Appendix 1

Organizations supporting the application

1. International Society of Physical and Rehabilitation Medicine (ISPRM)

2. World Federation of Societies of Anaesthesiology (WFSA)
3. World Medical Association (WMA)

4. National Chapters of the International Association for the Study of Pain

American Pain Society
Asociacion Chilena para el Estudio del Dolor [Chile]

Asociacion Dominicana para el Estudio y Tratamiento del Dolor y Cuidados Paliativos
[Dominican Republic]

Asociacion Istmefia para el Estudio del Dolor [Panama]
Australian Pain Society

+ Bangladesh Society for Study of Pain

Belgian Pain Society
British Pain Society
Chinese Association for the Study of Pain

+ Croatian Pain Society

Dutch Pain Society

German Pain Society

Hong Kong Pain Society

Indian Society for Study of Pain

Iranian Pain Society

Irish Pain Society

Lebanese Society for the Study of Pain
Lithuanian Pain Society

Malaysian Association for the Study of Pain
New Zealand Pain Society

Osterreichische Schmerzgesellschaft [Austria]
Pain Society of the Philippines

+ PainSA [South Africa]

Professional Health Association — Pain Section, Kosovo
Saudi Society of Pain Medicine
Serbian Pain Association of Pain Research and Treatment

+ Sociedad Espafiola Del Dolor [Spain]

Society for the Study of Pain, Nigeria
Sri Lanka Association for the Study of Pain
Thai Association for the Study of Pain
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SPRM

ISPRM Office

Rue Francgois Versonnex 7
1207 Geneva

Switzerland

18 November, 2016
To: WHO Expert Committee on
Selection and Use of Essential
Medicines

Re: Endorsement letter advocating gabapentin

To whom it may concern,

The International Society of Physical and Rehabilitation Medicine (ISPRM) strongly supports the
inclusion of gabapentin for the management of neuropathic pain in the WHO Model List of Essential
Medicines.

Currently, amitriptyline is the only medicine that the WHO Model List of Essential Medicines
recommends as a first or second-line treatment in the management of neuropathic pain. Unfortunately,
limiting treatment to amitriptyline reduces medical options when initial treatment fails or
contraindications arise.

ISPRM believes it is important to include gabapentin on the WHO list because of its proven efficacy in
managing neuropathic pain. Moreover, gabapentin can be used alone or in combination with
amitriptyline; it is available off-patent worldwide; and it is a cost-effective treatment for many
conditions.

Therefore, we urge the 21st Expert Committee on the Selection and Use of Essential Medicines to
look favorably on the application by the International Association for the Study of Pain and the
International Association for Hospice and Palliative Care that seeks inclusion of gabapentin for the
treatment of neuropathic pain on the WHO Model List of Essential Medicines.

Sincerely yours,

Jorge Lains
ISPRM President

ISPRM Office
Rue Francois Versonnex 7 Tel: +41 22906 91 60 Email: isprmofficeldkenes.com
1207 Geneva, Switzerland Fax: +41 22 732 26 07 Website: www.isprm.org



WFSA

WORLD FEDERATION OF SOCIETIES OF

ANAESTHESIOLOGISTS

WFSA unites anaesthesiologists around the world to improve patient care and access to safe anaesthesia

07" November 2016

To Whom It May Concern:

The World Federation of Societies of Anaesthesiologists (WFSA) strongly supports
the inclusion of gabapentin for the management of neuropathic pain in the WHO
Model List of Essential Medicines.

The WFSA notes that neuropathic pain is poorly recognised throughout the world
and acknowledges that education in this area is needed for both diagnosis and
treatment.

Currently, amitriptyline is the only medicine that the WHO Model List of Essential
Medicines recommends as a first or second-line treatment in the management of
neuropathic pain. The WFSA believes it is important to include gabapentin as an
additional agent to the WHO list because of its proven efficacy in managing
neuropathic pain. Gabapentin can be used alone or in combination with amitriptyline;
it is available off-patent worldwide; and it is a cost-effective treatment for many
conditions causing neuropathic pain.

Therefore, we urge the 215 Expert Committee on the Selection and Use of Essential
Medicines to look favourably on the application by the International Association for
the Study of Pain and the International Association for Hospice and Palliative Care
that seeks inclusion of gabapentin for the treatment of neuropathic pain on the WHO
Model List of Essential Medicines.

Yours sincerely,

s G

Gonzalo Barreiro Roger Goucke
President WFSA Chair, Pain Management Committee

WEFSA Office, 21 Portland Place, London W1B 1PY, United Kingdom
Tel: +44 20 7631 8880 Email: admin@wfsahg.org Website: www.wfsahg.org

Registered as an Association in the Netherlands 34318914, Non-Profit 501 (c) (3) in the USA
WEFSA (UK) is a Charity in England and Wales 1166545



THE WORLD MEDICAL ASSOCIATION, INC.

L’ASSOCIATION MEDICALE MONDIALE, INC
ASOCIACION MEDICA MUNDIAL, INC

WAMA

14 November 2016

To Whom It May Concern:

The World Medical Association (WMA) strongly supports the inclusion of gabapentin for the
management of neuropathic pain in the WHO Model List of Essential Medicines.

Currently, amitriptyline is the only medicine that the WHO Model List of Essential Medicines
recommends as a first or second-line treatment in the management of neuropathic pain.
Unfortunately, limiting treatment to amitriptyline reduces medical options when initial treatment
fails or contraindications arise.

It is important to include gabapentin on the WHO list because of its proven efficacy in managing
neuropathic pain. Moreover, gabapentin can be used alone or in combination with amitriptyline;
it is available off-patent worldwide; and it is a cost-effective treatment for many conditions. The
inclusion of Gabapentin in WHO Essential Medicines List is no replacement of opioids, both
being necessary for the treatment of pain in general.

Therefore, the WMA respectfully recommends to the 21* Expert Committee on the Selection and
Use of Essential Medicines to look favourably on the application by the International
Association for the Study of Pain and the International Association for Hospice and Palliative
Care that seeks inclusion of gabapentin for the treatment of neuropathic pain on the WHO Model
List of Essential Medicines.

Yours sincerely,

v

Dr. Otmar Kloiber
Secretary General

CIB Immeuble A "Le Keynes" Website T www.wma.net Postal Address :

13-A Chemin du Levant Telephone 1(33)450407575 CS 5001

01210 FERNEY-VOLTAIRE Fax 1 (83) 4 50 40 59 37 01210 FERNEY-VOLTAIRE
France E-mail address  : wma@wma.net France
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International Association for the Study of Pain

IASP

Working together for pain relief

November 28, 2016
To Whom It May Concern:

The International Association for the Study of Pain and its affiliated
chapters listed below strongly support the inclusion of gabapentin for the
management of neuropathic pain in the WHO Model List of Essential
Medicines.

Currently, amitriptyline is the only medicine that the WHO Model List of
Essential Medicines recommends as a first or second-line treatment in
the management of neuropathic pain. Unfortunately, limiting treatment
to amitriptyline reduces medical options when initial treatment fails or
contraindications arise.

IASP and each organization below believe it is important to include
gabapentin on the WHO list because of its proven efficacy in managing
neuropathic pain. Moreover, gabapentin can be used alone or in
combination with amitriptyline; it is available off-patent worldwide; and
it is a cost-effective treatment for many conditions.

