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ABSTRACT Under an NIH priority to identify new drugs to treat class B parasitic
agents, we performed high-throughput screens, which identified the activity of
auranofin (Ridaura) against Entamoeba histolytica and Giardia intestinalis, major
causes of water- and foodborne outbreaks. Auranofin, an orally administered,
gold (Au)-containing compound that was approved by the FDA in 1985 for treat-
ment of rheumatoid arthritis, was effective in vitro and in vivo against E. histolytica
and both metronidazole-sensitive and -resistant strains of Giardia. We now report
the results of an NIH-sponsored phase I trial to characterize the pharmacokinetics
(PK) and safety of auranofin in healthy volunteers using modern techniques to mea-
sure gold levels. Subjects received orally 6 mg (p.o.) of auranofin daily, the recom-
mended dose for rheumatoid arthritis, for 7 days and were followed for 126 days.
Treatment-associated adverse events were reported by 47% of the subjects, but all
were mild and resolved without treatment. The mean gold maximum concentration
in plasma (Cmax) at day 7 was 0.312 �g/ml and the half-life (t1/2) 35 days, so steady-
state blood levels would not be reached in short-term therapy. The highest concen-
tration of gold, 13 �M (auranofin equivalent), or more than 25� the 50% inhibitory
concentration (IC50) for E. histolytica and 4� that for Giardia, was in feces at 7 days.
Modeling of higher doses (9 and 21 mg/day) was performed for systemic parasitic
infections, and plasma gold levels of 0.4 to 1.0 �g/ml were reached after 14 days of
treatment at 21 mg/day. This phase I trial supports the idea of the safety of aura-
nofin and provides important PK data to support its potential use as a broad-
spectrum antiparasitic drug. (This study has been registered at ClinicalTrials.gov un-
der identifier NCT02089048.)
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The identification of new drugs to treat parasitic infections of global health import
is a major priority. Treatment for the three major anaerobic protozoal infections,

amebiasis, giardiasis, and trichomoniasis, relies primarily on imidazoles, particularly
metronidazole, which was introduced in 1959. Metronidazole resistance has been
generated in the laboratory for Entamoeba histolytica (1), and clinical failures have been
linked to two other metronidazole-resistant protozoa, Giardia intestinalis and Trichomo-
nas vaginalis (2). Metronidazole is also ineffective against cysts, resulting in treatment
regimens of up to 20 days for amebic colitis, making compliance difficult (3). Nitazox-
anide, a thiazolide drug, has been approved for short-course treatment of Giardia (4),
but cross-resistance occurs with metronidazole (5). Albendazole is another alternative
therapy for giardiasis, but resistance has also been reported (5). Therefore, an alterna-
tive, effective therapy is needed.

Following a high-throughput, whole-cell screen of amebic trophozoites against
more than 13,000 bioactive compounds, including 910 FDA-approved drugs, we found

Received 7 September 2016 Returned for
modification 12 October 2016 Accepted 31
October 2016

Accepted manuscript posted online 7
November 2016

Citation Capparelli EV, Bricker-Ford R, Rogers
MJ, McKerrow JH, Reed SL. 2017. Phase I clinical
trial results of auranofin, a novel antiparasitic
agent. Antimicrob Agents Chemother
61:e01947-16. https://doi.org/10.1128/
AAC.01947-16.

Copyright © 2016 American Society for
Microbiology. All Rights Reserved.

Address correspondence to Sharon L. Reed,
slreed@ucsd.edu.

† Deceased.

