electrocardiogram, clinical laboratory assessments, vital sign
measurements, and physical exams.

Subjects were excluded if they had active CMV, HIV, or hepatitis B and C infections, known allergy to
the components of filociclovir or placebo capsules (microcrystalline cellulose, gelatin, and titanium
dioxide), or history of anaphylaxis or other serious adverse reactions to nucleoside analog medications.
They were also excluded if they received any drug active against herpesviruses within 30 days, received
any chronic medication, had a significant gastrointestinal disorder affecting absorption, or reported
ongoing drug abuse/dependence, including alcohol (or a history of this within 5 years of enrollment),
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smoking (or a history of this within 3 months of enrollment), or a positive urine drug screen. Further
reasons for exclusion were significant psychiatric history, blood donation within 30 days before initiation
of dosing or planning to donate blood during the study, and receipt of any investigational agent within
28 days before initiation of dosing. Receipt of any drug or alcohol, grapefruit, and any caffeine-containing
products was also not allowed within 72 h prior to dosing.

Study design. The study is a single-center, double-blind, randomized, placebo-controlled, dose
escalation phase 1 trial. The study protocol and informed consent forms were reviewed and approved by
the Emory University Institutional Review Board and the U.S. Food and Drug Administration. At the
screening visit, subjects were educated and provided written consent to participate in the study.

Four cohorts of 8 subjects each (6 receiving filociclovir and 2 receiving placebo) were planned to be
enrolled sequentially. Filociclovir or placebo was administered orally once daily between days 1 and 7 by
study staff while the subject was in an inpatient research unit. The study doses planned in these
sequential cohorts were 100, 350, 750, and 1,000 mg daily. Subjects were admitted to the research unit
1 day prior to the first dosage and remained in the unit until the day after the 7th daily dosage. Subjects
returned for outpatient follow-up visits at days 9, 10, 14, and 22. The study duration for each subject was
approximately 80 days (screening period, administration of daily dose, and follow-up). Subjects fasted for
1 h prior to each dose until 2 h after each dose.

Study products. Filociclovir powder is a white to off-white crystalline powder manufactured for
Microbiotix (Worcester, MA). Filociclovir was supplied as 100-mg (size 3, white opaque) and 250-mg (size
0, white opaque) hard gelatin capsules, while the placebo capsules were identical in appearance and
weight but contained microcrystalline cellulose in place of the active ingredient.

Safety assessments. Evaluated safety parameters included general safety (adverse events [AEs]),
vital sign measurements, physical examination findings, laboratory test results (complete blood count
[CBC] with differential, prothrombin time [PT], partial thromboplastin time [PTT], and sodium, potassium,
calcium, glucose, creatinine, BUN, albumin, protein, bilirubin, AST, ALT, and alkaline phosphate levels),
urinalysis, and ECG findings (PR, QRS, QT, QTcB [Bazett’s formula], and QTcF [Fridericia’s formula]).
Laboratory safety tests were performed at screening, predosing on day 1, and on days 2, 4, 7, 14, and 22,
with the 12-lead ECG performed at screening, predosing, and 2 h postdosing on day 1 and 2 h postdose
on days 4 and 7.

FIG 4 Mean plasma concentration by treatment and day. Solid symbols represent averages, while open
symbols represent individual data points. Bars extend to the minimum and maximum values for the
group, whereas the midline, top, and bottom of the box indicate the median, 75th percentile, and 25th
percentile values, respectively. The IC90 (in nanograms per milliliter) was calculated by multiplying the in
vitro IC90 (micromolars) by the molecular weight of filociclovir (MBX-400; 263.257 g/mol).

Oral Filociclovir Pharmacokinetics and Safety Antimicrobial Agents and Chemotherapy

September 2019 Volume 63 Issue 9 e00717-19 aac.asm.org 7

https://aac.asm.org


Pharmacokinetic assessments. Blood samples to measure plasma filociclovir concentrations were
collected before day 1 dosing and postdosing at 0.5, 1, 1.5, 2, 4, 6, 8, and 24 h. On day 4, PK samples were
obtained at baseline predosing and postdosing at 2 h only. On day 7, PK samples were obtained at
baseline predosing and postdosing at 0.5, 1, 1.5, 2, 4, 6, 8, 24 (day 8), 30 (day 8), 48 (day 9), and 72 h (day
10). Subjects were offered the option of venipuncture or placement of an indwelling intravenous
catheter for inpatient PK sampling.

