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CLAIMS (30)

1. A method of treating postherpetic neuralgia in a mammal, wherein the method
comprises administering to an affected skin area of the mammal a topical
pharmaceutical composition comprising one or more excipients and a
therapeutically effective amount of a spiro-oxindole compound having the
following formula:

2. The method of claim 1 wherein the administration is periodic
administration.

3. The method of claim 1 wherein the administration results in minimal or
negligible systemic exposure of the spiro-oxindole compound.

4. The method of claim 1 wherein the administration results in a greater
concentration of the spiro-oxindole compound in the affected skin area
than the concentration of the spiro-oxindole compound in the plasma of
the mammal.

5. The method of claim 1, wherein the topical pharmaceutical
composition comprises 2% to 8% (w/w) of the spiro-oxindole compound.

6. The method of claim 1 wherein the topical pharmaceutical
composition comprises 45% to 55% (w/w) PEG 400; 5% to 15% (w/w)

Methods of treating postherpetic neuralgia
with a topical formulation of a spiro-oxindole
compound 
US 20160228354 A1

ABSTRACT

Methods of treating postherpetic neuralgia in a mammal with a pharmaceutical
composition comprising a spiro-oxindole compound of the formula:

are disclosed. The methods provide excellent penetration of the spiro-oxindole compound into the affected skin area to effectively reduce the severity of the
postherpetic neuralgia and/or to alleviate the postherpetic neuralgia with minimal or negligible systemic exposure of the spiro-oxindole compound.

DESCRIPTION

FIELD OF THE INVENTION
The present invention is directed to methods of treating postherpetic
neuralgia in a mammal, preferably a human, wherein the methods
comprise administering, preferably periodically administering, to an
affected skin area of the mammal a topical pharmaceutical composition
comprising one or more excipients and a therapeutically effective
amount of a spiro-oxindole compound.

BACKGROUND OF THE INVENTION
Postherpetic neuralgia (PHN) is a complication of herpes zoster
(commonly known as shingles) in which pain persists for more than 3
months after resolution of the rash (three months is the most commonly
identified duration, although definitions of duration for postherpetic
neuralgia vary from more than 1 month to less than 6 years).
Postherpetic neuralgia affects between 10% to 15% of people who have
herpes zoster and increases with age, affecting up to 70% of those
infected who are more than 70 years old (Davis, P. S. and Galer, B. S.,
Drugs 2004, Vol. 64, No. 9, pp. 937-47; Dubinsky, R. M. et al.,
Neurology 2004, Vol. 63, No. 6, pp. 959-65; Kost, R. G. and Staus, S.
E., N. Eng. J. Med. 1996, Vol. 335, No. 1, pp. 32-42). Elderly patients
tend to have more severe and longer lasting postherpetic neuralgia.
Despite the numerous compounds available for treating postherpetic
neuralgia, 40% to 50% of postherpetic neuralgia patients do not respond
to any treatment (Rowbotham, M. C. and Petersen, K. L., Pain 2001,
Vol. 93, pp. 1-5). Antiviral therapy for acute herpes zoster has been
shown to accelerate clearing of the rash, but a recent meta-analysis
showed that it does not reduce the likelihood of the development of
postherpetic neuralgia (Li, K et al., Cochrane Database Syst. Rev. 2009,
April 15(2):CD006866). Antivirals also have no demonstrable benefit
after the rash has cleared and are of no use once postherpetic neuralgia
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Transcutol® P; 2.5% to 7.5% (w/w) oleyl alcohol; 2.5% to 7.5% (w/w)
isopropyl myristate; 0.1% w/w to 7.5% (w/w) stearyl alcohol; 0.05% to
1% (w/w) butylated hydroxytoluene; and 15% to 30% (w/w) PEG 3350.

7. The method of claim 1, wherein the topical pharmaceutical
composition comprises 2.0% (w/w) of the spiro-oxindole compound;

52. 9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl alcohol; 5%
(w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1% (w/w) butylated
hydroxytoluene; and 20% (w/w) PEG 3350.

8. The method of claim 1, wherein the topical pharmaceutical
composition comprises 4.0% (w/w) of the spiro-oxindole compound;
50.9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl
alcohol; 5% (w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1%
(w/w) butylated hydroxytoluene; and 20% (w/w) PEG 3350.

9. The method of claim 1, wherein the topical pharmaceutical
composition comprises 8.0% (w/w) of the spiro-oxindole compound;
46.9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl
alcohol; 5% (w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1%
(w/w) butylated hydroxytoluene; and 20% (w/w) PEG 3350.

10. The method of claim 2 wherein the periodic administration is once a
day, twice a day, three times a day or four times a day.

11. The method of claim 10 wherein the periodic administration is once a
day.

12. The method of claim 10 wherein the periodic administration is twice
a day.

13. The method of claim 1 wherein the topical pharmaceutical
composition is administered to the affected skin in a dose volume of from

about 1.0 µL/cm2 to about 9.0 µL/cm2.

14. The method of claim 13 wherein the dose volume is from about 1.0

µL/cm2 to about 4.0 µL/cm2 of skin.

15. The method of claim 14 wherein the dose volume is 3.0 µL/cm2.

16. The method of claim 2 wherein the therapeutically effective amount
of the topical pharmaceutical composition is from about 500 mg to about
2000 mg per each periodic administration to the affected skin area.

17. The method of claim 16 wherein the therapeutically effective amount
of the topical pharmaceutical composition is about 1200 mg per each
periodic administration to the affected skin area.

18. The method of claim 1 wherein the therapeutically effective amount
of the topical pharmaceutical composition is effective in reducing the
severity of the postherpetic neuralgia or alleviating the postherpetic
neuralgia.

19. The method of claim 1 wherein the mammal is human.

20. The method of claim 2 wherein the periodic administration of the
topical pharmaceutical composition is effective in reducing a daily
average postherpetic neuralgia intensity or severity in the affected skin
area in the human.

21. The method of claim 20 wherein the periodic administration of the
topical pharmaceutical composition is effective in reducing the intensity
or severity of the postherpetic neuralgia in the affected skin area as
assessed by a NRS, NPSI, DSIS, NePIQoL and/or PGIC score.

is established. Tricyclic antidepressants were the first analgesic agents
that showed efficacy in randomized controlled trials of postherpetic
neuralgia, and, subsequently, anticonvulsant agents, strong opioids, and
topical analgesics have also demonstrated efficacy.
A topical patch containing 5% lidocaine, a nonselective sodium channel
blocker (LIDODERM®, Endo Pharmaceuticals Inc), was approved by
the United States (US) Food and Drug Administration (FDA) for the
treatment of PHN. In 2004, a subcommittee of the American Academy of
Neurology determined that there was solid Class I evidence of efficacy
for the lidocaine patch in postherpetic neuralgia (Dubinsky et al. 2004).
The lidocaine patch, if perhaps less effective than other approved
treatments such as gabapentin and pregabalin (Dworkin, R. H. et al.,
Neurology 2003, Vol. 60, No. 8, pp. 1274-83), is considered highly
efficacious in postherpetic neuralgia, although there have been no head-
to-head comparisons with other agents and the number-needed-to-treat
(NNT) varies from study to study (Davies and Galer 2004). The safety
and tolerability of the lidocaine patch has probably contributed most to
its widespread use in postherpetic neuralgia. Safety and the reduced
risk of drug-drug interactions (DDIs) with a topical formulation are
particularly relevant, given the elderly age of most patients affected by
postherpetic neuralgia and their need for concomitant medications.
The difficulty of treating postherpetic neuralgia adequately, with many
patients refractory to available therapies, indicates that there is an
ongoing medical need for new treatment options providing effective
topical pain relief of postherpetic neuralgia with a good safety profile
with minimal or negligible or systemic exposure of the therapeutic agent.

SUMMARY OF THE INVENTION
The present invention is directed to methods of treating postherpetic
neuralgia in a mammal, preferably a human, wherein the methods
comprise administering, preferably periodically administering, to an
affected skin area of the mammal a topical pharmaceutical composition
comprising one or more excipients and a therapeutically effective
amount of a spiro-oxindole compound.
Accordingly, one aspect of the invention is a method of treating
postherpetic neuralgia in a mammal, wherein the method comprises
administering, preferably periodically administering, to an affected skin
area of the mammal a topical pharmaceutical composition comprising
one or more excipients and a therapeutically effective amount of a spiro-
oxindole compound having the following formula:

Another aspect of the invention is a method of locally treating
postherpetic neuralgia in a mammal with minimal or negligible systemic
exposure of a spiro-oxindole compound, wherein the method comprises
increasing the concentration of the spiro-oxindole compound defined
above to a therapeutically effective amount in the affected skin area of
the mammal by administering, preferably periodically administering, to
the affected skin area a topical pharmaceutical composition comprising
one or more excipients and a therapeutically effective amount of the
spiro-oxindole compound.
Another aspect is a method of treating postherpetic neuralgia in a
mammal, wherein the method comprises administering, preferably
periodically administering, to an affected skin area of the mammal a
topical pharmaceutical composition comprising one or more excipients
and a therapeutically effective amount of the spiro-oxindole compound
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22. The method of claim 21 wherein the periodic administration of the
topical composition is effective in reducing the intensity or severity of the
postherpetic neuralgia by 30% when compared to the baseline intensity
or severity of the postherpetic neuralgia.

23. The method of claim 21 wherein the periodic administration of the
topical composition is effective in reducing the intensity or severity of the
postherpetic neuralgia by 50% when compared to the baseline intensity
or severity of the postherpetic neuralgia.

24. A method of locally treating postherpetic neuralgia in a mammal with a
minimal or negligible systemic exposure, wherein the method comprises
increasing the concentration of a spiro-oxindole compound having the following
formula:

to a therapeutically effective amount in an affected skin area in the mammal
by administering to the affected skin area a topical pharmaceutical
composition comprising one or more excipients and a therapeutically
effective amount of the spiro-oxindole compound.

25. The method of claim 24 where the administration is periodic
administration.

26. The method of claim 24 wherein the mammal is a human.

27. A method of treating postherpetic neuralgia in a mammal, wherein the method
comprises administering to an affected skin area of the mammal a topical
pharmaceutical composition comprising one or more excipients and a
therapeutically effective amount of a spiro-oxindole compound having the
following formula:

and a therapeutically effective amount of one or more other therapeutic
agents.

28. The method of claim 27 where the administration is periodic
administration.

29. The method of claim 27 wherein the one or more other therapeutic
agent is acetaminophen.

and a therapeutically effective amount of one or more other therapeutic
agents.
Specific embodiments of these aspects of the invention are described in
more detail below.

DETAILED DESCRIPTION OF THE INVENTION
As described above in the Summary of the Invention, the present
invention is directed to methods of treating postherpetic neuralgia in a
mammal, preferably a human, wherein the methods comprise
administering, preferably periodically administering, to an affected skin
area of the mammal a topical pharmaceutical composition comprising
one or more excipients and a therapeutically effective amount of a spiro-
oxindole compound. These methods provide minimal to negligible
systemic exposure of the spiro-oxindole compound while effectively
reducing the severity of the postherpetic neuralgia or alleviating the
postherpetic neuralgia due to the increased concentration of the spiro-
oxindole compound in the affected dermatome after the administration
of the pharmaceutical composition to the affected skin area.

Definitions
Unless defined otherwise in the specification, the following terms and
phrases shall have the following meaning:
“A spiro-oxindole compound” or “the spiro-oxindole compound” refers to
the compound having the following formula:

A chemical name for this compound is 1′-{[5-(trifluoromethyl)furan-2-
yl]methyl}spiro[furo[2,3-f][1,3]benzodioxole-7,3′-indol]-2′(1′H)-one.
“Active ingredient” refers to the substance in a pharmaceutical
composition which is biologically active. The active ingredient in the
pharmaceutical compositions utilized in the methods of the invention is
the spiro-oxindole compound.
“Adverse Event” refers to any untoward medical occurrence in a patient
administered a pharmaceutical product, regardless of whether it has a
causal relationship with the treatment. An adverse event can therefore
be any unfavorable and unintended physical sign, symptom or
laboratory parameter that develops or worsens in severity during the
course of the study, or significant worsening of the disease under study
or of any concurrent disease, whether or not considered related to the
study drug. A new condition or the worsening of a pre-existing condition
will be considered an adverse event. Stable chronic conditions that are
present before study entry and do not worsen during the study will not
be considered adverse events.
“Affected skin area” refers to the area of the skin of an affected
dermatome of the mammal, preferably a human, where the postherpetic
neuralgia is present.
“Affected dermatome” refers to a dermatome of the mammal, preferably
a human, which has had a herpes zoster skin rash and where
postherpetic neuralgia is present. A dermatome is an area of skin
supplied by sensory neurons that arise from a spinal nerve ganglion.
The term “affected dermatome” may include more than one dermatome,
preferably a dermatome contiguous with the original affected dermatome. Viruses, such as the varicella zoster virus,
that lie dormant in nerve ganglia, often cause rash and/or co-existing pain and, after the rash as abated,
postherpetic neuralgia in a pattern defined by a dermatome. Such symptoms may not appear across the entire
dermatome.
The term “about” when placed before a numerical value “X” herein refers to an interval extending from X minus 10%
of X to X plus 10% of X and preferably to an interval extending from X minus 5% of X to X plus 5% of X.
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The expression “% w/w” refers to a percentage by weight compared to the total weight of the composition being
considered.
“Baseline” refers to that information which is gathered at the beginning of a study from which variations found in the
study are measured. Baseline can also be described as a known value or quantity with which an unknown is
compared when measured or assessed.
“Postherpetic neuralgia” is a classical neuropathic pain condition in which damage to peripheral sensory nerves
(and the dorsal horn regions of the spinal cord) by the varicella zoster virus is believed to generate spontaneous
peripheral neural discharges that lead secondarily to hyperexcitability of dorsal horn sensory neurons and result in
exaggerated central nervous system (CNS) responses to all input, a condition known as central sensitization (Kost
and Straus 1996). Typically, patients with postherpetic neuralgia have both a zone of loss of sensation and zones of
altered sensation to light touch and temperature in the dermatome which exhibited the herpes zoster rash. Pain is
described as deep aching or burning in quality and may be triggered by non-painful stimulus (mechanical allodynia)
or temperature change (warm or cold allodynia). It may last for years, although there is a tendency for it to wane
over time. In those patients whose pain is persistent and severe, postherpetic neuralgia becomes debilitating,
markedly restricting the patient's activity and quality of life. For purposes of this invention, postherpetic neuralgia is
defined as pain present for more than 3 months and less than 6 years after the onset of herpes zoster skin rash
affecting a single dermatome (i.e., primary dermatome), pain present more than 6 months and less than 6 years
after the onset of herpes zoster skin rash, pain present more than 6 months and less than 5 years after the onset of
herpes zoster skin rash, pain present more than 6 months and less than 4 years after the onset of herpes zoster
skin rash, pain present more than 6 months and less than 3 years after the onset of herpes zoster skin rash, pain
present more than 6 months and less than 2 years after the onset of herpes zoster skin rash, pain present more
than 6 months and less than 1 year after the onset of herpes zoster skin rash, or pain present more than 3 months
and less than 1 year after the onset of herpes zoster skin rash, or pain present for any length of time more than 3
months and less than 6 years after the onset of herpes zoster skin rash. For treatment purposes, more than one
dermatome may be included, provided the affected dermatome is contiguous with the primary dermatome. Allodynia
(pain due to a stimulus that does not usually provoke pain) and/or hyperalgesia (increased pain from a stimulus that
usually provokes pain) may be present with postherpetic neuralgia,
“Excipient” includes, without limitation, any inactive material that is combined with a spiro-oxindole compound of the
invention in order to produce a pharmaceutical composition of the invention for topical administration. The term
“excipient” is intended to include, but is not limited to, any solvents, penetration enhancing agents, antioxidants,
stiffening agents (i.e., thickeners), ointment bases, antioxidants, adsorbents, demulcents, emollients, preservatives,
moisturizers, buffers, adjuvants, carriers, diluents, dye/colorants, solubilizers (including surfactants), wetting agents,
dispersing agents, suspending agents, sunscreen agents and stabilizers. “Pharmaceutically acceptable excipient”
refers to an excipient, as defined above, which has been approved by a regulatory agency, such as for example, but
is not limited to, the United States Food and Drug Administration, the European Medicines Agency or Health
Canada, as being acceptable for use in a formulation for the topical administration of a pharmacologically active
ingredient, and/or are considered as Generally Recognized As Safe materials (GRAS materials), and/or are listed in
the Inactive Ingredients Guide published by the United States Food and Drug Administration. “Pharmaceutically
acceptable excipients” can also comprise the acceptable excipients listed in Remington: The Science and Practice

of Pharmacy, Fox, 21st ed. 2005. Exemplary excipients include, but are not limited to, the following:
ascorbic acid and esters;
benzyl alcohol;
benzyl benzoate;
butylated hydroxytoluene (“BHT”);
butylated hydroxyanisole (“BHA”);
caprylic/capric triglyceride;
cetyl alcohol;
chelating agents (e.g., EDTA and citric acid);
cholesterol;
cross-linked acrylic acid based polymers (e.g., Carbopol®);
decyl methyl sulfoxide;
diethyl sebacate;
dimethylamine (“DMA”);
dimethicone;
dimethyl sulfoxide;
diethylene glycol monoethyl ether (e.g., Transcutol® P);
diisopropyl adipate (e.g., Ceraphyl® 230);
ethanol;
flavinoid;
glutathione;
glycerine;
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glycerol oleate/propylene glycol (e.g., Arlacel 186);
glycerol monooleate;
polyoxyl glycerides (glyceryl caprylate/caprate and PEG-8 (polyethylene glycol) caprylate/caprate
complex; carpylocaproyl macrogolglycerides (e.g., Labrasol®));
glyceryl monocaprylate (e.g., Capmul® MCM C8);
glyceryl monolinoleate (e.g., Maisine™ 35-1);
glyceryl monooleate (e.g., Peceol™);
glyceryl monostearate;
hexylene glycol;
hydroxypropyl-β-cyclodextrin (HP-β-CD);
isopropyl alcohol;
isopropyl myristate;
laurocapram; (e.g., Azone®);
lauroyl macrogol-32 glycerides (e.g. Gelucire® 44/14);
macrogol-15 hydroxystearate (e.g., Solutol® HS15);
medium chain triglycerides (e.g., Miglyol® 810, Miglyol® 840 or Miglyol® 812);
methyl laurate;
N-methyl-2-pyrrolidine (e.g., Pharmasolve®);
mineral oil;
mono diglycerides (e.g., Capmul® MCM);
octyldodecanol;
oleic acid;
oleyl alcohol;
peanut oil;
1,2-pentanediol;
polysorbates (e.g., Tween® 80);
polyethylene glycol (e.g., PEG-8, PEG 400, PEG1000, PEG 3350, PEG 6000, or Lutrol® E 400);
polyoxyl 35 castor oil (e.g., Cremophor® EL);
polyoxyl 40 hydrogenated castor oil (e.g., Cremophor® RH 40);
propylene glycol;
propylene glycol diacetate;
propylene glycol laurate;
propylene glycol monocaprylate (e.g., Capmul PG-8, Capryol 90);
propylene glycol monolaurate (e.g., Capmul PG-12);
propylene glycol monooleate;
2-pyrrolidone;
soybean oil;
stearyl alcohol;
sulfobutylether-β-cyclodextrin (e.g., Capitsol®);
tocopherols (e.g., Vitamin E acetate);
α-tocopherol polyethylene glycol succinate (TPGS);
water; and
white petrolatum.

“Periodically administering” or “periodic administration” as used herein refers to the initial application of a topical
pharmaceutical composition of the invention to the affected skin area of the mammal, preferably a human, and then
subsequent applications at pre-determined periods of time after the initial application to reduce the severity of the
postherpetic neuralgia and/or to alleviate the postherpetic neuralgia.
“Systemic effect” refers to a medical treatment effect that affects the body as a whole, rather than just one part.
“Minimal or negligible systemic exposure” refers to an insignificant concentration of the spiro-oxindole compound in
the plasma and tissues of a mammal when compared to the concentration of the spiro-oxindole compound in the
affected skin area after the administration of a pharmaceutical composition of the invention comprising the spiro-
oxindole to the affected skin area. The affected skin area includes the affected dermatome and the muscle and
nerve tissues within the affected dermatome. For purposes of this invention, minimal or negligible systemic
exposure occurs when the concentration of the spiro-oxindole compound in the plasma and tissues of the mammal,
excluding the affected skin area, is from about 5-fold to about 100-fold less, preferably from about 5-fold to about
50-fold less, more preferably from about 10-fold to about 40-fold less, even more preferably from about 15-fold to
about 25-fold less, and most preferably about 20-fold less than the concentration of the spiro-oxindole compound in
the affected skin area after administering a pharmaceutical composition of the invention comprising the spiro-
oxindole compound to the affected skin area.
“Therapeutically effective amount” as used herein refers to that amount of a topical pharmaceutical composition of
the invention or that amount of the spiro-oxindole compound in the topical pharmaceutical compositions of the
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invention, when administered, preferably periodically administered, to a mammal, preferably a human, is sufficient to
effect treatment, as defined below, of postherpetic neuralgia in the mammal and with minimal or negligible systemic
exposure of the spiro-oxindole compound to the mammal. The amount of the topical pharmaceutical composition of
the invention or the spiro-oxindole compound which constitutes a “therapeutically effective amount” will vary
depending on the nature of the postherpetic neuralgia and its severity, other conditions (e.g., sex, age, weight,
general health) affecting the health of the human to be treated, and the manner of administration, as well as upon
the effectiveness of the pharmaceutical composition used, but can be determined routinely by one of ordinary skill in
the art having regard to his own knowledge and to this disclosure.
“Treating” or “treatment” as used herein refers to the treatment of postherpetic neuralgia in a mammal, preferably a
human, having postherpetic neuralgia and includes reducing the severity of the postherpetic neuralgia and/or
alleviating the postherpetic neuralgia for a period of time following the administration, preferably periodic
administration of a topical pharmaceutical composition of the invention.
As described above in the Summary of the Invention, the present invention provides methods of treating
postherpetic neuralgia in a mammal, preferably a human, wherein the methods comprise administering, preferably
periodically administering, to the affected skin area of the mammal a topical pharmaceutical composition comprising
one or more excipients and a therapeutically effective amount of a spiro-oxindole compound. These methods
provide excellent penetration of the spiro-oxindole compound into the affected skin area and the affected
dermatome, thereby providing a localized reduction of the severity of the postherpetic neuralgia or alleviation of the
postherpetic neuralgia with minimal or negligible systemic exposure.
The topical pharmaceutical compositions of the invention are suitable for application to the skin of a mammal,
preferably a human, and can be in the form of an ointment, a foam, a cream, a lotion, a gel, a liniment or other
spreadable semi-liquid preparation. In one embodiment, a topical pharmaceutical composition of the invention is in
the form of an ointment. In another embodiment, a topical pharmaceutical composition of the invention is in the form
of a cream. In another embodiment, a topical pharmaceutical composition of the invention is in the form of a
liniment. In another embodiment, a topical pharmaceutical composition of the invention is in the form of a lotion. In
another embodiment, a topical pharmaceutical composition of the invention is in the form of a gel. In another
embodiment, a topical pharmaceutical composition of the invention is in the form of a spreadable semi-liquid
preparation.
The topical pharmaceutical compositions utilized in the methods of the invention are prepared as disclosed in U.S.
Published Patent Application No. 2013/30143941 A1, the relevant disclosure of which is incorporated in full by
reference herein.
Accordingly, one embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a
topical pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound,
and one or more excipients, preferably pharmaceutically acceptable excipients, wherein the excipients are selected
from one or more solvents, optionally from one or more penetration enhancing agents, optionally from one or more
stiffening agents, optionally from one or more ointment bases, and optionally one or more antioxidants.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and two
or more excipients, preferably pharmaceutically acceptable excipients, wherein the excipients are selected from one
or more solvents, optionally from one or more penetration enhancing agents, optionally from one or more stiffening
agents, optionally from one or more ointment bases, and optionally from one or more antioxidants.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and two
or more excipients, preferably pharmaceutically acceptable excipients, wherein the excipients are selected from one
or more solvents, from one or more penetration enhancing agents, from one or more stiffening agents, from one or
more ointment bases, and optionally from one or more antioxidants.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients, preferably pharmaceutically acceptable excipients, wherein one of the excipients is a solvent
selected from polyethylene glycol, diethylene glycol monoethyl ether, polysorbates, alcohols, carpylocaproyl
macrogolglycerides, caprylic/capric triglyceride, fatty acid esters, diethyl sebacate, propylene glycol monocaprylate,
propylene glycol laurate, mono diglycerides, glyceryl monocaprylate, medium chain triglycerides, hexylene glycol,
glyceryl monooleate, 1,2-pentanediol, octyldodecanol, glyceryl mono-linoleate, glycerol oleate/propylene glycol,
mineral oil, water, or glycerine.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients, preferably pharmaceutically acceptable excipients, wherein one of the excipients is a
penetration enhancing agent selected from polyoxyl glycerides (Labrasol®), ethanol, propylene glycol laurate,
diethyl sebacate, dimethyl sulfoxide, decylmethylsulfoxide, laurocapram, pyrrolidones, surfactants, alcohols, oleic
acid, polyethylene glycol, diethylene glycol monoethyl ether, fatty acid esters or Transcutol® P.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
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pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients, preferably pharmaceutically acceptable excipients, wherein one of the excipients is a stiffening
agent selected from stearyl alcohol, carbopols, dimethicone or polymers.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients, preferably pharmaceutically acceptable excipients, wherein one of the excipients is an ointment
base selected from polyethylene glycols.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients, preferably pharmaceutically acceptable excipients, wherein one of the excipients is optionally an
antioxidant selected from butylated hydroxytoluene, butylated hydroxyanisole, tocopherols, flavinoid, glutathione,
ascorbic acid and esters, dimethyl sulfoxide, or chelating agents.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients, preferably pharmaceutically acceptable excipients, wherein each excipient is present in a
concentration of from about 0.01% w/w to about 99% w/w.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients, preferably pharmaceutically acceptable excipients, wherein a first excipient is a solvent present
at a concentration of from about 30% w/w to about 70% w/w, a second excipient is a penetration enhancing agent
present in a concentration of from about 2% w/w to about 25% w/w, a third excipient is a penetration enhancing
agent present in a concentration of from about 1% w/w to about 10% w/w, a fourth excipient is a penetration
enhancing agent present in a concentration of from about 1% w/w to about 25% w/w, a fifth excipient is a stiffening
agent present in a concentration of from about 0.1% w/w to about 10% w/w, a sixth excipient is an antioxidant
present in a concentration of from about 0.01% w/w to about 2% w/w, and a seventh excipient is an ointment base
present in a concentration of from about 10% w/w to about 50% w/w.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients, wherein a first excipient is a solvent present at a concentration of from about 45% w/w to about
55% w/w, a second excipient is a penetration enhancing agent present in a concentration of from about 5% w/w to
about 15% w/w, a third excipient is a penetration enhancing agent present in a concentration of from about 2.5%
w/w to about 7.5% w/w, a fourth excipient is a penetration enhancing agent present in a concentration of from about
2.5% w/w to about 7.5% w/w, a fifth excipient is a stiffening agent present in a concentration of from about 0.1% w/w
to about 7.5% w/w, a sixth excipient is optionally an antioxidant present in a concentration of from about 0.05% w/w
to about 1% w/w, and a seventh excipient is an ointment base present in a concentration of from about 15% w/w to
about 30% w/w.
Another embodiment of the topical pharmaceutical compositions utilized in the methods of the invention is a topical
pharmaceutical composition comprising a therapeutically effective amount of the spiro-oxindole compound, and one
or more excipients selected from a solvent selected from PEG 400 or PEG 3350; one or more penetration
enhancing agents selected from Transcutol® P, oleyl alcohol or isopropyl myristate; a stiffening agent selected from
stearyl alcohol; an ointment base selected from PEG 400 or PEG 3350; and optionally an antioxidant selected from
butylated hydroxytoluene.
Of this embodiment, a further embodiment is a topical pharmaceutical composition comprising a therapeutically
effective amount of the spiro-oxindole compound, wherein PEG 400 is present in a concentration from about 30%
w/w to about 70% w/w, Transcutol® P is present in a concentration from about 2% w/w to about 25% w/w, oleyl
alcohol is present in a concentration from about 1% w/w to about 10% w/w, isopropyl myristate is present in a
concentration from about 1% w/w to about 25% w/w, stearyl alcohol is present in a concentration from about 0.1%
w/w to about 10% w/w, BHT is optionally present in a concentration from about 0.01% w/w to about 2% w/w, and
PEG 3350 is present in a concentration from about 10% w/w to about 50% w/w.
Of this embodiment, a further embodiment is a topical pharmaceutical composition comprising a therapeutically
effective amount of the spiro-oxindole compound, wherein PEG 400 is present in a concentration from about 45%
w/w to about 55% w/w, Transcutol® P is present in a concentration from about 5% w/w to about 15% w/w, oleyl
alcohol is present in a concentration from about 2.5% w/w to about 7.5% w/w, isopropyl is myristate present in a
concentration from about 2.5% w/w to about 7.5% w/w, stearyl alcohol is present in a concentration from about 0.1%
w/w to about 7.5% w/w, BHT is optionally present in a concentration from about 0.05% w/w to about 1% w/w, and
PEG 3350 is present in a concentration from about 15% w/w to about 30% w/w.
Of all of the above embodiments, a further embodiment is wherein the spiro-oxindole compound is present in the
topical pharmaceutical composition at a concentration from about 0.1% w/w to about 10% w/w.
Of this embodiment, a further embodiment is wherein the spiro-oxindole compound is present in the topical
pharmaceutical composition at a concentration from about 2% w/w to about 8% w/w.

