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ABSTRACT

Introduction: Intra-articular (IA) corticos-
teroids, including triamcinolone acetonide
(TA), are a recommended treatment for hip
osteoarthritis. We compared the safety and
systemic exposure of TA extended-release (TA-
ER) versus TA crystalline suspension (TAcs) in
patients with hip osteoarthritis.
Methods: In this phase 2, randomized, multi-
center, open-label, single-dose study
(NCT03382262), patients with hip osteoarthri-
tis were randomly assigned 1:1 to receive single
IA injections of TA-ER 32 mg or TAcs 40 mg.
Safety assessments included treatment-

emergent adverse events (TEAEs). Blood samples
were collected for pharmacokinetic (PK) analy-
sis up to day 85. PK parameters included area
under the concentration–time curve, total body
drug clearance, maximum concentration
(Cmax), mean residence time, half-life, and time
to maximum concentration.
Results: Of 30 patients (TA-ER: n = 15; TAcs:
n = 15) randomized and included in the Safety
Population, 25 patients were evaluated in the
PK Population. TEAEs were reported in four of
15 (26.7%) patients who received TA-ER and in
seven of 15 (46.7%) patients who received TAcs.
The most common TEAEs included arthralgia
and headache. All TEAEs were of grade 1 or 2 in
severity. TA-ER produced substantially lower
peak plasma TA concentrations compared with
TAcs (Cmax geometric mean: 890.4 vs.
5549.4 pg/ml), and these were less variable with
TA-ER versus TAcs. Similarly, overall TA
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systemic exposure was substantially lower for
TA-ER versus TAcs, with gradual elimination
from systemic circulation through day 85.
Conclusions: Following a single IA injection in
the hip, TA-ER was generally well tolerated,
with a safety profile comparable to that of TAcs.
Systemic TA exposure was markedly lower in
TA-ER-treated patients, consistent with the PK
profile observed in knee osteoarthritis.Clinical-
trials.gov identifier: NCT03382262.

Keywords: Corticosteroids; Hip osteoarthritis;
Pharmacokinetics; Triamcinolone acetonide
extended-release; Triamcinolone acetonide
crystalline suspension

Key Summary Points

Why carry out this study?

Triamcinolone acetonide extended-release
(TA-ER) is approved by the US Food and
Drug Administration (FDA) for the
management of pain associated with knee
osteoarthritis (OA).

The extended-release profile of TA-ER has
been confirmed in pharmacokinetic (PK)
studies in patients with knee OA;
however, the PK profile of TA-ER has not
been evaluated in other large joints.

This phase 2 study was the first conducted
comparing the safety and systemic
exposure of TA following a single intra-
articular (IA) injection of TA-ER or
triamcinolone acetonide crystalline
suspension (TAcs) into the hip joint in
patients with hip OA.

What was learned from the study?

In patients with hip OA, a single IA
injection of TA-ER into the index hip joint
was generally safe and well tolerated, and
total systemic exposure to TA was
substantially lower with TA-ER compared
with TAcs during the study period.

The PK profile of TA-ER following
injection into the hip was consistent with
that of single- and bilateral-knee
injections in the knee.

INTRODUCTION

The hip joint is the second most common site of
osteoarthritis (OA), a debilitating disease asso-
ciated with pain and limitations in physical
function [1–5]. Knee and hip OA were ranked as
the 11th highest contributors to global disabil-
ity in the Global Burden of Disease 2010 study
based on years lived with disability [4]. The
updated Global Burden of Disease 2017 study
highlighted the continued and growing burden
of these diseases and estimated the global
prevalence of knee and hip OA at 303.1 million
cases in 2017, with an age-standardized preva-
lence of 3.75%, an increase of 9.3% since 1990.
In addition to prevalence, OA currently
accounts for approximately 7.1% of the burden
of years lived with disability, a statistically sig-
nificant increase of 31.4% since 2007, building
on the 63.1% increase between 1990 and 2007.
At the regional level, the highest prevalence and
incidence rates of OA were in North America,
affecting about 32.5 million US adults [6, 7].
The age-standardized prevalence of radio-
graphic hip OA was 19.6% in a 3-year US-based
community study of 978 participants [8]. In a
study of 26 patients with end-stage hip OA,
knee muscle strength, functional performance,
and physical activity were substantially reduced
compared with healthy individuals (P\ 0.01)
[2]. Similarly, patients with hip OA experienced
significantly more pain and greater limitations
in daily activities compared with unaffected
individuals in a longitudinal cohort study
(P = 0.02 and P = 0.05, respectively; N = 66) [3].