EXPERIMENTAL THERAPEUTICS

crossm

January 2017 Volume 61 Issue 1 e01947-16 aac.asm.org 1Antimicrobial Agents and Chemotherapy

https://doi.org/10.1128/AAC.01947-16
https://doi.org/10.1128/AAC.01947-16
https://doi.org/10.1128/ASMCopyrightv1
mailto:slreed@ucsd.edu
http://crossmark.crossref.org/dialog/?doi=10.1128/AAC.01947-16&domain=pdf&date_stamp=2016-11-7
http://aac.asm.org


that auranofin, an orally administered gold (Au)-containing compound, had a 10-fold-
lower 50% inhibitory concentration (IC50) (0.5 �� auranofin) than metronidazole
(5.2 �M) (6). Oral auranofin was also effective in rodent models of amebic colitis and
liver abscess (6) and in in vitro and in vivo models with metronidazole-sensitive and
-resistant strains of Giardia intestinalis (7). In addition, auranofin has the potential to
be a broad-spectrum antiparasitic agent, as in vitro and/or in vivo efficacy has been
demonstrated for trichomoniasis (Kirk Land, University of the Pacific, personal
communication), Cryptosporidium infections (8), filariasis (9), Toxoplasma gondii
infections (10), Trypanosoma brucei infections (11), Leishmania infantum infections
(12), and schistosomiasis (13, 14).

Auranofin was FDA approved in 1985 for the treatment of rheumatoid arthritis (RA).
Although it is still in use for RA, the majority of published pharmacokinetic data comes
from studies in RA patients following long-term therapy in the 1980s. After oral
administration, auranofin is rapidly metabolized to the active form of gold such that no
intact drug can be detected. Methods to measure gold levels were less sensitive at that
time and relied on the use of 195Au-labeled auranofin or atomic absorption spectrom-
etry. Following an oral dose, 25% of the gold in auranofin was absorbed, 60% was
plasma protein bound, and 85% was excreted in feces (15, 16). Steady-state levels were
achieved in RA patients in 8 to 12 weeks, with an elimination half-life of 26 days (range,
21 to 31 days) (16, 17). Long-term (months to years) auranofin therapy was linked to
side effects, including diarrhea (40% of subjects), skin rashes (2% to 5%), hematologic
abnormalities (rare), and proteinuria (5%) (17). Because of the need to accurately
determine the pharmacokinetics (PK) using modern techniques and evaluate the
potential toxicity of short-course anti-infective versus long-course antiarthritic aura-
nofin therapy in healthy volunteers, we now report the results of a Division of
Microbiology and Infectious Diseases (DMID)-sponsored phase I clinical trial (Clinical-
Trials.gov NCT02089048). This study characterized the PK and safety of gold adminis-
tered orally as auranofin for 7 days in healthy subjects.

RESULTS
Inclusion of subjects. Fifteen subjects were enrolled and included in the PK analysis

population. The study population was composed of 13 men (86.7%) and 2 females
(13.3%) with a racial mix of 9 white (60%), 5 black (33.3%), and 1 other (6.7%). The
average (� standard deviation) age of the study population was 27 � 5 years and the
average weight 74.2 � 8 kg. Two subjects were excluded from the noncompartmental
PK analyses of plasma gold concentration because they had quantifiable day 1 predose
plasma gold concentrations (0.044 and 0.046 �g/ml) exceeding 5% of the day 1
maximum plasma concentration (Cmax) for these subjects. All 15 subjects were included
in the population PK analysis and in the summary presentation for fecal gold concen-
trations as all had predose fecal gold levels below the limits of quantitation.

Safety results. Auranofin was generally well tolerated in the healthy-subject pop-
ulation studies. Twelve treatment-emergent adverse events (TEAE) were reported by 7
(46.7%) subjects during the study. Gastrointestinal symptoms, including abdominal
discomfort, constipation, diarrhea, flatulence, and nausea, were reported in 3 (20%)
patients. Two (13.3%) subjects reported a headache. No treatment was given, and their
symptoms resolved. All five of the subjects who reported symptoms were male, but
only 2 of the 15 volunteers were female. Two (13.3%) patients had decreased levels of
platelets: one patient had a platelet count decrease from 150 on day �1 to 128 (103/�l)
on day 14. A second patient had a decrease from 150 on day �1 to 123 (103/�l) on day
2. Both values returned to normal. No other symptoms or abnormalities of vital signs,
physical exams, or laboratory testing were found. No subjects were withdrawn from the
study because of TEAEs, and there were no significant adverse events (SAE) or deaths.

