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Abstract Features and properties of diclofenac sodium injection

A A new formulation of the nonselective NSAID
diclofenac sodium suitable for intravenous bolus
injection has been developed using hydroxypropyl
B-cyclodextrin as a solubility enhancer (HPBCD
diclofenac).

A HPBCD diclofenac intravenous bolus injection was
shown to be bioequivalent to the existing parenteral
formulation of diclofenac containing propylene
glycol and benzyl alcohol as solubilizers (PG-BA
diclofenac), which is relatively insoluble and re-
quires slow intravenous infusion over 30 minutes.

A Single-dose HPBCD diclofenac 3.75, 9.4, 18.75, 25,
37.5, 50 and 75 mg administered by intravenous
bolus injection produced significantly greater re-
sponses than placebo for total pain relief
(TOTPAR) over 6 hours or pain intensity at 4 hours
in the treatment of moderate or severe postoperative
dental pain in randomized, double-blind trials.
HPBCD diclofenac 37.5 and 75 mg were similar in
efficacy to intravenous bolus ketorolac 30 mg.

A In a well controlled trial, single-dose HPBCD diclo-
fenac 75 mg intravenous bolus injection was shown
to be superior to PG-BA diclofenac 75 mg intrave-
nous infusion with respect to TOTPAR over
4 hours, indicating faster onset of analgesia in the
treatment of moderate or severe postoperative den-
tal pain. Both HPBCD diclofenac and PG-BA diclo-
fenac were superior to placebo.

A HPBCD diclofenac was generally well tolerated
during single-dose treatment of postoperative pain.
The tolerability profile was similar to that of PG-
BA diclofenac, but with a lower incidence of throm-
bophlebitis.

(DICO75V; Dyloject®)

Treatment or prevention of postoperative pain in supervised
healthcare settings

Inhibition of prostaglandin biosynthesis via nonselective
inhibition of cyclo-oxygenase isozymes

Dose 75 mg as a 2 mL solution
Route Intravenous bolus
Frequency Single dose

Mean area under the plasma
concentration-time curve from
time zero to infinity

4420 ng ® h/mL

Mean maximum plasma 21 524 ng/mL
concentration (Cmax)

Median time to Cmax <38 minutes
Mean elimination half-life 1.17 hours

Thrombophlebitis, headache, rash, nausea, dizziness, fatigue,
post-procedural haemorrhage, infusion-related reactions
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Acute pain, such as moderate to severe post-
operative pain, is normally managed with opioids,
local anaesthetics or NSAIDs.[!l Opioid analgesics
have long been the primary pharmacotherapy for
moderate to severe pain after surgery, but are asso-
ciated with a number of adverse effects, such as
respiratory depression, sedation, nausea and vomit-
ing, pruritus, urinary retention and ileus.!"3! Non-
selective NSAIDs are effective analgesics and have
been used instead of opioids, or adjunctively to
reduce opioid consumption, with the aim of reduc-
ing opioid-related adverse effects. Parenteral formu-
lations are often preferred when patients cannot
tolerate or are unable to take oral medications, or
require rapid onset of analgesia.*!

Diclofenac is a highly effective and well tolerat-
ed nonselective NSAID recommended for use in the
treatment of acute and chronic painful and in-
flammatory conditions.>® The currently available
parenteral formulation of diclofenac sodium
(Voltarol® ampoules)! contains propylene glycol
and benzyl alcohol as solubilizers (hereafter termed
PG-BA diclofenac), but is still relatively insoluble.
For intravenous use in postoperative pain, PG-BA
diclofenac requires reconstitution for each patient,
dilution to 2100 mL, buffering and slow infusion
over =30 minutes to minimize irritation. Despite
these limitations, PG-BA diclofenac is used exten-
sively as a result of its proven efficacy.”!

A new formulation of diclofenac suitable for
intravenous bolus injection (Dyloject®) has been
developed by complexing diclofenac sodium with
hydroxypropyl B-cyclodextrin as a solubility en-
hancer (hereafter termed HPBCD diclofenac). Al-
though HPBCD diclofenac is being developed for
both intramuscular and intravenous use in various
acute forms of pain (see section 7), this review
focuses on the intravenous use of HPBCD diclo-
fenac in moderate or severe postoperative pain, an
indication for which clinical efficacy data are avail-
able.