Hip OA symptoms and progression are
linked to the presence of pro-inflammatory
mediators and inflammation in synovial tissues
[9–11]. For example, levels of interleukin-6 (IL-
6) and interferon-c–inducible protein-10 (IP10)
were significantly associated with Hip Disability
and Osteoarthritis Outcome Score pain
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(P = 0.02 and P = 0.04, respectively). Only IP10
expression was observed in the synovium of
patients with hip OA [9]. In addition, pain as
assessed by the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and
the Visual Analogue Scale was significantly
correlated with synovial fluid IL-6 levels
(P\0.01) and visfatin levels (P\0.01 and
P\ 0.05, respectively) in a cross-sectional study
of 112 patients with end-stage hip OA [10].
Furthermore, pain severity was associated with
mean serum high-sensitivity C-reactive protein
levels in 770 patients with advanced knee and
hip OA [11].

There are several pharmacologic treatment
options for hip OA, with oral nonsteroidal anti-
inflammatory drugs (NSAIDS) and intra-articu-
lar corticosteroids (IACS) categorized as
‘‘strongly recommended’’ by the American Col-
lege of Rheumatology/Arthritis Foundation
[12]. NSAIDS have been shown to provide
moderate pain relief across multiple well-de-
signed clinical trials involving patients with OA.
However, oral NSAIDS can be limited, in par-
ticular, by the occurrence gastrointestinal toxi-
cities [13]. IACS agents also exert anti-
inflammatory effects and have been shown to
provide relief from hip OA pain for B 8 weeks
post injection [14, 15].

Triamcinolone acetonide extended-release
(TA-ER) is a microsphere-based formulation of
triamcinolone acetonide approved by the US
Food and Drug Administration as an intra-ar-
ticular (IA) injection for the management of OA
pain of the knee [16]. TA-ER has demonstrated
efficacy and safety through week 16 following a
single injection compared with saline-placebo
and through week 12 compared with triamci-
nolone acetonide crystalline suspension (TAcs)
in patients with knee OA [17, 18]. Moreover, in
patients with knee OA, TA-ER provided similar
improvements in pain scores following a sub-
sequent IA injection administered 12–24 weeks
after the initial dose [19].

IA injection of TAcs may result in high peak
systemic TA concentrations due to rapid efflux
of corticosteroids from the joint [20]. This is of
particular concern in patients with diabetes,
who can experience elevated blood glucose
levels for several days after injection of TAcs

[21]. Previous phase 2 pharmacokinetic (PK)
studies of TA-ER in patients with knee OA
demonstrated its extended-release profile
[20, 22]. Quantifiable TA levels were detected in
synovial fluid through week 12 following a
single IA injection in the knee, and systemic
peak TA concentrations were substantially
lower with TA-ER compared with TAcs [20].
Single or bilateral IA injection of TA-ER showed
a gradual increase in plasma TA that plateaued
through 24 h post injection, followed by slow
elimination from the systemic circulation
[20, 22]. Furthermore, single IA injection of TA-
ER in the knee showed minimal blood glucose
disruption during the days following injection
[21].

Although the PK profile of TA-ER compared
with that of TAcs has been well characterized
following IA injection of TA-ER or TAcs in
patients with knee OA, it has not been evalu-
ated in other large joints. Here, we evaluate the
safety and systemic exposure of TA following IA
injection of TA-ER and TAcs in a phase 2 study
of patients with hip OA.

METHODS

Ethics

This study was conducted according to the
Helsinki Declaration of 1964, as revised in 2013,
and International Committee on Harmonisa-
tion Good Clinical Practice guidelines.
Governing ethical bodies approved the proto-
col, and all patients provided written informed
consent.