Plasma gold concentration-time data. Following a single dose on day 1, 11 of the
13 subjects evaluable for plasma PK had quantifiable (�0.020 �g/ml) plasma gold
concentrations at 30 min postdose, 12 subjects had quantifiable plasma gold levels 12
h postdose, and 7 subjects had quantifiable plasma gold levels 24 h postdose (mean
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area under the plasma concentration-time curve from time zero to 24 h postdose
[AUC0 –24], 0.971 �g · h/ml; Cmax, 0.102 �g/ml; time to Cmax [Tmax], 1.46 h). Following 7
days of once-daily dosing, all 13 subjects had quantifiable plasma gold levels through-
out the 24-h dosing interval (mean AUC0 –24, 5.05 �g · h/ml; Cmax, 0.312 �g/ml; Tmax,
1.65 h). Of those subjects, 9 had quantifiable plasma gold levels at 63 days postdose
(day 70) and 4 had quantifiable plasma gold levels 119 days postdose (day 126). Mean
plasma gold concentration-time profiles for day 1 and day 7 throughout the 24-h
dosing interval are presented graphically in Fig. 1.

Plasma gold pharmacokinetic parameters. The mean terminal half-life (t1/2) fol-
lowing 7 days of once-daily dosing was 844 h or approximately 35 days. As expected
with this long t1/2 and once-daily dosing, plasma gold levels had increased significantly
from day 1 to day 7 and had not reached the steady state. Based on the geometric
mean day 7/day 1 accumulation ratio for AUC(0 –24) (RAUC) and accumulation ratio for
Cmax (RCmax), plasma gold AUC0 –24 values increased approximately 6-fold from day 1 to
day 7 and geometric mean gold Cmax values increased approximately 3-fold over this
same time period. Plasma gold noncompartmental PK parameters are summarized by
day in Table 1.

Mean concentrations were below the limit of quantitation (BLQ) after 77 days after
the final dose (day 84). The entire plasma gold concentration-time profile for serial
samples collected after dosing on day 7 is presented in Fig. 2.

Fecal gold concentration. Fecal gold levels were not detected in the day 1 fecal
sample from any of the 15 subjects after a single dose. On day 7 following once-daily
dosing, 11 of 15 subjects had quantifiable fecal gold concentrations (mean, 8.80 �g/g;
median, 7.63 �g/g; range, BLQ to 25.7 �g/g). Based on an average level of fecal output
in high-income countries of 128 g/day (18), the estimated mean fecal gold output on
day 7 was 1.01 mg or approximately 64% of the ingested gold dose. Seven days after
the final dose (day 14), fecal gold levels were BLQ in all subjects and remained
undetectable throughout the remainder of the study.

Population pharmacokinetic model and Monte Carlo (MC) simulation. The final
population PK model was able to estimate typical PK parameters as well as the

FIG 1 Mean plasma gold (Au) concentration-time profiles over a 24-dose interval on study days 1 and 7.

TABLE 1 Noncompartmental PK resultsa

Value(s)

Parameter

Day 1 (n � 13) Day 7 (n � 13)