IASP and the 30 affiliated chapters below champion pain relief
worldwide, and represent pain researchers and clinicians across six
continents and a full range of low-, middle-, and high-income economies.
We urge the 21°' Expert Committee on the Selection and Use of Essential
Medicines to look favorably on the application by the International
Association for the Study of Pain and the International Association for
Hospice and Palliative Care that seeks inclusion of gabapentin for the
treatment of neuropathic pain on the WHO Model List of Essential
Medicines.

Sincerely,

L /)gr,.a Q. Urerer O8O
/

Judith A. Turner, PhD
President



International Association for the Study of Pain
Chapter Support - EML Gabapentin

IASP Chapters around the world in support of the adding gabapentin to the Essential Medicines List

American Pain Society

Asociacion Chilena para el Estudio del Dolor (ACHED) [Chile]
Asociacion Dominicana para el Estudio y Tratamiento del Dolor y Cuidados Paliativos [Dominican Republic]
Asociacion Istmenia para el Estudio del Dolor (AIPED) [Panamal
Australian Pain Society

Austrian Pain Society (Osterreichische Schmerzgesellschaft 0SG)
Bangladesh Society for Study of Pain (BSSP)

Belgian Pain Society (BPS)

British Pain Society

Chinese Association for the Study of Pain (CASP)

Croatian Pain Society

Dutch Pain Society

German Pain Society

Hong Kong Pain Society

Indian Society for Study of Pain

Iranian Pain Society

Irish Pain Society

Lebanese Society for the Study of Pain (LSSP)

Lithuanian Pain Society

Malaysian Association for the Study of Pain

New Zealand Pain Society

Pain Society of the Philippines

PainSA [South Africa]

Professional Health Association — Pain Section, Kosovo

Saudi Society of Pain Medicine

Serbian Pain Association of Pain Research and Treatment
Sociedad Espafiola Del Dolor [Spain]

Society for the Study of Pain, Nigeria

Sri Lanka Association for the Study of Pain

Thai Association for the Study of Pain



Appendix 2

Description and bias assessment of studies included in GRADE assessment

Adapted from: Moore RA, Wiffen PJ, Derry S, Toelle T, Rice ASC. Gabapentin for
chronic neuropathic pain and fibromyalgia in adults. Cochrane Database of Systematic
Reviews 4: CD007938, 2014. DOI: 10.1002/14651858.CD007938.pub3


http://dx.doi.org/10.1002/14651858.CD007938.pub3

BACKONJA 1998

Backonja M, Beydoun A, Edwards KR, Schwartz SL, Fonseca V, Hes M, et al. Gabapentin
for the symptomatic treatment of painful neuropathy in patients with diabetes mellitus: a
randomized controlled trial. JAMA 1998;280 (21):1831-6. [PMID: 9846777]

Description

Methods Multicentre, randomised, double-blind, placebo-controlled, parallel-
group, not enriched, LOCF
Titration to maximum tolerated dose or 3600 mg daily over 4 weeks,
then stable dose for 4 weeks (8 weeks in total)

Pain assessment 0-10 numerical pain rating scale (minimum baseline pain: 4/10)

Participants Painful diabetic neuropathy. N = 165, mean age 53 years, 40%
women. Pain duration > 3 months before treatment, initial mean pain
score 6.4/10

Interventions Gabapentin 3600 mg daily (max), n = 84
Placebo, n = 81
Medication for diabetes control remained stable during study.
Paracetamol (max 3 g daily) allowed

Outcomes PGIC much or moderately improved
= 50% reduction in pain (CTR)
PGIC much improved (CTR)
PGIC moderately or much improved (CTR)
Adverse events
Withdrawals

Notes Oxford Quality Score: R=2,DB=2,W =1, Total =5
Registration/protocol: Parke Davis/Pfizer 945-306 (unpublished
report no. RR430-00125)

ltem Authors’ judgement Description

Allocation Unclear Not reported

concealment?

Blinding? Yes “supplied in identical capsules in blinded

All outcomes fashion”. “All participants were supplied with
an equal number of capsules”

Incomplete outcome Unclear LOCF

data addressed?

Size Unclear 165

Efficacy

Study duration Yes 8 weeks

Efficacy

Outcomes reported Yes At least 50% reduction in pain

Adequate statistical Yes Minimum sample size: 75 per arm (90%

power power to detect 30% difference between

gabapentin and placebo)
DB: Double-blind; LOCF: Last observation carried forward; PGIC: Patients Global
Impression of Change; R: Randomisation; W: Withdrawals and dropouts




BONE 2002

Bone M, Critchley P, Buggy DJ. Gabapentin in postamputation phantom limb pain: a
randomized, double- blind, placebo-controlled, cross-over study. Regional Anesthesia and
Pain Medicine 2002;27(5):481-6. [DOI: 10.1053/rapm.2002.35169]

Description
Methods

Randomised, double-blind, placebo-controlled, cross-over, not
enriched. No imputation method mentioned

Titration to maximum tolerated dose or 2400 mg daily over 1 week,
then stable dose for 5 weeks (6 weeks total); 1-week washout, then
cross-over

Pain assessment

0-100mm visual analogue scale (minimum baseline pain: 40/100)

Participants

Established phantom limb pain = 6 months, N = 19, mean age 56
years, 21% women. initial pain score 6.4/10
14 completed both treatment periods

Interventions Gabapentin 2400 mg daily (max)
Placebo
Paracetamol + codeine 500 mg/30mg (max 12 tablets daily) allowed
as rescue medication. Stable, low doses of TCAs continued
Outcomes No dichotomous efficacy data
Adverse events
Notes Oxford Quality Score: R=2,DB=2,W =1, Total =5
Registration/protocol: Not described
Risk of bias
ltem Authors’ judgement  Description
Allocation Unclear Not described - but probably OK - remote
concealment?
Blinding? Yes “‘identical, coded medication bottles
All outcomes containing identical tablets of gabapentin or
placebo”
Incomplete outcome Unclear No imputation mentioned
data addressed?
Size No 19 randomised
Efficacy
Study duration Unclear 6 weeks each period
Efficacy
Outcomes reported No No dichotomous data
Adequate statistical Yes Minimum sample size: 16 (80% power to

power

detect 20mm change on VAS)

DB: Double-blind; R: Randomisation; W: Withdrawals and dropouts



CTR 945-1008

Anonymous. Protocol A9451008. A 15 Week, randomized, double-blind, placebo-controlled,
parallel-group, multi- center study of Neurontin (gabapentin) for efficacy and quality of life in
patients with painful diabetic peripheral neuropathy. PhrmaWebSynopsis - Final 2 June

2005.

Description

Methods

Multicentre, randomised, double-blind, placebo-controlled, parallel-
group, no obvious enrichment, LOCF

Titration from 300 mg/day to maximum tolerated dose or 3600 mg
daily over 3 weeks, then stable dose for 12 weeks (15 weeks total)

Pain assessment

0-100mm visual analogue scale (minimum baseline pain: 40/100)

Participants

Painful diabetic neuropathy. N =389, mean age 58 years, “more men
than women”. Pain duration > 3 months

Interventions

Gabapentin 3600 mg daily (max), n = 200
Placebo, n =189

Outcomes

= 30% reduction in pain
= 50% reduction in pain
Adverse events
Withdrawals

Notes

Oxford Quality Score: R=1,DB=2, W =1, Total =4
Registration/protocol: Protocol A9451008

Risk of bias

ltem Authors’ judgement  Description
Allocation Unclear Not described
concealment?