Patient Eligibility and Study Design

This was a phase 2, randomized, open-label,
single-dose study (NCT03382262) that enrolled
patients aged C 40 years with body mass index
(BMI) B 40 kg/m2, symptomatic hip OA based
on pain as defined by the American College of
Rheumatology clinical/radiographic criteria for
hip OA [23], and C 2 of the following: erythro-
cyte sedimentation rate\20 mm/h, radio-
graphic femoral or acetabular osteophytes, and
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radiographic joint space narrowing (superior,
axial, and/or medial) [23]. Eligible patients had
symptoms consistent with hip OA in the index
hip for C 6 months prior to screening, and pain
in the index hip joint for[ 15 days in the pre-
ceding month. Patients were excluded who had
systemic inflammatory joint disease; history of
infection in the hip joint; IA treatment of any
joint with corticosteroids (including TA-ER) or
biologic agent within 6 months of screening; IA
treatment of the index hip with hyaluronic acid
within 6 months of screening; parenteral or oral
corticosteroid use within 3 months of screen-
ing; inhaled, intranasal, or topical corticos-
teroid use within 2 weeks of screening;
uncontrolled diabetes as indicated by hemo-
globin A1c level of[ 7.5% ([59 mmol/mol); or
use of any other investigational drug, biologic
agent, or device within 3 months.

Patients meeting inclusion criteria were ran-
domly assigned 1:1 to a single IA injection of
TA-ER 32 mg or TAcs 40 mg using a central
system directly accessed by the study sites and
were evaluated for 12 weeks following injection.
Analgesic medication use was permitted.

Study Interventions

TA-ER 32 mg was provided as a powder that was
reconstituted in diluent containing an isotonic,
sterile aqueous sodium chloride solution (0.9%
weight/weight [w/w]), carboxymethylcellulose
(0.5% w/w), and polysorbate-80 (0.1% w/w) and
administered as a 5-ml IA injection. Commer-
cially available TAcs 40 mg (Kenalog�-40; Bris-
tol-Myers Squibb Company, Princeton, NJ, USA;
1 ml) [24] was initially administered as a 1-ml IA
injection for comparison with TA-ER. As per the
protocol amendment, however, 1 ml was com-
bined with 4 ml normal saline and sodium
chloride (0.9%) solution and administered as a
5-ml injection. As per the protocol, the inves-
tigator could choose the position of the hip and
the approach for injection. A 21-gauge or larger
needle was used for injection into the hip joint.
The injection was performed with ultrasound
guidance. Patients were instructed to avoid
strenuous activities or prolonged weight-bear-
ing activities for approximately 24 to 48 h post

injection and to maintain stable physical
activity throughout the study.

Study Assessments

Safety was assessed over a 12-week period
(85 days) based on treatment-emergent adverse
events (TEAEs), physical examination, index
joint assessments, vital signs, and laboratory
evaluations. TEAEs were spontaneously repor-
ted by the patient or discovered by the investi-
gator and were defined as any untoward
medical occurrence in a patient who received
study drug treatment that may or may not have
been related to study treatment.

IA injections were administered on day 1.
Blood samples were collected at baseline and on
days 2, 3, 5, 8, 15, 22, 29, 57, and 85 post
injection for PK analysis. On day 1, blood sam-
ples were collected at hours 1–6, 8, 10, and 12
post injection. Plasma TA concentrations were
assayed using a validated liquid chromatogra-
phy tandem mass spectrometry method.

Statistical Analysis

All descriptive statistical analyses were per-
formed using SAS� statistical software (Version
9.4).

The Safety Population included all patients
who received study drug treatment. TEAEs were
coded using the Medical Dictionary for Regula-
tory Activities (Version 20.1), and concomitant
medications were coded using the World Health
Organization Drug Dictionary (Version B3;
March 2014 edition).