Mean SD Median Range Mean SD Median Range

AUC0–24 (�g · h/ml) 0.971 0.51 1.03 0.205–1.94 5.05 1.07 5.00 3.47–6.48
AUC0–last (�g · h/ml) 0.918 0.557 1.03 0.184–1.94 156.0 83.7 130.0 67.8–353
Cmax (�g/ml) 0.102 0.039 0.098 0.0446–0.167 0.312 0.0823 0.31 0.168–0.457
Tmax (h) 1.46 0.43 1.50 1.00–2.00 1.65 0.75 1.50 0.50–3.00
t1/2 (h) ND ND ND ND 844 576 681 381–2580
RAUC ND ND ND ND 6.88 4.84 4.74 3.21–21.3
RCmax ND ND ND ND 3.38 1.30 2.84 2.30–6.17
aND, not determined; RAUC, accumulation ratio for AUC, calculated as [AUC0 –24 (day 7)/AUC0 –24 (day 1)];
RCmax, accumulation ratio for Cmax, calculated as [Cmax (day 7)/Cmax (day 1)].
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between-subject variability (BSV) for clearance/bioavailability (CL/F), apparent central
compartment volume (V1/F), and apparent rapidly equilibrating peripheral compart-
ment volume (V2/F) without encountering significant (�20%) BSV shrinkage. The BSV
could not be estimated for the acid dissociation constant (KA) or for the apparent
slowly equilibrating peripheral compartment volume (V3/F) or the rapid and slow
intercompartmental clearances (Qrapid and Qslow) without encountering poor estima-
tion and significant BSV shrinkage, so these BSV values were fixed to 0. Estimated
population PK parameters and variances are described in Table 2. The typical values for
CL/F and volume of distribution at the steady state (Vss)/F were 0.055 liters/h and 122
liters, with BSV values for CL/F, V1/F, and V2/F of 51%, 23%, and 21%, respectively. The
mean post hoc individual-subject CL/F and Vss/F values were similar to the typical
population estimates. While the median bootstrap (BS) parameter and BSV estimates
were similar to the final model values, the small sample size (15 subjects) and high body
surface area (BSA) variability led to a broad BS 95% confidence interval (CI) (2.5th to
97.5th percentile).

Based on the long terminal half-life, it is clear that the concentrations on day 7 were
unlikely to be close to the steady state. Thus, while administration of 6 mg daily for 7
days results in an average plasma gold concentration of approximately 0.2 �g/ml (�1.0
�M), higher systemic gold exposures may be beneficial for the treatment of less-
sensitive organisms. Therefore, higher and more prolonged dosing was assessed using
the population PK model and MC simulations. The predicted exposures of 6 mg daily
for 14 days along with 9 or 21 mg daily for 14 days are presented in Fig. 3. These

FIG 2 Mean plasma gold (Au) concentration-time profile after final dose on study day 7 through week 12.

TABLE 2 Population PK resultsa

Parameter

Value(s)

PopPK parameter
estimate

PopPK BS median
(2.5th–97.5th percentile)

Bayesian estimate
geometric mean

Bayesian
estimate SD

CL (liters/h) 0.055 0.050 (0.0035–0.0735) 0.056 0.024
V1 (liters) 13.5 13.5 (9.42–18.30) 13.6 2.8
Qrapid (liters/h) 4.71 5.51 (4.00–7.94) 4.71b NA
V2 (liters) 39.3 40.80 (33.60–48.20) 39.7 7.4
Qslow (liters/h) 0.035 0.0435 (0.0287–0.0616) 0.035b NA
V3 (liters) 69.2 92.5 (46.19–372.10) 69.2b NA
KA (h�1) 1.16 1.06 (0.75–1.50) 1.16b NA
Vss (liters) 122 146.85 (101.20–426.22) 123.1 7.8

BSV-CL 51% 66% (44%–236%)
BSV—V1 23% 20.3% (5.8%–35%)
BSV—V2 20% 17.5% (4.9%–27%)
IOV-F 41% 62% (35%–89%)
Residual error 16% 17% (15%–20%)
aValues for 95% confidence intervals were determined from the bootstrap (BS) parameter. Vss values
represent the sum of V1 � V2 � V3 estimates. PopPK, population PK.

bNo BSV variability was estimated, so all subjects were assigned empirical Bayesian values that were equal to
the population PK values for these parameters.
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simulations demonstrate that gold concentrations continue to accumulate between
day 7 and day 14 of auranofin administration.

DISCUSSION

The repurposing of existing drugs can save significant time and money in the
development of new therapeutics, particularly for neglected tropical diseases, which
are not a major interest of pharmaceutical companies. We and others (6, 8–14) have
shown that auranofin holds promise for treating both protozoal and helminthic dis-
eases. When the use of auranofin in therapy was approved by the FDA in 1985, safety
and pharmacokinetics/pharmacodynamics (PK/PD) data requirements were much less
stringent. Because a large number of side effects in long-term therapy of patients with
rheumatoid arthritis had been reported (17), the National Institutes of Health sponsored
a phase I study in healthy volunteers for the first time.