1. Pharmacodynamic Profile

The pharmacodynamic properties of diclofenac
have been well characterized™3 and are essentially
unaffected by the formulation or route of adminis-
tration. Therefore, only a brief overview of the im-
portant, relevant pharmacodynamic properties of
diclofenac is included in this section.

e Diclofenac, a phenylacetic acid derivative, is an
NSAID with analgesic and antipyretic activity.l>$]
It is a potent inhibitor of prostaglandin and thrombo-
xane synthesis via inhibition of the cyclo-oxygenase
(COX) enzyme and is nonselective in that it inhibits
both COX-1 and COX-2 isozymes.!'")

e Diclofenac is active in a variety of animal models

of inflammation, pain and fever, and displays anal-
gesic activity similar to that of indomethacin and
piroxicam, and greater than that of aspirin (acetyl-
salicylic acid) and ibuprofen.>!

e Animal and in vitro studies indicate that diclo-
fenac, like all nonselective NSAIDs, has the poten-
tial to cause gastric ulceration by inhibiting prosta-
glandins involved in protection of the gastrointesti-
nal mucosa.®®¥ Diclofenac may also prolong
bleeding by inhibiting platelet thromboxane A2 syn-
thesis, resulting in inhibition of platelet aggrega-
tion. >

e However, controlled clinical studies in healthy
subjects show that therapeutic dosages of diclofenac
produce less gastrointestinal damage and bleeding
than aspirin, indomethacin or naproxen, and have
little effect on platelet aggregation or bleeding
time >8]

e Diclofenac may also cause renal impairment by

inhibiting renal prostaglandins. Oral diclofenac
23 mg/kg in rats inhibited chlorthalidone-induced
water and electrolyte excretion in a dose-indepen-
dent manner,”! although single-dose oral adminis-
tration of diclofenac 50 mg in rheumatic patients
with normal renal function had no significant effect
on uric acid excretion.!”!

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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2. Pharmacokinetic Profile

The pharmacokinetic properties of HPBCD diclo-
fenac relative to those of PG-BA diclofenac have
been assessed in a phase I, randomized, four-way
crossover study in healthy fasted adults (n = 22
analysed).'!! Subjects sequentially received single-
dose HPBCD diclofenac 75 mg/2 mL by intravenous
bolus injection and intramuscular (deep intragluteal)
injection, and single-dose PG-BA diclofenac 75 mg/
3 mL by intravenous infusion over 30 minutes and
intramuscular injection, with >5-day washout peri-
ods between treatments. The study is unpublished
and available as data on file with the manufactur-
er.l1
e HPBCD diclofenac was bioequivalent to PG-BA
diclofenac after both intravenous and intramuscular
administration, since the 90% confidence intervals
for the mean area under the plasma concentration-
time curve for the time period from zero to infinity
(AUCw) and from zero to the last time point with a
concentration at or above the limit of quantification
(AUCy) were all within the 80-125% limits.[""!
® The mean AUC. values for HPBCD diclofenac
and PG-BA diclofenac were 4420 and 4055 ng e h/
mL after intravenous administration, and 4304 and
3932 ngeh/mL after intramuscular administra-
tion.['"" The respective mean AUC; values were
4363 and 3970 ng « h/mL after intravenous adminis-
tration, and 4237 and 3754 ng e h/mL after intra-
muscular administration.!!!

e Parenteral administration of diclofenac avoids
the first-pass metabolism observed with orally ad-
ministered diclofenac, whereby only about 60% of
the orally administered drug reaches the systemic
circulation in unchanged form.5-!