Test Pharmaceutical Compositions of the Invention
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In one embodiment of the invention, the topical pharmaceutical compositions utilized in the methods of the invention
comprise 2% to 8% (w/w) of the spiro-oxindole compound; 45% to 55% (w/w) PEG 400; 5% to 15% (w/w)
Transcutol® P; 2.5% to 7.5% (w/w) oleyl alcohol; 2.5% to 7.5% (w/w) isopropyl myristate; 0.1% w/w to 7.5% (w/w)
stearyl alcohol; 0.05% to 1% (w/w) butylated hydroxytoluene; and 15% to 30% (w/w) PEG 3350. Preferably, the
topical pharmaceutical compositions are in ointment form.
Of this embodiment, a topical pharmaceutical composition utilized in the methods of the invention comprises 2.0%
(w/w) of the spiro-oxindole compound; 52.9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl alcohol; 5%
(w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1% (w/w) butylated hydroxytoluene; and 20% (w/w) PEG
3350. This pharmaceutical composition is referred to herein as the “2% ointment”, the “2% pharmaceutical
composition of the invention” or the “2% Test Pharmaceutical Composition”.
Of this embodiment, another topical pharmaceutical composition utilized in the methods of the invention comprises
4.0% (w/w) of the spiro-oxindole compound; 50.9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl
alcohol; 5% (w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1% (w/w) butylated hydroxytoluene; and 20%
(w/w) PEG 3350. This pharmaceutical composition is referred to herein as the “4% ointment”, the “4%
pharmaceutical composition of the invention” or the “4% Test Pharmaceutical Composition”.
Of this embodiment, another topical pharmaceutical composition utilized in the methods of the invention comprises
8.0% (w/w) of the spiro-oxindole compound; 46.9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl
alcohol; 5% (w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1% (w/w) butylated hydroxytoluene; and 20%
(w/w) PEG 3350. This pharmaceutical composition is referred to herein as the “8% ointment”, the “8%
pharmaceutical composition of the invention” or the “8% Test Pharmaceutical Composition”.

Spiro-Oxindole Compound
The active ingredient of the topical pharmaceutical compositions utilized in the methods of the invention is the spiro-
oxindole compound having the following formula:

which is named as (S)-1′-{[5-(trifluoromethyl)furan-2-yl]methyl}spiro[furo[2,3-f][1,3]benzodioxole-7,3′-indol]-2′(1′H)-
one. This spiro-oxindole compound is prepared as disclosed in U.S. Pat. No. 8,450,358, the relevant disclosure of
which is incorporated by reference in full.
The above spiro-oxindole compound is a potent, voltage-gated sodium channel (NaV) blocker developed for the

treatment of various pain indications, including neuropathic and nociceptive pain. The block of certain neuronal
NaVs has been demonstrated as a means for treating pain and continues to offer an approach for developing novel

analgesics. In particular, the block of NaV1.3, NaV1.7 and NaV1.8 have the most clinical and/or non-clinical

evidence to date in supporting analgesic use.
NaV1.3 is expressed primarily in the central nervous system in neonatal animals and at low levels throughout the

body in adults (Raymond, C. K., et al., J. Biol. Chem. (2004), 279(44):46234-41). It has been demonstrated to have
its expression upregulated in the dorsal horn sensory neurons of rats after nervous system injury (Hains, B. D., et
al., J. Neurosci. (2003), 23(26):8881-92). Many experts in the field have considered NaV1.3 as a suitable target for

pain therapeutics because its expression is induced by nerve injury (Lai, J., et al., Curr. Opin. Neurobiol. (2003),
(3):291-72003; Wood, J. N., et al., J. Neurobiol. (2004), 61(1):55-71; Chung, J. M., et al., Novartis Found Symp.
(2004), 261:19-27; discussion 27-31, 47-54; Priest, B. T., Curr. Opin. Drug Discov. Devel. (2009) 12:682-693).
NaV1.7 is expressed primarily in the peripheral nervous system in both sensory and sympathetic neurons

(Raymond, C. K., et al., op. cit.). Loss-of-function mutations in SCN9A (the gene encoding the alpha subunit of the
NaV1.7 sodium channel) cause a human condition known as congenital indifference to pain characterized by an

inability to perceive pain (Cox, J. J., et al., Nature (2006), 444:894-98; Goldberg, Y. P., et al., Clin Genet
(2007),71:311-9). Gain-of-function mutations in SCN9A are associated with inherited erythromelalgia (IEM) (Drenth,
J. P., et al., J Invest Dermatology (2005),124:1333-8), which is characterized by spontaneous or easily evoked
severe pain. Furthermore, up to 29% of biopsy-proven cases of idiopathic small-fiber neuropathy manifesting mainly
as distal severe pain (Faber, C. G., et al., Ann Neurol (2012),71:26-39) are associated with gain-of-function NaV1.7

channel mutations. The spiro-oxindole compound utilized in the methods of the invention displays a potent blocking
effect on NaV1.7. In particular, the potency of the block of the spiro-oxindole compound against NaV1.7 has been

shown to be approximately 220-fold greater for the inactivated state (IC50=0.05 µM) compared with the resting state

(IC50=11.3 µM).

The expression of NaV1.8 is predominately in the dorsal root ganglia (DRG) (Raymond, C. K., et al., op. cit.). The
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upstroke of the action potential in sensory neurons from DRG is primarily carried by current through NaV1.8, so that

block of this current is likely to block pain responses (Blair, N. T. and Bean, B. P., J. Neurosci. 22: 10277-90).
Consistent with this finding, knock-down of NaV1.8 in rats has been achieved by using antisense DNA or small

interfering RNAs and virtually complete reversal of neuropathic pain was achieved in the spinal nerve ligation and
chronic constriction injury models. A selective blocker of NaV1.8 has been reported and it is effective at blocking

both neuropathic and inflammatory pain (Jarvis, M. F. et al., Proc. Natl. Acad. Sci. USA (2007), 104 (20), 8520-5).
Topical formulations comprising the spiro-oxindole compound of the invention have demonstrated activity in a
variety of nonclinical pain models including the chronic sciatic nerve constriction (chronic constriction injury [CCI]) or
Bennett model of neuropathic pain, and the complete Freund's adjuvant (CFA) model of inflammatory pain.
For example, in vivo studies in neuropathic and inflammatory pain models in the rat demonstrated that topical
administration of a pharmaceutical composition of the invention provided analgesic relief superior to current
marketed topical therapeutics such as lidocaine and diclofenac. In the CFA model of inflammatory pain, the
analgesic effects of the topical 8% pharmaceutical composition of the invention comprising the spiro-oxindole
compound were obtained at a mean plasma concentration (0.32 ng/mL) that was 120-fold lower than the mean
plasma concentration observed at the minimum effective dose of an oral pharmaceutical composition comprising the
spiro-oxindole compound in this same model.
A dose-response was observed and the dose associated with pain relief ranged from a minimum effective dose of
2% (w/w) of the spiro-oxindole compound with the greatest effect seen at the highest dose tested of 8% (w/w) of the
spiro-oxindole compound. In the CCI model of neuropathic pain, a topical 8% pharmaceutical composition exhibited
a degree of efficacy comparable to 25 mg/kg of the spiro-oxindole compound by oral administration, despite
systemic plasma exposure of the spiro-oxindole compound (maximum observed concentration, Cmax=3.6 ng/mL)

being significantly lower (approximately 20-fold) than that of the oral treatment group. Based on these data, the
analgesic effect of a topical formulation of the spiro-oxindole compound in these animal models is considered to be
due to a local effect rather than a systemic effect.
A study in minipigs was conducted to investigate the plasma pharmacokinetics, tissue distribution, and accumulation
of the spiro-oxindole compound of the invention following 21 days of repeated dermal dosing, as described in more
detail below in the Biological Examples. Overall, low systemic exposure was observed (mean maximum observed
concentration [Cmax]=11.7 ng/mL) with an apparent steady state achieved between Days 14 and 21. Relatively low

concentrations of the spiro-oxindole compound of the invention were found in the tissues in which the spiro-oxindole
compound of the invention was measured except for the skin at the drug administration site. Furthermore, in a
domestic pig study, following topical administration of pharmaceutical compositions of the invention to a joint, as
described in more detail below in the Biological Examples, micromolar concentrations of the spiro-oxindole
compound of the invention were detected, surprisingly, in the synovial membrane tissue of the joint, despite very low
(i.e., nanomolar) plasma concentrations. The results of this study were surprising in that they demonstrated that the
spiro-oxindole compound of the invention, when topically administered, has an excellent ability to penetrate into the
target joint tissue, particularly the synovial membrane of the joint, at concentration levels higher than expected with
minimal or negligible systemic exposure after administration.
Without being bound by theory, the fact that the spiro-oxindole compound of the invention was previously found to
be highly protein bound in human, monkey, dog, minipig, rat and mouse plasma at the 0.1, 1.0 and 10 µM
concentrations (97.4% to 99.8%) may explain its ability to penetrate into joint tissue, particularly the synovial
membrane of the joint, at concentration levels higher than expected with minimal or negligible systemic exposure.
As a topical sodium channel blocker, the spiro-oxindole compound may have potent local effects in terms of treating
postherpetic neuralgia, like the nonselective sodium channel blocker lidocaine. Unlike lidocaine, the spiro-oxindole
compounds has been designed to selectively block activity in the NaV1.7 channel, which is believed to be the most

important sodium channel contributing to spontaneous and hyperactive discharges emanating from peripheral
nociceptive neurons. As noted above, nonclinical studies have demonstrated that the spiro-oxindole compounds has
efficacy in several classical neuropathic pain models, with comparable efficacy to gabapentin in the chronic
constriction injury (CCI) model and superior efficacy to 5% lidocaine in a topical streptozotocin-induced diabetic
neuropathic pain model.
Topical formulations comprising the spiro-oxindole compound have been studied in a 2-period crossover trial (each
period lasting 3 weeks) in 70 postherpetic neuralgia patients who received one or more doses of the compositions
as described in more detail below in the Biological Examples. Although the trial did not meet the primary endpoint
(change in mean daily pain score during the last week compared to baseline as measured by the Likert Numeric
Rating Scale (NRS)), a significantly larger percentage of patients with 50% reduction in pain were seen during the
treatment period in the efficacy evaluable and per protocol (PP) analysis groups. A further clinical trial, designed to
further evaluate the efficacy of pharmaceutical compositions of the spiro-oxindole compound in treating postherpetic
neuralgia in a larger parallel-group study design, is described in more detail below in the Biological Examples.
A topical formulation of the spiro-oxindole compound of the invention has also been tested in a clinical study for
erythromelalgia and was well tolerated by the patients.

Methods of the Invention
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The methods of the invention are directed to the administration, preferably periodic administration, of a topical
pharmaceutical composition of the invention comprising one or more excipients and a therapeutically effect amount
of the spiro-oxindole compound to a mammal, preferably a human, as needed to reduce the severity of postherpetic
neuralgia and/or to alleviate postherpetic neuralgia with minimal or negligible systemic exposure.
The topical pharmaceutical compositions of the invention may be administered as one-time single dose. Preferably,
the topical pharmaceutical compositions of the invention are periodically administered. Typically, a periodic
administration of a topical pharmaceutical composition of the invention will include an initial application of a topical
pharmaceutical composition of the invention followed by a pre-determined time period and then the topical
pharmaceutical composition of the invention is applied a second time to the same area and then followed by the
same pre-determined time period and so forth for a specified duration of time. The pre-determined time period can
be from about 4 hours to about 24 hours. In general, a topical pharmaceutical composition utilized in the methods of
the invention is periodically administered to a mammal, preferably a human, having postherpetic neuralgia to the
affected skin area once (qd), twice (bid), three (tid) or four (qid) times a day as needed to reduce the severity of the
postherpetic neuralgia and/or to alleviate the postherpetic neuralgia. In one embodiment, a pharmaceutical
composition of the invention is periodically administered once a day (every 24 hours) as needed (i.e., an effective
amount of the pharmaceutical composition is topically applied to the affected skin area when postherpetic neuralgia
is present). In another embodiment, the pharmaceutical composition is topically administered twice a day (every 12
hours) as needed. In another embodiment, the pharmaceutical composition is topically administered three times a
day (every 8 hours) as needed. In another embodiment, the pharmaceutical composition is topically administered
four times a day (every 6 hours) as needed. Preferably, the pharmaceutical composition is topically administered
once or twice a day.
The specified duration of time for the periodic administration of a topical pharmaceutical composition of the invention
is intended to be as long as needed to alleviate or substantially relieve the pain. Preferably, the duration of the
periodic administration of a topical pharmaceutical compositions of the invention is from about 1 week to about 6
months, more preferably from about 1 month to 4 months, even more preferably about 3 months.
In general, the dose volume of a pharmaceutical composition utilized in the methods of the invention which is

topically administered to the affected skin area of the mammal, preferably a human, is from about 1.0 µL/cm2 to

about 9.0 µL/cm2, preferably from about 1.0 µL/cm2 to about 4.0 µL/cm2 of skin, more preferably about 3.0 µL/cm2.
The therapeutically effective amount of each dose of a topical pharmaceutical composition of the invention is from
about 500 mg to about 2000 mg, preferably from about 500 mg to about 1500 mg, more preferably from about 750
mg to about 1200 mg, most preferably about 1200 mg per each administration to the affected skin area.
The therapeutically effective amount of the spiro-oxindole compound in each dose of a topical pharmaceutical
composition of the invention is from about 10 mg to about 160 mg, preferably about 24 mg in a 2% pharmaceutical

composition of the invention at 3.0 µL/cm2 dose volume, 48 mg in a 4% pharmaceutical composition of the invention

at 3.0 µL/cm2 dose volume, or 96 mg in a 8% pharmaceutical composition of the invention at 3.0 µL/cm2 dose
volume.
Topical administration of a pharmaceutical composition of the invention can be effected by any method commonly
known to those skilled in the art. These methods include, but are not limited to, incorporation of a pharmaceutical
composition of the invention into foams, creams, gels, ointments, liniments, transdermal patches or other topical
formulations and delivery systems.
Topical administration of a pharmaceutical composition of the invention may be performed by a medical professional
or by the patient. In certain embodiments, for maximum effectiveness and increased absorption, the affected skin
area to which the pharmaceutical composition of the invention is to be administered is first cleansed, for example
using an astringent, such as a standard commercial antiseptic or alcohol, or water, preferably sterile water. The
affected skin area is then allowed to dry, and the pharmaceutical composition of the invention is applied onto the
affected skin area and rubbed until all the pharmaceutical composition has been absorbed or no residue remains on
the skin.
The recipients of topical administration of a pharmaceutical composition of the invention can be any vertebrate
animal, such as mammals. Among mammals, the preferred recipients are mammals of the Orders Primate
(including humans, apes and monkeys), Arteriodactyla (including horses, goats, cows, sheep, and pigs), Rodenta
(including mice, rats, rabbits, and hamsters), and Carnivora (including cats, and dogs). Among birds, the preferred
recipients are turkeys, chickens and other members of the same order. The most preferred recipients are humans.

Embodiments of the Invention
The following embodiments of the Invention are in addition to or inclusive of the embodiments disclosed above.
As noted above in the Summary of the Invention, one aspect of the invention is a method of treating postherpetic
neuralgia in a mammal, wherein the method comprises administering, preferably periodically administering, to the
affected skin area of the mammal a topical pharmaceutical composition comprising one or more excipients and a
therapeutically effective amount of the spiro-oxindole compound described above in the Summary of the Invention.
In one embodiment of this aspect, the method results in minimal or negligible systemic exposure of the spiro-
oxindole compound.
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In another embodiment of this aspect, the method results in a greater concentration of the spiro-oxindole compound
in the affected skin area than the concentration of the spiro-oxindole compound in the plasma of the mammal.
As noted above in the Summary of the Invention, another aspect of the invention is a method of locally treating
postherpetic neuralgia in a mammal with a minimal or negligible systemic exposure, wherein the method comprises
increasing the concentration of the spiro-oxindole compound described above in the Summary of the Invention to a
therapeutically effective amount in the affected skin area in the mammal by administering, preferably periodically
administering, to the affected skin area a topical pharmaceutical composition comprising one or more excipients and
a therapeutically effective amount of the spiro-oxindole compound.
In one embodiment of both aspects of the invention described above, the pharmaceutical composition comprises
2% to 8% (w/w) of the spiro-oxindole compound.
In one embodiment of both aspects of the invention described above, the pharmaceutical composition comprises
2% to 8% (w/w) of the spiro-oxindole compound; 45% to 55% (w/w) PEG 400; 5% to 15% (w/w) Transcutol® P;
2.5% to 7.5% (w/w) oleyl alcohol; 2.5% to 7.5% (w/w) isopropyl myristate; 0.1% w/w to 7.5% (w/w) stearyl alcohol;
0.05% to 1% (w/w) butylated hydroxytoluene; and 15% to 30% (w/w) PEG 3350.
In one embodiment of both aspects of the invention described above, the pharmaceutical composition comprises
2.0% (w/w) of the spiro-oxindole compound; 52.9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl
alcohol; 5% (w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1% (w/w) butylated hydroxytoluene; and 20%
(w/w) PEG 3350.
In one embodiment of both aspects of the invention described above, the pharmaceutical composition comprises
4.0% (w/w) of the spiro-oxindole compound; 50.9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl
alcohol; 5% (w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1% (w/w) butylated hydroxytoluene; and 20%
(w/w) PEG 3350.
In one embodiment of both aspects of the invention described above, the pharmaceutical composition comprises
8.0% (w/w) of the spiro-oxindole compound; 46.9% (w/w) PEG 400; 10% (w/w) Transcutol® P; 5% (w/w) oleyl
alcohol; 5% (w/w) isopropyl myristate; 5% (w/w) stearyl alcohol; 0.1% (w/w) butylated hydroxytoluene; and 20%
(w/w) PEG 3350.
In one embodiment of both aspects of the invention described above, the periodic administration is once a day,
twice a day, three times a day or four times a day.
In one embodiment of both aspects of the invention described above, the periodic administration is twice a day.
In one embodiment of both aspects of the invention described above, the periodic administration is once a day.
In one embodiment of both aspects of the invention described above, the topical pharmaceutical composition is

administered to the affected skin area in a dose volume of from about 1.0 µL/cm2 to about 9.0 µL/cm2.
In one embodiment of both aspects of the invention described above, the topical pharmaceutical composition is

administered to the affected skin area in a dose volume of from about 1.0 µL/cm2 to about 4.0 µL/cm2.
In one embodiment of both aspects of the invention described above, the topical pharmaceutical composition is

administered to the affected skin area in a dose volume of 3.0 µL/cm2

In one embodiment of both aspects of the invention described above, the therapeutically effective amount of a
topical pharmaceutical composition of the invention is from about 500 mg to about 2000 mg per each administration,
preferably each periodic administration, to the affected skin are.
In one embodiment of both aspects of the invention described above, the therapeutically effective amount of a
topical pharmaceutical composition of the invention is about 1200 mg per each administration, preferably each
periodic administration, to the affected skin area.
In one embodiment of both aspects of the invention described above, the therapeutically effective amount of the
topical pharmaceutical composition of the invention is effective in reducing the severity of the postherpetic neuralgia
or alleviating the postherpetic neuralgia.
In one embodiment of both aspects of the invention described above, the mammal is human.
In one embodiment of both aspects of the invention described above, the administration, preferably periodic
administration, of the topical pharmaceutical composition is effective in reducing a daily average postherpetic
neuralgia intensity or severity in the affected skin area in the human when compared to baseline postherpetic
neuralgia intensity or severity.
In one embodiment of both aspects of the invention described above, the administration, preferably periodic
administration, of the topical pharmaceutical composition of the invention is effective in reducing the postherpetic
intensity or severity as assessed by a Linkert Numeric Rating Scale (NRS) score, a Neuropathic Pain Symptom
Inventory (NPSI) score, a Daily Sleep Interference Scale (DSIS) score, a Neuropathic Pain Impact on Quality of Life
(NePIQoL) score and/or a Patient Global Impression of Change (PGIC) score.
In one embodiment of both aspects of the invention described above, the administration, preferably periodic
administration, of the topical pharmaceutical composition of the invention is effective in reducing the postherpetic
neuralgia intensity or severity by 30% when compared to the baseline postherpetic neuralgia intensity or severity.
In one embodiment of both aspects of the invention described above, the topical pharmaceutical composition of the
invention is effective in reducing the postherpetic neuralgia intensity or severity by 50% when compared to the
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baseline postherpetic neuralgia intensity or severity.
Combination Therapy

The methods of the invention may be usefully combined with the administration of one or more other therapeutic
agents or as any combination thereof, in the treatment of postherpetic neuralgia. For example, the methods of the
invention may be utilized in the treatment of postherpetic neuralgia simultaneously, sequentially or separately in
combination with other therapeutic methods for the administration of other agents, including, but not limited to:

opioid analgesics, e.g., morphine, heroin, cocaine, oxymorphine, levorphanol, levallorphan,
oxycodone, codeine, dihydrocodeine, propoxyphene, fentanyl, hydrocodone, hydromorphone,
meripidine, methadone, buprenorphine, butorphanol, nalbuphine and pentazocine;
opioid analgesics in combination with opioid antagonists, e.g., nalorphine, naloxone, naltrexone and
nalmefene;
non-opioid analgesics, e.g., acetaminophen, and salicylates (e.g., aspirin);
nonsteroidal antiinflammatory drugs (NSAIDs), e.g., ibuprofen (Advil®), naproxen, fenoprofen,
ketoprofen, diclofenac, diflusinal, etodolac, fenbufen, flufenisal, flurbiprofen, indomethacin, ketorolac,
meclofenamic acid, mefenamic acid, meloxicam, nabumetone, nimesulide, nitroflurbiprofen,
olsalazine, oxaprozin, phenylbutazone, piroxicam, sulfasalazine, sulindac, tolmetin and zomepirac;
anticonvulsants, e.g., carbamazepine, oxcarbazepine, lamotrigine, gabapentin and pregabalin;
antidepressants such as tricyclic antidepressants, e.g., amitriptyline, clomipramine, despramine,
imipramine, duloxetine and nortriptyline;
COX-2 selective inhibitors, e.g., celecoxib, rofecoxib, parecoxib, valdecoxib, deracoxib, etoricoxib, and
lumiracoxib;
alpha-adrenergics, e.g., doxazosin, tamsulosin, clonidine, guanfacine, dexmetatomidine, modafinil,
and 4-amino-6,7-dimethoxy-2-(5-methanesulfonamido-1,2,3,4-tetrahydroisoquinol-2-yl)-5-(2-
pyridyl)quinazoline;
barbiturate sedatives, e.g., amobarbital, aprobarbital, butabarbital, butabital, mephobarbital,
metharbital, methohexital, pentobarbital, phenobartital, secobarbital, talbutal, theamylal and
thiopental;
tachykinin (NK) antagonist, particularly an NK-3, NK-2 or NK-1 antagonist, e.g., (αR, 9R)-7-[3,5-
bis(trifluoromethypenzyl)]-8,9,10,11-tetrahydro-9-methyl-5-(4-methylphenyl)-7H-[1,4]diazocino[2,1-g]
[1,7]-naphthyridine-6-13-dione (TAK-637), 5-[[2R,3S)-2-[(1R)-1-[3,5-bis(trifluoromethylphenyl]ethoxy-
3-(4-fluorophenyl)-4-morpholinyl]-methyl]-1,2-dihydro-3H-1,2,4-triazol-3-one (MK-869), aprepitant,
lanepitant, dapitant or 3-[[2-methoxy5-(trifluoromethoxy)phenyl]-methylamino]-2-phenylpiperidine
(2S,3S);
paracetamol;
metabotropic glutamate receptor (mGluR) antagonists;
local anaesthetics such as mexiletine and lidocaine;
corticosteroids such as dexamethasone;
muscarinic antagonists, e.g., tolterodine, propiverine, tropsium t chloride, darifenacin, solifenacin,
temiverine and ipratropium;
cannabinoids;
vanilloid receptor agonists (e.g., resinferatoxin) or antagonists (e.g., capsazepine);
topical agents (e.g., lidocaine, capsacin and resiniferotoxin);
muscle relaxants such as benzodiazepines, baclofen, carisoprodol, chlorzoxazone, cyclobenzaprine,
methocarbamol and orphrenadine;
anti-histamines or H1 antagonists;
NMDA receptor antagonists;
Phosphodiesterase V inhibitors;
Tramadol®;
cholinergic (nicotinc) analgesics;
alpha-2-delta ligands;
prostaglandin E2 subtype antagonists;
leukotriene B4 antagonists; and
5-lipoxygenase inhibitors.

