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Aims
To evaluate the pharmacokinetics of R667, a novel emphysema agent, in patients with
moderate to severe emphysema.

Methods
Multiple-dose pharmacokinetics of R667 and its metabolites in emphysematous
patients were studied in a multicentre, randomized, single-blind, and placebo-
controlled trial. Four groups of 10 patients per group received placebo, 0.2, 0.5, or
1 mg R667 once a day for 14–16 days. On day 14 (�1), blood samples were taken
at predose and 1, 2, 3, 4, 6, 8, 10, 12, 16 and 24 h after dosing.

Results
Pharmacokinetic analysis of the data indicated that the mean steady-state Cmax and
AUC(0,t) of R667 appeared to be dose proportional over the dose range of 0.2–1 mg
when administered to emphysematous patients. Mean metabolite to R667 ratios for
Cmax or AUC(0,t) were, in general, similar across the dose range of 0.2–1 mg.

Conclusions
The pharmacokinetics of R667 and its metabolites appeared to be similar for patients
with emphysema and healthy volunteers. Multiple-dose administration of 0.2–1 mg of
R667 for up to 16 days was well tolerated in patients with emphysema.

Introduction
The prevalence of chronic obstructive pulmonary
disease (COPD) is estimated at between 2 and 10% in
Europe and North America [1, 2]. COPD is also the fifth
and fourth leading cause of death in Europeans and
Americans, respectively [1, 3]. COPD may have several
components including chronic bronchitis, chronic
obstructive bronchitis, emphysema, or combinations of
these conditions, and is characterized by a gradual loss
of lung function over time. Emphysema represents one
of the major pathophysiological abnormalities of COPD
and is characterized by destruction of alveolar walls,
enlargement of alveolar airspaces, and loss of lung
elastic recoil, all resulting in a loss of the effective area

for gas exchange. As a result, patients with emphysema
increasingly lose their ability to breathe [4]. Emphysema
occurs with a much higher prevalence in individuals
�65 years old as compared with those between 45 and
64 years old. The prevalence is also higher in men than
women, and in Caucasians than Blacks. Emphysema
affects over two million Americans, costs more than
$2.5 billion in annual health care expenses and contrib-
utes to 100 000 deaths in the U.S. each year [3].

Smoking is the leading cause of emphysema and
COPD. Although smoking cessation slows the rate of
lung damage and the decline in forced expiratory
volume in 1 second (FEV1) toward levels observed in
nonsmokers, existing damage to alveolar structures
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persists with no evidence that it can repair itself [5, 6].
Currently there are no medical treatments that assist in
restoring lung structure and function. Instead, available
drug therapies consist of the use of inhaled b2-adrenergic
receptor agonists, anticholinergics, theophylline, and
inhaled and systemic glucocorticoids, all of which are
designed to reduce associated conditions such as bron-
chospasm and inflammation of the airways [5].

R667 is a novel retinoid compound being developed
to address this unmet medical need for treatments that
directly address the pathologic loss of alveolar structures
in emphysema (Figure 1). It has been evaluated in
animal models of emphysema, where it has been shown
to stimulate the repair of alveolar damage caused by
both chronic exposure to tobacco smoke and elastase
[7]. In vitro studies with human microsomal prepara-
tions demonstrated the presence of five metabolites:
6, 7-dihydroxy (Ml), 6-dihydroxy (M2), 7-dihydroxy
(M3), 6-oxo (M4a), and 7-oxo (M4b). This metabolic
pattern was later confirmed following multiple oral
dosing in healthy subjects. The metabolite Ml was
present in low concentrations in human plasma and was
not measured in this current study. Using an in vitro
transactivation assay, the activity of metabolites M2,
M3, M4a, and M4b represented 2%, 7%, 23%, and 12%
of the parent drug R667, respectively.