e After intramuscular administration, mean maxi-
mum plasma concentration (Cmax) values of 2569
and 1541 ng/mL were attained after median times
(tmax) of 38.5 and 47.5 minutes for HPBCD diclo-
fenac and PG-BA diclofenac.''! Following intrave-
nous administration, a Cmax of 21 524 ng/mL (in-
cluding one aberrant value, approximately 10-fold
higher than expected) for HPBCD diclofenac was
attained at a median tmax of 3 minutes (first assess-
ment point) and a Cmax of 5668 ng/mL for PG-BA

© 2008 Adis Data Information BV. All rights reserved.

was attained at a tmax of 30 minutes (duration of the
infusion).[']

e Diclofenac is highly bound (99.7%) to serum
proteins, mainly albumin, and has a volume of dis-
tribution of about 0.12-0.17 L/kg in healthy sub-
jects.581

e Diclofenac is eliminated principally by metabol-
ism and subsequent urinary and biliary excretion of
glucuronide and sulphate conjugates of the metabo-
lites.’! The mean elimination half-life (t) of
HPBCD diclofenac was 1.17 hours after both intra-
venous bolus and intramuscular injection, while that
for PG-BA diclofenac was 1.23 hours after intrave-
nous infusion and 1.71 hours after intramuscular
injection.!!]

3. Therapeutic Efficacy

The therapeutic efficacy of single-dose HPBCD
diclofenac intravenous bolus injection in treating
postoperative dental pain has been assessed in three
randomized, double-blind, double-dummy, placebo-
controlled, parallel-group trials. One of the studies
has been published in full;[”! one has been published
in abstract form!'?! and is supplemented by data on
file with the manufacturer;!'3/ while one is unpub-
lished.!'¥

One phase II trial (n = 269) was a comparison of
three different doses of HPBCD diclofenac (25, 50
and 75 mg) with placebo; each administered as a
single-dose intravenous bolus injection.['4

Another phase II trial was a dose-ranging study
(HPBCD diclofenac 3.75, 9.4, 18.75, 37.5 and
75 mg) [n = 51 per group] and comparison with
ketorolac (ketorolac tromethamine) 30 mg (n = 47)
and placebo (n = 51) in which all study medications
were administered as single-dose intravenous 2 mL
bolus injections.['213]

The fully published trial was a phase II/III com-
parison between single-dose HPPBCD diclofenac
75 mg/2 mL intravenous bolus injection (n = 53),
PG-BA diclofenac 75 mg administered by intrave-
nous infusion over 30 minutes (n = 50) and placebo
(n=52)."1 The primary objectives of the phase II/I1I
study were to assess the superiority of HPBCD

Drugs 2008; 68 (1)
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diclofenac over placebo and the noninferiority of
HPBCD diclofenac to PG-BA diclofenac.!”

Patients in all studies were adults, aged
>18 years, undergoing extraction of one or more
fully or partially impacted third molars requiring
bone removal who experienced moderate or severe
pain (categorical [using a 4-point scale: none, mild,
moderate and severe] and =50 mm on a 100 mm
visual analogue scale [VAS]) within 6 hours of
completion of surgery.l”-!%13]

The primary efficacy endpoint in the trial com-
paring three doses of HPBCD diclofenac with place-
bo was the mean pain intensity at 4 hours assessed
either by 100 mm VAS or 4-point categorical score
(0 = none, 1 = mild, 2 = moderate and 3 = severe).
Primary endpoints in the other two trials were mean
total pain relief (TOTPAR) assessed by 100 mm
VAS over the interval 0—6 hours (TOTPARG6) [dose-
ranging study]">!3! or 0-4 hours (TOTPAR4)
[phase II/III study]!”! after study drug administration
in the intent-to-treat populations.

Secondary endpoints in the dose-ranging and
phase II/III studies included 100 mm VAS and cate-
gorical (5-point scale: none, a little, some, a lot and
complete) TOTPAR over other time intervals (e.g.