The one or other therapeutic agents utilized in the combination therapy of the invention may be administered to the
mammal, preferably a human, by any route known to one skilled in the art, e.g., orally, topically, peripherally,
intravenously, nasally, etc. and in any form.
A method of the invention may therefore be utilized in treating postherpetic neuralgia in a mammal by administering,
preferably periodically administering, a topical pharmaceutical composition of the invention as defined above in the
Summary of the Invention and one or more therapeutic agents. Preferably, the one or other therapeutic agent is a
non-opioid analgesics, such as acetaminophen (e.g., TYLENOL®) and salicylates (e.g., aspirin).

Kits for the Methods of the Invention
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The present invention also provides kits (i.e., packages) for using the methods of the invention. The kits contain a
pharmaceutical composition of the invention and instructions for the use of the pharmaceutical composition for
treating postherpetic neuralgia. Preferably, a commercial kit will contain one or more unit doses of the
pharmaceutical composition of the invention. It will be evident to those of ordinary skill in the art that any such
composition which is light and/or air sensitive may require additional special packaging and/or instructions. For
example, packaging may be used which is opaque to light, and/or sealed from contact with ambient air.
The present invention may be even better understood by reference to the Biological Examples which follow, but
those skilled in the art will readily appreciate that the specific studies detailed are only illustrative of the invention as
described more fully in the claims which follow thereafter.

BIOLOGICAL EXAMPLE 1
Absorption, Distribution, Metabolism and Excretion Study in the Minipig After Repeated Daily Dermal Dosing of
Pharmaceutical Composition of the Invention

The study was carried out on minipigs to obtain information on plasma pharmacokinetics, tissue distribution and
accumulation, excretion and metabolic profile of the spiro-oxindole compound after daily dermal administration of a

pharmaceutical composition of the invention for 20 consecutive days followed by a single dose of [14C]-spiro-
oxindole compound Day 21.
The animals also received an intravenous dose of midazolam on Day 0 and again on Day 20 and blood samples
were collected for analysis of plasma midazolam concentrations for investigation of CYP3A4 induction or inhibition.
Concentrations of radioactivity were measured in plasma, tissues and excreta by liquid scintillation analysis,
concentrations of unchanged spiro-oxindole compound in plasma and selected tissues were determined by an LC-
MS/MS bioanalytical method. Attempts to separate radioactive components present in plasma, liver and excreta
using HPLC with radioactivity detection were unsuccessful due to low radioactivity levels in these samples.
Male Göttingen minipigs were used for this study to best complement previous preclinical studies performed with the
spiro-oxindole compound. The minipig is considered a suitable species for this study.

Objective of the Study
This study was carried out to obtain information during a 20-day period of repeated dermal administration of a
pharmaceutical composition of the invention on the achieved concentrations of the spiro-oxindole compound in

plasma (to indicate systemic accumulation), and after a final dermal dose (Day 21) of [14C]-spiro-oxindole
compound on (i) the time-course of plasma radioactivity and spiro-oxindole compound concentrations, (ii) the
distribution of radioactivity in body tissues, including distribution into skin layers and of unchanged drug in liver,
heart, fat and skin, (iii) the rates and routes of excretion of radioactivity, (iv) the metabolite profiles in plasma, urine,
bile, faeces and selected tissues, (v) the chemical nature of metabolites. The animals also received an intravenous
dose of midazolam on Day 0 and again on Day 20 and blood samples were collected for analysis of plasma
midazolam concentrations.

Study Design
Midazolam was administered on Days 0 and 20 to 3 male minipigs by bolus intravenous injection at a dose level 0.5
mg/kg. On Day 1, a 8% test pharmaceutical composition of the invention was administered topically as an ointment

to a clean shaven area of 209-259 cm2 (6% of total body surface area) on the back of the male minipigs at a dose
level of about 70 mg ointment/kg. The 8% test pharmaceutical composition comprised the following:
8% Test Pharmaceutical Composition
8.0% (w/w) of the spiro-oxindole compound (active ingredient);
46.9% (w/w) PEG 400 (solvent and ointment base);
10% (w/w) Transcutol® P (penetration enhancing agent);
5% (w/w) oleyl alcohol (penetration enhancing agent);
5% (w/w) isopropyl myristate (penetration enhancing agent);
5% (w/w) stearyl alcohol (ointment stiffening agent);
0.1% (w/w) butylated hydroxytoluene (antioxidant); and
20% (w/w) PEG 3350 (ointment base).
Administration of the 8% test pharmaceutical composition of the invention was repeated for a further 19 days and on

Day 21 [14C]-spiro-oxindole composition was administered topically as an ointment for a single dose at a dose level

of ca 70 mg spiro-oxindole compound equivalents ointment/kg onto the same dose site area of skin. The [14C]-
spiro-oxindole composition was prepared as follows:

A suitable aliquot of [14C]-spiro-oxindole ethanol solution (0.3 mL) was transferred to a weighed amount of non-
radiolabelled 8% test pharmaceutical composition ointment (2.2 g). The volume of ethanol added was ca 14% of the
total volume to give a target concentration of 8% spiro-oxindole compound/g ointment. The dosing solution was
continuously mixed with a spatula for approximately 30 minutes prior to determination of radioactivity concentration
and weighing the final dose to each animal, and was stored overnight at room temperature
Male Gottingen minipigs were used in this study to best complement previous pre-clinical studies performed with the
spiro-oxindole compound.
Concentrations of radioactivity were measured in plasma, tissues and excreta by liquid scintillation analysis,
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concentrations of unchanged drug in plasma and selected tissues were determined by an LC-MS/MS bioanalytical
method. Attempts to separate radioactive components using HPLC with radioactivity detection present in plasma,
liver and excreta were unsuccessful due to low radioactivity levels in samples submitted for further analysis.

Experimental Procedure
A. Materials

[14C]-spiro-oxindole compound (specific activity 55 mCi/mmol≡128 µCi/mg) was supplied as a solution and stored at
ca −20° C. in the absence of moisture and light. Non-radiolabelled spiro-oxindole compound was supplied as a solid
and stored at room temperature. Non-radiolabelled 8% test pharmaceutical composition of the invention as an

ointment was supplied and stored at room temperature. The radiochemical purity of [14C]-spiro-oxindole compound
was determined by high performance liquid chromatography (HPLC) with on-line radioactivity detection at the study
center. As the radiochemical purity of the test substance provided was less then 97%, it was repurified at the study
center prior to the start of the study and stored at ca −20° C. in the absence of moisture and light. The
radiochemical purity of the repurified batch was 99.2% by HPLC prior to the start of the study.
All other chemicals used in this study were reagent grade or analytical grade, as appropriate, and were obtained
from approved commercial suppliers. Purified water was produced on the premises.
B. Animal Management
Three (3) male Ellegaard Gottingen Minipigs having no previous history of any test xenobiotic treatment were
obtained for use on this study. The estimated age of these animals was 19 weeks at the time of first administration
and their body weights at the time of first administration were approximately 10 kg. After arrival at the test center,
the minipigs were subjected to a suitable physical examination to accepted animal husbandry procedures to ensure
their suitability for inclusion in the study. The minipigs were randomly allocated individual identification in the form of
ear tags and the study schedule number combined with the animal number constituted a unique identification of
each animal.
The minipigs were allowed an acclimatization period of approximately 3 weeks prior to treatment with the test
substance. During the acclimatization period and for the duration of the study period, the animals were group-
housed in indoor pens except during the period of sample collection following intravesical dose administration when
they were housed individually in stainless-steel metabolism cages equipped with wire mesh floors and plastic
netting below to allow the separate collection of urine from faeces. Whilst housed within the indoor pens, the
animals were provided with cereal straw bedding and soiled bedding was changed daily.
The rooms in which the minipigs were housed were well ventilated with regular air changes, and lit using artificial
light, which was controlled to provide an alternating 12-hour light/dark cycle. The ambient air temperature in the
animal housing unit was in the range of 15-24° C., and the relative humidity between 40% and 70%; both
temperature and humidity were continuously monitored and automatically recorded.
During the course of the study, the minipigs were routinely observed for behavioural changes, and any indications of
ill health or reaction to treatment. On the day of dosing, the animals were observed immediately after dosing, again
within 2 hours of completion of dosing the study group/phase and on at least one other occasion towards the end of
the working day. On all other days post-dose, the animals were observed on at least one occasion, i.e., during the
initial animal check procedure.
C. Dose Administration
Midazolam doses were administered by bolus intravenous administration at a target dose level of 0.5 mg/kg and
were quantified using nominal concentration of midazolam provided and the volume administered to each animal.
On the day prior to the first dermal dose, the dorsum and flanks of each animal were carefully clipped using electric
clippers and shaved using an electric rotary head shaver (Phillips). Clipping and shaving was as close as possible to
the skin, whilst avoiding damage to the dose site. Photographs were taken to demonstrate the skin integrity on the
clipped area. The corners of the treatment area (equivalent to about 6% body surface area, 11 cm×19 cm-12 cm×22
cm) were marked using an indelible pen. The process of hair removal was repeated periodically during the dose
administration period as necessary.
Dosages of test formulations were applied with foil and spread using nitrile gloves to form a thin uniform layer to the
treatment site. The dose site remained non-occluded during the 20 days of study composition applications (8% test
pharmaceutical composition) but was semi-occluded immediately after the radiolabelled dose application on Day-21
using a tubular elastic net bandage secured in place with a dressing retention tape.
The 8% test pharmaceutical composition of the invention application was quantified from the weight of test

formulation applied over the treatment area. [14C]-spiro-oxindole composition doses were applied in the same
manner over the same dose site area as the 8% test pharmaceutical composition and covered with dressings. The
radioactive dose administered to each animal was calculated from the weight of radiolabelled composition supplied
and the measured radioactivity concentration. Any residual radiolabelled material remaining on the treatment foil
was not quantified so was not included in the calculation of dose administered to each animal.
D. Sample Collection
After intravenous administration of midazolam on Day 0, blood samples (ca 1 mL) were collected by venepuncture
(not the vein used for dosing) at predose, 2, 30 minutes, and at 1, 2, 4 and 6 hours post dose and delivered into
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K2EDTA anticoagulant tubes. Midazolam dosing and subsequent blood sampling were repeated on Day 20 (2 hours

post dosing with the 8% test pharmaceutical composition of the invention). All midazolam blood samples were
centrifuged (ca 2000×‘g’ for 10 minutes at ca 4° C.) to obtain the plasma which was transferred into clean
polypropylene tubes and stored at ca −20° C.; blood cells were discarded.

Immediately prior to application of the 2nd, 7th, 14th dose of 8% test pharmaceutical composition of the invention

and immediately prior to the final dose of [14C]-spiro-oxindole composition on Day 21, a blood sample (ca 2 mL)
was collected by venepuncture from each minipig and delivered into K2EDTA anticoagulant tubes. The blood was

centrifuged (ca 2000×‘g’ for 10 minutes at ca 4° C.) to obtain the plasma which was transferred into clean
polypropylene tubes, divided into two portions and stored at ca −20° C.; blood cells were discarded.

At the following times after the [14C]-spiro-oxindole composition dermal application on Day 21: 0.5, 1, 2, 4, 8, 12 and
24 hours, blood (ca 3 mL) was collected by venepuncture from each minipig and delivered into K2EDTA

anticoagulant tubes. The blood was centrifuged (ca 2000×‘g’ for 10 minutes at ca 4° C.) to obtain the plasma which
was transferred into clean polypropylene tubes and stored at ca −20° C. pending analysis; blood cells were
discarded.
Urine was collected (into containers cooled in solid CO2) from all minipigs overnight prior to dosing the first

Midazolam dose and [14C]-spiro-oxindole composition dose, and during 0-6 and 6-24 hours postdose. Feces were

collected separately overnight prior to dosing and during 0-24 hours after the [14C]-spiro-oxindole composition dose.
After collection of the final excreta samples, cages were first washed with water (ca 1 Litre) and then methanol (ca 1
Litre), and the washings were retained for radioactivity analysis.

At 24 hours after application of the [14C]-spiro-oxindole composition dose, the semi-occlusive dressings were
removed and the dose area cleansed with copious volumes of warm dilute soap solution and dabbed dry with the
minimum amount of paper medical wipe. All dressings, washings and wipes were retained for radioactivity
measurement. The animals were then sacrificed (pentobarbitone overdose), the stratum corneum at the dose site
were removed by tape-stripping (10-20 strips) and retained for radioactivity analysis. The dose site was then
excised from the carcass and divided into two approximately equal portions. For one portion, the epidermis was
separated from the underlying dermis by transferring each skin sample to a foil boat and heating in a waterbath at
60° C. for approximately 20 minutes. The second portion was immediately attached to cork discs with embedding
medium and snap frozen in isopentane cooled with liquid nitrogen. These mounted and frozen samples were stored
at ca −70° C. until taken for microautoradiography.
The following tissues/organs were removed from the remaining carcass:

Adrenal gland Pituitary

Aorta Prostate

Bile (from the gall bladder) Salivary gland

Bone Sciatic nerve

Bone marrow Synovial membrane (knee joint)

Brain Skin (remote from the dose site)

CSF Skin (from the dose site after

Epididymis washing and tape stripping)

Eye Spinal cord

Fat (white) Spleen

Fat (brown) Testis

Heart Thymus

Kidney Thyroid

Lacrimal gland Urinary bladder

Liver Vena cava

Lungs Stomach wall

Lymph nodes Stomach content

Muscle (remote from dose site) Small intestine wall

Muscle (underlying dose site) Small intestine content

Pancreas Large intestine wall

Large intestine content

The urinary bladder from each animal was rinsed with saline and the washings discarded. Each section of the
gastrointestinal tract wall was washed to remove contents (which were retained for analysis) prior to analysis.
Remaining carcasses were discarded.
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Results
Concentrations of radioactivity were measured in plasma, tissues and excreta by liquid scintillation analysis,
concentrations of unchanged spiro-oxindole compound in plasma and selected tissues were determined by an LC-
MS/MS bioanalytical method. Attempts to separate radioactive components present in plasma, liver and excreta
using HPLC with radioactivity detection were unsuccessful due to low radioactivity levels in these samples.
The concentration of the spiro-oxindole compound in plasma (in ng/mL) prior to Days 2, 7 and 14 of 20 daily dermal
doses of the 8% test pharmaceutical composition of the invention and following 20 daily dermal doses of the 8% test

pharmaceutical composition of the invention followed by a single dermal administration of [14C]-spiro-oxindole
composition ointment (ca 70 mg ointment/kg/day) in male minipigs is shown below in Tables 1 and 2:

TABLE 1

PLASMA COLLECTED AFTER REPEAT ADMINISTRATION

OF 8% TEST PHARMACEUTICAL COMPOSITION

OF THE INVENTION

ng/mL

Time 3M 4M 5M Mean sd

Predose Day 2 1.85 1.82 0.619 1.43 0.70

Predose Day 7 2.89 1.32 1.28 1.83 0.92

Predose Day 14 11.7 2.56 3.33 5.86 5.07

Predose Day 21 4.64 2.94 2.40 3.33 1.17

24 h postdose Day 21 12.7 3.86 1.63 6.06 5.85

(Analogous to predose

Day 22)

TABLE 2

PLASMA COLLECTED AFTER REPEAT ADMINISTRATION OF
8%

TEST PHARMACEUTICAL COMPOSITION OINTMENT
FOLLOWED

BY A SINGLE ADMINISTRATION OF [14C]-SPIRO-

OXINDOLE COMPOSITION

Time after

administration of

[14C]-spiro-

oxindole

ng/mL

composition 3M 4M 5M Mean sd

30 min 4.11 1.26 1.63 2.33 1.55

1 h 2.64 1.67 2.55 2.29 0.54

2 h 3.11 1.86 12.7 5.89 5.93

4 h 4.75 2.97 4.02 3.91 0.89

8 h 12.4 19.6 3.15 11.7 8.3

12 h 5.14 5.03 3.19 4.45 1.10

24 h 12.7 3.86 1.63 6.06 5.85

sd Standard deviation

Concentrations of radioactivity in plasma following the 20 daily dermal does of the 8% test pharmaceutical

composition of the invention followed by a single dermal administration of [14C]-spiro-oxindole composition (ca 70
mg ointment/kg/day) to the male minipigs is shown below in Table 3:

TABLE 3

CONCENTRATIONS OF RADIOACTIVITY IN
PLASMA FOL-

LOWING 20 DAILY DERMAL DOSES OF 8% TEST
PHARMACEUTI-

CAL COMPOSITION FOLLOWED BY A SINGLE
DERMAL ADMIN-
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ISTRATION OF [14C]-SPIRO-OXINDOLE

COMPOUND

COMPOSITION(CA 70 MG OINTMENT/KG/DAY)

ng equivalents spiro-oxindole
compound/mL

Time 3M 4M 5M Mean sd

Plasma

Predose BLQ BLQ BLQ BLQ —

30 min BLQ BLQ BLQ BLQ —

1 h BLQ BLQ BLQ BLQ —

2 h BLQ BLQ BLQ BLQ —

4 h BLQ  
7.03

BLQ BLQ —

8 h  
7.82

11.7 10.3  9.94  
1.96

12 h 12.6 15.6 10.5 12.9 2.6

24 h 17.9 22.3 15.9 18.7 3.3

sd Standard deviation

BLQ Below the limit of quantification (<5.55-7.40 ng equivalents spiro-oxindole compound/mL)

Concentrations of the spiro-oxindole compound in plasma were above the limit of quantification (>0.5 ng/mL) at
predose on Day 2 (i.e., approximately 24 hours after a single dermal dose of 8% test pharmaceutical composition of
the invention) when they measured a mean of 1.43 ng/mL, then increased steadily until predose on Day 14 to a
mean of 5.86 ng/mL. At predose on Day 21, mean spiro-oxindole compound concentrations were 3.33 ng/mL, which
were similar to concentrations observed on Day 14, indicating that steady-state was achieved between Days 14 and
21. Following the last dose (on Day 21), mean plasma concentrations of spiro-oxindole compound increased and
were maximal at 8 hours post dose, then declined and at 24 hours post dose, mean plasma concentrations were
6.06 mg/mL, which was significantly similar to concentrations observed at predose on Day 21.
Conversely, mean plasma radioactivity concentrations were generally below the limit of quantification until 8 hours
after administration of the radiolabelled ointment on Day 21 when they measured 11.7 ng/mL. Thereafter, mean
plasma radioactivity concentrations increased until the final sampling time (24 hours post dose).

Following a single dermal application of [14C]-spiro-oxindole compound ointment to the male minipigs following 20
daily dermal applications of 8% test pharmaceutical composition of the invention, <1% of the administered dose was
excreted during 24 hours post final dose. Approximately 33% of the administered dose was recovered following
exhaustive solvent extraction of dose dressings and a further 21% recovered in dose site swabs. The proportions of
the dose associated with the dressings and dose site swabs can be considered to consist entirely of unabsorbed
drug. Exhaustive solvent extraction of tape strippings used to remove the stratum corneum from each animal
yielded another 2% and a further 26% dose was associated with the epidermis and dermis of the excised dose site
excised. The mean overall recovery of radioactivity in male minipigs was 82.36% of the administered dose.
Tissue radioactivity concentrations were generally below the limit of quantification (ca 12-25 ng equivalents spiro-
oxindole compound/g) in the majority of tissues analysed. Of the tissues with radioactivity concentrations above the
limit of quantification, mean radioactivity concentrations (ng equivalents spiro-oxindole compound/g) were maximal
in skin from the dose site (25500), gall bladder contents (4870), fatty tissues (273 [abdominal], 100 [brown]), bone
marrow (154), muscle underlying the dose site (142) and skin remote from the dose site (111). Concentrations of the
spiro-oxindole compound were also measured in selected tissues and were maximal in skin from the dose site
(1860 ng/g), white fat (53.8 ng/g), heart (17.5 ng/g) and liver (11.3 ng/g). The corresponding total radioactivity in
these tissues were 25500, 273, 18.5 and 74.9 ng equiv spiro-oxindole compound/g, respectively.
Following UPLC analysis of urine and bile, two distinct peaks were observed in urine whilst in bile (gall bladder
contents) another two peaks were observed. Radioactivity levels in these samples were too low for accurate
quantification or identification but none were consistent with spiro-oxindole compound. Attempts to separate
radioactive components using HPLC with radioactivity detection present in liver and excreta were unsuccessful due
to low radioactivity levels in these samples.

Results of microautoradiography of skin samples removed from the dose site after the final dermal dose of [14C]-
spiro-oxindole compound ointment indicated localization of spiro-oxindole compound-related material in the
epidermis, dermis and hair follicles. Greatest concentrations were found at the epidermis and dermo-epidermal
junction, and at the hair follicles, particularly the hair follicle bulbs.
Overall in this study, low systemic exposure of the spiro-oxindole compound was observed along with relatively low
concentration of the spiro-oxindole compound in the tissues examined except for the skin from the dose site.
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BIOLOGICAL EXAMPLE 2
Joint Penetration and Tissue Distribution Study in Domestic Pig Following Multiple-Dose Topical Administration of a
Pharmaceutical Composition Comprising the Spiro-Oxindole Compound

This study was conducted to evaluate the joint penetration, systemic plasma exposure and tissue distribution of the
spiro-oxindole compound in domestic pigs following topical administration of a pharmaceutical composition utilized
in the methods of the invention. Fifteen female pigs were used in this study with three pigs in each group. Beginning
on Day 1, a pharmaceutical composition of the invention was topically applied to the left radiocarpal joint (carpus)
and tibiotarsal joint (hock) twice daily (bid) for 17 days (34 applications) for Groups 1-4 and once daily (qd) for 17
days (17 applications) for Group 5. Pre-dose blood samples (prior to morning dosing) was collected on Days 2, 7,
10, 14 and 17. A full pharmacokinetic sampling was performed on Day 17 (post am dosing) at the following time
points: 1, 2, 4, 8 and 12 hr. On the day of necropsy, Day 18, blood was collected prior to euthanasia, each pig was
humanely euthanized and dorsal skin and muscle, liver, kidney, heart, lung, brain, intestine, fat, ovaries, urinary
bladder, sciatic nerve, and skin, muscle, synovial membrane, and synovial fluid from all 4 joints (2 treated, left
carpus and hock, and 2 untreated, right carpus and hock) was collected.

Dose
Doses were calculated by measuring the joint circumference and joint width (to include ˜2 cm above and below the
joint) to calculate the total surface area for each individual dose. Group 1 received a 2% pharmaceutical
composition of the invention and the dose volume for Group 1 was calculated using the total surface area and the

designated dose volume of 3 µL/cm2. The total dose volume was then converted from µL to mL to estimate the dose

weight in grams, based on the composition density of 1 g/cm3. Following is an example (not actual measurements)
of calculating the dose:

Total Joint Total Dose Dose

Dose circum- Surface Vol- Vol- Dose

width ference Area Dose ume ume Weight

Joint (cm)* (cm) (cm2)** (µL/cm2) (µL) (mL) (gm)***

Left 8.0 15 120.0 3 360 0.36 0.36

carpus

Left 9.0 19 171.0 3 513 0.51 0.51

hock

*Determined prior to dosing; joint was measured to include ~2 cm above and below the joint and a distance above
and below the joint capsules was determined for dose administration.

**Joint width × joint circumference.

***Assuming 1 mL = 1 gm for dosing purposes.

For Groups 2-5, the dose volume was calculated using the total surface area and the designated dose volume of 3

µL/cm2 (Groups 2, 3 and 5) or 1 µL/cm2 (Group 4). The total dose volume was then converted from µL to mL to
estimate the dose length in centimeters of a ribbon of the pharmaceutical composition when squeezed from a
glaminate tube onto a metal metric ruler, based on the composition length-weight relationship of 1 cm of
pharmaceutical composition being equal to 0.5 g of the composition (diameter of the tube opening was 0.87 cm).