Subjects received a daily oral dose of 6 mg, the recommended dose for rheumatoid
arthritis (19), for 7 days and were followed until day 126 for significant adverse events
(SAE). Treatment-emergent adverse events (TEAE) were reported by 46.7% of the
subjects and for 26.7% of subjects by the investigator, and the most frequently
reported TEAE was headache (13.3% of subjects); all TEAEs were assessed as mild and
resolved without treatment. Two subjects had a slight decrease in platelet counts; the
decrease was rated as mild and resolved. Thus, for short-term therapy, auranofin was
safe and well tolerated.

Since only the single gold molecule in each molecule of auranofin (29% of mass) can
be detected following ingestion, levels were determined in plasma and feces to help
predict levels appropriate for treatment of systemic infections, such as filariasis and
onchocerciasis, or gastrointestinal infections, such as intestinal amebiasis and giardiasis.

The majority of the gold was found in feces by day 7, which agrees with earlier
studies using radiolabeled gold (15, 16). The mean concentration of gold in feces at day
7, 8.80 �g/g, would be equivalent to a gold concentration of approximately 44.7 �M or
an auranofin concentration of 13.0 �M. This is significantly above the in vitro IC50 for E.
histolytica of 0.5 �M auranofin (6) and three times the IC50 for Giardia of 4.0 �M (7).
These findings support the use of 6 mg daily for 7 days for treatment of E. histolytica
infections and 5 days for treatment of Giardia infections in the clinical trial of auranofin
for amebiasis and/or giardiasis (ClinicalTrial.gov NCT02736968).

We found that the terminal half-life of gold in plasma after the final dose was an

FIG 3 Predicted median (with 10th and 90th percentiles) plasma gold (Au) concentrations following
treatment at 6 (A), 14 (B), and 21 (C) mg/day for 14 days.
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average of 35 days versus the 26 days reported in the package insert. While most gold
concentrations were BLQ at the final week 12 measurement, there were a few subjects
with very long terminal half-life results that were imprecisely estimated due to the
extreme flatness of their PK profiles. The prolonged elimination and extensive accu-
mulation of gold with repeat dosing are important in planning clinical trials. Auranofin
is a category C drug whose use is not recommended in pregnant women on the basis
of results of studies in pregnant rabbits and rats, who had decreased maternal and fetal
weight and litter size using 4� to 50� the human dose (20). In the current clinical trial,
we required the use of highly effective birth control for four half-lives or 4 months.

Higher doses of auranofin will clearly be required for some infections. At a 6 mg/day
dose of auranofin, the Cmax of gold in plasma at day 7 was 1.58 �M (equivalent to 0.46
�M auranofin) whereas the in vitro auranofin IC50 for treatment of infections by
Onchocerca adult female worms, the proposed target of a much-needed macrofilari-
cide, was 0.3 �M (9). As discussed below, higher daily doses of auranofin would likely
be required for an effective macrofilaricide but would likely be achievable. On the other
hand, the in vitro IC50 for treatment of Leishmania infantum infections was 9.68 �M and
that for L. major infections 15.66 �M, or 21� to 34� higher than the achievable plasma
levels with this dose or even with an approved higher dose (12). To determine the
concentrations achieved with higher and more prolonged dose regimens, we per-
formed population PK modeling and performed a Monte Carlo simulation for doses of
6 mg, 9 mg, and 21 mg per day for 14 days. As expected with the long terminal half-life,
there was significant accumulation beyond day 7. Trough concentrations nearly dou-
bled between day 7 and day 14. Giving the dose proposed in the current study for an
additional 7 days would be expected to raise the trough concentration to 0.2 to 0.4
�g/ml gold (0.29 to 0.58 �M auranofin). The highest dose evaluated in the simulation,
21 mg, generated trough concentrations ranging from 0.8 to 1.5 �g/ml gold (1.18 to
2.21 �M auranofin), with levels remaining at 0.4 to 1.0 �g/ml gold (0.58 to 1.5 �M
auranofin) at 2 weeks after the final dose (Table 3). The FDA has approved clinical trials
using auranofin at up to 21 mg/day for treatment of relapsed chronic lymphocytic
leukemia after daily doses of 9 and 12 mg for at least 28 days were well tolerated
(Clinical Trails registration no. NCT01419691). A daily dose of 9 to 12 mg for 7 days
would be required for auranofin to act as a macrofilaricide for onchocerciasis. The safety
profile for the chronic lymphocytic leukemia (CLL) study (NCT0419691) suggests that
this should be achievable.