0-2 [TOTPAR2], 0-8 [TOTPARS] or 0-24 hours
[TOTPAR24]), various other measures of pain in-
tensity or pain relief, time to first request for rescue
medication and patient global evaluation assessed
on a 5-point categorical scale (poor, fair, good, very
good and excellent).!-1213]

e Mean pain intensity at 4 hours was significantly
(p < 0.05) less in patients receiving single-dose
HPBCD diclofenac 25, 50 and 75 mg than in placebo
recipients according to both 100 mm VAS (33.3,
38.1, 28.8 vs 51.6) and categorical measures (1.49,
1.64, 1.33 vs 2.05).'Y There were no significant
differences in pain intensity scores between the
three doses of HPBCD diclofenac.!'¥

e In the dose-ranging study, pain relief with

HPBCD diclofenac 3.75, 9.4, 18.75, 37.5 and 75 mg
was significantly greater than with placebo accord-
ing to mean TOTPARG6 (primary endpoint) [figure
1].131 HPBCD diclofenac 37.5 and 75 mg displayed
similar  efficacy to intravenous ketorolac
30 mg.[12,13j

e Total pain relief with HPBCD diclofenac 18.75,
37.5 and 75 mg was significantly (p < 0.001) greater
than with placebo over all time intervals from
TOTPAR2 to TOTPAR24.["31 HPBCD diclofenac
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Fig. 1. Comparative efficacy of intravenous bolus hydroxypropyl B-cyclodextrin-complexed diclofenac (HPBCD DIC) in relieving post-
operative dental pain. Mean total pain relief scores over the period from 0 to 6 hours after study drug administration (TOTPARS) [primary
endpoint] assessed on a 100 mm visual analogue scale (VAS) in a randomized, double-blind, double-dummy, placebo-controlled, parallel-
group study.l'213 Adult patients, aged 18-43 years, with moderate or severe pain (=50 mm on a 100 mm VAS) following third molar
extraction received single-dose treatment with HPBCD DIC 3.75, 9.4, 18.75, 37.5 or 75 mg (n = 51 per group), ketorolac (KET) 30 mg
(n = 47) or placebo (PL) [n = 51], all administered as intravenous 2 mL bolus injections. * p < 0.05, ** p < 0.0001 vs PL; 1 p < 0.01,
11 p < 0.0001 vs KET.

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (1)
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3.75 mg was not significantly different from placebo
for TOTPARS, TOTPAR10, TOTPARI2 and
TOTPAR24, while HPBCD diclofenac 9.4 mg was
not significantly different from placebo for
TOTPAR24.1'31 Similar response patterns were ob-
served for other secondary measures of pain relief.

e The median times to rescue medication for recip-

ients of HPBCD diclofenac 3.75, 9.4, 18.75, 37.5
and 75 mg were 3.0, 4.0, 4.1, 6.2 and 6.0 hours,
respectively, compared with 1.2 hours for placebo
and >8 hours for ketorolac.!'3!

® The proportions of patients receiving HPBCD
diclofenac 3.75, 9.4, 18.75, 37.5 or 75 mg who rated
their global evaluation of treatment as ‘very good’
or ‘excellent” were 18%, 39%, 41%, 61% and 57%,
respectively, compared with 66% of ketorolac recip-
ients and 4% of placebo recipients.!!?!

e In the phase II/III trial, both HPBCD diclofenac
and PG-BA diclofenac were superior to placebo
(p <0.001) with respect to mean TOTPAR4 (prima-
ry endpoint) [figure 2] and all other measures of
efficacy.”!’ The treatment difference between
HPBCD diclofenac and PG-BA diclofenac for
TOTPAR4 was 34.4 mmeh (95% CI 1.6, 67.1),
indicating not only noninferiority of HPBCD diclo-
fenac relative to PG-BA diclofenac (since the lower
limit of the two-sided 95% confidence interval was
greater than the predefined noninferiority limit of
—60 mm  h), but statistical superiority of HPBCD
diclofenac over PG-BA diclofenac (since the two-
sided 95% confidence interval did not include the
point of no difference [zero]).!”!

e HPBCD diclofenac was superior (p < 0.01) to
PG-BA diclofenac for TOTPAR?2, indicating a fast-
er onset of analgesic effect with HPBCD diclofenac,
but there were no statistically significant differences
between the formulations for TOTPAR6 and
TOTPARS.I"! With respect to pain intensity differ-
ence and pain relief scores, HPBCD diclofenac was
also superior to PG-BA diclofenac at 15 (both
p < 0.0001) and 30 minutes (p < 0.01 and
p = 0.0001) after drug administration, but not at 45
and 60 minutes.!”!