Test Pharmaceutical Compositions and Administration
The hair on the left carpus and hock of each animal was clipped approximately 3 days prior to treatment to allow for
any razor burn or skin scrapes to heal before administration of a test pharmaceutical composition. The test
pharmaceutical compositions were comprised as follows:

2% Test Pharmaceutical Composition
2.0% (w/w) of the spiro-oxindole compound (active ingredient);
52.9% (w/w) PEG 400 (solvent and ointment base);
10% (w/w) Transcutol® P (penetration enhancing agent);
5% (w/w) oleyl alcohol (penetration enhancing agent);
5% (w/w) isopropyl myristate (penetration enhancing agent);
5% (w/w) stearyl alcohol (ointment stiffening agent);
0.1% (w/w) butylated hydroxytoluene (antioxidant); and
20% (w/w) PEG 3350 (ointment base).

4% Test Pharmaceutical Composition
4.0% (w/w) of the spiro-oxindole compound (active ingredient);
50.9% (w/w) PEG 400 (solvent and ointment base);
10% (w/w) Transcutol® P (penetration enhancing agent);
5% (w/w) oleyl alcohol (penetration enhancing agent);
5% (w/w) isopropyl myristate (penetration enhancing agent);
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5% (w/w) stearyl alcohol (ointment stiffening agent);
0.1% (w/w) butylated hydroxytoluene (antioxidant); and
20% (w/w) PEG 3350 (ointment base).

8% Test Pharmaceutical Composition
8.0% (w/w) of the spiro-oxindole compound (active ingredient);
46.9% (w/w) PEG 400 (solvent and ointment base);
10% (w/w) Transcutol® P (penetration enhancing agent);
5% (w/w) oleyl alcohol (penetration enhancing agent);
5% (w/w) isopropyl myristate (penetration enhancing agent);
5% (w/w) stearyl alcohol (ointment stiffening agent);
0.1% (w/w) butylated hydroxytoluene (antioxidant); and
20% (w/w) PEG 3350 (ointment base).
The 2% Test Pharmaceutical Composition was topically administered to the animals of Group 1.
The 4% Test Pharmaceutical Composition was topically administered to the animals of Group 2.
The 8% Test Pharmaceutical Composition was topically administered to the animals of Group 3, Group 4 and Group
5.
The test compositions were topically applied an equal distance above and below the center of the joint, i.e., inter-
carpal joint space (carpus) and inter-tarsal joint space (hock) of each animal to allow for complete coverage of the
joint, including approximately 2 cm above and below the edges of the joint. The test composition was applied to the
entire circumference of the designated area. All animals were dosed using the same distance above and below
each joint center for consistency.

The dose volume (µL/cm2) for the test pharmaceutical compositions was 3.0 µL/cm2 for Groups 1, 2, 3 and 5 and

1.0 µL/cm2 for Group 4.
Pharmacokinetic Samples

Approximately 2 mL of whole blood was collected prior to the morning dose administration on Days 2, 7, 10, 14 and
17. A full pharmacokinetic profile sampling was performed on Day 17 after the morning dose administration at the
following time points: 1, 2, 4, 8 and 12 hr. On the day of necropsy, Day 18, blood was collected prior to euthanasia.

Tissue Collection
The following tissue samples were collected after euthanasia:

Dorsal skin and muscle (from the mid-back)
Liver—Left Medial Lobe
Kidney—Right
Heart
Lung—Right diaphragmatic lobe
Brain—Right cerebral hemisphere
Intestine—mid-jejunum
Duodenum (10-15 cm length) from all 6 animals in Groups 1 and 2
Fat
Ovary—Right
Urinary bladder
Sciatic nerve from both legs
Skin, muscle underlying site of administration and synovial membrane of all 4 joints (treated left
carpus and hock and untreated right carpus and hock)

Results
The concentration of the spiro-oxindole compound in the synovial membrane of the treated joints of the test animals
is shown below in Table 4:

TABLE 4

SPIRO-OXINDOLE COMPOUND CONCENTRATION

IN SYNOVIAL MEMBRANE TISSUE

Untreated Treated

Test Animal No. Test Animal No.

Group and Joint ng/g and Joint ng/g

G1 #1 right carpus 44.47 #1 left carpus 105.89

#1 right hock 41.19 #1 left hock 54.04

#2 right carpus 70.83 #2 left carpus 126.88

#2 right hock 97.22 #2 left hock 152.13

#3 right carpus 84.97 #3 left carpus 56.86

#3 right hock 33.16 #3 left hock 38.86
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G2 #4 right carpus 114.15 #4 left carpus 72.14

#4 right hock 92.75 #4 left hock 132.05

#5 right carpus 100.42 #5 left carpus 269.82

#5 right hock 69.80 #5 left hock 95.93

#6 right carpus 129.30 #6 left carpus 183.72

#6 right hock 98.28 #6 left hock 131.87

G3 #7 right carpus 54.19 #7 left carpus 708.62

#7 right hock 82.74 #7 left hock 252.46

#8 right carpus 185.83 #8 left carpus 737.86

#8 right hock 737.82 #8 left hock 576.83

#9 right carpus 130.63 #9 left carpus 137.46

#9 right hock 167.55 #9 left hock 1917.93

G4 #10 right carpus 34.85 #10 left carpus 49.99

#10 right hock 26.20 #10 left hock 291.56

#11 right carpus 1772.86 #11 left carpus 59.22

#11 right hock 0.00 #11 left hock 38.32

#12 right carpus 46.92 #12 left carpus 159.68

#12 right hock 45.29 #12 left hock 3171.10

G5 #13 right carpus 11.61 #13 left carpus 702.22

#13 right hock 18.69 #13 left hock 31.44

#14 right carpus 25.25 #14 left carpus 150.00

#14 right hock 37.98 #14 left hock 100.00

#15 right carpus 79.58 #15 left carpus 35.31

#15 right hock 21.70 #15 left hock 55.90

The concentration of the spiro-oxindole compound (in ng/mL) in plasma of the test animals is shown below in Table
5:

TABLE 5

SPIRO-OXINDOLE COMPOUND
CONCENTRATION IN PLASMA

Day
17

Day
17

Day
17

Day
17

Day
17

Day 2 Day 7 Day
10

Day
14

Day
17

1 hour 2 hour 4 hour 8 hour 12
hour

Animal Before Before Before Before Before after after after after after

Number dosing dosing dosing dosing dosing dosing dosing dosing dosing dosing Day
18

#1 1.02 1.36 1.14 3.44 1.13 7.59 1.10 8.22 1.91 10.28 3.94

#2 1.65 4.12 1.87 4.69 1.43 2.71 2.16 1.67 2.03 12.85 3.24

#3 0.34 0.97 1.54 1.10 2.70 1.21 1.07 1.04 1.30 11.38 1.60

#4 0.84 1.73 1.79 2.47 3.25 2.47 3.47 2.72 1.94 12.17 5.41

#5 0.86 1.74 5.34 4.35 3.90 2.78 4.20 3.56 3.02 15.72 2.83

#6 1.24 2.66 2.11 3.40 2.24 2.24 2.48 4.83 1.62 21.78 3.29

#7 1.47 1.50 5.48 2.19 14.43 0.98 2.37 1.85 1.65 27.61 2.76

#8 1.21 4.40 5.13 4.81 2.45 9.03 4.47 4.29 3.36 16.89 6.10

#9 2.36 0.00 3.64 6.86 3.90 7.37 5.31 6.23 3.43 102.48 4.13

#10 0.24 4.82 1.10 1.90 1.12 2.62 3.51 2.27 1.29 9.98 1.09

#11 0.71 1.89 1.24 2.63 0.72 5.22 3.57 2.03 2.15 15.16 2.36

#12 1.34 0.99 1.88 2.14 1.41 1.01 1.94 2.74 2.83 24.37 1.34

#13 2.68 3.34 1.14 2.77 2.17 3.49 3.53 3.70 4.21 10.60 2.10

#14 1.26 0.92 1.87 2.74 0.63 0.67 1.65 1.85 7.22 4.97 0.96

#15 0.43 1.29 1.07 1.53 0.99 2.49 2.56 1.28 1.00 8.47 4.94
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The concentration of the spiro-oxindole compound (in ng/g) in liver tissue of the test animals is shown in Table 6
below:

TABLE 6

SPIRO-OXINDOLE COMPOUND CONCENTRATION

IN LIVER TISSUE

Group Animal No. ng/g

G1 #1 17.0

#2 2.2

#3 14.0

G2 #4 0/0

#5 49.1

#6 29.3

G3 #7 47.2

#8 48.2

#9 21.6

G4 #10 0.0

#11 39.1

#12 13.0

G5 #13 3.6

#14 25.1

#15 0.0

The above results indicate that periodic administration of the topical pharmaceutical compositions of the invention
provided an unexpectedly high concentration of the spiro-oxindole compound in the synovial membrane of the
treated joints of the test animals with minimal or negligible systemic exposure of the spiro-oxindole compound to
plasma or to liver tissue.

BIOLOGICAL EXAMPLE 3
A Randomized, Double-Blind, Placebo-Controlled, Two-Period Crossover Study to Evaluate the Safety, Tolerability,
Preliminary Efficacy, and Systemic Exposure of the Topical 8% Test Pharmaceutical Composition of the Invention in
Subjects with Postherpetic Neuralgia
Study Objectives

The objectives of this study were to compare the safety and efficacy of a pharmaceutical composition of the
invention to that of placebo for the relief of postherpetic neuralgia in subjects with postherpetic neuralgia (PHN) and
to evaluate the extent of systemic exposure of the spiro-oxindole compound following topical application of the
pharmaceutical composition in subjects with postherpetic neuralgia.

Methodology
This was a randomized, placebo-controlled, 2-period crossover study consisting of an up to 3-week
screening/washout period; two 1-week, single-blind, placebo run-in periods; a 1-week inter-treatment washout
period; and two 3-week, double-blind treatment periods.
Subjects who qualified for the study after the screening/washout period entered into the first single-blind, placebo
run-in period. During the placebo run-in periods, subjects applied placebo ointment twice daily (bid) for 7 days. The

area of application was to cover the most painful skin segments up to 400 cm2. Subjects recorded their pain score
at 4 specific times each day (upon waking, at 12:00 noon±1 hour, at 4:00 p.m.±1 hour, and at 8:00 p.m.±1 hour) and
reported these scores using the Medpace ClinTrak Interactive Voice Response System (CTIVRS). The use of any
rescue medication (1000 mg acetaminophen every 4 to 6 hours, up to 4000 mg/day) was recorded in the rescue
medication diary.
Subjects who reported average daily pain scores on an 11-point Likert Numerical Rating Scale (NRS) for at least 4
days during the first placebo run-in period were eligible for randomization to treatment and entered into Treatment
Period 1. At the randomization visit (Visit 3), subjects were randomly assigned (in a 1:1 ratio) to one of the following
treatment sequences: investigational product/placebo or placebo/investigational product. Subjects received the first
specified treatment during Treatment Period 1 and the second specified treatment during Treatment Period 2.
During each 3-week, double-blind Treatment Period, subjects applied study medication bid to cover the most painful

skin segments up to 400 cm2. As in the placebo run-in period, subjects continued to record their pain scores at 4
specific times each day and report their scores twice a day using the CTIVRS. The use of any rescue medication
was recorded in the rescue medication diary. Subjects were assessed for safety, signs of local irritation, the
presence of numbness (decreased sensitization), and the presence of allodynia (pain induced by a gentle brush
touch) at the beginning and end of each Treatment Period. In addition, subjects provided a blood sample for
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pharmacokinetic (PK) analyses at each weekly study visit of the double-blind Treatment Periods and following the
week of washout (Visits 7 and 12).
Upon completing Treatment Period 1, subjects began a 1-week washout prior to starting the second period of the
crossover study. During the washout, subjects did not apply any study medication (placebo or investigational
product), but continued to record pain scores using the CTIVRS. The use of any rescue medication was recorded in
the rescue medication diary.
After the washout, subjects entered the second single-blind, placebo run-in period, which was followed by Treatment
Period 2. Subjects returned for a follow-up visit 1 week after completing Treatment Period 2.

Duration of Treatment
42 days of randomized treatment (21 days of placebo and 21 days of investigational product) plus 14 days of
placebo treatment (a 1-week, placebo run-in period prior to each Treatment Period).

Number of Subjects
Planned: 60 subjects
Screened: 129 subjects
Entered placebo run-in: 109 subjects
Randomized: 70 subjects
Completed: 54 subjects
Discontinued: 16 subjects

Diagnosis and Main Criteria for Inclusion
The population for this study included male and female subjects to 80 years of age with persistent pain for more
than 6 months from the appearance of herpes zoster rash that was not located on the face, above the hairline of the
scalp, and/or in proximity to mucous membranes.

Investigational Product and Placebo Information
The investigational product was the 8% Test Pharmaceutical Composition in ointment form as disclosed herein. The
placebo composition had the same composition as the 8% Test Pharmaceutical Composition except that the spiro-
oxindole compound is not present and the amount of PEG400 in the placebo composition is increased by the
amount of the spiro-oxindole compound if it were present. The placebo composition was identical in appearance to
8% Test Pharmaceutical Composition ointment.

Treatments
Subjects applied 8% Test Pharmaceutical Composition or placebo composition twice a day (bid) topically to cover

the most painful skin segments up to 400 cm2. Each subject was assigned to 1 of 4 dose groups based on the size
of the affected skin area. Subjects were then provided with an application-area specific dosing card, as shown
below in Table 7, which clearly indicated the amount of the treatment composition which was to be measure out and
applied on each dosing occasion.

TABLE 7

TREATMENTS ADMINISTERED

BY AREA OF APPLICATION

8% Test 8% Test Amount of

Area of Pharmaceutical Pharmaceutical Spiro-oxindole

Application Composition Dose Composition Dose compound

(cm2) (mg) (mL) (mg)

≦100 750 0.75 60

101 to 200 1500 1.50 120

201 to 300 2250 2.25 180

301 to 400 3000 3.00 240

Treatments were supplied as a 50 g supply in 60 mL plastic laminate tubes with a tamper-proof seal.
Treatments were provided as single tubes of placebo composition for each single-blind, placebo run-in period and in
cartons of 3 tubes containing either the 8% Test Pharmaceutical Composition or the placebo composition for each of
the 2 Treatment Periods.

Criteria for Evaluation
The primary efficacy parameter was change in mean daily pain score from baseline, measured on an 11-point Likert
Numeric Rating Scale (NRS), between the last week of 8% Test Pharmaceutical Composition treatment and the last
week of placebo treatment for each subject.
The secondary efficacy parameters included the following:

1. The change in mean daily pain score, measured on an 11-point Likert NRS, from baseline to the first,
second, and third week of the Treatment Period;
2. The proportion of subjects achieving 1-point improvement on the 11-point Likert NRS during 8% Test
Pharmaceutical Composition treatment compared to placebo;
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3. The proportion of subjects achieving at least 50% improvement in mean daily pain score during 8% Test
Pharmaceutical Composition treatment compared to placebo;
4. The proportion of subjects achieving at least 30% improvement in mean daily pain score during 8% Test
Pharmaceutical Composition treatment compared to placebo;
5. The proportion of subjects using rescue analgesic medications and the amount and number of doses per
day during 8% Test Pharmaceutical Composition treatment compared to placebo;
6. The change in Neuropathic Pain Symptom Inventory (NPSI) score from baseline to the end of 8% Test
Pharmaceutical Composition treatment compared to placebo;
7. The changes in allodynia scores of NPSI (Q8, Q9, and Q10) from baseline to the end of 8% Test
Pharmaceutical Composition treatment compared to placebo;
8. The Patient Global Impression of Change (PGIC) score from baseline to the end of 8% Test
Pharmaceutical Composition treatment compared to placebo;
9. The proportion of subjects withdrawing from the study due to lack of efficacy in the target area during 8%
Test Pharmaceutical Composition treatment compared to placebo;
10. The change in Daily Sleep Interference Scale (DSIS) score from baseline to the end of 8% Test
Pharmaceutical Composition treatment compared to placebo; and
11. The change in mean daily pain score, measured on an 11-point Likert NRS, from baseline to Week 3 with
last observation carried forward (LOCF), adjusted for rescue medication utilization.

Safety assessments included adverse events, clinical laboratory measurements, electrocardiograms (ECGs), vital
signs (including body weight), and physical examinations.

Statistical Methods
The primary efficacy variable was the change in mean daily pain score from baseline to the last week (Week 3) of
the Treatment Period. Baseline for Treatment Period 1 was the average of the 7 mean daily pain measurements
prior to randomization (Visit 3), and baseline for Treatment Period 2 was the average of the 7 mean daily pain
measurements prior to Visit 8.
The primary efficacy analysis was based on the Efficacy Evaluable Population. Supportive and exploratory analyses
were carried out for the primary efficacy variable based on the Intent-to-Treat and Per-Protocol Populations.
The primary efficacy hypothesis was that the mean change in mean daily pain scores from baseline to the end of
the Treatment Period would differ between the 8% Test Pharmaceutical Composition treatment and the placebo
treatment. This hypothesis was tested using a mixed effects analysis of covariance (ANCOVA) model with
treatment, period, and treatment sequence as fixed effects, subject within treatment sequence as a random effect,
and the baseline pain score as a covariate. The least-squares means, standard errors, and the 2-tailed 95%
confidence intervals for each treatment group were presented.
The secondary efficacy parameter of change in mean daily pain scores from baseline to Week 1, Week 2, Week 2
with LOCF, Week 3, and over the entire Treatment Period (Weeks 1-3 combined) was analyzed in a similar manner
as the primary efficacy variable.
All other efficacy variables were summarized using similar methods as for the primary efficacy variable. Efficacy

variables were summarized by area of application (≦100 cm2, 101 cm2 to 200 cm2, 201 cm2 to 300 cm2, and 301

cm2 to 400 cm2). Other subgroup analyses (such as demographic variables, disease duration, concomitant
medication, etc.) for efficacy variables were performed, as needed. An additional analysis was performed in which
all pain scores collected during weeks when subject study medication utilization was <80% or >125% were
excluded.
Blood samples taken at Visits 3 through 12 were assayed for concentration levels of the spiro-oxindole compound
using a validated bioanalytical method. These values were summarized for each visit during the Treatment Period in
which the subject was treated with the 8% Test Pharmaceutical Composition.
All safety analyses were performed for the safety population. Safety variables were summarized using descriptive
statistics for continuous variables and frequency and percentage for categorical variables. No formal hypothesis
testing was performed to compare safety parameters.
One interim analysis was performed to assess the adequacy of the sample size. Although differences between
treatment groups were not analyzed formally, summaries of the primary efficacy variable were prepared. As a result,
the significance level for the final analysis was adjusted to α=0.049.

Summary of Results
A. Efficacy and Pharmacokinetic Results:

The planned efficacy analysis of the primary endpoint of change in mean daily pain score, measured on an 11-point
Likert NRS, did not result in statistically significant or clinically meaningful differences between the 8% Test
Pharmaceutical Composition and the placebo treatments at any time point. However, the planned secondary
analyses of the proportions of subjects achieving at least 50% improvement in mean daily pain score demonstrated
a statistically significant difference between the 8% Test Pharmaceutical Composition and the placebo treatment. In
the Efficacy Evaluable Population, more subjects achieved at least 50% improvement with the 8% Test
Pharmaceutical Composition treatment than with the placebo treatment at Week 3 with LOCF (p=0.0039). A similar
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trend was seen in the proportion of subjects achieving at least 30% improvement at Week 3 with LOCF (p=0.0784).
In addition, the difference between treatments in the proportion of subjects achieving at least 30% improvement
overall was statistically significant (p=0.0213). Results were similar for the Per-Protocol Population, with the
proportions of subjects achieving at least 30% and at least 50% improvement at Week 3 with LOCF achieving
statistical significance (p=0.0490 and p=0.0078, respectively). The differences between treatments in the proportion
of subjects achieving 1-point improvement in mean daily pain score were not statistically significant for either
population.
In addition, post hoc responder analyses were produced to assess the effect of the Treatment Period on
improvement in mean daily pain score. Although there were no clear differences between treatments during
Treatment Period 1, subjects receiving the 8% Test Pharmaceutical Composition treatment showed greater
improvement in mean daily pain score compared to subjects receiving the placebo treatment during Treatment
Period 2. Similarly, during Treatment Period 2, more subjects achieved at least 30% (p=0.0154) and at least 50%
(p=0.0122) improvement in pain score after 3 weeks of the 8% Test Pharmaceutical Composition treatment
compared to the placebo treatment.
Overall, there was less rescue medication usage with the 8% Test Pharmaceutical Composition treatment than with
the placebo treatment. The mean total number of pills of rescue medication taken was lower with the 8% Test
Pharmaceutical Composition treatment compared with the placebo treatment (24.8 pills versus 29.2 pills).
NPSI score analysis showed greater decreases in the overall score with the 8% Test Pharmaceutical Composition
treatment than with the placebo treatment, but the difference between treatments was not statistically significant.
Only 1 subject discontinued due to worsening of pain at the site of postherpetic neuralgia.
There were no apparent differences between treatments in change from baseline to Week 3 with LOCF in mean
DSIS score and PGIC score. However, results of exploratory subgroup analyses indicated a trend towards more
favorable outcomes on the 8% Test Pharmaceutical Composition treatment.
As expected, pharmacokinetics (PK) analyses demonstrated a low systemic exposure with the 8% Test
Pharmaceutical Composition and the dosing regimen of the 8% Test Pharmaceutical Composition. Throughout the
8% Test Pharmaceutical Composition treatment, approximately 70% of subjects had concentration levels of the
spiro-oxindole compound above the detectable limit, but these levels were significantly lower than those previously
shown to mediate a systemic analgesic effect. Low residual plasma concentrations were measured during placebo
treatment for some subjects whose first treatment was the 8% Test Pharmaceutical Composition. However, the
clinical efficacy data do not indicate that these very low levels interfered with the pain intensity results of the study.
The placebo response was minimal for those subjects who were dosed with placebo in Treatment Period 2 (the
investigational product/placebo sequence) with only 1 subject demonstrating a 50% or greater improvement and 3
subjects demonstrating a 30% or greater improvement.

B. Safety Results:
The 8% Test Pharmaceutical Composition was safe and well tolerated in subjects with postherpetic neuralgia. The
overall incidence of treatment-emergent adverse events (TEAEs) was 50.8% with placebo treatment and 53.2% with
8% Test Pharmaceutical Composition treatment. The overall incidence of study medication-related TEAEs was
30.2% with the placebo treatment and 17.7% with the 8% Test Pharmaceutical Composition treatment. The majority
of subjects experienced TEAEs that were considered by the Investigator to be mild in severity. Only 3 subjects
(4.4%) experienced at least one severe TEAE (2 subjects (3.2%) during placebo treatment and 1 subject (1.6%)
during 8% Test Pharmaceutical Composition treatment).
In general, application site reactions were more common with placebo treatment than with the 8% Test
Pharmaceutical Composition treatment, suggesting that the presence of the spiro-oxindole compound in the 8%
Test Pharmaceutical Composition may have some local protective or relieving effect.
There were no fatal events reported during the study. Two serious adverse events (SAEs) were reported: an SAE of
tooth abscess, which occurred during placebo treatment, and an SAE of worsening coronary artery disease, which
occurred during the 8% Test Pharmaceutical Composition treatment. Neither SAE was considered by investigators
to be related to study medication. Eight subjects discontinued from the study due to an adverse event: 5 subjects
during placebo treatment and 3 subjects during the 8% Test Pharmaceutical Composition treatment. For 7 of these
8 subjects, the adverse events leading to discontinuation were local skin reactions. The eighth subject was
withdrawn due to the SAE of worsening coronary artery disease.
The review of changes in chemistry, hematology, urinalysis, ECG, and vital signs parameters indicated no safety
concerns.

CONCLUSIONS
This clinical study demonstrated that treatment with the 8% Test Pharmaceutical Composition for 3 weeks was safe
and well tolerated in subjects with postherpetic neuralgia. No new safety issues were identified in this study
compared to the previous study in healthy volunteers. Local application site reactions were the most common
adverse events and were more common with placebo treatment than with the 8% Test Pharmaceutical Composition
treatment. Pharmacokinetic analyses demonstrated a low systemic exposure of the spiro-oxindole compounds, with
low residual levels measured during placebo treatment in some subjects who received the 8% Test Pharmaceutical
Composition in Treatment Period 1. The planned responder analyses demonstrated that the 8% Test
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Pharmaceutical Composition treatment resulted in statistically significant proportions of subjects achieving at least
50% improvement in mean pain score compared to the placebo treatment. However, the primary endpoint of the
change in mean pain score from baseline to Week 3 with LOCF failed to show a statistically significant difference
between the 8% Test Pharmaceutical Composition treatment and the placebo treatment. A larger, parallel-design
study of longer duration targeting a more homogenous group of subjects is to be conducted to further evaluate the
efficacy of a topical pharmaceutical composition of the invention in treating postherpetic neuralgia.

BIOLOGICAL EXAMPLE 4
A Randomized, Double-Blind, Placebo-Controlled Study to Evaluate the Safety and Efficacy of the 4% Test
Pharmaceutical Composition and the 8% Test Pharmaceutical Composition of the Invention in Patients with Postherpetic
Neuralgia

This study is designed to evaluate the efficacy of 4 weeks of topical administration of the 4% Test Pharmaceutical
Composition and the 8% Test Pharmaceutical Composition of the invention in ointment form compared with placebo
for the relief of postherpetic neuralgia as assessed by the change from baseline to week 4 in the weekly average of
the daily average Numeric Rating Scale (NRS) scores.

Nonclinical Studies
Nonclinical studies have been completed to characterize the tolerability, toxicity, pharmacokinetics, and efficacy of
pharmaceutical compositions comprising the spiro-oxindole compound following dermal application and oral
administration.

Pharmacology Studies
In vitro electrophysiological studies indicated that the spiro-oxindole compound is a potent NaV blocker active

against several NaV subtypes, including those associated with pain signaling. The potency of blocking against

NaV1.7 is approximately 220-fold greater for the inactivated state (50% inhibitory concentration [IC50]=0.05 µM)

compared with the resting state (IC50=11.3 µM).