Blinding? Yes Matching placebo
All outcomes

Incomplete outcome Unclear LOCF

data addressed?

Size Yes 389 randomised
Efficacy

Study duration Unclear 14 weeks
Efficacy

Outcomes reported Yes At least 50% reduction in pain
Adequate statistical Unclear Not described

power

DB: Double-blind; LOCF: Last observation carried forward; R: Randomisation; W:
Withdrawals and dropouts



GILRON 2005

Gilron 1, Bailey JM, Tu D, Holden RR, Weaver DF, Houlden RL. Morphine, gabapentin, or
their combination for neuropathic pain. New England Journal of Medicine
2005;352(13):1324-34. [PMID: 15800228]

Description
Methods

Randomised, double-blind, placebo-controlled 4-period cross-over,
no enrichment. No imputation method mentioned (but if half of
scores missing, outcome considered missing)

Titration to target doses or limit of tolerability over 3 weeks, then
stable dose for 1 week, and tapered dose for 1 week (5 weeks in
total); 3-day washout and cross-over to next treatment

Pain assessment

0-10 numerical pain rating scale (minimum baseline score: daily
moderate pain)

Participants

PDN and PHN. N = 57, median age 62 years, 44% women. Pain =
moderate for 3 months, initial mean pain score 5.8/10

Interventions Gabapentin 3200 mg daily (max)
Morphine 120 mg daily (max)
Gabapentin plus morphine 2400 mg/60 mg daily (max)
Placebo (lorazepam) 1.6 mg
Mean maximum tolerated doses: gabapentin alone 2207 + 89 mg,
morphine alone 45. 3 + 3.9 mg, gabapentin + morphine 1705 + 83 +
34.4+2.6 mg

Outcomes Pain relief for those completing a given treatment (5-point scale)
Withdrawals

Notes Oxford Quality Score:R=2,DB=2,W =1, Total =5

Registration/protocol: Not described

ltem Authors’ judgement Description

Allocation Yes “concealed allocation schedule” prepared
concealment? remotely

Blinding? Yes “identical appearing blue and grey capsules

All outcomes

.... in accord with a double-dummy design”

Incomplete outcome Unclear Imputation not mentioned

data addressed?

Size No Although 57 randomised, data available 40-
Efficacy 44 completing a given treatment

Study duration Unclear 5 weeks each period

Efficacy

Outcomes reported Unclear At least moderate pain relief

Adequate statistical
power

Yes Minimum sample size: 40 (80% power to
detect 1-point change on NRS)

DB: Double-blind; R: Randomisation; W: Withdrawals and dropouts



GORDH 2008

Gordh TE, Stubhaug A, Jensen TS, Arner S, Biber B, Boivie J, et al. Gabapentin in traumatic
nerve injury pain: a randomized, double-blind, placebo-controlled, cross- over, multi-center
study. Pain 2008;138(2):255—66. [DOI: 10.1016/j.pain.2007.12.011]

Description
Methods Multicentre, randomised, double-blind, placebo-controlled, cross-
over, not enriched. No imputation method mentioned
Titration over 2 weeks from 300 mg to maximum pain relief at a
tolerable dose or 2400 mg daily, then stable dose for 3 weeks (5
weeks total); 3-week washout, then cross-over
Pain assessment 0-100mm visual analogue scale (minimum baseline pain: 30/100)
Participants Peripheral nerve injury with pain = 6 months. N = 120, mean age 49
years, 53% women.
Initial pain intensity 53/100
Efficacy analysis based on 98 who completed both treatment periods
Interventions Gabapentin 2400 mg daily (max)
Placebo
Mean daily dose of gabapentin 2243 + 402 mg
Paracetamol + codeine and dextropropoxyphene permitted as
rescue medication
Analgesics and NSAIDs used by ~50% during study
Outcomes = 50% pain relief (weekly mean pain score)
= 30% pain relief
Marked pain relief (5-point scale)
Marked or moderate pain relief (5-point scale)
Adverse events
Withdrawals
Notes Oxford Quality Score: R=2,DB=2,W =1, Total =5
Registration/protocol: Not described

ltem Authors’ judgement Description

Allocation Yes Central, remote allocation, “sealed code
concealment? envelope”

Blinding? Yes “capsules that were identical in appearance”
All outcomes

Incomplete outcome Unclear Imputation not mentioned

data addressed?

Size Unclear 120 randomised

Efficacy

Study duration Unclear 5-week period

Efficacy

Outcomes reported Yes At least 50% reduction in pain

Adequate statistical Yes Minimum sample size: 80 (80% power to
power detect 11mm change on VAS)

DB: Double-blind; R: Randomisation; W: Withdrawals and dropouts



GORSON 1999

Gorson KC, Schott C, Herman R, Ropper AH. Gabapentin in the treatment of painful diabetic
neuropathy: a placebo controlled, double blind, crossover trial. Journal of Neurology,
Neurosurgery and Psychiatry 1999;66:251-2. [PMID: 10071116]

Description
Methods

Randomised, double-blind, placebo-controlled, cross-over, not
enriched. No imputation method mentioned

Titration over 3 days to 900 mg, then fixed dose for remainder of 6-
week period; 3-week washout, then cross-over

Pain assessment

0-10 numerical pain rating scale (minimum baseline pain: daily
moderate pain)

Participants

Painful diabetic neuropathy 1 to 5 years, pain = moderate for over 3
months. N = 40, mean age 62 years, 23% women.
Initial pain intensity not reported

Interventions

Gabapentin 900 mg, n = 19 (first phase)

Placebo, n = 21 (first phase)

Medication for diabetes control remained stable during study. Stable
doses of NSAID or narcotics allowed

Outcomes

Pain relief at end of treatment (4-point global score) moderate or
excellent
Adverse events

Notes

Risk of bias

Oxford Quality Score:R=1,DB=1,W =0, Total =3
Registration/protocol: Not described

Other: No separate data for first period, small group sizes, non-
standard global scale

ltem Authors’ judgement  Description

Allocation Unclear Not reported

concealment?

Blinding? Unclear Not reported

All outcomes

Incomplete outcome Unclear Imputation not mentioned

data addressed?

Size No 40 randomised

Efficacy

Study duration Unclear 6-week period

Efficacy

Outcomes reported Unclear Moderate or excellent pain relief
Adequate statistical Yes Minimum sample size: 40 (80% power to

power

detect a 20% reduction in pain score)

DB: Double-blind; NSAID: Non-steroidal anti-inflammatory drug; R: Randomisation; W:
Withdrawals and dropouts



HAHN 2004

Hahn K, Arendt G, Braun JS, von Giesen HJ, Husstedt IW, et al. German Neuro-AIDS
Working Group. A placebo- controlled trial of gabapentin for painful HIV-associated sensory
neuropathies. Journal of Neurology 2004;251(10): 1260-6. [DOI: 10.1007/s00415-004-0529-

6]

Description
Methods

Randomised, double-blind, placebo-controlled, parallel-group, not
enriched. No imputation method mentioned

Titration over 2 weeks to adequate pain relief or 2400 mg daily, then
stable dose for 2 weeks (4 weeks in total)

Pain assessment

0-100mm visual analogue scale (minimum baseline pain: not
described)

Participants

Painful HIV sensory neuropathy by standard definitions. N = 26,
mean age 45 years, 23% women.
Initial mean pain score 4.9/10 (lower limit of range 1.5)

Interventions

Gabapentin 2400 mg daily (max), n = 15 (10 participants took max
dose)
Placebo, n = 11

Outcomes

No dichotomous efficacy data
Adverse events
Withdrawals

Notes

Oxford Quality Score: R=2,DB=2,W =1, Total=5
Registration/protocol: Not described

ltem Authors’ judgement Description

Allocation Yes Remote allocation
concealment?