e The proportions of patients reporting a 30% re-
duction in pain intensity at 15 minutes with HPBCD

© 2008 Adis Data Information BV. All rights reserved.
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Fig. 2. Comparative efficacy of intravenous bolus hydroxypropyl B-
cyclodextrin-complexed diclofenac (HPBCD DIC) and slow intrave-
nous infusion of diclofenac formulated with propylene glycol and
benzyl alcohol (PG-BA DIC) in the treatment of postoperative den-
tal pain. Mean total pain relief scores over the period from 0 to
4 hours after study drug administration (TOTPAR4) [primary end-
point] assessed on a 100 mm visual analogue scale (VAS) in a
randomized, double-blind, double-dummy, placebo-controlled, par-
allel-group study.”? Adult patients, aged 18—44 years, with moder-
ate or severe pain (=50 mm on a 100 mm VAS) following third
molar extraction received single-dose treatment with HPBCD DIC
75 mg (n = 53) by intravenous bolus injection, PG-BA DIC 75 mg by
intravenous infusion over 30 minutes (n = 50) or placebo (PL)
[n =52]. * p < 0.001 vs PL.

diclofenac and PG-BA diclofenac were 52% versus
21% (p < 0.01), but the proportions at 1 hour were
similar (93% vs 92%).I)

e The median time to rescue medication was simi-
lar for both diclofenac formulations at approximate-
ly 6.5 hours compared with approximately 1 hour
for placebo.!”!

e The proportions of patients rating their global
evaluation of treatment as ‘good’, ‘very good’ or
‘excellent” were 98% and 92% for HPBCD diclo-
fenac and PG-BA diclofenac recipients (both
p <0.001 vs placebo) compared with 10% for place-
bo recipients.!”!

4. Pharmacoeconomic Considerations

e HPBCD diclofenac intravenous bolus injection
was projected to be cost-saving relative to PG-BA
diclofenac intravenous infusion for the treatment of
postoperative pain according to a cost-minimization
analysis conducted in the UK (published as an ab-
stract plus poster), with the respective per-patient
total mean treatment costs being £28.65 and

Drugs 2008; 68 (1)
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£80.08."31 The decision-analytic model assumed a
50% lower incidence of thrombophlebitis with
HPBCD diclofenac compared with PG-BA diclo-
fenac.

e Although the predicted acquisition cost per pa-
tient of HPBCD diclofenac was markedly higher
than that for PG-BA diclofenac (£12.19 vs £1.69),
this was more than offset by lower per-patient costs
for drug administration (£10.40 vs £51.19), consum-
ables (£1.40 vs £16.72), rescue medication (£2.48 vs
£6.14) and the treatment of adverse events (£2.19 vs
£4.35).151 One-way sensitivity analysis indicated
that the results were sensitive to the costs for staff
time and consumables.

5. Tolerability

e Worldwide use of various formulations in a num-
ber of different indications over several decades has
demonstrated that diclofenac is generally well toler-
ated, with an adverse event profile better than that of
aspirin or indomethacin and similar to that of ibu-
profen, naproxen or ketoprofen.!16!

e The most common adverse events, predominant-
ly assessed during medium- to long-term use of
diclofenac in inflammatory rheumatic diseases, are
gastrointestinal events (e.g. gastric upset or discom-
fort), CNS symptoms (e.g. headache or dizziness),
and allergic and local, mostly cutaneous, reactions
(e.g. rash or pruritis).’! Although gastrointestinal
effects are the most frequent adverse events, peptic
ulceration and gastrointestinal bleeding are relative-
ly uncommon events."’

e In the two clinical efficacy trials discussed in
section 3 that reported tolerability results,”-!3! there
were no drug-related serious or significant adverse
events and there were no withdrawals as a result of
adverse events following single-dose administration
of HPBCD diclofenac. There were no unexpected
adverse effects and most were of mild or moderate
severity.

e The most frequent events in the dose-ranging
study that were considered possibly related to
HPBCD diclofenac therapy were headache, dizzi-
ness, nausea and infusion-site burning.3!