In vivo studies in neuropathic and inflammatory pain models in the rat demonstrated that topical administration of a
pharmaceutical composition comprising the spiro-oxindole compound provides analgesic relief superior to current
marketed topical therapeutics such as lidocaine and diclofenac. Topical 4% Test Pharmaceutical Composition was
compared with lidocaine and diclofenac for relief of mechanical allodynia in the streptozotocin-induced neuropathic
pain model in rats. A single application of 4% Test Pharmaceutical Composition significantly increased the paw
withdrawal threshold for the treated paw compared with application of the vehicle. At 30 minutes after the dose, the
4% Test Pharmaceutical Composition treatment group showed reversal of mechanical hyperalgesia as assessed by
measurement of paw withdrawal threshold for the drug-treated paw, with no significant increase in threshold
observed for the diclofenac and lidocaine treatment groups.
In the complete Freund's adjuvant model of inflammatory pain, the topical analgesic effects of the 8% Test
Pharmaceutical Composition were obtained at a mean plasma concentration (0.32 ng/mL) that was 120-fold lower
than that observed at the minimum effective oral dose of a pharmaceutical composition comprising the spiro-
oxindole compound in this model. A dose response was observed, and the dose associated with pain relief ranged
from a minimum effective dose of 2% Test Pharmaceutical Composition, with the greatest effect seen at the highest
dose tested of 8% Test Pharmaceutical Composition. In the CCI model of neuropathic pain, topical 8% Test
Pharmaceutical Composition exhibited a degree of efficacy comparable with 25 mg/kg spiro-oxindole compound by
oral administration despite systemic plasma exposure of the spiro-oxindole compound (maximum observed
concentration [Cmax] 3.6 ng/mL) being significantly lower (approximately 20-fold) than that of the oral treatment

group. Based on these data, the analgesic effect of topical pharmaceutical composition comprising the spiro-
oxindole compound in these animal models is considered to be due to a local rather than a systemic drug effect.

Pharmacokinetic Studies
A study in minipigs (not conducted according to Good Laboratory Practice) was conducted to investigate the plasma
pharmacokinetics, tissue distribution, and accumulation of the spiro-oxindole compound following 21 days of
repeated dermal dosing. Overall, low systemic exposure was observed (mean Cmax=15.0 ng/mL) with an apparent

steady state achieved between days 14 and 21. Relatively low concentrations of the spiro-oxindole compound were
found in the tissues in which the spiro-oxindole compound was measured, except for the skin at the drug
administration site.
The spiro-oxindole compound is highly protein bound in rat serum (99.6%) and dog (98.3%) and human (99.4%)

plasma. In vitro metabolic stability and profiling of 14C-spiro-oxindole compound demonstrated that spiro-oxindole
compound is more stable in human than in animal hepatocytes: human (80%)>dog (61%)>minipig (18%)≧rat (16%).
A total of 8 metabolites were identified in samples (in vitro and in vivo) from rats, dogs, and humans. All metabolites
found in humans were also found in the Good Laboratory Practice (GLP) toxicology species, the rat. Following oral
administration of spiro-oxindole compound to humans, spiro-oxindole compound and 3 of its metabolites (M1, M5,
and M6) were measurable. A similar metabolic profile was observed following topical administration to humans,
albeit at much lower plasma concentrations, except metabolite M1 was not detected following human topical
administration.
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A reaction phenotyping study using recombinant human cytochrome P450 (CYP450) enzymes suggested that
CYP450 2C19 (CYP2C19) and 3A4 (CYP3A4) are major contributors to the spiro-oxindole compound metabolism;
CYP450 2D6 is likely to play a less extensive role, and CYP450 2C9 has limited or no involvement in the
metabolism of the spiro-oxindole compound.
In vitro data showed that the spiro-oxindole compound may inhibit several CYP450 enzymes including CYP3A4 but
may also be a strong inducer of CYP3A4 with an activation potency similar to rifampicin, a known inducer of
CYP3A4. A drug-drug interaction (DDI) study conducted in dogs with oral administration of the spiro-oxindole
compound using intravenous (iv) midazolam as a CYP3A4 substrate revealed no evidence of a DDI at the spiro-
oxindole compound plasma concentrations up to 752 ng/mL (i.e., 1.8 µM).

Toxicology Studies and Toxicokinetics
Repeat-dose dermal toxicity of a pharmaceutical composition comprising the spiro-oxindole compound was
evaluated in minipigs in a 7-day (non-GLP) dermal study and in a 4-week (GLP) dermal study with a 2-week
recovery period. In addition, a dose range-finding (DRF) dermal study in minipigs was conducted to aid in dose
selection for a 39-week dermal toxicity study in minipigs.
Following 28 days of once-daily dermal application of 4% Test Pharmaceutical Composition and 8% Test
Pharmaceutical Composition in ointment form in minipigs over 10% of body surface area (BSA) at dosages of 5, 10,
and 30 mg/kg/day, no spiro-oxindole-related systemic toxicity or dermal irritation was observed. However, the
vehicle ointment produced in all treatment groups transient, mild to moderate, and occasionally severe dermal
irritation that returned to normal during the recovery period. This correlated with minimal epidermal hyperplasia
observed microscopically in the treated skin across all groups. Relatively low systemic exposure was observed on
day 28. For the highest treatment group (30 mg/kg/day), the Cmax was 21 and 20 ng/mL for male and female

minipigs, respectively, and their corresponding area under the concentration-time curve from 0 to 24 hours (AUC0-24

h) values were 365 and 382 ng·h/mL, respectively.

Following 7 days of dermal application of 8% Test Pharmaceutical Composition 3 times daily over 10% BSA, similar
dermal findings attributed to the vehicle ointment were observed, with no signs of systemic toxicity. In the DRF study
in minipigs, the local toxicity of the vehicle or the 8% Test Pharmaceutical Composition ointments active were tested

following dermal application at several dose volumes (ranging from 6 to 15 µL/cm2), 2 different dosing frequencies
(once and twice daily), and 2 different time intervals between daily doses (6 and 10 hours) for 40 to 79 days. Skin
irritation was observed in animals dosed with both ointments, suggesting that the erythema was induced by the
vehicle. In addition, females were found to be more sensitive than males. Overall, onset and severity of the skin
reactions were similar in all dosing regimens regardless of active or vehicle, dose volume, dosing frequency, or
dosing interval. Slight to well-defined erythema (grades 1 to 2) first appeared within the first week of treatment (on
days 5, 6, or 7) and progressed to moderate/severe erythema (grades 3 to 4) usually about 2 weeks after dosing
initiation. The erythema was reversible after a few days of cessation of treatment. When the vehicle ointment was
applied in a dose titration manner, the severity of irritation appeared to be reduced and remained at a low grade until
the end of treatment (day 47).
The spiro-oxindole compound was not genotoxic in the standard battery of genotoxicity tests (GLP), including a
bacterial reverse mutation assay, an in vitro chromosome aberration assay in cultured human lymphocytes, and an
in vivo rat bone marrow micronucleus test.
In a GLP fertility and early embryonic development study in rats, no significant effect on mating performance or
fertility was observed following oral (gavage) administration of spiro-oxindole compound at 0 (vehicle), 15, 50, and
150 mg/kg/day. The no-observed-adverse-effect level (NOAEL) was determined to be 150 mg/kg/day in both males
and females. In a GLP embryo-fetal developmental toxicity study in rats, there was no effect of treatment on
embryo-fetal survival or morphological development following oral (gavage) administration of spiro-oxindole at 0
(vehicle), 15, 50, and 150 mg/kg/day. The NOAEL for maternal toxicity was 50 mg/kg/day. At this dose level, the
corresponding Cmax and AUC0-24 h values were 1435 ng/mL and 17966 ng·h/mL, respectively, on day gestation day

(GD) 17. The NOAEL for embryo-fetal toxicity was 150 mg/kg/day. At this dose level, the corresponding Cmax and

AUC0-24 h values were 3378 ng/mL and 41545 ng·h/mL, respectively, on GD17.

8% Test Pharmaceutical Composition was found to be a mild skin irritant in an acute dermal irritation study in
rabbits. However, it was not an irritant in an acute eye irritation study in rabbits. In addition, the spiro-oxindole
compound was not a skin sensitizer in a mouse local lymph node assay and did not show phototoxicity potential in
either in vitro or in vivo assays.

Clinical Studies
To date, topically administered spiro-oxindole compound has been evaluated in 3 clinical studies: a Phase 1 study in
healthy subjects, a Phase 2a study in patients with postherpetic neuralgia, and a Phase 2a study in patients with
inherited erythromelalgia (IEM). Eighty-nine subjects (20 healthy subjects, 70 PHN patients, and 7 IEM patients)
received multiple applications of 8% Test Pharmaceutical Composition.
Additionally, evaluation of 8% Test Pharmaceutical Composition is currently underway in a Phase 2 study in patients
with osteoarthritis (OA) of the knee, and in a Phase 1 dose-escalation study in healthy volunteers. Final data are not
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yet available from these ongoing studies.
Oral spiro-oxindole compound has been evaluated in 3 clinical studies: a Phase 1 single ascending dose (SAD) and
multiple ascending dose (MAD) study, a Phase 2a study in patients with pain following third molar extractions, and a
Phase 2a study in patients with IEM.

Clinical Pharmacology Studies
Topical administration of the spiro-oxindole compound results in minimal to negligible systemic exposure to the
spiro-oxindole compound. The plasma concentrations of the spiro-oxindole compound disclosed in this paragraph
are maximum individual (not group mean) values. 8% Test Pharmaceutical Composition was administered to 20
healthy subjects for 21 days in a Phase 1 study in which 8% Test Pharmaceutical Composition was shown to be
safe and well tolerated with low plasma exposure (highest observed plasma spiro-oxindole concentrations <1
ng/mL). In a Phase 2a study conducted in 70 patients with postherpetic neuralgia, the patients were treated with 8%
Test Pharmaceutical Composition for 21 days, and in a Phase 2a study conducted in 8 patients with IEM, 7 patients
were treated with 8% Test Pharmaceutical Composition for 14 or 21 days. The amount of drug applied was
calculated based on the patient's BSA and a pre-determined fixed-dose volume. The highest plasma spiro-oxindole
concentration observed in any patient was approximately 14 ng/mL.
The highest (maximum individual) Cmax values observed in the 8% Test Pharmaceutical Composition studies were

100-fold lower than the mean Cmax at the oral maximum tolerated dose (MTD) for a single dose of the spiro-

oxindole compound.
Known and Potential Risks and Benefits to Human Subjects

Following topical administration, no observed CNS adverse events were considered related to 8% Test
Pharmaceutical Composition treatment by the investigator. Similarly, with the exception of 1 case of worsening
coronary artery disease assessed as unrelated to study drug treatment, no significant ECG findings or cardiac
arrhythmias were observed in studies of topical 8% Test Pharmaceutical Composition.
In nonclinical dermal toxicology studies performed in minipigs, skin irritation was seen frequently in animals dosed
either with a spiro-oxindole compound pharmaceutical composition or vehicle ointment, most often within the first
week of dosing. The skin reactions are predominantly erythema and appear to be due to the ointment vehicle itself.
In prior clinical studies, however, local reactions at the site of topical application of a spiro-oxindole compound
pharmaceutical composition or matching placebo were seen infrequently. These reactions usually consisted of
erythema or skin dryness with scaling of skin, were generally mild to moderate, and were approximately the same in
frequency and severity for patients treated with either the spiro-oxindole compound pharmaceutical composition or
placebo. Although the skin reactions may appear within a couple of days of exposure, they more often occur after a
delay of 2 to 3 weeks and resolve soon after cessation of dosing. Worsening skin reactions should be monitored
closely.
Due to low systemic exposure following topical administration of 8% Test Pharmaceutical Composition in humans,
the DDI risk due to effects on CYP450 enzymes is thought to be low following topical administration. In vitro data
using human liver microsomes have shown that the spiro-oxindole compound is an inhibitor of several CYP450
enzymes. However, the compound is also highly bound to constituents in human plasma, so distribution into
hepatocytes may be hindered, reducing the inhibition potential. In vitro data using human cryopreserved
hepatocytes have also shown that the spiro-oxindole compound metabolite (M3) is an inhibitor of CYP3A4 and
CYP2C19. Therefore, certain medications that undergo major metabolism by CYP3A4 and CYP2C19 are excluded
as concomitant medications during this study.
In summary, topically administered pharmaceutical compositions comprising the spiro-oxindole compound showed a
generally favorable safety profile in nonclinical and clinical studies. Overall, the data for both oral and topically
administered pharmaceutical compositions comprising the spiro-oxindole compound support the continued
evaluation of topical pharmaceutical compositions comprising the spiro-oxindole compound in clinical studies
conducted in patients with chronic pain.

Selection of Drugs and Dosages
The dosage regimens selected for this study are the 4% Test Pharmaceutical Composition and the 8% Test
Pharmaceutical Composition, both in ointment form and each administered twice daily.
The selected dosage regimens are based on results from animal pharmacology studies, safety information from
previous toxicology and clinical studies, and clinical efficacy previously observed with topical pharmaceutical
compositions comprising the spiro-oxindole compound.
Given that the planned dosage regimens in this study are similar or lower than those employed previously in the
previous postherpetic neuralgia and IEM studies, and the amount applied per surface area is less than that used in

previous studies (3 µL/cm2 in this study compared with 7.5 and 4 µL/cm2 in the previous postherpetic neuralgia and
EM studies, respectively), the safety profile is anticipated to be similar to that observed previously in the
postherpetic neuralgia and EM studies. In addition, signals of efficacy were observed in both the postherpetic
neuralgia and EM studies in which 8% Test Pharmaceutical Composition was applied twice daily. Therefore, it is
reasonable to include the 8% Test Pharmaceutical Composition dose as a high dose in this proof-of-concept study
in postherpetic neuralgia.
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Population to be Studied
The study population will comprise approximately 330 patients (men and women) 18 years of age or older and with
chronic postherpetic neuralgia. Approximately 330 patients (110 per treatment group) will be randomly assigned to
4% Test Pharmaceutical Composition, 4% Test Pharmaceutical Composition, or placebo to ensure that
approximately 88 patients per group complete the treatment period, i.e., have the week 4 visit (visit 5, day 29).
Patients must have chronic postherpetic neuralgia according to the definition of pain present for more than 6 months
and less than 6 years after onset of herpes zoster skin rash affecting a single dermatome. Patients with more than 1
involved dermatome may also be included, provided the affected dermatomes are contiguous. The patient's average
daily pain must be at least 4 on the 11-point NRS at screening and during the baseline pain assessment interval
(days −7 to −1) immediately before study randomization. Patients with postherpetic neuralgia involving trigeminal
dermatomes are excluded from the study.

Purpose of the Study
This is a Phase 2, multicenter, randomized, double-blind, parallel-group, placebo-controlled study to evaluate the
safety and efficacy of 4% Test Pharmaceutical Composition and 8% Test Pharmaceutical Composition compared
with placebo ointment applied topically and twice daily to the area of postherpetic neuralgia pain for 4 weeks in
patients with postherpetic neuralgia.

Primary Objective
The primary objective of this study is to evaluate the efficacy of 4 weeks of topical administration of 4% Test
Pharmaceutical Composition and 8% Test Pharmaceutical Composition of the invention compared with placebo for
the relief of pain due to postherpetic neuralgia, as assessed by the change from baseline to week 4 in the weekly
average of the daily average NRS scores. The daily average NRS score is the average of the 2 NRS scores
(recorded in the morning and in the evening) of average pain, defined as the patient-reported average pain intensity
over the prior 12 hours.

Secondary Objectives
The secondary objectives of the study are as follows:

1. to evaluate the efficacy of topical 4% Test Pharmaceutical Composition and 8% Test Pharmaceutical
Composition compared with placebo by examining the following:

a. change from baseline to week 4 in the weekly average of the average pain score recorded in the
evening
b. change from baseline to week 4 in the weekly average of the average pain score recorded in the
morning
c. change from baseline to week 4 in the weekly average of the worst pain score recorded in the
evening (worst pain is defined as the patient-reported worst pain intensity over the prior 24 hours)
d. percentage of patients with ≧30% improvement from baseline in the weekly average of the daily
average NRS scores at week 4
e. percentage of patients with ≧50% improvement from baseline in the weekly average of the daily
average NRS scores at week 4
f. change from baseline (randomization visit) to weeks 2 and 4 in the Neuropathic Pain Symptom
Inventory (NPSI) score
g. change from baseline (randomization visit) to week 4 in the Neuropathic Pain Impact on Quality of
Life (NePIQoL) score
h. patients' global assessment of treatment, as measured by the Patient Global Impression of Change
(PGIC) scores, at weeks 2 and 4
i. change from baseline (randomization visit) in the Daily Sleep Interference Scale (DSIS) at weeks 2
and 4
j. time to reach ≧30% improvement from baseline in the weekly average of the daily average NRS
scores
k. change from baseline (randomization visit) in maximal intensity of patients' brush-evoked allodynia,
as measured on 11-point NRS, at weeks 2 and 4
l. change from baseline (randomization visit) in maximal intensity of patients' punctate-evoked
hyperalgesia, as measured on 11-point NRS using a Medipin® (US Neurologicals, LLC/Medipin Ltd),
at weeks 2 and 4

2. to characterize the pharmacokinetics of the spiro-oxindole compound in terms of the following:
a. establishing the dose-exposure relationship of topical 4% Test Pharmaceutical Composition and 8%
Test Pharmaceutical Composition under multiple-dose conditions in patients with postherpetic
neuralgia)
b. estimating the apparent clearance (CL/F) and volume of distribution (V/F) of the spiro-oxindole
compound by incorporating the concentration data of this study into an enriched spiro-oxindole
compound pharmacokinetics database and performing population pharmacokinetic modeling
c. identifying clinically relevant covariates (e.g., age, body weight, gender, and indication) affecting the
pharmacokinetics of the spiro-oxindole compound using the population pharmacokinetics model
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3. to evaluate the safety of topical 4% Test Pharmaceutical Composition and 8% Test Pharmaceutical
Composition treatment compared with placebo, as assessed by the following at specific time points
throughout the study based on the schedule of study procedures and assessments:

a. occurrence of adverse events throughout the study
b. clinical safety laboratory (serum chemistry, hematology, and urinalysis) test results
c. vital signs (heart rate, respiratory rate, body temperature, and blood pressure) measurements
d. ECG findings
e. physical examination findings
f. dermal irritation findings
g. concomitant medication usage throughout the study

Exploratory Objectives
The exploratory objectives of the study are to evaluate topical 4% Test Pharmaceutical Composition and 8% Test
Pharmaceutical Composition compared with placebo by examining the following:

1. rescue pain medication usage for postherpetic neuralgia
2. analyses of primary and secondary efficacy endpoints in patients stratified by their R1150W
polymorphism status: homozygous minor allele (positive, AA) and heterozygous (positive, AG) versus
homozygous common allele (negative, GG)
3. analyses of genetic variables may be explored in association with response variables, including
efficacy, safety, pharmacokinetics, and/or pain characteristics
4. correlation between presence of measurable brush-evoked allodynia and treatment effect, as
measured by change from baseline in the weekly average NRS score at week 4
5. correlation between presence of punctuate-evoked hyperalgesia and treatment effect, as measured
by change from baseline in the weekly average NRS score at week 4
6. measurement of intraepidermal nerve fiber density in skin biopsies taken from the area of
postherpetic neuralgia pain and correlation with response
7. expression of the NaV1.7 sodium channel in intraepidermal nerves and keratinocytes in skin

biopsies taken from the area of postherpetic neuralgia pain and correlation with response
General Design and Study Scheme

This is a Phase 2, multicenter, randomized, double-blind, parallel-group, placebo-controlled study to evaluate the
safety and efficacy of 4% Test Pharmaceutical Composition and 8% Test Pharmaceutical Composition in ointment
form compared with placebo ointment applied topically and twice daily to the area of postherpetic neuralgia pain for
4 weeks (days 1 through 28) in patients with postherpetic neuralgia.
For each patient, there will be a total of 6 visits to the study center and 1 telephone contact as follows:

1. screening period
a. visit 1: screening (up to 28 days before randomization/first administration of study drug)
b. washout phone contact (approximately 1 week after visit 1 for screening)
c. washout interval (if needed) of variable/flexible length during which the patient will discontinue oral
analgesic therapy, topical pain therapy, and/or non-pharmacologic therapies before initiation of the
baseline period
d. visit 2: baseline visit (day −10)
e. baseline pain assessment period (days −7 to −1; baseline pain score [average pain intensity score
over this interval] obtained)

2. treatment period
a. visit 3: randomization (day 1 [this is the day after day −1 and the first day of study drug application])
b. visit 4: day 15±1, week 2
c. visit 5: day 29, week 4

3. follow-up period
visit 6: follow-up (day 57±3) or early termination (ET)

The screening period consists of a screening visit (informed consent and preliminary eligibility assessment are
obtained); a washout phone contact during which eligibility based on laboratory test results will be reviewed and, as
needed, patients will be given instructions to washout (discontinue) oral analgesic or topical pain therapy; a washout
interval (if needed) of variable/flexible length during which appropriate patients will discontinue oral analgesic
therapy, topical pain therapy, and/or non-pharmacologic therapies; and a baseline pain assessment interval, when
each eligible patient will be given an electronic diary (eDiary) to record pain intensity from days −10 to −1. To allow
for training in the use of eDiaries, patients will use eDiaries from day −10, but baseline pain assessment will be
defined as the last 7 days prior to randomization, i.e., calculated from the values recorded from days −7 through −1.
During the baseline pain assessment interval, rescue medications for postherpetic neuralgia pain will not be
allowed. Rescue medication will also not be allowed during the last 7 days of treatment. Starting with the baseline
pain assessment interval, patients will use eDiaries to record pain, using an 11-point NRS each morning (0700±2
hours) and evening (1900±2 hours), and any rescue pain medication usage. In addition, 3-mm skin punch biopsies
will be taken from the area of postherpetic neuralgia pain and a contralateral homologous site at visit 3 (day 1,
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randomization).
At visit 3 (day 1, randomization), visit 4 (day 15±1, week 2), and visit 5 (day 29, week 4), the NPSI and the DSIS will
be administered, and the results will be recorded. On the same visit days, the results of maximal intensity evoked
allodynia and maximal intensity evoked hyperalgesia will be recorded. The NePIQoL will be evaluated at visit 3 (day
1, randomization) and visit 5 (day 29, week 4). The PGIC will be evaluated at visit 4 (day 15±1, week 2) and visit 5
(day 29, week 4). Efficacy measures are not collected at visit 6, except for ET visits.
At visit 1 (screening), the patient will identify the location of his/her most severe allodynia, and this location will be
used for assessments at all subsequent visits. If allodynia or hyperalgesia is not present at screening, it will not be
tested at subsequent visits. The investigator will establish normal sensation by using a standardized 1-inch foam
brush (light pressure just sufficient to bend the tip of the brush) to stroke an area of skin that is unaffected by pain.
The region of allodynia will then be mapped by applying brush strokes moving from normal skin toward the painful
region. A felt-tip pen will be used to mark the point where sensation changes from normal to painful. This process
will be repeated until 8 to 10 points are marked in a radial fashion to define the area of allodynia. The marks will
then be connected with a continuous line. To assess the intensity of allodynia, the investigator will use the brush to
perform 3 brush strokes within the mapped area of allodynia. The patient will then assess pain intensity using an 11-
point NRS to answer the question “Please rate the intensity of pain caused by brushing the area of skin where 0=not
painful at all and 10=worst pain possible.” The pain will be rated for intensity (using the highest pain rating reported)
both at prebrush testing and during application of the brush and recorded; additionally, the difference between the 2
scores will be calculated and recorded.
In addition, at visit 1 (screening), the patient will identify the location of his/her most severe hyperalgesia, and this
location will be used for assessments at all subsequent visits. To assess the intensity of punctate hyperalgesia, a
Medipin will be applied in 3 successive applications to the area of skin identified at screening. The tip of the Medipin
rests upon a flange, and the examiner should apply the pin so that the flange rests upon the skin without indenting
it. The patient will then assess the pain intensity using an 11-point NRS to answer the question “Please rate the
intensity of pain caused by application of the Medipin where 0=not painful at all and 10=worst pain possible.” The
highest pain rating will be recorded.
Patients will be provided with acetaminophen (TYLENOL®, McNeil Consumer Healthcare Division of McNEIL-PPC,
Inc) as 325-mg tablets in bottles of 100 tablets and allowed to take 1 to 2 tablets per dose every 6 hours, as needed,
and up to 6 tablets or 1950 mg per day (over a 24-hour period) for rescue relief of postherpetic neuralgia pain.
Rescue medication will be provided at the screening visit. Rescue medication compliance will be checked at all
visits until used rescue medication is collected after the baseline pain assessment interval or at randomization for
patients not continuing in the study, at visit 5 (day 29, week 4) for patients who complete the treatment period, or at
the ET visit for patients who prematurely discontinue study drug.
No other rescue medications will be provided or allowed from the washout phone contact through visit 5 (day 29,
week 4) or the ET visit. Patients will not be permitted to use rescue medication during the baseline pain assessment
interval (days −10 through −1) and during the final week of treatment (the 7-day period before visit 5). During the
washout interval, rescue medication use (dates of use and dose taken) will be recorded as concomitant medication.
During the baseline period and the treatment period, rescue medication use will be recorded using the eDiary.
At the randomization visit (visit 3, day 1), eligible patients will be randomly assigned via interactive response
technology (IRT) in a 1:1:1 fashion to 1 of 3 treatment groups: 4% Test Pharmaceutical Composition, 8% Test
Pharmaceutical Composition or placebo ointment. Randomization will be stratified by test results of the
pharmacogenomic sample collected at the screening visit (homozygous minor allele [positive, AA], heterozygous
[positive, AG], and homozygous common allele [negative, GG]) for R1150W polymorphism in the SCN9A gene. The
patient will be instructed on how to apply the study drug. Under study center staff supervision, the area affected by
postherpetic neuralgia pain will be carefully defined by mapping the area of pain, and dosing will be prescribed to
fully cover the affected area.
Efficacy assessments of pain NRS, NPSI, NePIQoL, and DSIS scores will be conducted at visit 3 (day 1) to
establish baseline measurements. The site staff will apply the first dose of blinded study drug and the patient will
record the date/time in the eDiary. Subsequent study drug applications will be performed by the patient at home. (If
the affected area is not within reach of application by the patient [such as the posterior thoracic region], the patient's
designated caregiver will apply the ointment, but the patient will record the time of application in the eDiary.)
During the 4-week treatment period, patients will apply double-blind study drug to the area of postherpetic neuralgia
pain twice daily in the morning (0700±2 hours) and again in the evening (1900±2 hours). The first dose of study drug
will be applied at the clinic on day 1 (visit 3). Regardless of the clock time of the first dose application at visit 3, the
evening dose for day 1 should be applied at 1900±2 hours. The last dose of study drug will be applied at home on
the evening of day 28, which is the day before visit 5. In the event that the patient cannot keep the scheduled
appointment on day 29, it is nevertheless important for the patient to stop dosing on the evening of day 28. The
morning and evening drug applications will be done after recording the response for the NRS pain score. At the start
of the baseline pain assessment interval when the eDiary is provided, the eDiary will be used to record the NRS
responses, postherpetic neuralgia rescue medication use, and then, after randomization, the dates/times of study
drug administration.
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Patients will return to the study center for visit 4 (day 15±1, week 2) and again for visit 5 (day 29, week 4). Routine
efficacy evaluations (including pain NRS, NPSI, DSIS, and PGIC scores) and safety assessments will be obtained
at visit 4 (day 15±1, week 2) and visit 5 (day 29, week 4).
At visit 4 (day 15±1, week 2), 2 blood samples will be taken from each patient for pharmacokinetics analysis: the
first sample within approximately 1 to 4 hours after the dose of study drug in the morning and the second sample
approximately 2 hours after collection of the first sample. The date and time of the morning dose and the date and
exact time for each of the 2 pharmacokinetics samples will be recorded.
At visit 5 (day 29, week 4), the efficacy evaluation NePIQoL will also be performed, and the eDiary will be collected
along with the tubes of study drug and bottles of rescue medication. Patients will be instructed to return to their
primary care physician to resume therapy deemed appropriate for their postherpetic neuralgia.
Four weeks after visit 5 (day 29, week 4), the patients who completed the double-blind treatment period will return to
the study center for a follow-up (visit 6, day 57±3). Activities will include safety assessments for all patients.
Patients who prematurely discontinue study drug will have an ET visit within 2 weeks after the last study drug
administration. During the ET visit, the same activities will be conducted as those administered for follow-up at visit
6, the eDiary and any unused study drug/rescue medication will be collected, and compliance checks will be
performed. Any treatment-emergent adverse event or serious adverse event will be monitored at suitable intervals
until resolved, stabilized, or returned to baseline; until the patient is referred to the care of a health care
professional; or until a determination of a cause unrelated to the study drug or study procedure is made during the
study period. For adverse event recording, the study period is defined for each patient as that time period from
signature of the Informed Consent Form (ICF) through the end of the follow-up period, day 57 (±3). For patients who
prematurely discontinue study drug and do not have a treatment-emergent adverse event or serious adverse event,
the ET visit will be the last study visit.