Blinding? Yes “identically appearing capsules”

All outcomes

Incomplete outcome Unclear Imputation not mentioned
data addressed?

Size No 26 randomised

Efficacy

Study duration Unclear 4 weeks

Efficacy

Outcomes reported No No dichotomous data
Adequate statistical Unclear Not described

power

DB: Double-blind; R: Randomisation; W: Withdrawals and dropouts



LEVENDOGLU 2004

Levendoglu F, Ogun CO, Ozerbil O, Ogun TC, Ugurlu H. Gabapentin is a first line drug for
the treatment of neuropathic pain in spinal cord injury. Spine 2004;29(7): 743-51. [DOI:
10.1097/01.BRS.0000112068.16108.3A]

Description

Methods Randomised, double-blind, placebo-controlled, cross-over, not
enriched. No imputation method mentioned
Titration to limit of tolerability or maximum of 3600 mg over 4 weeks,
then stable dose for remainder of 8-week period; 2-week washout
then cross-over

Pain assessment 0-10 numerical pain rating scale (minimum baseline pain: 4/10)

Participants Complete traumatic SCI at lumbar or thoracic level. N = 20, mean
age 36 years, 35% women. Pain duration before treatment = 6
months, initial average daily pain 9/10

Interventions Gabapentin 3600 mg daily (max)
Placebo
Mean max tolerated dose of gabapentin 2850 + 751 mg
No concurrent analgesics allowed

Outcomes Pain reduction (mean data only)
Adverse events Withdrawals

Notes Oxford Quality Score: R=1,DB=2,W =1, Total =4
Registration/protocol: Not described

Risk of bias

ltem Authors’ judgement  Description

Allocation Unclear Not reported

concealment?

Blinding? Yes “identically appearing capsules”

All outcomes

Incomplete outcome Unclear Imputation not mentioned

data addressed?

Size No 20 randomised

Efficacy

Study duration Yes 8-week period

Efficacy

Outcomes reported No No dichotomous data

Adequate statistical Yes Minimum sample size: 17 (80% power to

power detect 3-point change on NRS)

DB: Double-blind; LOCF: Last observation carried forward; PGIC: Patients Global
Impression of Change; R: Randomisation; W: Withdrawals and dropouts



RICE 2001

Rice AS, Maton S, Postherpetic Neuralgia Study Group. Gabapentin in postherpetic
neuralgia: a randomised, double blind, placebo controlled study. Pain 2001;94(2):215-24.
[DOI: 10.1016/S0304-3959(01)00407-9]

Description
Methods

Multicentre, randomised, double-blind, placebo-controlled, parallel-
group, partial enrichment, LOCF

4 day forced titration, then further titration over 2 weeks to target
dose, and stable dose for 4 weeks (7 weeks in total). Participants
unable to tolerate dosing regimen were withdrawn

Pain assessment

0-10 numerical pain rating scale (minimum baseline pain: 4/10)

Participants

Postherpetic neuralgia. N = 334, median age 75 years, 59% women.
Pain > 3 months after healing of rash, initial average daily pain
6.5/10

Interventions Gabapentin 1800 mg daily, n =115
Gabapentin 2400 mg daily, n = 108
Placebo, n = 111
Outcomes = 50% reduction in mean pain score
PGIC much or very much improved
PGIC much and very much improved (CTR)
Adverse events
Withdrawals
Notes Oxford Quality Score: R=2,DB=2,W =1, Total =5

Risk of bias

Registration/protocol: Parke-Davis 945-295 (unpublished report no.
RR-430-00124 2000)

ltem Authors’ judgement  Description

Allocation Yes List held securely and released only after
concealment? study completion

Blinding? Yes “identical-appearing capsules”

All outcomes

Incomplete outcome Unclear LOCF

data addressed?

Size Yes 334 randomised

Efficacy

Study duration Unclear 7-week period

Efficacy

Outcomes reported Yes At least 50% reduction in pain
Adequate statistical Yes Total sample size: 334 (95% power to

power

detect 1-point change on NRS; post-hoc)

DB: Double-blind; LOCF: Last observation carried forward; PGIC: Patients Global
Impression of Change; R: Randomisation; W: Withdrawals and dropouts



RINTALA 2007

Rintala DH, Holmes SA, Courtade D, Fiess RN, Tastard LV, Loubser PG. Comparison of the
effectiveness of amitriptyline and gabapentin on chronic neuropathic pain in persons with
spinal cord injury. Archives of Physical Medicine and Rehabilitation 2007;88(12):1547-60.
[DOI: 10.1016/j.apmr.2007.07.038]

Description

Methods Randomised, double-blind, placebo-controlled, 3-way cross-over, not
enriched. No imputation method mentioned
Titration over 4 weeks to pain control, limit of tolerability, or
maximum amitriptyline 150 mg daily, gabapentin 3600 mg daily, then
stable dose for remainder of 8-week period; 1-week washout then

cross-over

Analysis for completers only
Pain assessment 0-100mm visual analogue scale (minimum baseline pain: 50/100)
Participants SCI at any level and degree of completeness. N = 38, only 22

patients completed all three cross-overs. Mean age 43 years, 9%
women. Pain duration before treatment > 6 months, initial pain
intensity 5.6/10

Interventions Amitriptyline 150 mg daily (max)
Gabapentin 3600 mg daily (max)
Placebo (diphenhydramine) 75 mg daily
Oxycodone + paracetamol 5/325 mg (max 8 tablets daily) allowed for
rescue medication

Outcomes No dichotomous data for efficacy or harm
Withdrawals
Notes Oxford Quality Score: R=2,DB=2, W=1, Total =5

Registration/protocol: Not described

ltem Authors’ judgement Description

Allocation Yes Prepared, packaged and labelled by

concealment? remote, commercial compounding
pharmacy

Blinding? Yes “‘identical capsules”

All outcomes

Incomplete outcome No Completers only

data addressed?

Size No 38 randomised

Efficacy

Study duration Yes 8-week period

Efficacy

Outcomes reported No No dichotomous data

Adequate statistical No Minimum sample size: 31 (80% power to

power detect an 18mm change on VAS)

DB: Double-blind; R: Randomisation; W: Withdrawals and dropouts



ROWBOTHAM 1998

Rowbotham M,Harden N,Stacey B,Bernstein P,Magnus-Miller L. Gabapentin for the
treatment of postherpetic neuralgia: a randomized controlled trial. JAMA 1998;280
(21):1837—42. [PMID: 9846778]

Description

Methods Multicentre, randomised, double-blind, placebo-controlled, parallel-
group, no enrichment, LOCF
4-week titration to maximum tolerated dose, or 3600 mg then stable
dose for 4 weeks (8 weeks in total)

Pain assessment 0-10 numerical pain rating scale (minimum baseline pain: 4/10)

Participants Postherpetic neuralgia. N = 229, median age 73 years, 48% women.
Pain > 3 months after healing of rash, initial average daily pain
6.4/10

Interventions Gabapentin 3600 mg daily (max), n = 113. (83% had > 2400 mg
daily)
Placebo, n = 116

Outcomes PGIC moderate or much improved

PGIC CTR moderate and much improved
No change in pain
SF36 and QoL
Adverse events
Withdrawals
Notes Oxford Quality Score: R=1,DB =2, W =1, Total =3
Registration/protocol: Parke-Davis 945-211 (unpublished report no.
RR-995-00070 1998)

ltem Authors’ judgement  Description

Allocation Yes “subject-specific bottles based on
concealment? randomisation schedule”

Blinding? Yes “identically appearing capsules”

All outcomes

Incomplete outcome Unclear LOCF

data addressed?