Several cytochrome P450 (CYP) enzymes (CYP3A4,
CYP2C8, and CYP2C19) oxidized R667 to its metabo-
lites. However, CYP3A4 was the major isoform respon-
sible for in vitro transformation of R667 with a relatively
high Km value of 59 mm. The IC50 values for R667 and its
metabolites against human CYP3A4 were very high
(>100 mm). The biotransformation of R667 was com-
petitively inhibited by ketoconazole, midazolam, and
erythromycin in human hepatic microsomes with inhibi-
tory constants of 0.2 mm, 38 mm, and 65 mm, respec-

tively. These in vitro findings suggest that the
pharmacokinetics of R667 could potentially be influ-
enced by strong inducers or inhibitors of CYP3A4.
Based on the clinically efficacious concentrations of
these drugs, R667 is unlikely to be inhibited by mida-
zolam, but may be inhibited by ketoconazole and eryth-
romycin [8].

R667 is predominantly metabolized by CYP3A4 in
the in vitro setting (90%). Animal studies have been
carried out using [14C]-labelled R667 to determine the
excretion balance of total radioactivity and the metabolic
pattern of R667 in various fluids. Cold assay techniques
have established that the major metabolites and routes of
excretion of R667 are qualitatively similar in humans
and animals. The present study provided further quanti-
tative information on mass balance and the routes of
elimination of R667 in patients with emphysema, the
target population for this drug development.

Methods
Study design
Multiple-dose pharmacokinetics of R667 and its
metabolites were studied in a multicentre, randomized,
single-blind, and placebo-controlled trial in emphyse-
matous patients. Four groups of 10 patients per group
received either placebo, 0.2, 0.5, or 1 mg of R667 once
daily for 14–16 days. Study drug and the placebo were
formulated as matching 0.1 mg and 0.5 mg soft-gelatin
capsules and two capsules were taken orally within
30 min after the morning meal. On day 14 (�1), blood
samples were taken at predose and 1, 2, 3, 4, 6, 8, 10, 12,
16 and 24 h after dosing. The total volume of blood loss
during the study, for measurement of parent compound
and metabolites, was approximately 40 ml.

The study was approved by the Institutional Review
Board associated with each clinical site and conducted
according to the principles outlined in the ‘Guideline for
Good Clinical Practice’ ICH Tripartite Guideline
(January 1997) which has its basis in the principles of
the ‘Declaration of Helsinki’ (1996) and the principles of
‘Good Clinical Practice’ as outlined in the current
version of 21 CFR, subchapter D, parts 312, 50, and 56.

Subjects
Patients aged 40 years or older, in a stable state of health
with moderate to severe emphysema (FEV1 �70% pre-
dicted but �40% predicted; diffusing capacity of the
lung for carbon monoxide (DLco) <80% predicted), at
least grade 1 dyspnea on the Modified Medical Research
Council Scale, and with emphysematous lung damage
visually confirmed on either conventional or high reso-
lution chest CT scan, were eligible for the study. Only
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Figure 1
Molecular structure of R667
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subjects that provided written informed consent and
were willing to comply with study procedures were
included. Patients were excluded from the study if they
were women of childbearing potential, men with part-
ners of childbearing potential who would not use barrier
contraception during the study, or had a history of psy-
chiatric disorders. Patients with any solitary nodule in
the lung requiring further medical intervention and any
medical history or active conditions likely to com-
promise their safety were excluded. Patients on
maintenance therapy with corticosteroids, those with
concomitant medications that were CYP3A4 inhibitors
or inducers, or with a history of alcohol, drug depen-
dency or substance abuse, were also excluded from the
study. Hypertriglyceridaemia �300 mg dl-1 was also an
exclusion factor.