Primary Efficacy Measure and Endpoint
The primary efficacy endpoint for this study is the change from baseline to week 4 in the weekly average of the daily
average NRS scores. The daily average NRS score is the average of the 2 NRS scores (recorded in the morning
and in the evening) of average pain, defined as the patient-reported average pain intensity over the prior 12 hours.

Secondary Efficacy Measures and Endpoints
The secondary efficacy endpoints for this study are as follows:

1. change from baseline to week 4 in the weekly average of the average pain score recorded in the evening
2. change from baseline to week 4 in the weekly average of the average pain score recorded in the morning
3. change from baseline to week 4 in the weekly average of the worst pain score recorded in the evening
(worst pain is defined as the patient-reported worst pain intensity over the prior 24 hours)
4. percentage of patients with ≧30% improvement from baseline in the weekly average of the daily average
NRS scores at week 4
5. percentage of patients with ≧50% improvement from baseline in the weekly average of the daily average
NRS scores at week 4
6. change from baseline (randomization visit) to weeks 2 and 4 in the NPSI score
7. change from baseline (randomization visit) to week 4 in the NePIQoL score
8. patients' global assessment of treatment, as measured by PGIC scores, at weeks 2 and 4
9. change from baseline (randomization visit) in DSIS scores at weeks 2 and 4
10. time to reach 30% improvement from baseline (randomization visit) in the weekly average of the daily
average NRS scores
11. change from baseline to weeks 2 and 4 in maximal intensity of patients' brush-evoked allodynia, as
measured on the 11-point NRS
12. change from baseline to weeks 2 and 4 in maximal intensity of patients' punctate-evoked hyperalgesia,
as measured on the 11-point NRS using a Medipin

Exploratory Efficacy Measures and Endpoints
The exploratory efficacy endpoints for this study are as follows:

1. rescue pain medication usage for postherpetic neuralgia
2. analyses of primary and secondary efficacy endpoints with patients stratified by their R1150W
polymorphism status: homozygous minor allele (positive, AA) and heterozygous (positive, AG) versus
homozygous common allele (negative, GG)
3. analyses of genetic variables may be explored in association with response variables, including efficacy,
safety, pharmacokinetics, and/or pain characteristics
4. correlation between presence of measurable brush-evoked allodynia and treatment effect, as measured by
change from baseline in the weekly average NRS score at week 4
5. correlation between presence of punctuate-evoked hyperalgesia and treatment effect, as measured by
change from baseline in the weekly average NRS score at week 4
6. measurement of intraepidermal nerve fiber density in skin biopsies taken from the area of postherpetic
neuralgia pain and correlation with response
7. expression of NaV1.7 in intraepidermal nerves and keratinocytes in skin biopsies taken from the area of
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postherpetic neuralgia pain and correlation with response
Safety Measures and Endpoints

The safety of 4% Test Pharmaceutical Composition and 8% Test Pharmaceutical Composition will be assessed
throughout the study by evaluating adverse events, clinical safety laboratory test results, vital signs measurements,
ECG and physical examination results, dermal irritation, and concomitant medication usage. Skin rashes or skin
irritation in the area of ointment application will be evaluated using a dermal irritation scale (modified Draize scale)
at day 1 (at 1 hour after application of study drug), week 2, week 4, and week 8 for follow-up.

Tolerability Measures and Endpoints
The tolerability of 4% Test Pharmaceutical Composition and 8% Test Pharmaceutical Composition will be assessed
during the study using safety endpoints that also represent patients' experience of treatment, such as skin rashes
and skin irritation.

Pharmacokinetic Measures and Endpoints
Two blood samples will be collected from each subject following 2 weeks of treatment with either 4% Test
Pharmaceutical Composition or 8% Test Pharmaceutical Composition or matching placebo ointment, to quantitate
the concentration of the spiro-oxindole in plasma. Patients will go to the study center after applying study drug at
home so that the 2 pharmacokinetic samples can be taken. The first sample will be taken within approximately 1 to
4 hours of the morning dose of study drug and the second sample taken approximately 2 hours after collection of
the first sample. The date and time of the morning dose and the date and exact time for each of the 2
pharmacokinetic samples will be recorded. Plasma samples will be analyzed for the spiro-oxindole compound.
Population pharmacokinetic parameters, such as CL/F and V/F, following topical administration of the 4% Test
Pharmaceutical Composition and 8% Test Pharmaceutical Composition to patients with postherpetic neuralgia will
be estimated when the sparse data from this study are combined with enriched pharmacokinetic data from other
studies with topical pharmaceutical compositions comprising the spiro-oxindole compound. Clinically relevant
covariates affecting the pharmacokinetics of the spiro-oxindole compound will be identified as data permit. These
results will be reported separately from the main study results.

Pharmacodynamic Measures and Endpoints
Pharmacodynamic endpoints assessed during the study are the following secondary efficacy endpoints: change
from baseline in maximal intensity of patients' brush-evoked allodynia and maximal intensity of punctate-evoked
hyperalgesia.

Pharmacogenomic Analyses
The objectives of the pharmacogenomic analyses in this study are as follows:

1. To genotype the underlying R1150W polymorphism in the SCN9A gene so as to stratify patients
according to R1150W polymorphism status (homozygous minor allele [positive, AA], heterozygous
[positive, AG], and homozygous common allele [negative, GG]) in the randomization
2. To investigate associations between DNA variation (within the SCN9A gene region as well as
potentially other regions) and treatment responses to the spiro-oxindole compound, if variability in
response measurements is observed and may be attributable to genomic parameters
3. To evaluate the relationship between DNA variation and tolerability and safety features of the spiro-
oxindole compound, if adverse events are observed and may be considered attributable to genetic
variables
4. To genotype polymorphisms of the CYP3A4 and CYP2C19 genes as potential covariates in the
population pharmacokinetic analysis

Two blood samples (approximately 10 mL total) for pharmacogenomic analyses will be taken from all patients at the
screening visit (visit 1) at approximately the same time as the clinical safety laboratory samples are collected.
Patients who refuse to give these blood samples will be excluded from the study. One sample will be analyzed to
identify the nucleotide (G or A) underlying the R1150W polymorphism in the SCN9A gene and may identify whether
there are any other sequence variants in the SCN9A gene region. All samples will be retained for a maximum of 15
years after completion of the study and may be analyzed for other genetic variations potentially associated with pain
signaling or drug response, including efficacy, metabolism, and safety parameters. A pharmacogenomic blood
sample may be used to assess the polymorphisms of the CYP3A4 and CYP2C19 genes. Depending on the
distribution of allelic variations for CYP3A4 and CYP2C19, these results may be incorporated as covariates in the
current or future population pharmacokinetic analyses. Pharmacogenomic results for the R1150W polymorphism will
be included as appropriate as part of the analyses of primary and secondary efficacy endpoints stratified by
R1150W polymorphism status: homozygous minor allele (positive, AA) and heterozygous (positive, AG) versus
homozygous common allele (negative, GG). Exploratory analyses may be reported separately from the main study
results.

Randomization and Blinding
This is a randomized, double-blind, placebo-controlled study. All tubes of the study drug will be identical, and the
ointments will be indistinguishable. Patients, investigators, and all clinical study center staff will remain blinded to
treatment assignment during the study. Eligible patients will be randomly assigned via interactive response
technology (IRT) in a 1:1:1 ratio to 4% Test Pharmaceutical Composition, 8% Test Pharmaceutical Composition or
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placebo ointment. Randomization will be stratified by the R1150W underlying genotype in the SCN9A gene:
homozygous minor allele (positive, AA), heterozygous (positive, AG), and homozygous common allele (negative,
GG).
All patients will be provided with tubes of blinded study drug ointment (4% Test Pharmaceutical Composition, 8%
Test Pharmaceutical Composition or placebo) to be applied twice daily to area of postherpetic neuralgia pain during
the 4-week treatment period. Placebo ointment is a vehicle-only ointment with identical excipients, content (other
than the active pharmaceutical ingredient), appearance, packaging, and labeling to the active treatments.

Study Drugs and Dosage
The study drug is a double-blind 4% Test Pharmaceutical Composition, 8% Test Pharmaceutical Composition or
placebo ointment for topical administration. 4% Test Pharmaceutical Composition, 8% Test Pharmaceutical
Composition and matching placebo ointments are unscented, off-white to yellowish, opaque ointments with a
smooth texture. The ointments contain the same excipients and differ only in the amount of active pharmaceutical
ingredient (the matching placebo ointment contains only the excipients). The study ointments will be supplied to the
study centers as 50-g fills in 60-mL plastic laminate tubes with tamper-evident seals. The tubes will be stored at
ambient room temperature (15° C. to 25° C.).
Blinded study drug will be given to the patients. Study drug will be applied twice daily to the painful area in the
morning (0700±2 hours) and again in the evening (1900±2 hours) from days 1 through 28. Study drug will be

applied at approximately 3 µL/cm2 per application. The actual amount (mg of ointment) of study drug per application
will be measured (as length of ointment) using one or more dosing cards based upon the area of pain determined at
randomization (visit 3, day 1).
Patients will be provided with a laminated instruction sheet, including pictures, that will both describe and illustrate
how the ointment is to be spread over the entire area of postherpetic neuralgia pain in a thin layer that fully covers
the area. The ointment should be lightly massaged into the skin to cover the entire area of postherpetic neuralgia
pain.
The first application of study drug will occur at the study center on the day of the randomization visit (visit 3, day 1).
The study coordinator or designated site staff member will apply blinded study drug and will define the amount of
ointment to be used for all subsequent treatment applications for that patient. Dosing cards and instructions will be
provided on how to measure the appropriate amount of ointment for each application. Caretakers will be provided
instructions at the randomization visit on how to apply ointment to areas inaccessible to the study patient.
The patients will apply blinded study drug twice daily (morning [0700±2 hours] and evening [1900±2 hours]) on the
target area for 4 weeks from days 1 through 28. On day 1, the morning dose might not be applied at 0700±2 hours
because the first dose of study drug will be applied at the randomization visit (visit 3, day 1). Regardless of the clock
time of the first dose application at the randomization visit, the evening dose for day 1 should be applied at 1900±2
hours.
Compliance will be assessed by weighing tubes at visit 3 (baseline), visit 4 (day 15±1, week 2), and visit 5 (day 29,
week 4), or ET visit. A patient will be considered compliant during the interval between the previous 2 visits if the
tube weighs between 70% and 120% of the expected weight.

Duration of Patient Participation
This study will consist of a screening period of up to 4 weeks, including a variable-length washout of oral analgesic
therapy or topical pain therapy if needed, a 4-week double-blind treatment period, and a 4-week follow-up period.
Patients are expected to participate in this study for about 12 weeks.

Stopping Rules and Discontinuation Criteria
There are no formal rules for early termination of this study. During the conduct of the study, serious adverse events
will be reviewed as they are reported from the investigational center to identify safety concerns.
In prior clinical studies with topical pharmaceutical compositions comprising the spiro-oxindole compound, skin
irritation was seen in some patients exposed to either the spiro-oxindole compound or the vehicle. These skin
reactions included pain, pruritus, exfoliation, rash, and erythema; were nearly all mild to moderate in severity; and
showed complete resolution after cessation of dosing. Skin reactions are evaluated using the dermal irritation
evaluation (modified Draize scale)at visits 2 (baseline visit), 3 (randomization visit, 1 hour after application of the
ointment), 4 (day 15±1, week 2 visit), 5 (day 29, week 4 visit), and 6 (follow-up or ET visit). Good clinical judgment is
advised in evaluating skin reactions. In the event that a patient develops progressive or severe skin reaction, the
Investigator should carefully evaluate the patient and decide whether or not to stop dosing.
A patient may withdraw participation in the study at any time for any reason (e.g., lack of efficacy, consent
withdrawn, or adverse event). The investigator and/or Sponsor can withdraw a patient from the study at any time for
any reason.
Also, the Sponsor may terminate the study for any reason and at any time.

Study Procedures
Study procedures and assessments with their timing are summarized in Table 8.

TABLE 8

Study Procedures and
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Assessments

Study period

Double-blind

Screening
Period

Randomization treatment
period

Follow-
up/ET

Visit number

Visit 1 — Visit 2 Visit 3 Visit
4

Visit 5 Visit 6

Visit day
(window)a

Day −21c Day 15 Day 29e

Day −28b Washoutf Day
−10c,d

Day 1d (±1) (±0) Day 57
(±3)/Not

Screening phone Baselineg Day of
first

Week
2

Week
4

applicable

Procedures and assessments visit contact visit dose visit visit Follow-up ET

Informed consent X

Inclusion and exclusion criteria X X X Xh

Medical history and
demography

X

Adverse event inquiry X X Xh X X X X

Prior/concomitant medications Xi X X Xh X X X X

Start washout of prior
neuropathic pain

X

therapy (if needed)

Clinical laboratory tests
(serum chemistry,

X Xh X X X X

hematology, and urinalysis)

Urine drug screen X Xh X

Vital signs measurementsj X X Xh X X X X

Physical examination Xk Xh X X Xk Xk

12-lead ECGl X Xh X X X X

Pregnancy test (urine)m X Xh X X X X

Blood samples for
pharmacogenomics

X

assessments

NPSI X Xh X X X

DSIS X Xh X X X

NePIQoL X Xh X X

Measure maximal intensity of
brush-evoked

X Xh X X X

allodynian

Measure maximal intensity of X Xh X X X

punctate-evoked
hyperalgesian

Record average daily pain
intensity (NRS) at

X

study site

Record worst daily pain
intensity (NRS) at

X

study site
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study site

Dispense/collect rescue
medication (review

X Xo X X X

accountability) (collect
only)

(collect
only)

Record rescue pain
medication usage for

X X

PHN as a concomitant
medication (ie, not

using eDiary)

Provide/review/collect patient
eDiary

Xp Xh,q Xq Xr Xr

Record average daily pain
intensity (over the

Xt Xh,u Xv Xv

previous 12 hours [NRS]) in
the morning and

in the evening using eDiarys

Skin punch biopsy Xh,w

Randomization and
instructions on application

Xh

of drug

Study drug compliance check Xh,x X X X

Rescue drug compliance
check

X Xh X X X

Dispense/collect study drug Xh X X X

(dispense
study

(collect (collect

drug
only)

study
drug

if prior

only) to V5)

Apply study drug twice daily to
area of PHN

Xz,aa Xbb

painy

Dermal irritation evaluation X Xcc,dd X X X X

Record date/time of study drug
application

Xaa,cc Xbb X

using eDiary (if prior

to V5)

Record rescue pain
medication usage for

Xt Xcc Xff Xgg X

PHN via eDiaryee (at home) (if prior

to V5)

Record worst daily pain
intensity (NRS) in the

Xt Xcc Xhh X

evening using eDiary (at home) (if prior

to V5)

Blood samples (including
recording of

Xjj

sampling dates/times) for PK
assessmentsii

PGIC X X X

aThere is no day 0 for this study. Day −1 is the day before study day 1. Day 1 is the day of both randomization and

the first dose (application) of study drug.
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bThe screening visit should occur no more than 28 days before randomization; day −28 is the earliest possible day

for the screening visit.

cVariable/flexible date, depending on the need for washout and the drug(s) to be washed out.

dThe baseline visit (day −10) and the randomization visit (baseline +10; day 1) must be confirmed as weekdays.

eNo time window (in days) is permitted for visit 5 (day 29, week 4).

fThe washout phone contact (approximately 1 week after the screening visit or day −21 at the earliest) will be the

start of the washout interval (day of the phone contact through the day before the baseline visit) during which, if
needed, the patient will discontinue medications used to treat PHN pain, including opioids (rescue medications
[protocol-specified and provided acetaminophen only] permitted during the washout interval). The duration of the
washout interval will vary from patient to patient depending on which (if any) medications need to be discontinued.
For patients who do not need to washout medications, the other activities in this phone contact (review of eligibility
based on laboratory test results and scheduling the baseline visit) will be performed.

gThe baseline visit (day −10) will be the start of the baseline period during which baseline information regarding

pain will be collected while the patient refrains from all PHN rescue medications.

hPerformed prior to first dose of study drug.

iIncludes specific query regarding past use of topical therapy such as the 5% lidocaine patch or capsaicin.

jIncludes heart rate, respiration rate, body temperature, and blood pressure.

kIncludes body weight (screening and follow-up/ET visits only) and height (screening visit only).

lAll ECGs will be taken in triplicate and read by a central reader for the study. The central reader will be blinded (will

not know the randomization assignment of the patients).

mOnly for women of child-bearing potential.

nFor brush or punctate mechanical hyperalgesia. If either is not present at screening, it will not be rechecked on

subsequent visits.

oCollect from patients not eligible to continue in the study.

pProvide eDiary to eligible patients and instructions on using it to record daily pain (11-point NRS), date/time of

study drug applications, and rescue medication usage.

qReview eDiary and review eDiary data via website. Also, for patients not eligible to be randomly assigned to

treatment, collect eDiary at the randomization visit (visit 3, day 1).

rReview eDiary, review eDiary data via website, and collect eDiary.

sThe eDiary will be used to record responses to 11-point NRS each morning (0700 ± 2 hours) and each evening

(1900 ± 2 hours) before applying the study drug.

tAt home after baseline visit until randomization visit.

uAt home before dosing and in the evening before dosing.

vAt home through the morning of day 29.

wAt visit 3 (day 1, randomization), 3-mm skin punch biopsies will be taken from the area of PHN pain and a

contralateral homologous site.

xNote that tubes must be weighed at visit 3, to obtain a baseline weight for checking study drug compliance at visit

4 (day 15 ± 1, week 2) and visit 5 (day 29, week 4) or ET visit.

yPatients will apply study drug twice daily in the morning (0700 ± 2 hours) and again in the evening (1900 ± 2

hours). The morning applications should take place after recording the morning (0700 ± 2 hours) responses to the
11-point NRS, and the evening applications should take place after recording the evening (1900 ± 2 hours)
responses to the 11-point NRS. On day 1, the morning dose might not be applied at 0700 ± 2 hours because this
first dose of study drug will be applied at the randomization visit. Regardless of the clock time of the first dose
application at the randomization visit, the evening dose for day 1 should be applied at 1900 ± 2 hours.

zFirst dose will be applied by study site staff at randomization visit (visit 3, day 1).

aaAt visit and home on day 1; at home from day 2 onward.

bbAt home through the evening of day 28.

ccPerformed after first dose of study drug.

ddAt the randomization visit, dermal irritation will be assessed 1 hour after application of the study drug.
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eeAlthough rescue medication is not allowed during the baseline period and during the 7-day period before the

week 4 visit (visit 5) of the treatment period, the eDiary will be used to record rescue medication usage, including
usage when it is prohibited per protocol.

ffAt home on day 2 through the morning of day 29.

ggAt home on the morning of day 29.

hhAt home on day 2 through the evening of day 28.

iiAll patients will have blood samples drawn for pharmacokinetic assessments.

jjFor visit 4 (day 15 ± 1, week 2), patients will go to the study center after applying study drug at home so that 2

pharmacokinetics samples can be taken, with the first sample taken within approximately 1 to 4 hours of the
morning dose of study drug and the second taken approximately 2 hours after collection of the first sample. The
date and time of morning dose and the date and exact time for each of the 2 pharmacokinetics samples will be
recorded.

DSIS = Daily Sleep Interference Scale; ECG = electrocardiogram; eDiary = electronic diary; ET = early termination;
NePIQoL = Neuropathic Pain Impact on Quality of Life questionnaire; NPSI = Neuropathic Pain Symptom
Inventory; NRS = Numeric Rating Scale; PGIC = Patient Global Impression of Change; PHN = postherpetic
neuralgia; PK = pharmacokinetics; V5 = visit 5.

Screening Visit (Visit 1, Day −28)
The screening visit will be no more than 28 days before randomization/first dose of study drug. A signed and dated
informed consent form will be obtained before screening procedures commence.
A patient who is screened and does not meet study entry criteria will not be considered for screening again.
However, a patient taking prohibited concomitant medications may be allowed to continue with study procedures if
the investigator or designee believes that the patient can discontinue the prohibited medications during the 4-week
screening period and remain off the prohibited medications through the week 4 (visit 5, day 29) or the ET visit.
The screening visit (visit 1) will take place ≦28 days before the first dose (application) of study drug scheduled to be
given in the clinic at the randomization visit (visit 3) on day 1. The following procedures to determine patient
eligibility for the study will be performed at the screening visit:

1. obtain written informed consent before any other study-related procedures are performed
2. review inclusion/exclusion criteria
3. review medical history and demography
4. review prior medication history and concomitant medications
5. perform clinical laboratory tests (serum chemistry, hematology, and urinalysis)
6. perform urine drug screen
7. perform vital signs measurements
8. perform physical examination (including body weight and height)
9. perform 12-lead ECG (all ECGs taken in triplicate)
10. obtain urine pregnancy test (women of child-bearing potential only)
11. measure maximal intensity of brush-evoked allodynia and maximal intensity of punctate-evoked
hyperalgesia
12. obtain NRS, NPSI, DSIS, and NePIQoL assessments
13. dispense rescue medication

In addition, at visit 1 (screening), the patient will identify the location of his/her most severe hyperalgesia, and this
location will be used for assessments at all subsequent visits.
Patients will also be informed of all study restrictions and compliance requirements at visit 1.
Two blood samples will be collected for pharmacogenomic analysis. A patient's refusal to provide the
pharmacogenomic blood samples will disqualify the patient from participation in the study.

Washout Phone Contact (Approximately 1 Week After the Screening Visit)
The washout phone contact will be no more than 21 days before randomization/first dose of study drug, since it
takes place 1 week after visit 1. During the washout phone contact, study eligibility based on laboratory test results
will be reviewed, the initial adverse event inquiry will be performed, rescue medication use (if any) will be reviewed
and recorded as concomitant medication, prior/concomitant medications will be reviewed, and as needed, patients
will be given instructions to washout (discontinue) oral analgesic therapy, topical pain therapy, or non-pharmacologic
therapy.
For patients who do not need medication washout, this phone contact will be used for other activities needed at this
point in the study (review of eligibility based on laboratory test results, initial inquiry for adverse events, review and
recording of any rescue medication use, review of prior/concomitant medications as needed, and scheduling the
baseline visit).

Washout Period (Variable Duration Period Between the Washout Phone Contact and the Baseline Visit)
If needed, a washout period of variable/flexible length will take place, during which the patient will discontinue oral
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analgesic therapy, topical pain therapy, and/or non-pharmacologic therapies before initiation of the baseline period.
The duration of the washout interval will vary from patient to patient, depending on which (if any) medications need
to be discontinued.
Patients will be provided with acetaminophen (TYLENOL, McNeil Consumer Healthcare Division of McNEIL-PPC,
Inc) as 325-mg tablets in bottles of 100 tablets and allowed to take 1 to 2 tablets per dose every 6 hours, as needed,
and up to 6 tablets or 1950 mg per 24-hour day.
No other rescue medications will be provided or allowed from the washout phone contact through visit 5 (day 29,
week 4) or the ET visit. During the washout interval, rescue medication use (dates of use and dose taken) will be
recorded as concomitant medication.