Size Yes 229 randomised

Efficacy

Study duration Yes 8-week period

Efficacy

Outcomes reported Yes PGIC much improved (top level)
Adequate statistical Yes Minimum sample size: 80 per arm (80%
power power to detect 1.5-point change in NRS)

DB: Double-blind; LOCF: Last observation carried forward; PGIC: Patients Global
Impression of Change; R: Randomisation; W: Withdrawals and dropouts



SERPELL 2002

Serpell MG, Neuropathic pain study group. Gabapentin in neuropathic pain syndromes: a
randomised, double- blind, placebo-controlled trial. Pain 2002;99(3):557-66. [DOI:
10.1016/S0304-3959(02)00255-5]

Description
Methods

Multicentre, randomised, double-blind, placebo-controlled,
parallel-group, partial enrichment. No imputation method
mentioned. Patients withdrawing due to lack of efficacy were
defined as non-responders (n = 6), but treatment of substantial
AE withdrawals (n = 49) and all-cause withdrawals (n = 73) not
reported

Titration over 5 weeks from 900 mg daily until pain controlled, or
to maximum of 2400 mg daily, then fixed dose (8 weeks in total)

Pain assessment

0-10 numerical pain rating scale (minimum baseline pain: 4/10)

Participants

Mixed neuropathic pain, most common conditions were CRPS
(28%), PHN (14%). N = 305, median age 57 years, 53% women.
Initial mean pain score 7.2/10

Excluded: individuals who had previously failed to respond to
gabapentin at > 900 mg daily, or had experienced intolerable
side effects at any dose

Interventions Gabapentin 2400 mg daily (max), n = 153
Placebo, n = 152
101 took 2400 mg, 189 took 1800 mg, 27 took 900 mg
Stable antidepressant therapy and NSAID/opioid therapy for
other conditions allowed
Paracetamol 500 mg/codeine 30 mg or paracetamol 500 mg
(max 8 tablets daily) allowed as rescue medication
Outcomes > 50% reduction in pain
PGIC much or very much improved
PGIC much improved and very much improved (CTR)
Adverse events
Withdrawals
Notes Oxford Quality Score: R=2,DB=2, W=1, Total =5
Registration/protocol: Parke Davis/Pfizer 945-430-306
Risk of bias
ltem Authors’ judgement Description
Allocation Yes Randomisation list centrally held -
concealment? remote allocation
Blinding? Yes “‘identical capsules”

All outcomes

Incomplete outcome Unclear Imputation not mentioned
data addressed?

Size Yes 305 randomised

Efficacy

Study duration Yes 8-week period

Efficacy

Outcomes reported Yes At least 50% reduction in pain
Adequate statistical Unclear Not described

power

AE: Adverse events; DB: Double-blind; PGIC: Patients Global Impression of Change; R:
Randomisation; W: Withdrawals and dropouts



SIMPSON 2001
Simpson DA. Gabapentin and venlafaxine for the treatment of painful diabetic neuropathy.
Journal of Clinical Neuromuscular Disease 2001;3(2):53—62. [PMID: 19078655]

Description

Methods Randomised, double-blind, placebo-controlled, parallel-group, not
obviously enriched (part 1 of study only)
Titration over 4 weeks to maximum tolerated dose, then stable dose
for 4 weeks (8 weeks in total)

Pain assessment 0-10 numerical pain rating scale (minimum pain score: 4/10)

Participants Painful diabetic neuropathy. N = 60, mean age 50 years, 40%
female. Pain duration > 3 months before treatment, initial pain score
6.5/10

Interventions Gabapentin 3600 mg daily (max), n = 30
Placebo, n = 30

Outcomes PGIC moderate or much improved
Adverse events
Withdrawals

Notes Oxford Quality Score: R=1,DB=1,W =1, Total =3
Registration/protocol: Not described

ltem Authors’ judgement  Description

Allocation Unclear Not reported

concealment?

Blinding? Unclear Not reported

All outcomes

Incomplete outcome Unclear Imputation not mentioned

data addressed?

Efficacy

Size Unclear 60 randomised

Efficacy

Study duration Yes 8-week period

Efficacy

Outcomes reported Unclear Moderate or much improved

Adequate statistical Unclear Not described

power

DB: Double-blind; PGIC: Patients Global Impression of Change; R: Randomisation; W:
Withdrawals and dropouts



SMITH 2005
Smith DG, Ehde DM, Hanley MA, Campbell KM, Jensen MP, Hoffman AJ, et al. Efficacy of
gabapentin in treating chronic phantom limb and residual limb pain. Journalof Rehabilitation

Research and Development 2005;42(5): 645-54. [DOI: 10.1682/JRRD.2005.05.0082]

Description
Methods

Randomised, double-blind, placebo-controlled, cross-over, no
enrichment. No imputation method mentioned

Titration in 300 mg increments every 2 to 3 days until pain intensity
of0 or uncomfortable side effects, or maximum 3600 mg daily, then
stable dose for remainder of 6-week treatment period, followed by
titration off medication in week 7; 5-week washout, then cross-over

Pain assessment

0-10 numerical pain rating scale (minimum baseline pain: 3/10)

Participants

Phantom limb pain and residual limb pain. N = 24, mean age 52

years, 25% women.

Time since amputation > 6 months, initial pain intensity 4.4/10

Interventions Gabapentin 3600 mg daily (max), (19/24 took max dose)
Placebo

Outcomes Meaningful decrease in pain (5-point scale)

Notes Oxford Quality Score: R=2,DB =2, W =0, Total =4

Registration/protocol: Not described
Risk of bias

ltem Authors’ judgement Description

Allocation Unclear Not described
concealment?

Blinding? Yes “capsules that were identical in appearance”
All outcomes

Incomplete outcome Unclear Imputation not mentioned
data addressed?

Efficacy

Size No 24 randomised

Efficacy

Study duration Unclear 6-week period

Efficacy

Outcomes reported Unclear Meaningful decrease in pain
Adequate statistical Unclear No described

power

DB: Double-blind; R: Randomisation; W: Withdrawals and dropouts



Appendix 3

Summary of outcomes of studies included in GRADE assessment

Adapted from: Moore RA, Wiffen PJ, Derry S, Toelle T, Rice ASC. Gabapentin for
chronic neuropathic pain and fibromyalgia in adults. Cochrane Database of Systematic
Reviews 4: CD007938, 2014. DOI: 10.1002/14651858.CD007938.pub3


http://dx.doi.org/10.1002/14651858.CD007938.pub3

BACKONJA 1998

Backonja M, Beydoun A, Edwards KR, Schwartz SL, Fonseca V, Hes M, et al. Gabapentin
for the symptomatic treatment of painful neuropathy in patients with diabetes mellitus: a
randomized controlled trial. JAMA 1998;280 (21):1831-6. [PMID: 9846777]

Withdrawals

Efficacy

Adverse events

Adverse events

(CELEED) (specific)