The PK Population included all patients from
the Safety Population who received a full dose
of study drug, completed PK sampling, and had
sufficient plasma concentration measurements
for PK analysis. PK plasma TA concentrations
were assessed using non-compartmental analy-
sis from individual TA plasma concentra-
tion–time profiles using Phoenix WinNonlin�

Version 8 (Certara Corporation), and mean
concentration profiles were calculated for each
treatment arm. Descriptive statistics were cal-
culated by time point for plasma TA concen-
tration levels. PK parameters included area
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under the concentration–time curve (AUC),
total body drug clearance (CL), maximum con-
centration (Cmax), mean residence time (MRT),
half-life (T1/2), and time to maximum concen-
tration (Tmax). A linear trapezoidal rule was
applied to calculate observed AUC. AUC
parameters were calculated for the following
intervals: AUC from time 0 to hour 24
(AUC0–24) and hour 96 (AUC0–96), AUC from
time 0 to the last quantifiable concentration
(AUC0–last), and AUC from time 0 to infinity
post injection (AUC0–?). Plasma PK data of
subjects with extrapolated AUC0-? C 25% of
predicted value were not included in overall
plasma PK parameter summary calculations.

Sample size was based on the PK primary
endpoint, and a sample size of 12 in each
treatment arm was estimated for analysis. A
total sample size of 24 patients achieved
approximately 90% power, with 2-sided
a = 0.05, to detect a ratio of\1 of the exposure
PK parameter means (TA-ER/TAcs), with a
pooled coefficient of variation estimation of
0.68 (PASS 15 Power Analysis and Sample Size
Software [2017], NCSS, LLC; Kaysville, UT,
USA). The sample size of 24 patients assumed a
10% drop-out rate for providing complete blood
samples for PK analysis.

RESULTS

Patient Disposition

This study was conducted from December 2017
to October 2018 at six US study centers. A total
of 30 patients were randomized in the study,
received a single IA injection of TA-ER 32 mg
(n = 15) or TAcs 40 mg (n = 15) on day 1, and
were included in the Safety Population. Two
patients discontinued the study due to with-
drawal of consent (n = 1; 6.7%; TAcs) and
withdrawal by the investigator or sponsor
(n = 1; 6.7%; TA-ER 32 mg). A total of 28
(93.3%) patients (TA-ER 32 mg: n = 14; TAcs
40 mg: n = 14) completed the study (Fig. 1).
Four unique patients were excluded from PK
analysis due to study drug administration
issues. Three patients had incomplete adminis-
tration of the intended TA-ER 32 mg dose, and

one patient enrolled and received study medi-
cation at two sites (TAcs followed by TA-ER).
The PK population for analysis thus comprised
25 patients (TA-ER 32 mg: n = 11; TAcs 40 mg:
n = 14).

Baseline Disease Characteristics

Of all participants, 56.7% were male, the mean
age (standard deviation [SD]) at study outset
was 59.1 (7.3) years, 90% were overweight (BMI
25.0–29.9 kg/m2) or obese (BMI 30.0–39.9 kg/
m2), and the mean number of years since initial
diagnosis (SD) was 5.1 (4.4) years. There were
slightly more males in the TAcs group (10/15
patients; 66.7%) compared with the TA-ER
group (7/15 patients; 46.7%). However, baseline
demographic characteristics and OA history
were well balanced across the TA-ER and TAcs
treatment groups for most parameters, except
for prior surgery or procedures (0 [0%] vs. 3
patients [20%], respectively) (Table 1).

Safety

TA-ER and TAcs were generally well tolerated.
TEAEs were reported in four of 15 (26.7%)
patients who received TA-ER and in seven of 15
(46.7%) patients who received TAcs (Table 2).
All TEAEs were of grade 1 or 2, and no TEAEs led
to study discontinuation.

Commonly occurring TEAEs included
arthralgia (TA-ER: n = 1 [6.7%]; TAcs: n = 2
[13.3%]), headache (both n = 1 [6.7%]), upper
respiratory tract infection (both n = 1 [6.7%]),
musculoskeletal pain (TA-ER: n = 1 [6.7%];
TAcs: n = 0 [0%]), and nasopharyngitis (TA-ER:
n = 0 [0%]; TAcs: n = 1 [6.7%]). Index-hip TEAEs
occurred in 1 (6.7%) patient who received TA-
ER and in three (20.0%) patients who received
TAcs. No study drug-related TEAEs occurred in
patients who received TA-ER. Furthermore, no
clinically relevant changes in vital signs or lab-
oratory parameters were observed.