Baseline Visit (Visit 2, Day −10, Weekday)
All patients who successfully complete the washout period or who did not need the washout period will return to the
study center for a baseline visit (visit 2). The baseline visit marks the beginning of the baseline period, and must be
confirmed as a weekday upon scheduling. Activities at this visit will include the following:

1. review inclusion/exclusion criteria
2. perform adverse event inquiry
3. review prior/concomitant medications
4. perform vital signs measurement
5. dispense/collect rescue medication (collect rescue medication from patients not eligible to continue
in the study), perform accountability, and return unused portion to patients continuing in the study
6. provide eligible patient with an eDiary and instruct patient on its use
7. review rescue drug compliance
8. evaluate area of postherpetic neuralgia pain for dermal irritation

A patient who does not meet study entry criteria on the basis of results of baseline assessments and is not randomly
assigned to treatment/enrolled in the study will not be considered for screening again.
At the baseline visit, patients should be instructed to:

1. record average daily pain intensity (over the previous 12 hours [NRS]), in the morning and in the
evening using eDiary
2. record rescue pain medication usage for postherpetic neuralgia via eDiary (patients will be
reminded of the restrictions on rescue medication use during the baseline period, and will be
instructed to record any use of rescue medications in the eDiary)
3. after the baseline visit, record worst daily pain intensity (NRS) in the evening using eDiary

Randomization Visit (Visit 3, Day 1, Weekday)
Patients who continue to meet the inclusion/exclusion criteria will be assigned a permanent unique randomization
number and a treatment number using an IRT. These 2 newly assigned numbers will be entered into the CRF, and
study drug will be dispensed.
The randomization visit occurs on the same day as the start of study drug treatment. This visit must be confirmed as
a weekday upon scheduling.
At the randomization visit (visit 3, day 1), eligible patients will be randomly assigned via IRT in a 1:1:1 fashion to 1 of
3 treatment groups: 4% Test Pharmaceutical Composition, 8% Test Pharmaceutical Composition or placebo
ointment. Randomization will be stratified by test results of the pharmacogenomic sample collected at the screening
visit (homozygous minor allele [positive, AA], heterozygous [positive, AG], and homozygous common allele
[negative, GG]) for R1150W polymorphism in the SCN9A gene.
The following procedures/assessments will be performed at visit 3 prior to study drug dose:

1. review inclusion/exclusion criteria
2. perform adverse event inquiry
3. review prior/concomitant medications
4. perform clinical laboratory tests (serum chemistry, hematology, and urinalysis)
5. perform urine drug screen
6. perform vital signs measurements
7. perform physical examination
8. perform 12-lead ECG (all ECGs taken in triplicate)
9. obtain urine pregnancy test (women of child-bearing potential only)
10. obtain NPSI, DSIS, and NePIQoL assessments
11. measure maximal intensity of brush-evoked allodynia and maximal intensity of punctate-evoked
hyperalgesia
12. review rescue drug compliance, perform accountability, and return unused portion to patient if
continuing
13. review eDiary and review eDiary data via website (for patients not eligible to be randomly
assigned to treatment, collect eDiary)
14. weigh tube of study drug ointment, to obtain baseline tube weight prior to study drug dispensing
for study drug compliance checks at subsequent visits
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15. obtain 3-mm skin punch biopsies from the area of postherpetic neuralgia pain and a contralateral
homologous site

The site of the skin biopsy will be covered with a small circular bandage that will be changed daily and may be
removed when healed, typically within a few days.
At visit 3 (day 1), the area affected by postherpetic neuralgia pain will be carefully defined by the investigator and
the patient by mapping the area of pain. Dosing of the test ointments will be prescribed to fully cover the affected
area. The ointment should be applied to the margin of the biopsy site bandage but not covering the bandage. The
following procedures/assessments will be performed at visit 3 immediately prior to or at the time of the first study
drug dose:

1. instruct the patient to apply study drug twice daily to area of postherpetic neuralgia pain, with the
first dose administered by center staff
2. provide patient with instructions on how to apply study drug
3. dispense study drug
4. record date and time of study drug application using eDiary

The following procedures/assessments will be performed at visit 3 after the first study drug dose:
1. evaluate area of postherpetic neuralgia pain for dermal irritation 1 hour after first dose

At the randomization visit, patients should be instructed to perform the following procedures in the evening at
1900±2 hours:

1. apply study drug
2. record date/time of study drug application using eDiary
3. record rescue pain medication usage for postherpetic neuralgia via eDiary
4. record worst daily pain intensity (NRS) in the evening using eDiary
5. record average daily pain intensity (over the previous 12 hours [NRS]) in the evening using eDiary

Patients should also be instructed to record average daily pain intensity (over the previous 12 hours [NRS]) in the
morning at 0700±2 hours using eDiary.

Procedures During Double-Blind Treatment Period (Day 1 Through Day 29 Visit)
The start of study drug treatment occurs on the randomization visit (visit 3, day 1). Study drug treatment continues
until the evening of day 28.

Daily Routine
During this treatment period (and after the morning study drug application at the clinic on day 1), patients will self-
administer topical study drug (4% Test Pharmaceutical Composition, 8% Test Pharmaceutical Composition or
placebo) according to the instructions provided by the study center. Study drug will be applied twice daily (in the
morning [0700±2 hours] and again in the evening [1900±2 hours]). The first dose of study drug will be applied at the
clinic on day 1 during the randomization visit. Regardless of the clock time of the first dose application at the
randomization visit, the evening dose for day 1 should be applied at 1900±2 hours. The last dose of study drug will
be applied at home on the evening of day 28. No study drug will be applied on day 29, the day of visit 5 (week 4).
Patients who participate in the study in compliance with the protocol from the screening visit through the week 4 visit
(visit 5, day 29) will be considered to have completed the study for statistical purposes.

Week 2 Visit (Visit 4, Day 15 [±1])
On day 15 (±1 day), patients will visit the study center (visit 4) in addition to the normal at-home routine. Activities at
this visit will include the following:

1. perform adverse event inquiry
2. review prior/concomitant medications
3. perform clinical laboratory tests (serum chemistry, hematology, and urinalysis)
4. perform vital signs measurements
5. perform physical examination
6. perform 12-lead ECG (all ECGs taken in triplicate)
7. obtain urine pregnancy test (women of child-bearing potential only)
8. obtain NPSI, DSIS, and PGIC assessments
9. evaluate area of postherpetic neuralgia pain for dermal irritation
10. measure maximal intensity of brush-evoked allodynia and maximal intensity of punctate-evoked
hyperalgesia
11. dispense/collect rescue medication, perform rescue medication accountability, and return unused
portion to patients continuing in the study
12. review patient eDiary and review eDiary data via website
13. review study drug compliance and rescue drug compliance
14. dispense/collect study drug
15. obtain 2 blood samples (with recording of sampling dates/times) for pharmacokinetics
assessments (the first sample taken within approximately 1 to 4 hours after morning study drug and
the second sample taken approximately 2 hours after collection of the first sample)

At visit 4, patients should be instructed to continue to:
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1. record average daily pain intensity (over the previous 12 hours [NRS]) in the morning and in the
evening using eDiary
2. apply study drug twice daily to area of postherpetic neuralgia pain
3. record date/time of study drug application using eDiary
4. record rescue pain medication usage for postherpetic neuralgia via eDiary
5. record worst daily pain intensity (NRS) in the evening using eDiary

Week 4 Visit (Visit 5, Day 29 [±0])
1. The following procedures/assessments will be performed:
2. perform adverse event inquiry
3. review prior/concomitant medications
4. perform clinical laboratory tests (serum chemistry, hematology, and urinalysis)
5. perform urine drug screen
6. perform vital signs measurements
7. perform physical examination
8. perform 12-lead ECG (all ECGs taken in triplicate)
9. obtain urine pregnancy test (women of child-bearing potential only)
10. obtain NPSI, DSIS, NePIQoL, and PGIC assessments
11. evaluate area of postherpetic neuralgia pain for dermal irritation
12. measure maximal intensity of brush-evoked allodynia and maximal intensity of punctate-evoked
hyperalgesia
13. collect rescue medication and review accountability
14. review eDiary and review eDiary data via website, including the following data recorded by the
patient at home:

a. average daily pain intensity (over the previous 12 hours [NRS]) through the morning of day
29
b. date/time of study drug application through the evening of day 28
c. rescue pain medication usage for postherpetic neuralgia
d. worst daily pain intensity (NRS) through the evening of day 28

15. collect eDiary
16. review study drug compliance and rescue drug compliance
17. collect study drug

Early Termination Visit
For patients who discontinue the study drug prematurely (do not complete the per protocol treatment period), there
will be an ET visit as soon as possible after the last study drug administration.
The follow-up visit activities plus eDiary and unused study drug/rescue medication collection (and compliance
checks) will be conducted at the ET visit, for ET visits occurring prior to visit 5 (day 29, week 4). An ET visit may also
occur after visit 5 but before the day that visit 6 would normally be scheduled, on day 57±3. If adverse events or
other safety findings are present at the ET visit, the clinical course of each adverse event will be monitored at
suitable intervals until resolved or stabilized or returned to baseline, until the patient is referred to the care of a
health care professional, or until a determination of a cause unrelated to the study drug or study procedure is made.
Otherwise, the ET visit will be the last study visit for these patients.
Because premature discontinuations of treatment may occur at any time between randomization and the week 4
visit (visit 5, day 29), patients will be permitted to proceed directly from either visit 3 (day 1, randomization), visit 4
(day 15±1, week 2), or visit 5 (day 29, week 4) to the ET visit. For example, a patient who discontinues study drug
on day 20 will have visit 4 (day 15±1, week 2) followed by visit 6 (ET) as soon as possible after day 20 with no visit 5
(day 29, week 4) in between.
The following procedures/assessments will be performed at the ET visit:

1. perform adverse event inquiry
2. review prior/concomitant medications
3. review and record rescue medication use (if any) as concomitant medication, not using eDiary
4. perform clinical laboratory tests (serum chemistry, hematology, and urinalysis)
5. perform vital signs measurements
6. perform physical examination (including body weight)
7. perform 12-lead ECG (all ECGs taken in triplicate)
8. obtain urine pregnancy test (women of child-bearing potential only)
9. obtain NPSI, DSIS, NePIQoL, and PGIC assessments
10. evaluate area of postherpetic neuralgia pain for dermal irritation
11. measure maximal intensity of brush-evoked allodynia and maximal intensity of punctate-evoked
hyperalgesia
12. collect rescue medication (if prior to visit 5) and review accountability
13. review eDiary and review eDiary data via website, including the following data recorded by the
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patient the previous evening (if prior to visit 5):
a. date/time of study drug application
b. rescue pain medication usage for postherpetic neuralgia
c. worst daily pain intensity (NRS) in the evening

14. collect eDiary (if prior to visit 5)
15. review study and rescue drug compliance
16. collect study drug (if prior to visit 5)

Follow-Up Period (After the Week 4 Visit)
At the week 4 visit (visit 5, day 29), patients who completed the double-blind treatment period will enter a 4-week
follow-up period, during which they will not use study drug. They should be instructed to return to their primary care
physician to resume therapy deemed appropriate for their postherpetic neuralgia.
Follow-up Visit or ET visit (Visit 6, Day 57 [±3])
At the end of the follow-up period (visit 6, day 57±3), patients will return to the study center for the follow-up visit.
This visit will be the final visit of the study. Activities at the follow-up visit will include the following:

1. perform adverse event inquiry
2. review medications taken since previous visit
3. perform clinical laboratory tests (serum chemistry, hematology, and urinalysis)
4. perform vital signs measurements
5. perform physical examination (including body weight)
6. perform 12-lead ECG (all ECGs taken in triplicate)
7. obtain urine pregnancy test (women of child-bearing potential only)
8. evaluate area of postherpetic neuralgia pain for dermal irritation

Activities performed at the ET visit only will include the following:
1. obtain NPSI, DSIS, NePIQoL, and PGIC assessments
2. measure maximal intensity of brush-evoked allodynia and maximal intensity of punctate-evoked
hyperalgesia
3. collect rescue medication (if prior to visit 5)
4. review and record rescue medication use (if any) as concomitant medication, not using eDiary
5. review eDiary and review eDiary data via website, including the following data recorded by the
patient the previous evening (if prior to visit 5):

a. date/time of study drug application
b. rescue pain medication usage for postherpetic neuralgia
c. worst daily pain intensity (NRS) in the evening

6. collect eDiary (if prior to visit 5)
7. review study and rescue drug compliance
8. collect study drug (if prior to visit 5)

Patient Inclusion Criteria
Patients may be included in the study only if they meet all of the following criteria:

1. Patient has chronic postherpetic neuralgia, defined as pain present for more than 6 months and
less than 6 years after onset of herpes zoster skin rash affecting a single dermatome. Patients with
more than 1 involved dermatome may also be included, provided the affected dermatomes are
contiguous.
2. Patient has average daily pain of at least 4 on the 11-point NRS at screening and during the
baseline pain assessment interval (days −7 to −1) immediately before randomization.
3. Patient must properly assess and record pain intensity in an eDiary for at least 5 of the 7 daily
morning measurements and at least 5 of the 7 daily evening measurements during the 7 days
immediately before randomization.

4. Patient is 18 years of age, with a body mass index (BMI) between 18 and 32 kg/m2, inclusive, at
screening visit.
5. If the patient is a woman:

a. The patient cannot become pregnant because she is surgically sterile (hysterectomy or tubal
ligation) or postmenopausal for at least 6 months. OR
b. If fertile, the patient is not pregnant and has negative pregnancy tests at both the screening
and randomization visits and agrees to use an acceptable method of contraception (ie, oral
contraceptives, hormone implant, intrauterine device, spermicide with barrier method, surgically
sterile male sexual partner[s], or no sexual partners) for the duration of the study, including
follow-up.

6. If the patient is a man:
a. The patient is surgically sterile. OR
b. If capable of producing offspring, the patient must agree to use a barrier method of
contraception in combination with a spermicide with any female partner, unless the partner

[0628]

[0000]
[0629]

[0638]

[0650]



07/09/2016, 19:36Patent US20160228354 - Methods of treating postherpetic neuralgia with a topical formulation of a ... - Google Patents

Page 42 of 52https://www.google.com/patents/US20160228354

cannot become pregnant because she is surgically sterile (hysterectomy or tubal ligation), she
has been postmenopausal for at least 6 months, or she is fertile but using an acceptable
method of contraception (ie, oral contraceptives, hormone implant, or intrauterine device) for
the duration of the study, including follow-up.

7. Patient must sign the written ICF for the study and be willing to comply with all study procedures
and restrictions.
8. Patient must be judged by the investigator to be medically healthy (except for postherpetic
neuralgia) and able to participate in the study.

Patient Exclusion Criteria
Patients will be excluded from participating in this study if they meet 1 or more of the following criteria:

1. Patient has any other severe pain that might confound assessment or self-evaluation of pain due to
postherpetic neuralgia.
2. Patient has postherpetic neuralgia affecting the face (trigeminal nerve distribution).
3. Patient has a history, in the judgment of the investigator, of inadequate response to more than 2
adequate courses of treatment with other medications used to treat neuropathic pain (e.g., tricyclic
antidepressants, serotonin-norepinephrine reuptake inhibitors, anticonvulsants, topical lidocaine,
and/or topical capsaicin).
4. Patient is taking oral analgesics (either opioid or non-opioid) or is receiving topical therapy such as
the 5% topical lidocaine patch for the treatment of pain and is unwilling or unable to complete a
washout period during which the patient will discontinue analgesic therapy or topical pain therapy.
5. Patient has been treated with topical capsaicin at any time in the past 6 months for neuropathic
pain.
6. Patient has an NRS score of 10 on 1 or more occasions during the baseline pain assessment
interval (days −7 to −1) immediately before randomization or NRS scores of 9 on 3 or more occasions
during the same time frame.
7. Patient used rescue medication during the 7-day baseline period.
8. Patient has a history of fibromyalgia.
9. Patient has uncontrolled cardiac, renal, hepatic, or other systemic disorders that, in the opinion of
the investigator, may jeopardize the patient.
10. Patient uses Class lc anti-arrhythmic drugs such as flecainide or propafenone.
11. Patient has a resting heart rate <45 or >100 beats per minute (bpm), QRS ≧120 milliseconds
(including complete left and/or right bundle branch block), QT interval corrected for heart rate by
Fridericia's formula (QTcF) ≦320 milliseconds or ≧470 milliseconds, and, for patients in sinus rhythm,
PR <120 milliseconds or ≧220 milliseconds. (These numerical exclusion criteria will be applied using
the mean values of 3 ECGs.)
12. Patient has second- or third-degree atrioventricular block unless treated with a permanent
pacemaker.
13. Patient has uncontrolled atrial fibrillation or flutter (ventricular rate >100 bpm).
14. Patient has a congenital arrhythmia syndrome (e.g., Brugada syndrome or long or short QT
syndrome).
15. Patient has had myocardial infarction within the past 12 months or current unstable angina,
coronary ischemia, or heart failure.
16. Patient has significant edema or loss of skin integrity (including sores or ulcers) other than healed
herpes zoster skin rash affecting the region of pain and surrounding area.
17. Patient is intolerant to study drug, its excipients, and/or acetaminophen.
18. Patient uses any over-the-counter (OTC) analgesic medication/topical therapy for the duration of
the study except for permitted rescue (for postherpetic neuralgia pain) medications. Stable therapy of
more than 30 days for aspirin (up to 81 mg/day) is allowed as cardiovascular prophylaxis.
19. Patient uses any non-pharmacologic pain management techniques (e.g., physical techniques,
physiotherapy, massage therapy, acupuncture, biofeedback, and/or psychological support) and is
unable or unwilling to discontinue prior to baseline pain assessment.
20. Patient uses any CYP3A4 or CYP2C19 inhibitors or substrates.
21. Patient uses any topical/cosmetic products (e.g., lotions and tanning products) on the skin in the
painful region of postherpetic neuralgia.
22. Patient has a history of alcohol or drug abuse within 1 year before the screening visit, or a positive
urine drug test at the screening visit for cocaine, marijuana, opioids, amphetamines,
methamphetamines, benzodiazepines, barbiturates, methadone, and/or tricyclic antidepressants
unless explained by the use of prescription medication. (The use of medical marijuana is not permitted
and excludes the patient from the study.)
23. Patient is pregnant or breast-feeding at the time of the screening visit.
24. Patient has findings in laboratory data, vital signs measurements, or physical examination at the
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screening, baseline pain assessment interval, or randomization visit that, in the opinion of the
investigator, may pose undue risk to the patient or may interfere with study data interpretation.
25. Patient was previously randomly assigned to treatment in this study and received/subsequently
discontinued study drug.
26. Patient used another investigational drug within 30 days or 5 half-lives (whichever is longer)
before the planned first day of study drug application (day 1) in this study.
27. Patient refuses to provide 2 blood samples at the screening visit for pharmacogenomic analyses.
28. Patient is a study center or Sponsor employee who is directly involved in the study or the relative
of such an employee.
29. There is any other reason that would make the patient, in the opinion of either the investigator or
the Sponsor, unsuitable for the study.

Restrictions
Patients will be required to comply with the following restrictions with respect to activity:

1. After applying ointment, patients should wait for 10 minutes before covering the area with clothing,
to allow the ointment to be absorbed by the skin. After the ointment has fully penetrated the skin, the
area will be dry.
2. After applying ointment, patients must not apply pressure to the area of skin treated with ointment
by leaning against surfaces, such as furniture, for 10 minutes, to allow the ointment to be absorbed by
the skin. After the ointment has fully penetrated the skin, the area will be dry.

In addition, patients must maintain (hold constant) their current level of physical activity from the baseline visit
through the end of treatment (visit 5, day 29, week 4).

Prior and Concomitant Therapy or Medication
Any prior or concomitant therapy or medication that a patient has had within 90 days before study drug
administration and up to the end of the study period, including follow-up, will be recorded on the CRF. Generic or
trade name, indication, and dosage will be recorded. The Sponsor will encode all therapy and medication according
to the World Health Organization drug dictionary (WHO Drug).
The following medications will not be allowed during this study:

1. Oral analgesics
2. Topical analgesics, including lidocaine (gels, creams and patches) and capsaicin patches
3. Medications that may cause DDIs
4. Rescue pain medication except permitted acetaminophen rescue
5. Class Ic anti-arrhythmic drugs such as flecainide or propafenone
6. At each clinic visit after the screening visit, the investigator will ask patients whether they have
taken any medications (other than study drug), including OTC medications, vitamins, or herbal or
nutritional supplements, since the previous visit. Indication, dosage, and start and end dates should
be entered on the CRF.

Rescue Medications for Postherpetic Neuralgia Pain
Patients will be provided with acetaminophen (TYLENOL, McNeil Consumer Healthcare Division of McNEIL-PPC,
Inc) as 325-mg tablets in bottles of 100 tablets and allowed to take 1 to 2 tablets per dose every 6 hours, as needed,
and up to 6 tablets or 1950 mg per day (over a 24-hour period) for rescue relief of postherpetic neuralgia pain.
Rescue medication will be provided at the screening visit. Rescue medication compliance will be checked at all
visits until used rescue medication is collected after the baseline pain assessment interval for patients not continuing
in the study, at visit 5 (day 29, week 4) for patients who complete the treatment period, or at the ET visit for patients
who prematurely discontinue study drug.
No other rescue medications will be provided or allowed from the washout phone contact through visit 5 (day 29,
week 4) or the ET visit. Patients will not be permitted to use rescue medication during the baseline pain assessment
interval (days −10 through −1) and during the final week of treatment (the 7-day period before visit 5). During the
washout interval, rescue medication use (dates of use and dose taken) will be recorded as concomitant medication.
During baseline and the treatment period, rescue medication use will be recorded using the eDiary.

Total Blood Volume
The total amount of blood drawn during the study from each patient will be approximately 50 mL.

Assessment of Safety
In this study, safety will be assessed by qualified study staff by evaluating the following: reported adverse events,
clinical laboratory test results, vital signs measurements, ECG findings, physical examination findings (including
body weight measurements), dermal irritation findings, and concomitant medication usage.

Definition of an Adverse Event
An adverse event can include any of the following:

1. Intercurrent illnesses.
2. Physical injuries.
3. Events possibly related to concomitant medication.
4. Significant worsening (change in nature, severity, or frequency) of the disease under study or other
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pre-existing conditions. Note: A condition recorded as pre-existing that is intermittently symptomatic
(e.g., headache) and that occurs during the study should be recorded as an adverse event.
5. Drug interactions.
6. Events occurring during diagnostic procedures or during any washout phase of the study.
7. Laboratory or diagnostic test abnormalities that result in the withdrawal of the patient from the study,
are associated with clinical signs and symptoms or a serious adverse event, or require medical
treatment or further diagnostic work-up, or are considered by the investigator to be clinically
significant. Note: Abnormal laboratory test results at the screening visit that preclude a patient from
entering the study or receiving study treatment are not considered adverse events but will be
evaluated to monitor data from patients who do not meet screening criteria.
8. All events of possible drug-induced liver injury with hyperbilirubinemia (defined as aspartate
aminotransferase [AST] or alanine aminotransferase [ALT] times the upper limit of the normal range
[ULN] plus either bilirubin times the ULN or International Normalized Ratio [INR] >1.5) or Hy's Law
events require immediate study treatment cessation and reporting as a serious adverse event.

Severity of an Adverse Event
The severity of each adverse event must be recorded as 1 of the choices on the following scale:

Mild: No limitation of usual activities
Moderate: Some limitation of usual activities
Severe: Inability to carry out usual activities

Definition of a Serious Adverse Event
A serious adverse event is an adverse event occurring at any dose that results in any of the following outcomes or
actions:

1. Death.
2. A life-threatening adverse event (i.e., the patient was at immediate risk of death from the event as it
occurred); does not include an event that, had it occurred in a more severe form, might have caused
death.
3. Inpatient hospitalization or prolongation of existing hospitalization means that hospital inpatient
admission and/or prolongation of hospital stay were required for treatment of an adverse event or that
they occurred as a consequence of the event. Hospitalizations scheduled for an elective procedure or
for treatment of a pre-existing condition that has not worsened during participation in the study will not
be considered serious adverse events.
4. Persistent or significant disability or incapacity (refers to a substantial disruption of one's ability to
conduct normal life functions).
5. A congenital anomaly/birth defect.
6. An important medical event that may not result in death, be life-threatening, or require
hospitalization but may jeopardize the patient and may require medical intervention to prevent one of
the outcomes listed in this definition. Examples of such events are intensive treatment in an
emergency room or at home for allergic bronchospasm, blood dyscrasias or convulsions that do not
result in hospitalization, or the development of drug dependency or drug abuse. Note: Any suspected
transmission of an infectious agent via a medicinal product is considered an important medical event.

An adverse event that does not meet any of the criteria for seriousness listed above will be regarded as a
nonserious adverse event.

Pregnancy
All pregnancies (pregnancies of women participating in the study and female partners of men participating in the
study) that occur during the study, or within 30 days of completion of the study, are to be reported immediately to the
Sponsor.
Any patient becoming pregnant during the study will be withdrawn from study drug treatment. All patients (or female
partners of male patients) who become pregnant will be monitored to the completion or termination of the
pregnancy. If the pregnancy continues to term, the outcome (health of the infant up to 8 weeks of age), details of
birth, and presence or absence of any birth defect, congenital abnormalities, or maternal and newborn complications
will be reported to the Sponsor. Any complication of pregnancy will be reported as an adverse event or serious
adverse event, as appropriate.

Chemical Laboratory
Clinical laboratory test (serum chemistry and hematology) and urinalysis will be performed at the time points
indicated in Table 8. Specific laboratory tests to be performed are listed below:
The following serum chemistry tests will be performed:

calcium
phosphorus
sodium
potassium
chloride
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bicarbonate or carbon dioxide
glucose
blood urea nitrogen (BUN)
creatinine
cholesterol
uric acid
ALT
AST
lactic dehydrogenase (LDH)
gamma-glutamyl transpeptidase (GGT)
alkaline phosphatase
creatine phosphokinase
total protein
albumin
total bilirubin
direct bilirubin
indirect bilirubin

The following hematology tests will be performed:
hemoglobin
hematocrit
red blood cell (RBC) count
platelet count
absolute neutrophil count
white blood cell (WBC) count and differential count

polymorphonuclear leukocytes (neutrophils)
lymphocytes
eosinophils
monocytes
basophils
atypical lymphocytes

Urinalysis will include testing for the following:
protein
glucose
ketones
blood (hemoglobin)
pH
specific gravity
microscopic, as needed

bacteria
RBCs
WBCs
casts
crystals

Other Clinical Laboratory Tests
Other clinical laboratory tests will be performed to ensure the safety of the patients but will not be used to assess
the safety of the study drug.