© 2008 Adis Data Information BV. All rights reserved.

e The most common treatment-related adverse
events with an incidence >1% in HPBCD diclofenac
recipients in the phase II/IIl study were thrombo-
phlebitis, headache, rash, nausea, fatigue, post-pro-
cedural haemorrhage and infusion-related reactions
(figure 3).1"]

e The nature and pattern of adverse events with
HPBCD diclofenac in these two clinical trials were
similar to those with ketorolac and PG-BA diclo-
fenac,”13! except that the incidence of thrombophle-
bitis (descriptive analysis only) in PG-BA diclo-
fenac recipients was twice that in HPBCD diclo-
fenac recipients (figure 3).1"]

® Pooled data from this phase II/IIl study and all
previous studies comparing the two formulations
show that thrombophlebitis was significantly more
frequent with PG-BA diclofenac (n = 108) than with
HPBCD diclofenac (n = 322) [6.5% vs 1.6%;
p <0.011.17

6. Dosage and Administration

HPBCD diclofenac 75 mg is marketed as a solu-
tion in a 2 mL vial ready for immediate injection.
HPBCD diclofenac 75 mg/2 mL administered by
intravenous bolus injection or deep intragluteal in-
jection was the most commonly used standard dose
in clinical studies (section 3).[”!' Moreover, the
formulation was shown to be bioequivalent to the
currently available PG-BA diclofenac intravenous
formulation (Voltarol® ampoules) for which the re-
commended dose is 75 mg by either the intravenous
(infusion) or intramuscular route, with repeat dosing
up to a maximum daily dose of 150 mg.[!”!

7. Diclofenac Sodium Injection
(Dyloject®): Current Status

HPBCD diclofenac was granted marketing au-
thorization from the UK Medicines and Healthcare
Products Regulatory Agency in October 2007 and
has subsequently been launched in the UK.['"®! Addi-
tional marketing applications are to be filed through
the mutual recognition process in a number of EU
countries. An application for marketing approval is
to be filed in the US, where phase III clinical trials
are ongoing. The primary indication for intravenous

Drugs 2008; 68 (1)
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Fig. 3. Comparative tolerability profiles of hydroxypropyl B-cyclodextrin-complexed diclofenac (HPBCD DIC) and diclofenac formulated with
propylene glycol and benzyl alcohol (PG-BA DIC). Percentage of patients in each treatment group reporting treatment-related adverse
events with an incidence >1% (descriptive analysis only) in a randomized, double-blind, parallel-group trial in which patients experiencing
moderate or severe postoperative dental pain received single-dose treatment with HPBCD DIC 75 mg intravenous bolus injection (n = 53),
PG-BA DIC 75 mg intravenous infusion over 30 minutes (n = 50) or placebo (PL) [n = 52]. Empty bars indicate an incidence of zero

percent.[”]

bolus injection is postoperative pain in supervised
healthcare settings, while those for intramuscular
administration include renal colic, exacerbations of
osteoarthritis and rheumatoid arthritis, acute back
pain, acute gout, acute trauma and fractures, and
postoperative pain.

HPBCD diclofenac has shown clinical efficacy in
the treatment of moderate or severe postoperative
dental pain in three randomized, double-blind, pla-
cebo-controlled trials. The analgesic efficacy of
HPBCD diclofenac was superior to placebo and
similar to that of ketorolac and PG-BA diclofenac,
but had a faster onset of analgesic effect than PG-
BA diclofenac. HPBCD diclofenac was generally
well tolerated and had a lower incidence of throm-
bophlebitis than PG-BA diclofenac.

The convenience associated with bolus injection
of a pre-prepared formulation results in time and
cost savings with HPBCD diclofenac compared with
the conventional formulation. These improvements,
combined with the faster onset of analgesia and
improved tolerability, confer distinct advantages on
this new formulation.

© 2008 Adis Data Information BV. All rights reserved.
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