Bioanalytical methods
The concentrations of R667 and four major metabolites
M2, M3, M4a, and M4b in plasma were determined by
Advion BioSciences, Inc, Ithaca, New York, using a
selective, accurate, and reproducible liquid chromatog-
raphy tandem mass spectrometry (LC/MS/MS) analyti-
cal method [9]. Isotopic internal standards were used for
all analytes. Analytes were extracted from plasma by
solid phase extraction (SPE) with a Waters Oasis MAX
96-well block. Two different chromatographic separa-
tions were required to separate the isomeric hydroxy and
keto metabolites from their respective isomer. The ana-
lytes were detected in the high performance liquid chro-
matography (HPLC) column effluents by turbo ion spray
LC/MS/MS with selected reaction monitoring (SRM) in
the positive ion mode. The lower limit of quantification
was 0.01 ng ml-1 for all analytes using a 0.5 ml plasma
aliquot for analysis.

Pharmacokinetic analysis
Pharmacokinetic parameters for R667 and its metabo-
lites were estimated by the noncompartmental method
using WinNonlin Professional 4.1.a. The actual sam-
pling times recorded on the CRF were used to calculate
individual pharmacokinetic parameters (Cmax, tmax,
AUC(0,t), and CL/F). Nominal times were used for
graphical presentation and descriptive summation
(numbers of observation (n), arithmetic mean, standard
deviation (SD), minimum (min), maximum (max), and
CV%). Prior to estimation of pharmacokinetic param-
eters, plasma concentrations that were below the limit of
quantification for the assay (BLQ) were assigned a value
of zero if they occurred prior to the first measurable

concentration in the profile and were treated as missing
and eliminated from the analysis if they occurred during
the terminal phase

Results
Subjects
Across the four treatment groups (40 patients) the major-
ity of patients were Caucasian (80–90%). For the four
treatment groups, the mean age ranged from 62 to 65
years, the mean body mass index (BMI) from 25 to
29 kg m-2, and the mean weight from 72 to 82 kg
(Table 1). Half of the patients were current smokers and
48% of the patients were male. On average, pulmonary
function tests demonstrated the presence of moderate to
severe obstructive lung disease and a moderate impair-
ment in gas exchange, consistent with moderate to
severe emphysema. Their history of tobacco use and
pulmonary function characteristics are summarized in
Table 1.

Bioanalytical analysis
The precision of the assay for plasma samples as mea-
sured by the coefficient of variation (CV) from the
analysis of the quality control (QC) samples was <11.1%
for M4b and <7.2% for R667 and other metabolites. The
accuracy as measured by relative error (RE) from the
analysis of the QC samples was within 94–105% for all
analytes. The analytes were stable in plasma under all
analytical and storage conditions as well as after
processing.

Pharmacokinetics
The plasma R667 concentration-time profile and the
principal pharmacokinetic parameters after multiple-
dose of R667 (0.2–1 mg) once daily are summarized in
Figure 2 and Table 2.

Pharmacokinetic analysis of the data indicated that the
mean steady-state Cmax and AUC(0,t) of R667 appeared
to be dose proportional over the dose range
of 0.2–1 mg when administered to emphysematous
patients (Table 2).

Four major metabolites, M2, M3, M4a, and M4b,
were observed in plasma after administration of multiple
doses of R667 to 29 patients with emphysema. Mean
metabolite to R667 ratios for Cmax and AUC(0,t) are
presented in Tables 3 and 4. In general, mean metabolite
to R667 ratios for Cmax or AUC(0,t) appeared to be
similar across the dose range of 0.2–1 mg. The rank
order for R667 and its metabolites after steady state
administration of 0.2–1 mg R667 for 14–16 days was as
follows:

Pharmacokinetics of R667 in patients with emphysema
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Cmax: R667 > M3 > M4b > M2 > M4a
AUC(0,t): R667 > M3 > M4b > M4a > M2.