Pharmacokinetics

Following a single IA injection in the hip, rapid
systemic absorption of TA was demonstrated. In
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TA-ER-treated patients, TA plasma concentra-
tions peaked with a geometric mean (GM) (95%
confidence interval [CI]) Cmax of 890.4
(415.9–1906.6) pg/ml at a median tmax of 5.0 h,
and the GM MRT (95% CI) was 758.6
(452.6–1271.7) h (Table 3). In contrast, in TAcs-
treated patients, TA plasma concentrations
peaked with a higher GM (95% CI) Cmax of
5549.4 (3086.0–9979.2) pg/ml, at a median tmax

of 4.0 h. The GM MRT (95% CI) for TAcs was
402.2 (191.0–847.2) h and shorter than that

observed with TA-ER). Median t1/2 (minimum,
maximum) values of 461.5 (342, 828) h and
388.5 (32, 1283) h were reported for TA-ER and
TAcs, respectively.

At hour 5 post injection, TA concentrations
increased to a GM of 793 pg/ml in the systemic
circulation of TA-ER-treated patients compared
with a GM of 4673 pg/ml in TAcs-treated
patients. Systemic plasma TA concentrations
plateaued through hour 72 post injection, and
TA was slowly eliminated from systemic

Fig. 1 Patient disposition. PK pharmacokinetic, TAcs
triamcinolone acetonide crystalline suspension, TA-ER
triamcinolone acetonide extended-release. aOne patient
was enrolled in the study at two different study centers and
received TAcs at one study center and then received TA-
ER 5 days later at another study center, with both study
drugs administered in the right hip; this patient is included
in both treatment groups. bThe Safety Population included
all patients who received any amount of study treatment.

The patient noted above who received two injections is
included in both treatment groups. cThe PK Population
included all patients from the Safety Population who
received a full dose of study drug (three patients excluded
from TA-ER PK Population because of incomplete
dosing), completed PK sampling, and had sufficient plasma
concentration measurements for PK analysis. The patient
noted above who received two injections (TAcs followed
by TA-ER) is excluded from both treatment groups
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circulation through day 85 in the TA-ER group.
In contrast, in the TAcs group, systemic TA
concentrations remained substantially elevated
compared with TA-ER through hour 24 post
injection and decreased through day 85
(Fig. 2a–d). A GM AUC0–last of 397,457.3 h�pg/
ml and 784,250.1 h�pg/ml was reported for the
TA-ER and TAcs groups, respectively.

Measurable GM TA plasma concentrations were
higher with TA-ER compared with TAcs at day
85 (112 pg/ml vs. 93 pg/ml), with 10 of 11
(90.1%) and 12 of 14 (85.7%) patients con-
tributing PK samples with measurable TA-ER
and TAcs concentrations, respectively. How-
ever, the duration of measurable levels of TA
was comparable for the TA-ER and TAcs groups

Table 1 Demographics and disease baseline characteristics

TA-ER 32 mg
n = 15a

TAcs 40 mg
n = 15a

Total
N = 30a

Sex, n (%)

Male 7 (46.7) 10 (66.7) 17 (56.7)

Female 8 (53.3) 5 (33.3) 13 (43.3)

Age, years, mean (SD) 58.1 (7.60) 60.1 (7.09) 59.1 (7.30)

Race, n (%)

American Indian or Alaska Native 0 1 (6.7) 1 (3.3)

Asian 1 (6.7) 0 1 (3.3)

Black or African American 5 (33.3) 5 (33.3) 10 (33.3)

Native Hawaiian or other Pacific Islander 1 (6.7) 0 1 (3.3)

White 8 (53.3) 9 (60.0) 17 (56.7)

Other 0 0 0

BMI (kg/m2), mean (SD) 29.3 (3.49) 31.0 (4.40) 30.2 (3.99)

BMI category, n (%)

Normal (18.5–24.9 kg/m2) 1 (6.7) 2 (13.3) 3 (10.0)

Overweight (25.0–29.9 kg/m2) 8 (53.3) 4 (26.7) 12 (40.0)