The mechanism of action of auranofin in rheumatoid arthritis has been poorly
understood. In contrast, the major target of auranofin in parasitic infections is known
to be the oxidant protective system. This was first demonstrated in the crystal model
of the Schistosoma mansoni thioredoxin-glutathione reductase, where the gold from
auranofin substituted for the active-site selenium (13). The E. histolytica thioredoxin
reductase (EhTrxR) and the Giardia TrxR are more similar to the low-molecular-weight

TABLE 3 Simulation results from final population PK model using 6 mg/day, 9 mg/day,
and 21 mg/day for 14 daysa

Parameter

Concn (�g/ml) at indicated dose

6 mg 9 mg 21 mg

Median
5th–95th
percentile Median

5th–95th
percentile Median

5th–95th
percentile

D7—C24 (trough) 0.17 0.12–0.22 0.25 0.18–9.33 0.59 0.42–0.77
D7—C2 (Cmax) 0.24 0.19–0.31 0.25 0.18–9.33 0.85 0.66–1.07
D14—C24 (trough) 0.32 0.22–0.42 0.25 0.18–9.33 1.13 0.78–1.48
D14—C2 (Cmax) 0.40 0.29–0.51 0.25 0.18–9.33 1.38 1.02–1.77
D21 0.26 0.16–0.36 0.25 0.18–9.33 0.92 0.56–1.26
D28 0.20 0.11–0.30 0.25 0.18–9.33 0.72 0.39–1.05
aData represent median and 90% confidence interval values for trough concentrations prior to dose (C24)
and 2 h after dose (C2) on day 7 (D7) and day 14 (D14) as well as washout concentrations on day 21 (D21)
and day 28 (D28).
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TrxR of Escherichia coli, which does not contain selenium (6). We hypothesized that the
monovalent gold from auranofin would bind the redox-active dithiol group in the
active site of thioredoxin; however, this was not the case in crystal structural studies of
EhTrxR and EhTrx, so the exact mechanism of action remains to be determined (21).

The results from the phase I trial described here support the idea of the safety of
auranofin in short-term, anti-infective therapy. The first clinical trial for parasitic infec-
tions (amebiasis and giardiasis) is under way. Higher-dose therapy and longer-duration
therapy also appear safe in CLL trials (NCT01419691). This is becoming increasingly
important as the potential indications for auranofin continue to expand. Besides the
potential of auranofin as a broadly active antiparasitic and chemotherapeutic agent, a
recent publication also demonstrated its efficacy against drug-resistant Gram-positive
bacteria, including Mycobacteria tuberculosis (22). Thus, auranofin has the potential to
be an important repurposed drug.

MATERIALS AND METHODS
Trial design. A phase I, single-center, open label, multiple-dose study of the PK of gold in auranofin

was held at Quintiles Phase One Services (Quintiles, Overland Park, KS). A standard dose of auranofin
(Ridaura) for the treatment of rheumatoid arthritis, 6 mg (29% gold), was administered orally once daily
for 7 days. Fifteen healthy male or female subjects of non-childbearing potential, aged 18 to 45 years
(inclusive), were admitted to the study center on day �1 and received the first dose of study drug on
day 1. The study drug was administered in the study center on days 1, 2, and 7 and was self-administered
at home on days 3 to 6. The pharmacokinetics of gold in plasma was evaluated up to day 126
(approximately 5 half-lives) and in feces up to day 42. Treatment-emergent adverse events (TEAE) were
monitored from day 1 until day 14 and serious adverse events (SAEs) until day 126 based on clinical
laboratory evaluations, vital signs, and physical examinations.