All-cause withdrawal
Gabapentin 14/84
Placebo 16/81

AE withdrawal
Gabapentin 7/84
Placebo 5/81

LoE withdrawal
Gabapentin 1/84
Placebo 5/81

Difference in end-
point mean pain
score (placebo -
gabapentin):

-1.2 (95% CI: -1.9 to
-0.6)

PGIC much or
moderately improved
Gabapentin 47/84
Placebo 25/81

At least 50%
reduction in pain
(CTR)
Gabapentin 39/84
Placebo 16/81

PGIC much improved
(CTR)

Gabapentin 33/84
Placebo 12/81

PGIC moderately or
much improved
(CTR)

Gabapentin 47/84
Placebo 25/81

At least one AE Dizziness
Gabapentin 70/84 Gabapentin 20/84
Placebo 54/81 Placebo 4/81
Serious AE Somnolence
Gabapentin 3/84 Gabapentin 19/84
Placebo 2/81 Placebo 5/81
Deaths

Gabapentin 0/84

Placebo 0/81

AE: Adverse event; LoE: Lack of effect; PGIC

: Patient Global Impression of Change




BONE 2002

Bone M, Critchley P, Buggy DJ. Gabapentin in postamputation phantom limb pain: a
randomized, double- blind, placebo-controlled, cross-over study. Regional Anesthesia and
Pain Medicine 2002;27(5):481-6. [DOI: 10.1053/rapm.2002.35169]

Withdrawals Efficacy Adverse events Adverse events
(CELEED) (specific)
No data on where No dichotomous data | No data Somnolence
withdrawals occurred | Significant benefit for Gabapentin: 7/19
gabapentin by week 6 Placebo: 2/19
for pain.
Dizziness
Change in average Gabapentin: 2/19
weekly pain score Placebo: 1/19
between baseline and
end-point (gabapentin
vs placebo):
-3.2(SD:2.1) vs -1.6
(SD:0.7)




CTR 945-1008

Anonymous. Protocol A9451008. A 15 Week, randomized, double-blind, placebo-controlled,
parallel-group, multi- center study of Neurontin (gabapentin) for efficacy and quality of life in
patients with painful diabetic peripheral neuropathy. PhrmaWebSynopsis - Final 2 June

2005.

Withdrawals

Efficacy

Adverse events

Adverse events

All-cause withdrawal

Gabapentin 64/200
Placebo 54/189

AE withdrawal
Gabapentin 27/200
Placebo 18/189

LoE withdrawal
Gabapentin 1/200
Placebo 4/189

At least 30%

reduction in pain
Gabapentin 113/200
Placebo 77/189

At least 50%
reduction in pain
Gabapentin 77/200
Placebo 46/189

(CELEED)
At least one AE

Gabapentin: 159/200
Placebo: 126/189

Serious AE
Gabapentin: 15/200
Placebo: 15/189

Deaths
Gabapentin: 1/200
Placebo: 1/189

(specific)

Somnolence
Gabapentin: 31/200
Placebo: 8/189

Dizziness
Gabapentin: 38/200
Placebo: 15/189

Asthenia
Gabapentin: 22/200
Placebo: 8/189

Peripheral oedema
Gabapentin: 33/200
Placebo: 7/189

AE: Adverse event; LoE: Lack of effect




GILRON 2005

Gilron |, Bailey JM, Tu D, Holden RR, Weaver DF, Houlden RL. Morphine, gabapentin, or
their combination for neuropathic pain. New England Journal of Medicine
2005;352(13):1324-34. [PMID: 15800228]

Withdrawals Efficacy Adverse events Adverse events
(CELEE) (specific)

16 withdrawals At least moderate pain relief (5- | Not interpretable | Not interpretable

during treatment point scale) for those completing

a given treatment
Gabapentin: 27/44

Morphine: 35/44

Gabapentin + morphine: 32/41
Placebo: 13/42

Change in average weekly pain
score between baseline and
end-point (gapapentin vs
morphine vs morphine +
gabapentin vs placebo):
-1.6vs-20vs-2.7vs-1.2




GORDH 2008

Gordh TE, Stubhaug A, Jensen TS, Arner S, Biber B, Boivie J, et al. Gabapentin in traumatic
nerve injury pain: a randomized, double-blind, placebo-controlled, cross- over, multi-center
study. Pain 2008;138(2):255—66. [DOI: 10.1016/j.pain.2007.12.011]

Withdrawals

Efficacy

Adverse events

Adverse events

(CELEED) (specific)

All-cause withdrawal
Gabapentin: 11/120
Placebo: 11/120

AE withdrawal
Gabapentin: 7/120
Placebo: 3/120

LoE withdrawal
Gabapentin: 1/120
Placebo: 2/120

Marked pain relief
Gabapentin: 18/98
Placebo: 5/98

Marked or moderate
pain relief
Gabapentin: 31/98
Placebo: 14/98

No pain relief
Gabapentin: 54/98
Placebo: 70/98

At least 50% pain
relief

Gabapentin: 13/98
Placebo: 9/98

At least 30% pain
relief

Gabapentin: 29/98
Placebo: 19/98

Benefits from
gabapentin over
placebo for sleep and
some aspects of
quality of life

Change in average
weekly pain score
between baseline and
end-point (gabapentin
vs placebo): -7.2
(SD: 17.8) vs -6.9
(SD: 15.5) (study
period 1) and -5.1
(SD:11.6) vs -0.5
(SD: 9.7) (study
period 2)

Serious AE
Gabapentin: 5/120
Placebo: 1/120

Dizziness
Gabapentin: 39/120
Placebo: 9/120

AE: Adverse event; LoE: Lack of effect




GORSON 1999

Gorson KC, Schott C, Herman R, Ropper AH. Gabapentin in the treatment of painful diabetic
neuropathy: a placebo controlled, double blind, crossover trial. Journal of Neurology,

Neurosurgery and Psychiatry 1999;66:251-2. [PMID: 10071116]

Efficac

Moderate or excellent pain relief
Gabapentin: 17/40

Placebo: 9/40

Difference in change in pain score between
gabapentin and placebo:
0.4 (95% CI: 0.1 t0 0.5)

Adverse events (general) |

At least one AE
Gabapentin: 12/40
Placebo: 4/40

Serious AE
Gabapentin: 0/40
Placebo: 0/40

Deaths (inferred)
Gabapentin: 0/40
Placebo: 0/40

AE: Adverse event; LoE: Lack of effect




HAHN 2004

Hahn K, Arendt G, Braun JS, von Giesen HJ, Husstedt IW, et al. German Neuro-AIDS
Working Group. A placebo- controlled trial of gabapentin for painful HIV-associated sensory
neuropathies. Journal of Neurology 2004;251(10): 1260-6. [DOI: 10.1007/s00415-004-0529-

6]

Withdrawals

Efficacy

Adverse events

Adverse events

(CELEE) (specific)

All-cause withdrawal
Gabapentin: 1/15
Placebo: 1/11

AE withdrawal
Gabapentin: 1/15
Placebo: 0/11

Improvement in pain
and sleep
interference with
gabapentin and
placebo, with
sustained difference
in sleep but not pain.