Class I obese (30.0–34.9 kg/m2) 5 (33.3) 6 (40.0) 11 (36.7)

Class II obese (35.0–39.9 kg/m2) 1 (6.7) 3 (20.0) 4 (13.3)

Morbid obesity (C 40.0 kg/m2) 0 0 0

Years since initial diagnosis, mean (SD) 4.3 (3.71) 5.9 (5.07) 5.1 (4.44)

Prior OA hip surgeries or procedures, n (%) 0 3 (20.0) 3 (10.0)

Previous intra-articular treatment of index hip, n (%) 3 (20.0) 3 (20.0) 6 (20.0)

BMI body mass index, OA osteoarthritis, SD standard deviation, TAcs triamcinolone acetonide crystalline suspension,
TA-ER triamcinolone acetonide extended-release
aOne patient was enrolled in the study at two different study centers and received TAcs at one study center and then
received TA-ER 5 days later at another study center, with both study drugs administered in the right hip; this patient is
included in both treatment groups
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(1575.7 vs. 1590.5 h). Taken together, total
systemic exposure to TA was substantially
higher with TAcs compared with TA-ER during
the study period.

DISCUSSION

This is the first study to assess the safety and PK
of TA-ER following a single IA injection in the
hip joint. In patients with hip OA, this treat-
ment with TA-ER into the index hip joint was
generally well tolerated, no new safety signals
were identified, and all TEAEs were grade 1 or 2
in severity, consistent with the safety profile of
TAcs as well as that of TA-ER following IA
injection in the knee [20]. Peak TA plasma
concentrations were considerably lower with
TA-ER compared with TAcs; similarly, systemic
TA exposure was markedly lower with TA-ER
compared with TAcs.

The PK profile of TA-ER following a single
injection into the hip was consistent with that
of single- and bilateral-knee injections that
showed early systemic absorption and a plateau
in plasma TA concentration through hour 24,
followed by gradual systemic elimination
[20, 22]. In a phase 2 open-label pharmacoki-
netics study, GM Cmax of TA was substantially
lower in TA-ER-treated patients (32 mg) com-
pared with those given TAcs (40 mg) (966.7 vs.
11,064.7 pg/ml) at a similar time point follow-
ing a single IA injection in the knee [20]. In
another phase 2a open-label study in which
patients with knee OA received bilateral knee
injections of TA-ER (32 mg) or TAcs (40 mg),
mean plasma TA concentrations were lower in
the TA-ER group compared with those treated
with TAcs (GM Cmax: 2277.7 vs. 7394.7 pg/ml)
[22]. In addition, plasma TA concentrations
were less variable with TA-ER compared with
TAcs at each collection point throughout the

Table 2 Summary of adverse events (safety population)

TA-ER 32 mga

n = 15
TAcs 40 mga

n = 15

C 1 TEAE, n (%) 4 (26.7) 7 (46.7)

Grade 1 2 (13.3) 6 (40.0)

Grade 2 2 (13.3) 1 (6.7)

Grade 3 0 0

Grade 4 0 0

C 1 serious TEAE 0 0

C 1 TEAE leading to study discontinuation 0 0

TEAE by maximum relationship

Not relatedb 4 (26.7) 6 (40.0)

Relatedc 0 1 (6.7)

C 1 index-hip TEAE 1 (6.7) 3 (20.0)

C 1 index-hip TEAE leading to study discontinuation 0 0

TAcs triamcinolone acetonide crystalline suspension, TA-ER triamcinolone acetonide extended-release, TEAE treatment-
emergent adverse event
aOne patient was enrolled in the study at two different study centers and received TAcs at one study center and then
received TA-ER 5 days later at another study center, with both study drugs administered in the right hip; this patient is
included in both treatment groups
bIncludes ‘‘not related’’ and ‘‘unlikely’’ related
cIncludes ‘‘possibly,’’ ‘‘probably,’’ or ‘‘definitely’’ related
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present study, which is consistent with findings
from the previous phase 2 study comparing
single injections of either treatment into one
knee [20]. Because systemic exposure of TA was
substantially lower with TA-ER compared with
TAcs, TA-ER may exhibit an improved safety
profile relative to TAcs in the hip. These results
are also consistent with findings from the initial
phase 2 study assessing the efficacy, safety, and
PK of three dose levels of TA-ER and a single
dose of TAcs (40 mg) in patients with knee OA
[25]. The mean plasma concentration–time
profile of TA was markedly lower for TA-ER at
the 40 mg dose (approximately 32 mg deliv-
ered) compared with TAcs (40 mg dose) (GM
Cmax: 707 vs. 13,196 pg/ml, respectively) fol-
lowing a single IA injection in the knee. In the
same study, TA-ER provided greater pain relief
compared with TAcs up to week 12 post injec-
tion as measured by Average Daily Pain scores,
with differences observed from weeks 5 to 10
(P\0.05).