Pharmacokinetic analysis. Single-dose (day 1) and multiple-dose (day 7) noncompartmental PK
analysis was performed on the plasma gold concentrations using the computer program Phoenix
WinNonlin version 6.3 (Pharsight Corporation, St. Louis, MO, USA). PK parameters determined included
maximum plasma concentration (Cmax), time to Cmax (Tmax), area under the plasma concentration-time
curve from time zero to time of last measureable concentration (AUC0 –last), area under the plasma
concentration-time curve from time zero to 24 h postdose (AUC0 –24) (day 7 only), day 7/day 1
accumulation ratio for AUC(0 –24) (RAUC), and accumulation ratio for Cmax (RCmax). Additional multiple-
dose PK parameters included the terminal rate constant, �Z, and the terminal t1/2. The AUC values were
calculated using the linear trapezoid method, with postdose gold concentrations below the limit of
quantitation (BLQ) treated as zero. The terminal slope �z was determined using a log-linear regression
analysis, with gold concentrations greater than the limit of quantitation and terminal half-life (t1/2) values
calculated as 0.693/�z. Fecal gold concentrations were determined predose and at day 1 (�1 day), day
7 (� 1 day), day 14 (�1 day), day 28 (�3 days), and day 42 (�3 days). Subjects with quantifiable plasma
gold concentrations prior to the first dose were excluded from the noncompartmental PK analysis and
summary statistics of gold plasma concentration data.

Since subjects had not reached the steady state by day 7, a compartmental population pharmaco-
kinetic analysis was also performed using complete pharmacokinetic profiles (day 1 through day 126) to
generate PK parameter estimates for apparent clearance and Vss. The computer program NONMEM
(version 7.2; ICON, Dublin, Ireland) was used for this analysis. A three-compartment model, with
first-order absorption (ADVAN 12) and the first order conditional estimation with interaction (FOCEI)
subroutine with proportional residual error, was used to characterize the pharmacokinetic data. PK
samples with concentrations below the quantitative limit of the assay were excluded from the analysis.
Within-subject, interoccasion variability (IOV) for bioavailability (F) was included for the doses within the
period of intensive PK sampling (day 1 and day 7). The apparent volume of distribution at the steady
state (Vss/F) was calculated as the sum of all of the apparent individual compartment volumes (V1/F �
V2/F � V3/F). Given the small number (n 	 15) of subjects and the relatively homogenous nature of the
health volunteer study population, no exploratory covariate analysis of population PK parameters was
attempted. Empirical Bayesian post hoc estimates of individual subject PK parameters were generated. A
1,000-sample bootstrap analysis was performed using the final model to determine the 95% CI for PK
parameter estimates using Wings for NONMEM (v7.2).

Subjects with quantifiable concentrations in the predose drug samples collected on day 1 required
modification of the observed postdose concentration before inclusion in the population PK analysis.
These predose values represented �5% of the Cmax, and the postdose washout concentrations were
greater than the corresponding prestudy drug concentrations. Since gold is found in the environment
and can be ingested from other sources, the finding of day 1 predose gold concentration values that
were greater than BLQ was assumed to be due to ingestion of gold from environmental sources. For the
analysis, it was assumed that the level of environmental gold “contamination” remained constant
throughout the study duration for these subjects. Thus, the postdrug gold concentrations in these
subjects were adjusted using their day 1 predose gold concentrations (observed prestudy concentra-
tions) before inclusion in the population analysis. Therefore, the population pharmacokinetic analysis
was performed on all 15 subjects.
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The population pharmacokinetic model was used to perform Monte Carlo (MC) simulations with
1,000 virtual subjects to predict gold exposure with various auranofin dosing regimens. Median and 5th
and 95th percentiles of the predicted concentrations were determined.

Analytical methodology. Plasma and fecal concentrations of gold (Au) were determined by means
of inductively coupled plasma-mass spectrometry (ICP-MS). The limits of quantification for gold in plasma
and feces were 0.020 �g/ml and 0.100 �g/g, respectively.
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