Difference in median
weekly pain score
between baseline and
end-point (gabapentin
vs placebo):
-26vs-1.4

No serious AE or
deaths reported

Somnolence
Gabapentin: 12/15
Placebo: 2/11

Dizziness
Gabapentin: 9/15
Placebo: 5/11

Disturbed gait
Gabapentin: 7/15
Placebo: 3/11

AE: Adverse event




LEVENDOGLU 2004

Levendoglu F, Ogun CO, Ozerbil O, Ogun TC, Ugurlu H. Gabapentin is a first line drug for
the treatment of neuropathic pain in spinal cord injury. Spine 2004;29(7): 743-51. [DOI:
10.1097/01.BRS.0000112068.16108.3A]

Withdrawals

Efficacy

Adverse events

Adverse events

(CELEED) (specific)

All completed

Average fall in pain
Gabapentin: 62%
Placebo: 13%

Mean scores without
standard deviations.
No dichotomous
results.

Percent change in
pain score between
baseline and end-
point (gabapentin vs
placebo):

62% vs 12%

All-cause AE
Gabapentin: 13/20
Placebo: 5/20

Sedation
Gabapentin: 3/20
Placebo: 0/20

Oedema
Gabapentin: 3/20
Placebo: 0/20

AE: Adverse event




RICE 2001

Rice AS, Maton S, Postherpetic Neuralgia Study Group. Gabapentin in postherpetic
neuralgia: a randomised, double blind, placebo controlled study. Pain 2001;94(2):215-24.
[DOI: 10.1016/S0304-3959(01)00407-9]

Withdrawals

Efficacy

Adverse events

Adverse events

All-cause 22

Gaba 1800mg: 22
Gaba 2400mg: 23
Placebo: 17

AE withdrawal
Gaba 1800mg: 15
Gaba 2400mg: 19
Placebo: 7

LoE withdrawal
Gaba 1800mg: 4
Gaba 2400mg: 1
Placebo: 4

At least 50%

reduction in mean
pain score

Gaba 1800: 37/115
Gaba 2400: 37/108
Placebo: 16/111

PGIC very much or
much improved
Gaba 1800: 44/115
Gaba 2400: 42/108
Placebo: 24/111

PGIC very much
improved (CTR)
Gaba 1800: 18/115
Gaba 2400: 12/108
Placebo: 7/111

PGIC much improved
(CTR)

Gaba 1800: 26/115
Gaba 2400: 30/108
Placebo: 17/111

Change in average
weekly pain score
between baseline and
end-point (gabapentin
2400 mg vs
gabapentin 1800 mg
vs placebo):
-2.3vs-22vs-1.1

(CELETE)
At least one AE

Gaba 1800:81/115
Gaba 2400:81/108
Placebo: 55/111

Serious AE

Gaba 1800: 3/115
Gaba 2400: 1/108
Placebo: 1/111

Death

Gaba 1800: 0/115
Gaba 2400: 1/108
Placebo: 0/111

(specific)

Somnolence

Gaba 1800: 20/115
Gaba 2400: 22/108
Placebo: 7/111

Dizziness

Gaba 1800: 36/115
Gaba 2400: 36/108
Placebo: 11/111

Asthenia

Gaba 1800: 7/115
Gaba 2400: 6/108
Placebo: 4/111

Peripheral oedema
Gaba 1800: 6/115
Gaba 2400: 12/108
Placebo: 0/111

AE: Adverse event; LoE: Lack of effect; PGIC: Patient Global Impression of Change




RINTALA 2007

Rintala DH, Holmes SA, Courtade D, Fiess RN, Tastard LV, Loubser PG. Comparison of the
effectiveness of amitriptyline and gabapentin on chronic neuropathic pain in persons with
spinal cord injury. Archives of Physical Medicine and Rehabilitation 2007;88(12):1547—-60.
[DOI: 10.1016/j.apmr.2007.07.038]

Withdrawals

Efficacy

Adverse events

Adverse events

(CELEE) (specific)

16/38 withdrew

No dichotomous data.
The paper claims
statistical superiority
of amitriptyline over
gabapentin using
paired t-tests for 22
patients completing
all 3 phases. It also
claims no benefit of
gabapentin over
placebo.

Average pain rating
during the 8th week
of each study arm
(gabapentin vs
amitriptyline vs
placebo, baseline:
5.6):

49vs 3.5vs 5.1

No dichotomous data

No dichotomous data




ROWBOTHAM 1998

Rowbotham M,Harden N,Stacey B,Bernstein P,Magnus-Miller L. Gabapentin for the
treatment of postherpetic neuralgia: a randomized controlled trial. JAMA 1998;280
(21):1837—-42. [PMID: 9846778]

Withdrawals

Efficacy

Adverse events

Adverse events

(CELEE) (specific)

All-cause
Gabapentin: 24
Placebo: 21

AE withdrawal
Gabapentin: 21
Placebo: 14

LoE withdrawal
Gabapentin: 0
Placebo: 2

PGIC moderate or
much improved
Gabapentin: 47/113
Placebo: 14/116

PGIC CTR much
improved
Gabapentin: 21/113
Placebo: 6/116

PGIC CTR
moderately improved
Gabapentin: 26/113
Placebo: 8/116

No change in pain
Gabapentin: 23%
Placebo: 60%

No change/worse in
pain

Gabapentin: 26%
Placebo: 68%

At least one AE
Gabapentin: 84/113
Placebo: 60/116

Minor AE (treatment
related)
Gabapentin: 62/113
Placebo: 32/116

Serious AE
(treatment related)
Gabapentin: 0/113
(10/113 CTR)
Placebo: 0/116
(5/116 CTR)

Death:
Gabapentin: 0/113
Placebo: 1/116

Somnolence
Gabapentin: 31/113
Placebo: 6/116

Dizziness
Gabapentin: 27/113
Placebo: 6/116

Ataxia
Gabapentin: 8/113
Placebo: 0/116

Peripheral oedema
Gabapentin: 11/113
Placebo: 4/116

AE: Adverse event; LoE: Lack of effect; PGIC

: Patient Global Impression of Change




SERPELL 2002

Serpell MG, Neuropathic pain study group. Gabapentin in neuropathic pain syndromes: a
randomised, double- blind, placebo-controlled trial. Pain 2002;99(3):557-66. [DOI:
10.1016/S0304-3959(02)00255-5]

Withdrawals

Efficacy

Adverse events

Adverse events

(CELEED) (specific)

All-cause withdrawals
Gabapentin: 32/153
Placebo: 41/152

AE withdrawals
Gabapentin: 24/153
Placebo: 25/152

LoE withdrawals
Gabapentin: 1/153
Placebo: 5/152

At least 50%
reduction in pain
Gabapentin: 32/153
Placebo: 22/152

PGIC very much or
much improved
Gabapentin: 48/153
Placebo: 22/152

PGIC very much
improved CTR
Gabapentin: 18/153
Placebo: 9/152

PGIC much improved
CTR

Gabapentin: 30/153
Placebo: 13/152

Change in average
weekly pain score
between baseline and
end-point (gapapentin
vs placebo):
-1.5vs-1.0

At least one AE
Gabapentin: 117/153
Placebo: 103/152

Serious AE
Gabapentin: 4/153
Placebo: 4/152

Deaths
Gabapentin: 0/153
Placebo: 2/152

Somnolence
Gabapentin: 22/153
Placebo: 8/152

Dizziness
Gabapentin: 37/153
Placebo: 12/152

AE: Adverse event; LoE: Lack of effect; PGIC: Patient Global Impression of Change




SIMPSON 2001

Simpson DA. Gabapentin and venlafaxine for the treatment of painful diabetic neuropathy.
Journal of Clinical Neuromuscular Disease 2001;3(2):53—62. [PMID: 19078655]