Safety and tolerability
Safety parameters including adverse events, laboratory
abnormalities, and vital signs were monitored during
study treatment and at the post-treatment follow-up
24–34 days after the last dose. The enrolled patients
tolerated the study treatment well and no significant
safety concerns were observed. The incidence of adverse
events in the 1 mg R667 arm (3/10) was not higher than
that in the placebo arm (5/10). Each adverse event was
seen in a single patient in any treatment arm. All adverse
events were mild or moderate in intensity, and were
considered unrelated to study treatment by the investi-
gator, except for an event of constipation that occurred in
the 0.5 mg R667 arm, which was considered remotely
related to study drug. No treatment withdrawals for
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Figure 2
Mean plasma concentration � SD vs. time profiles for R667 on day 14

(�1) following once a day oral dosing with 0.2 (�), 0.5 (�) or 1 mg

(�) of R667

Table 1
Smoking and pulmonary function
characteristics of the 40 emphysematous
patients enrolled into the study

Parameter (Unit)
Placebo (n = 10) R667 0.2 mg (n = 10)

Mean � SD Min Max Mean � SD Min Max

Current smoker/Past
smoker

30%/70% 70%/30%

Age (years) 62 � 8 46 73 64 � 10 52 83
Weight (kg) 82 � 24 51 121 73 � 19 48 116
BMI (kg m-2) 29 � 7 20 39 25 � 5 19 37
Smoking (pack-years)a 51 � 36 15 133 78 � 46 15 160
FVC (l) 2.5 � 0.4 1.7 3.3 2.8 � 0.6 1.6 3.8
FEV1 (l) 1.5 � 0.4 0.9 2.2 1.6 � 0.5 0.9 2.3
FEV1 (% predicted)b 54 � 9 40 70 58 � 11 43 80
DLco (% predicted)b 67 � 14 47 76 48 � 19 34 83

R667 0.5 mg (n = 10) R667 1.0 mg (n = 10)

Current smoker/Past
smoker

50%/50% 50%/50%

Age (years) 65 � 11 48 85 62 � 8 50 78
Weight (kg) 72 � 14 54 96 75 � 13 56 98
BMI (kg m-2) 25 � 3 20 29 25 � 4 21 35
Smoking (pack-years)a 55 � 22 19 92 51 � 23 20 86
FVC (l) 3.0 � 1.0 1.9 5.2 3.5 � 0.8 2.4 4.5
FEV1 (l) 1.5 � 0.3 1.2 2.0 1.7 � 0.5 1.0 2.5
FEV1 (% predicted)b 57 � 18 40 97 53 � 12 38 73
DLco (% predicted)b 41 � 12 28 53 50 � 15 24 69

apack-years = number of cigarette packs smoked per day ¥ number of years of
smoking. bpercentage predicted = measured value as a percentage of the normal
predicted value for each individual based on their sex, age and height.
FVC = postbronchodilator forced vital capacity. FEV1 = postbronchodilator forced
expiratory volume in 1 second. DLco = postbronchodilator diffusing capacity of the
lung for carbon monoxide.
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adverse events and no deaths occurred in the trial. No
serious adverse events were reported in R667-treated
patients. Some marked laboratory abnormalities were
reported. Most of these marked laboratory abnormalities
occurred on a single occasion in a single patient except
for low lymphocyte count (0.2 mg R667 group) and the
partial thromboplastin time (1.0 mg R667 group) each of
which occurred in two patients. No abnormal vital signs
were reported.

Discussion
Until recently, the pathologic destruction of lung tissue
that occurs in emphysema was considered a progressive

and irreversible process. However, this concept has been
challenged by several animal models demonstrating that
all-trans retinoic acid can promote alveolar septation
and reverse elastase-induced lung damage in adult rats
and mice [10–12]. Unfortunately, the long-term admin-
istration of all-trans retinoic to humans is complicated
by the autoinduction of metabolizing enzymes that lead
to rapid clearance of the drug and a 60–70% reduction in
the average AUC(0,t) over time [13]. Similar effects
were observed when all-trans retinoic acid was used in a
pilot study to treat emphysematous patients, signifi-
cantly limiting drug exposure [14]. R667 is a novel
retinoid derivative that also demonstrates the capacity to

Table 2
Mean pharmacokinetics of R667
following multiple-dose oral
administration of 0.2, 0.5, or 1 mg of
R667 to emphysematous patients

Parameter (units) Dose (mg) n Mean � SD Min Max CV (%)