Three occurrences, representing a 20% inci-
dence, of incomplete administration of TA-ER
during ultrasound-guided hip injection were

observed and were unexpected. Incomplete
administration has not been noted in clinical
studies involving hundreds of patients receiving
TA-ER injections into the knee joint, or in a
small study of TA-ER injections into the gleno-
humeral joint in patients with shoulder OA
[26]. The standard anterior approach to the hip
joint in patients in a supine position may have
contributed to this observation with injection
of the TA-ER microsphere suspension. Addi-
tional evaluation will be necessary to further
assess the potential for incomplete TA-ER
administration and identify if adjustments to
the injection technique will decrease the inci-
dence of incomplete administration observed in
this study.

Limitations of this study include its small
sample size and open-label study design. How-
ever, it is encouraging that the findings of the
present study are consistent with two previous
phase 2 studies that assessed the safety and PK
of TA-ER in larger patient populations with knee
OA (N = 228 and N = 81) [20, 25].

Table 3 Plasma PK parameters following a single IA injection of TA-ER or TAcs in patients with hip osteoarthritis
(PK Population)

TA-ER 32 mg n TAcs 40 mg n

Cmax, GM (95% CI), pg/ml 890.4 (415.9–1906.6) 11 5549.4 (3086.0–9979.2) 14

AUC0–24, GM (95% CI), h�pg/ml 17,177.8 (7661.5–38,514.4) 11 88,544.1 (50,212.5–156,137.4) 14

AUC0–96, GM (95% CI), h�pg/ml 65,066.1 (28,347.4–149,347.1) 11 232,314.3 (157,949.9–341,690.2) 14

AUC0–last, GM (95% CI), h�pg/ml 397,457.3 (135,099.0–1,169,308.0) 11 784,250.1 (662,138.1–928,882.2) 14

AUC0–?, GM (95% CI), h�pg/ml 849,080.8 (539,865.4–1,335,403.8) 5 901,271.1 (703,283.6–1,154,995.8) 10

Tmax, median (min, max), h 5.0 (2, 51) 11 4.0 (1, 47) 14

T1/2, median (min, max), h 461.5 (342, 828) 5 388.5 (32, 1283) 10

CL, GM (95% CI), h�ml/kg 37.7 (24.0–59.3) 5 44.4 (34.6–56.9) 10

MRT, GM (95% CI), h 758.6 (452.6–1271.7) 5 402.2 (191.0–847.2) 10

AUC0-24 area under the concentration–time curve from time 0 to hour 24, AUC0-96 AUC from time 0 to hour 96; AUC0-

last AUC from time 0 to last quantifiable concentration; AUC0-? AUC from time 0 to infinity, CI confidence interval, CL
total body drug clearance, Cmax maximum concentration, GM geometric mean, IA intra-articular, max maximum, min
minimum, MRT mean residence time, PK pharmacokinetic, TAcs triamcinolone acetonide crystalline suspension, TA-ER
triamcinolone acetonide extended-release, T1/2 half-life, Tmax time to maximum concentration
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CONCLUSIONS

The symptomatic management of hip OA
remains an important area of research to reduce
symptoms and increase quality of life in
patients with OA. IA injection therapies for hip
OA are an area of increasing interest. The cur-
rent study suggests that IA injection of TA-ER
32 mg offers safe treatment in the index hip
joint, along with reduced systemic exposure,
and present a promising treatment alternative.
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