Urine PK samples were collected for the day 1 and day 7 doses, at baseline predosing, and across the
following intervals: 0 to 4 h, 4 to 8 h, 8 to 12 h, and 12 to 24 h after dosing. In addition, urine for PK
samples were also collected 24 to 48 and 48 to 72 h after the last dose.

The derived PK parameters were evaluated for area under the concentration-time curve from 0 to 24
h (AUC0 –24), maximum observed concentration (Cmax), time to maximum concentration (Tmax), elimina-
tion rate constant (�z), elimination half-life (t1/2), clearance (CL/F), urinary clearance (CLr), volume of
distribution (Vz/F), and accumulation ratio (Ro).

The analytical chemistry assays for drug concentrations in plasma and urine were performed by
Frontage Laboratories, Inc. (Hackensack, NJ), using a validated method of high-performance liquid
chromatography with tandem mass spectrometry (LC-MS/MS). Standard curves were developed using
eight nonzero concentrations of filociclovir, ranging from 1 ng/ml to 1,000 ng/ml in plasma and 5 ng/ml
to 5,000 ng/ml in urine, with the minimum concentration representing the LLOQ (lower limit of
quantification) for each sample type.

Statistical analysis. All subjects who received study product were included in the safety population.
For continuous variables, descriptive statistics included the number of nonmissing values and mean,
standard deviation, median, minimum, and maximum values. For categorical variables, descriptive statistics
included counts and percentages per category.

The number of subjects experiencing adverse events classified using the Medical Dictionary for
Regulatory Activities (MedDRA) System Organ Classes (SOC) and Preferred Terms are reported throughout
the study (19). The severity and relationship to study drug of reported adverse events were also assessed.
The rate and exact 95% confidence intervals of related AEs in aggregate, and by MedDRA categories,
were computed.

Clinical laboratory (chemistry, hematology, coagulation, and urinalysis) and ECG data presented as
safety endpoints were summarized for each evaluation time point, as well as for changes from baseline.
The clinical laboratory evaluations were graded (mild, moderate, and severe) as laboratory AEs and were
considered for the study or individual halting rules for any of the following: sodium, potassium, glucose,
blood urea nitrogen, creatinine, calcium, albumin, total protein, aspartate aminotransferase, alanine
aminotransferase, total bilirubin, hemoglobin, white blood cell, lymphocytes, neutrophils, platelets,
prothrombin time, partial thromboplastin time, and glucose, protein, and blood in urine.

Data for subjects randomized to filociclovir were grouped by dosing cohort. Data for all placebo
subjects, regardless of dosing cohort, were treated as one group. All subjects having at least one
measurable drug concentration were included in the PK population. Concentration data for plasma were
described both graphically and quantitatively. Time-concentration plots were generated for each subject.
Additionally, a plot using mean concentrations at protocol time points was generated. Summary statistics
for concentrations in plasma and urine were presented in tabular form.

WinNonlin 6.4 was used to perform linear-up log-down noncompartmental analysis of the dose 1 and
dose 7 plasma samples collected from predosing to 24 h postdose. Estimation of �z (terminal half-life)
was performed according to WinNonlin’s iterative process that selects the set of concentrations collected
during the terminal phase (after Tmax) that maximizes the adjusted R2 value. Estimation of �z required at
least three concentrations measured above the LLOQ. For estimation of PK parameters using noncom-
partmental analysis, predose sampling times were set to zero for dose 1. Boxplots of select PK parameters
were generated for day 1 and day 7 by dosing cohort where the midline, top, and bottom of the box
indicate the median, 75th percentile, and 25th percentile values, respectively, a solid diamond marks the
mean, and the whiskers extend to the maximum and minimum values. For calculated summary statistics
(mean, median, SD, coefficient of variation [CV], and geometric mean) of plasma and urine concentra-
tions, results below the LLOQ were imputed as LLOQ/2.

Statistical analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC).

SUPPLEMENTAL MATERIAL
Supplemental material for this article may be found at https://doi.org/10.1128/AAC
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