Pregnancy Tests
Urine pregnancy tests will be performed at the study site (with test kits provided by a central laboratory) for all
women of child-bearing potential at screening (visit 1), randomization (visit 3, day 1), visit 4 (day 15±1, week 2), visit
5 (day 29, week 4), and at the follow-up/ET visit (visit 6, day 57±3). Any patient who becomes pregnant during the
study will be withdrawn.

Urine Drug Screen
A urine drug screen will be performed at the time points indicated in Table 8. The urine drug screen includes a
means to detect the presence of drugs prohibited according to the protocol, including cannabinoids, alcohol,
cocaine, amphetamines, barbiturates, benzodiazepine, and opiates. If a parameter noted above cannot be tested
using urine, an alternative matrix (e.g., serum) may be considered acceptable. The Sponsor's medical expert must
be made aware in advance of, and provide approval for, drug screen parameters to which this will apply. A positive
result for any of the above drugs or their metabolites, without medical explanation, will preclude the patient from
enrollment or continued participation in the study.

Vital Signs
Vital signs will be measured at the time points indicated in Table 8. Vital signs include the following:

[0756]

[0769]

[0782]

[0783]

[0784]

[0785]



07/09/2016, 19:36Patent US20160228354 - Methods of treating postherpetic neuralgia with a topical formulation of a ... - Google Patents

Page 46 of 52https://www.google.com/patents/US20160228354

heart rate
respiration rate
body temperature
blood pressure

Electrocardiography
A 12-lead ECG will be conducted as triplicate tracings taken at least 1 minute apart at the time points indicated in
Table 8. To determine eligibility based upon numerical exclusion criteria of cardiac intervals, the investigator will use
the mean values of 3 ECGs. A qualified physician at a central diagnostic center will be responsible for interpreting
the ECG. Any ECG finding that is judged by the investigator as a clinically significant change (worsening) compared
with a baseline value will be considered an adverse event, recorded on the source documentation and transcribed
onto the CRF.

Physical Examinations
Physical examinations, including height (to be obtained at the screening visit only) and weight (screening and follow-
up/ET visits only) will be performed at the time points indicated in Table 8. Any physical examination finding that is
judged by the investigator as a clinically significant change (worsening) compared with a baseline value will be
considered an adverse event, recorded on the CRF, and monitored.

Other Safety Measures and Variables: Concomitant Therapy or Medication
Concomitant therapy or medication usage will be monitored throughout the study.

Dermal Irritation Evaluation
Dermal irritation will be evaluated at the time points indicated in Table 8 using the scale below:

0=no evidence of irritation
1=minimal erythema (barely perceptible)
2=definite erythema, readily visible; minimal edema or minimal papular response
3=erythema and papules
4=definite edema
5=erythema, edema, and papules
6=vesicular eruption
7=strong reaction spreading beyond test site

Pharmacodynamic Variables
Pharmacodynamic endpoints assessed during the study are the secondary efficacy endpoints change from baseline
in maximal intensity of patients' brush-evoked allodynia and change from baseline in maximal intensity of patients'
punctate-evoked hyperalgesia.

Safety Variables
The overall safety and tolerability of topical 4% Test Pharmaceutical Composition and 8% Test Pharmaceutical
Composition treatment will be assessed throughout the study by evaluating adverse events and the following
additional safety variables at the time points specified in Table 8:

clinical laboratory tests
vital signs
physical examination
dermal irritation
12-lead ECGs
concomitant therapy or medication usage

Expected Results
The results of this study are expected to show that concentrations of the spiro-oxindole in the affected skin area
where the 4% Test Pharmaceutical Composition or the 8% Test Pharmaceutical Composition of the invention was
administered to the affected skin are of the subject are significantly higher than concentrations of the spiro-oxindole
compound in the plasma of the subject following administration, thereby confirming that administration of a
pharmaceutical composition of the invention results in minimal or negligible systemic exposure.
Furthermore, the results of this study are expected to show that the pharmaceutical compositions of the invention
are effective in treating postherpetic neuralgia in the subjects.

BIOLOGICAL EXAMPLE 5
An Open-Label, One-Sequence Drug-Drug Interaction Study in Healthy Subjects to Evaluate the Effects of Multiple-Dose
Topical Treatment with the 8% Test Pharmaceutical Composition of the Invention on the Pharmacokinetics of Midazolam
and Omeprazole

The purpose of this study was to investigate whether topical administration to healthy subjects of a 8%
pharmaceutical composition of the invention for 7.5 days affects the pharmacokinetics of single oral doses of
midazolam (an known CYP3A4 substrate) or omeprazole (a known CYP2C19 substrate).

Primary Objectives:
The primary objectives of this study were to determine the effects of multiple-dose topical treatment with the 8%
Test Pharmaceutical Composition on the single-dose pharmacokinetics of oral midazolam and to determine the
effects of multiple-dose topical treatment with 8% Test Pharmaceutical Composition on the single-dose
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pharmacokinetics of oral omeprazole.
Secondary Objectives:

The secondary objectives of the study were to characterize the pharmacokinetics of the spiro-oxindole compound;
to characterize the pharmacokinetics of midazolam and omeprazole major metabolites,1-OH-midazolam and 5-OH-
omeprazole; to evaluate the safety and tolerability of the 8% Test Pharmaceutical Composition administered twice
daily (BID) for 7.5 days.

Number of Subjects (Planned and Analyzed):
For this study, 32 healthy subjects were planned to be enrolled; data from 32 subjects were analyzed for
pharmacokinetics and safety.

Main Criteria for Inclusion:
Subjects were included in the study if all of the following main criteria were met:

1. Healthy male and/or female subjects aged 18 to 50 years, inclusive at the time of screening.
2. Body mass index (BMI) 18.0 and 32.0 kg/m2.
3. Able and willing to provide written informed consent.
4. Able and willing to comply with all study procedures and restrictions.

Main Criteria for Exclusion:
Subjects were excluded from participating in this study if one or more of the following main criteria were met (not all
inclusive):

1. History or evidence of clinically significant illness or surgery within 4 weeks prior to day 1.
2. History or evidence of any clinically significant disease including neurological, dermatological,
cardiovascular, endocrine, pulmonary, gastrological, renal, hepatobiliary, hematological, immunological,
urologic, psychiatric, metabolic or other major disease. Subjects with Gilbert's syndrome could be included.
3. Presence of open wounds, sunburn, tattoo, major scarring, non-intact or damaged skin (eg, resulting from
exudative dermatitis, eczema, acne, infected lesion, burns) in the proposed application area, presence of
significant pain, neuropathy, venous stasis or any other condition in the proposed application area that, in the
opinion of the investigator, would have interfered with the application of the study drug treatments.
4. Missing or amputated limb (eg, foot, hand, arm, leg).
5. Any clinically significant abnormality (including clinically significant laboratory test result) found at
screening or day −1.
6. Pregnant or nursing females (including positive pregnancy test at screening or day −1).
7. Overabundance of hair on the back and/or legs that, in the opinion of the investigator, would have
precluded the effective application of study drug to the application area(s). Trimming the hair was permissible
by the medical staff prior to enrollment as long as there was no shaving, no waxing, and the trimming blades
were not directly on the skin.

Study Drug Dose, Mode of Administration, and Administration Rate:
8% Test Pharmaceutical Composition applied to 53% of body surface area (BSA) BID for 7.5 days.

Other Drugs:
Commercially available midazolam syrup (3 mg) and omeprazole (20 mg delayed-release capsule) were
coadministered orally on days 1 and 9, with the day 9 doses administered 1 hour after the final dose of 8% Test
Pharmaceutical Composition.

Method of Blinding:
This was an open-label study with no blinding.

Duration of Treatment:
Up to 64 days per subject (including an up to 28-day screening period).

General Design and Methodology:
This was a single center, open-label, 1-sequence drug-drug interaction study in 32 healthy adult male and female
subjects. The study consisted of a 28-day screening period, a 10-day inpatient treatment period, and a follow-up
visit. Subjects meeting the study inclusion/exclusion requirements were admitted to the clinical research unit on day
−1 and were confined until day 10.

Primary Pharmacokinetic Variables and Endpoints:
Blood samples were collected for the assessment of the pharmacokinetics of midazolam and omeprazole. The
primary pharmacokinetic variables for midazolam and omeprazole were maximum observed plasma drug
concentration (Cmax), area under the plasma concentration-time curve from time 0 to the time of the last

measurable concentration (AUC0-t), and area under the plasma concentration-time curve from time 0 to

extrapolated to infinity (AUC0-inf) on days 1 and 9.

The primary pharmacokinetic endpoints were the geometric mean ratios (90% confidence intervals [CIs]) for Cmax,

AUC0-t, and AUC0-inf for midazolam and omeprazole on day 9 versus day 1.

Secondary Pharmacokinetic Measures and Endpoints:
The secondary pharmacokinetic parameters for midazolam and omeprazole were time to maximum observed
plasma drug concentration (tmax), apparent oral clearance (CL/F), apparent terminal elimination rate constant (λz),
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apparent terminal half-life (t1/2), and percentage extrapolated AUC (AUCext).

Blood samples were collected for the assessment of the pharmacokinetics of the major metabolites of midazolam
(1-OH-midazolam) and omeprazole (5-OH-omeprazole), and for the spiro-oxindole compound. Further secondary

pharmacokinetic variables included Cmax, tmax, AUC0-t, AUC0-inf, CL/F, λz, t1/2, and % AUCext for 1-OH-midazolam

and 5-OH-omeprazole, on days 1 and 9, and Cmax, morning predose concentrations (Ctrough), average plasma

concentration over the dosing interval (Cave), and area under the plasma concentration-time curve over the dosing

interval (AUC0-τ) were presented for the spiro-oxindole compound.

Safety Variables:
Safety was assessed by adverse events (including deaths, serious adverse events, and withdrawals due to adverse
events), results of clinical laboratory tests (serum chemistry, hematology, and urinalysis), vital signs (blood pressure,
pulse, and oral body temperature), pulse oximetry, 12-lead electrocardiogram (ECG) results, physical examination
findings, dermal irritation, and concomitant medication usage.

Pharmacogenomic Variables:
Blood samples were collected for the assessment of cytochrome P450 family 2, subfamily C, polypeptide 19
(CYP2C19) metabolic status of subjects.

Statistical Considerations:
A. Analysis Populations

Three analysis sets were defined for analysis purposes:
1. The enrolled set included all subjects who passed screening procedures.
2. The pharmacokinetic analysis set included all subjects in the safety analysis set (as defined below) who
had at least 1 measurable concentration of midazolam, omeprazole, or their metabolites, or the spiro-
oxindole compound.
3. The safety analysis set included all subjects who received at least 1 dose of study drug. In this analysis
set, treatment was assigned based upon the treatment subjects actually received.

B. Sample Size and Power Considerations
A total of 32 subjects were planned to be enrolled in the study, with the intent that at least 28 subjects would
complete the study. The within-subject coefficient of variation (% CV) for midazolam pharmacokinetic parameters
(Cmax, AUC) was estimated to be 21%. Assuming a within-subject CV of 21% and an expected true ratio of 1.05 for

day 9 versus day 1, a total of 28 subjects completing the study would provide at least 90% power to detect
bioequivalence in a single pharmacokinetic parameter of midazolam before and after multiple administration of the
spiro-oxindole compound at the 0.05 significance level for a 1-sided test. Assuming a 10% to 20% discontinuation
rate, 4 additional subjects were included so that a total of 32 subjects were enrolled in this study. This sample size
also provided approximately 86% power to detect bioequivalence in a single omeprazole pharmacokinetic
parameter (AUC) before and after multiple administration of the spiro-oxindole compound at the 0.05 significance
level, assuming a within-subject CV of 26% and an expected true ratio of 1.0. SAS® proc power was used for
sample size calculation.

Pharmacokinetic Analyses:
Descriptive statistics (n, mean, geometric mean, standard deviation [SD], % CV, median, minimum, and maximum)
were used to summarize plasma midazolam, omeprazole and their metabolites, and the spiro-oxindole compound
concentration for all subjects overall at each scheduled time point. Descriptive statistics (as noted above) were also
used to summarize plasma omeprazole, 5-OH-omeprazole, and the spiro-oxindole compound concentration for all
subjects overall by CYP2C19 genotype at each scheduled time point. Pharmacokinetic parameters were derived by
noncompartmental analysis. Descriptive statistics (as noted above) were used to summarize the calculated
pharmacokinetic parameters for midazolam, omeprazole and their metabolites, and the spiro-oxindole compound by
treatment for all subjects. Descriptive statistics (as noted above) were also used to summarize the calculated
pharmacokinetic parameters for omeprazole, 5-OH-omeprazole, and the spiro-oxindole compound by treatment and
CYP2C19 genotype. Plots of geometric mean and individual plasma concentrations and of select pharmacokinetic
parameters for midazolam, omeprazole and their metabolites and the spiro-oxindole compound at select sampling
times were provided. Additionally, plots of individual select pharmacokinetic parameters by CYP2C19 phenotype for
omeprazole at select time points were provided.

Safety Analyses:
The overall safety and tolerability of midazolam, omeprazole, and the 8% Test Pharmaceutical Composition was
assessed throughout the study by monitoring adverse events, clinical laboratory tests, vital signs, peripheral oxygen
saturation (SpO2), safety 12-lead ECGs, physical examination findings, dermal irritation, and concomitant

medication usage. Descriptive statistics for continuous variables included n, mean, SD, standard error [SE], median,
minimum, and maximum. Number of subjects and percentages were used for the description of adverse events and
other categorical variables.

Pharmacogenomic Analyses:
Pharmacogenomic data were listed.
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Summary of Results
A. Subject Disposition and Demography

A total of 94 healthy subjects were screened for enrollment into this study. Of the 94 subjects screened, 32 subjects
at 1 center in the USA met entry criteria and were considered to be eligible for enrollment into the study. Of the 62
subjects who were not enrolled, 4 subjects were excluded on the basis of inclusion criteria, 47 subjects were
excluded on the basis of exclusion criteria, 3 subjects withdrew consent, 1 subject was lost to follow up before the
baseline visit, and 7 subjects were excluded based on “Other” reasons. Of the 32 subjects enrolled, all received at
least 1 administration of study drug and were evaluated for safety and pharmacokinetics. The planned number of 32
subjects was met. One subject withdrew from the study due to an adverse event. There were more males (27
[84%]) than females (5 [16%]). Most of the subjects were not Hispanic or Latino (27 [84%] subjects) and most were
either white (13 [41%] subjects) or black (18 [56%] subjects). Subjects had a mean age of 35.1 years (range: 19 to
50 years), a mean weight of 76.81 kg (range: 54.1 to 98.5 kg), a mean height of 173.92 cm (range: 155.0 to 188.0
cm), a mean BMI of 25.42 kg/m2 (range: 19.2 to 32.0 kg/m2), and a mean BSA of 1.92 m2 (range: 1.6 to 2.3 m2).
With regards to CYP2C19 phenotype, subjects were evenly distributed for ultra-rapid, extensive, and intermediate
metabolizers (10 [31%] subjects each). Only 2 (6%) subjects were classified as poor metabolizers.

B. Pharmacokinetics Results
1. Midazolam/1-OH-Midazolam
Mean plasma midazolam concentrations were similar with or without coadministration of the spiro-oxindole
compound. On both days 1 and 9, midazolam appeared to be rapidly absorbed as it was quantifiable in all subjects
by 0.25 hours postdose. Upon reaching a peak, midazolam concentrations declined steadily in a multiphasic
manner. Most subjects had measurable concentrations through to at least 16 hours postdose.
On day 1 after oral administration of a single dose of 3 mg midazolam and 20 mg omeprazole, midazolam was
rapidly absorbed, reaching tmax at a median time of 0.63 hours on day 1 and 0.75 hours on day 9. Midazolam

systemic exposure parameters (Cmax and AUC) were similar on both days 1 and 9. Cmax was 16.95 ng/mL on day 1

compared to 14.60 ng/mL on day 9. Over a 24-hour period postdose, AUC0-t reached a geometric mean value of

42.24 hr*ng/mL on day 1 and 39.36 hr*ng/mL on Day 9. AUC0-inf, was 43.80 hr*ng/mL on Day 1 and 40.73 hr*ng/mL

on day 9. In both cases, AUC0-t accounted for >95% of the AUC0-inf.

Selected parameters of midazolam systemic exposure on day 1 were compared to corresponding parameters on
day 9 and the results are summarized in Table 9 below. The ratio of the geometric means for Cmax, AUC0-t, and

AUC0-inf on day 9 (7.5 days of treatment with 8% Test Pharmaceutical Composition) to day 1 (no 8% Test

Pharmaceutical Composition) were 86.169, 93.657, and 93.381, respectively. The 90% CIs for AUC0-t and AUC0-inf

were entirely contained within the predetermined range of 80% to 125%. However, for Cmax, the lower bound of the

90% CI was slightly outside this range. These data indicate that the spiro-oxindole compound had no relevant effect
on midazolam pharmacokinetics.

TABLE 9

Statistical Analysis of the Effect of the Spiro-

Oxindole Compound on Midazolam Pharmacokinetic

Parameters (Pharmacokinetic Analysis Set)

Pharma- Geometric LS 90% CI of

cokinetic mean ration (%) ratio (%)

Treatment parameter (test/reference) (test/reference)

Midazolam with AUC0-inf 93.381 (87.752, 99.370)

spiro-oxindole AUC0-t 93.657 (87.982, 99.699)

compound (test) Cmax 86.169 (78.658, 94.397)

versus midazolam

without spiro-

oxindole compound

(reference)

CI = confidence interval; LS = least squares.

Mean plasma 1-OH-midazolam concentrations were similar with or without coadministration of the spiro-oxindole
compound. On both days 1 and 9, 1-OH-midazolam was quantifiable by 0.25 hours. Upon reaching a peak, mean 1-
OH-midazolam concentrations declined steadily in a multiphasic manner. Most subjects had measurable
concentrations through to at least 16 hours postdose. Concentrations of the 1-OH metabolite were less than parent
midazolam.
On both days 1 and 9, midazolam was rapidly metabolized with its 1-OH metabolite reaching tmax at a median time
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of 0.75 hours. Systemic exposure parameters (Cmax and AUC) for 1-OH-midazolam were similar on both days 1

and 9. Geometric mean Cmax was 7.33 ng/mL on day 1 and 6.67 ng/mL on day 9. Geometric AUC0-t and AUC0-inf

were 15.82 and 16.83 hr*ng/mL, respectively on day 1, and 17.18 hr*ng/mL and 17 92 hr*ng/mL on day 9. On both
days, AUC0-t accounted for >94% of AUC0-inf. Systemic exposure to 1-OH-midazolam was lower than that of parent

midazolam on both days 1 and 9. The half-life of 1-OH-midazolam was similar to that of parent midazolam, and was
also similar from day 1 and day 9. Geometric mean t1/2 was 4.39 hours and 4.68 hours on days 1 and 9,

respectively. These data suggest that concomitant administration of the spiro-oxindole compound had no relevant
effect on systemic exposure to 1-OH-midazolam.
2. Omeprazole and 5-OH-Omeprazole
Mean plasma omeprazole concentrations were similar with or without coadministration of the spiro-oxindole
compound. On both days 1 and 9, 0.75 to 1.5 hours elapsed before omeprazole concentrations were quantifiable in
a majority of subjects. Upon reaching a peak, omeprazole concentrations declined steadily in a multiphasic manner
until no longer quantifiable, which was between 9 to 12 hours in most subjects. In a few subjects, omeprazole
remained quantifiable until 16 to 24 hours.
After oral administration of a single dose of 3 mg midazolam and 20 mg omeprazole, omeprazole was absorbed
reaching tmax at median times of 2.0 and 2.5 hours on days 1 and 9, respectively. Systemic exposure parameters
(Cmax and AUC) for omeprazole were similar on both days 1 and 9. Geometric mean Cmax was 227.39 ng/mL on

day 1 and 227.04 ng/mL on day 9. On day 1, geometric mean AUC0-t and AUC0-inf were 545.29 and 634.65

hr*ng/mL, respectively, while on day 9, they were 556.16 and 633.97 hr*ng/mL, respectively. On both days, AUC0-t

accounted for >99% of AUC0-inf.

Selected parameters of omeprazole systemic exposure on day 1 were compared to corresponding parameters on
day 9, and the results are summarized in Table 10 below. The ratios of the geometric means for Cmax, AUC0-t, and

AUC0-inf on day 9 (7.5 days of treatment with 8% Test Pharmaceutical Composition) to day 1 (no 8% Test

Pharmaceutical Composition) were 98.939, 101.553, and 105.751, respectively. The 90% CIs for AUC0-t, and

AUC0-inf were entirely contained with the predetermined range of 80% to 125%. These data suggest that the spiro-

oxindole compound had no relevant effect on omeprazole pharmacokinetics. Mean 5-OH-omeprazole plasma
concentrations were similar with or without coadministration of the spiro-oxindole compound. On both days 1 and 9,
0.75 to 1.5 hours elapsed before 5-OH-omeprazole concentrations were quantifiable in a majority of subjects. Upon
reaching a peak, 5-OH-omeprazole concentrations declined steadily in a multiphasic manner until no longer
quantifiable, which was 12 hours in most subjects. In a few subjects, 5-OH-omeprazole remained quantifiable until
16 hours. Concentrations of the 5-OH metabolite were less than those of parent omeprazole.

TABLE 10

Statistical Analysis of the Effect of the Spiro-

Oxindole Compound on Omeprazole Pharmacokinetic

Parameters (Pharmacokinetic Analysis Set)

Pharma- Geometric LS 90% CI of

cokinetic mean ration (%) ratio (%)

Treatment parameter (test/reference) (test/reference)

Omeprazole with AUC0-inf 105.751 (97.426, 114.787)

spiro-oxindole AUC0-t 101.553 (93.656, 110.116)

compound (test) Cmax 98.939 (86.061, 113.745)

versus midazolam

without spiro-

oxindole compound

(reference)

CI = confidence interval; LS = least squares.

On both days 1 and 9, omeprazole was metabolized to its 5-OH metabolite. On day 1, tmax of 5-OH-omeprazole was

reached at a median time of 2.00 hours, while on day 9, median tmax was 2.5 hours. Systemic exposure parameters

(Cmax and AUC) for 5-OH-omeprazole were similar on both days 1 and 9. Geometric mean for Cmax was 148.71

ng/mL on day 1 and 142.30 ng/mL on day 9. Geometric AUC0-t and AUC0-inf were 436.73 and 447.15 hr*ng/mL,

respectively, on day 1, and 430.54 hr*ng/mL and 439.66 hr*ng/mL on day 9. On both days, AUC0-t accounted for

>98% of AUC0-inf. Variability of systemic exposure was low on both days 1 and 9, with % CVs ranging from 22.7%

to 36.7%. Half-life of 5-OH-omeprazole was similar on day 1 compared to day 9. Geometric mean t% was 1.55 and

[0856]
[0857]

[0858]

[0859]

[0000]

[0860]



07/09/2016, 19:36Patent US20160228354 - Methods of treating postherpetic neuralgia with a topical formulation of a ... - Google Patents

Page 51 of 52https://www.google.com/patents/US20160228354

1.53 hours on days 1 and 9, respectively. These data suggest that concomitant administration of the spiro-oxindole
compound had no relevant effect on systemic exposure to 5-OH-omeprazole.
3. Spiro-Oxindole Compound
A total of 17 of 32 subjects had quantifiable levels of the spiro-oxindole compound in the predose sample on day 2
ranging from 35.8 to 455.5 pg/mL. The reason for the presence of measurable concentrations on the first day of
dosing with the spiro-oxindole compound is unknown. All subjects had quantifiable plasma concentrations of the
spiro-oxindole compound by day 3. On days 3 to 7, mean trough concentrations increased each successive day
indicating that steady state had not been achieved after 7.5 days of dosing.
On day 9, concentrations were highly variable over the first 24 hours, often reaching multiple peaks. All 31 subjects
had quantifiable concentrations at 24 hours postdose (mean 11651.61 pg/mL) and at the follow-up visit (360±24
hours; mean 326.29 pg/mL). Over the period of 24 hours from the final application of the 8% Test Pharmaceutical
Composition, concentrations varied from a geometric mean Ctrough predose value) of 12760.52 pg/mL to a Cmax of

15072.40 pg/mL. For the first 12 hours after the final application (equivalent to the 8% Test Pharmaceutical
Composition dosing interval from days 2 to 9), geometric mean AUC0-12 was 132906.66 hr*pg/mL, with an average

concentration of 11075.55 pg/mL over this 12-hour period, which coincided with the oral administration of midazolam
and omeprazole.
There was no apparent relationship of the spiro-oxindole compoundexposure with CYP2C19 phenotype.
Variability of the spiro-oxindole compound systemic exposure on day 9 was moderate, with % CV values ranging
from 56.3% to 66.8%.

CONCLUSIONS
Midazolam, the model substrate for CYP3A4, was coadministered with multiple doses of the spiro-oxindole
compound. There was no evidence of a clinically meaningful effect of a topical formulation of the spiro-oxindole
compound under exaggerated dosing conditions on the pharmacokinetics of oral midazolam, a sensitive probe
CYP3A4 substrate, or its metabolite 1-OH-midazolam.
Omeprazole, the model substrate for CYP2C19, was coadministered with multiple doses of the spiro-oxindole
compound. There was no evidence of a significant effect of topical formulation of the spiro-oxindole compound
under exaggerated dosing conditions on the pharmacokinetics of oral omeprazole, a sensitive probe CYP2C19
substrate, or its metabolite 5-OH-omeprazole.
After topical application under exaggerated dosing conditions, the spiro-oxindole compound was very slowly
absorbed and did not reach steady state within 7.5 days of BID dosing.
All of the U.S. patents, U.S. patent application publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification are incorporated herein by reference in their
entireties.
Although the foregoing invention has been described in some detail to facilitate understanding, it will be apparent
that certain changes and modifications may be practiced within the scope of the appended claims. Accordingly, the
described embodiments are to be considered as illustrative and not restrictive, and the invention is not to be limited
to the details given herein, but may be modified within the scope and equivalents of the appended claims.
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