Cmax 0.2 9 1.80 � 1.10 0.81 4.04 61.1
(ng ml-1) 0.5 10 4.84 � 2.57 2.91 9.72 53.1

1 10 10.3 � 3.59 5.34 15.6 34.9
tmax 0.2 9 3.92 � 2.34 1.07 8.03 59.6
(h) 0.5 10 4.09 � 2.05 1.80 8.00 50.2

1 10 4.02 � 2.41 1.00 8.00 59.9
AUC(0,t) 0.2 9 10.3 � 3.23 5.81 15.0 31.3
(ng ml-1 h) 0.5 10 29.0 � 12.4 15.8 51.6 42.7

1 10 57.7 � 12.6 35.4 78.7 21.8
CL/F 0.2 9 21.3 � 7.46 13.3 34.4 35.0
(l h-1) 0.5 10 20.4 � 8.40 9.70 31.7 41.3

1 10 18.2 � 4.40 12.7 28.3 24.2

SD. = standard deviation. CV = coefficient of variation.

Table 3
Cmax ratios of metabolites to R667
following multiple-dose oral
administration of 0.2, 0.5, or 1 mg of
R667 to emphysematous patients

Cmax ratio R667 (mg) n Mean � SD Min Max CV (%)

M2 : R667a 0.2 9 0.206 � 0.0699 0.108 0.322 33.9
0.5 10 0.239 � 0.0769 0.143 0.345 32.2
1 10 0.212 � 0.0632 0.124 0.338 29.9

M3 : R667b 0.2 9 0.551 � 0.278 0.217 0.992 50.4
0.5 10 0.562 � 0.254 0.213 1.00 45.2
1 10 0.475 � 0.256 0.271 1.06 53.8

M4a : R667c 0.2 9 0.167 � 0.135 0.0600 0.469 80.7
0.5 10 0.218 � 0.111 0.0590 0.413 50.8
1 10 0.184 � 0.0822 0.107 0.306 44.6

M4b : R667d 0.2 9 0.241 � 0.135 0.0810 0.42 56.1
0.5 10 0.337 � 0.162 0.0470 0.559 48.0
1 10 0.303 � 0.184 0.131 0.610 60.7

aCalculated metabolite M2 : R667 ratio. bCalculated metabolite M3 : R667 ratio.
cCalculated metabolite M4a : R667 ratio. dCalculated metabolite M4b : R667 ratio.
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repair emphysematous lung damage in animal models
[7]. This is the first report of its metabolism and phar-
macokinetics in moderate to severe emphysematous
patients.

The mean steady-state Cmax and AUC(0,t) obtained
after multiple oral dosing with 1 mg of R667 in our
study population with moderate to severe emphysema
(10.3 ng ml-1 and 57.7 ng ml-1 h, respectively) were
comparable with those observed in healthy volunteers
(8.32–10.5 ng ml-1 and 41.1–52.7 ng ml-1 h) [15–17].
Therefore, preliminary evidence would suggest that the
pharmacokinetics of R667 in emphysematous patients
and healthy volunteers appears to be similar. The mean
metabolite to R667 ratios for Cmax and AUC(0,t) in
healthy volunteers were 0.23–0.31, 0.49–0.68, 0.22–
0.30, and 0.36–0.47 for metabolite M2, M3, M4a, and
M4b, respectively [15–17]. Compared with the values
in Table 4, the mean metabolite to R667 ratios for
AUC(0,t) in emphysematous patients were also similar
to those in healthy volunteers. The mean steady-state
Cmax and AUC(0,t) for R667 appeared to be dose pro-
portional over the range of 0.2–1 mg and there has
been no evidence of the self-induction of metabolism
with repeated administration in either animals or
humans.

In conclusion, these studies suggest that the pharma-
cokinetics of R667 and its metabolites appears to be
similar for patients with emphysema and healthy volun-
teers. Multiple-dose administration of 0.2–1 mg of R667
for up to 16 days was well tolerated in patients with
emphysema.
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Angles (Shawnee Mission, KS).
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