Withdrawals

All-cause withdrawal

Gabapentin: 3/30
Placebo: 3/30

AE withdrawal
Gabapentin: 2/30
Placebo: 2/30

LoE withdrawal
Gabapentin: 1/30
Placebo: 1/30

Efficacy

PGIC moderate or
much improved
Gabapentin: 15/30
Placebo: 7/30

Mean change in pain
score compared to
baseline (gabapentin
vs placebo):

-24vs 0.4

Adverse events

Adverse events

(CELEE) (specific)

No deaths reported,
and no serious
adverse events
reported

Somnolence
Gabapentin: 6/27
Placebo: 1/27

Dizziness
Gabapentin: 6/27
Placebo: 1/28

AE: Adverse event; LoE: Lack of effect




SMITH 2005

Smith DG, Ehde DM, Hanley MA, Campbell KM, Jensen MP, Hoffman AJ, et al. Efficacy of
gabapentin in treating chronic phantom limb and residual limb pain. Journalof Rehabilitation
Research and Development 2005;42(5): 645-54. [DOI: 10.1682/JRRD.2005.05.0082]

Withdrawals Efficacy Adverse events Adverse events
(CELEED) (specific)

No apparent “Meaningful decrease | No data No data

withdrawals in pain”

Gabapentin: 13/24
Placebo: 5/24

Change in average
weekly pain score
between baseline and
end-point gabapentin
vs placebo):

-0.9 vs -0.5 (phantom
limb pain)

-1.2vs -0.7 (stump
pain)
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Pharmacotherapy for neuropathic pain in adults:
a systematic review and meta-analysis

Nanna B Finnerup*, Nadine Attal*, Simon Haroutounian, Ewan McNicol, RaIfBaron, Robert H Dworkin, lan Gilron, Maija Haanpad, Per Hansson,
Troels S Jensen, Peter R Kamerman, Karen Lund, Andrew Moore, Srinivasa N Raja, Andrew S C Rice, Michael Rowbotham, Emily Sena, Philip Siddall,
Blair H Smith, Mark Wallace

Summary

Background New drug treatments, clinical trials, and standards of quality for assessment of evidence justify an update
of evidence-based recommendations for the pharmacological treatment of neuropathic pain. Using the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE), we revised the Special Interest Group on
Neuropathic Pain (NeuPSIG) recommendations for the pharmacotherapy of neuropathic pain based on the results of
a systematic review and meta-analysis.

Methods Between April, 2013, and January, 2014, NeuPSIG of the International Association for the Study of Pain did
a systematic review and meta-analysis of randomised, double-blind studies of oral and topical pharmacotherapy for
neuropathic pain, including studies published in peer-reviewed journals since January, 1966, and unpublished trials
retrieved from ClinicalTrials.gov and websites of pharmaceutical companies. We used number needed to treat (NNT)
for 50% pain relief as a primary measure and assessed publication bias; NNT was calculated with the fixed-effects
Mantel-Haenszel method.

Findings 229 studies were included in the meta-analysis. Analysis of publication bias suggested a 10% overstatement of
treatment effects. Studies published in peer-reviewed journals reported greater effects than did unpublished studies
(12 9-3%, p=0-009). Trial outcomes were generally modest: in particular, combined NNTs were 6-4 (95% CI 5-2-8-4)
for serotonin-noradrenaline reuptake inhibitors, mainly including duloxetine (nine of 14 studies); 7-7 (6-5-9-4) for
pregabalin; 7-2 (5-9-9-21) for gabapentin, including gabapentin extended release and enacarbil; and 10-6 (7-4-19-0)
for capsaicin high-concentration patches. NNTs were lower for tricyclic antidepressants, strong opioids, tramadol, and
botulinum toxin A, and undetermined for lidocaine patches. Based on GRADE, final quality of evidence was moderate
or high for all treatments apart from lidocaine patches; tolerability and safety, and values and preferences were higher
for topical drugs; and cost was lower for tricyclic antidepressants and tramadol. These findings permitted a strong
recommendation for use and proposal as first-line treatment in neuropathic pain for tricyclic antidepressants,
serotonin-noradrenaline reuptake inhibitors, pregabalin, and gabapentin; a weak recommendation for use and
proposal as second line for lidocaine patches, capsaicin high-concentration patches, and tramadol; and a weak
recommendation for use and proposal as third line for strong opioids and botulinum toxin A. Topical agents and
botulinum toxin A are recommended for peripheral neuropathic pain only.

Interpretation Our results support a revision of the NeuPSIG recommendations for the pharmacotherapy of
neuropathic pain. Inadequate response to drug treatments constitutes a substantial unmet need in patients with
neuropathic pain. Modest efficacy, large placebo responses, heterogeneous diagnostic criteria, and poor phenotypic
profiling probably account for moderate trial outcomes and should be taken into account in future studies.

Funding NeuPSIG of the International Association for the Study of Pain.

Introduction recommendations for the pharmacotherapy of

Neuropathic pain, caused by a lesion or disease affecting
the somatosensory nervous system,' has a substantial
effect on quality of life and is associated with a high
economic burden for the individual and society.** It is
now regarded as a distinct clinical entity despite a large
variety of causes.’

Epidemiological surveys have shown that many
patients with neuropathic pain do not receive appropriate
treatment.”*” The reasons might be low diagnostic
accuracy and ineffective drugs, and perhaps also
insufficient knowledge about effective drugs and their
appropriate use in clinical practice.® Evidence-based

neuropathic pain are therefore essential.

Over the past 10 years, a few recommendations have
been proposed for the pharmacotherapy of neuropathic
pain®™ or specific neuropathic pain disorders, particularly
painful diabetic neuropathies and post-herpetic
neuralgia.”* Meanwhile, new pharmacological therapies
have been developed and high-quality clinical trials have
been done. Previously undisclosed and unpublished
large trials can now be identified online (ClinicalTrials.
gov and pharmaceutical industry websites), which,
together with an analysis of publication bias, might
reduce the risk of bias in reporting data. Furthermore,
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there were some discrepancies in  previous
recommendations due to inconsistencies in methods
used to assess the quality of evidence.*”* To address
these inconsistencies, the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
was introduced in 2000"* and received widespread
international acceptance. Together, these reasons justify
an update of the evidence-based recommendations for
the pharmacotherapy of neuropathic pain.

We did a systematic review and meta-analysis of
randomised controlled trials of all drug treatments for
neuropathic pain published since 1966 and of
unpublished trials with available results, and assessed
publication bias. We used GRADE to rate the quality of
evidence and the strength of recommendations.””® On
the basis of the updated review and meta-analysis, we
revised the recommendations of the Special Interest
Group on Neuropathic Pain (NeuPSIG) of the
International Association for the Study of Pain for the
systemic and topical pharmacological treatment of
neuropathic pain.” Non-pharmacological management
strategies such as neurostimulation techniques were
beyond the scope of this work.”

Methods

Search strategy and selection criteria

We followed the 23-item Appraisal of Guidelines for
Research and Evaluation (AGREE II) for developing and
reporting recommendations.” For details of the working
group, criteria for eligibility of studies for the analysis,
search methods, reporting, and statistical analysis, see
the appendix.

The systematic review of the literature complied with
the PRISMA statement.”” We used a standardised review
and data extraction protocol (unpublished, appendix). The
full reports of randomised, controlled, double-blind
studies published in peer-reviewed journals between
January, 1966, and April, 2013, were identified with
searches of PubMed, Medline, the Cochrane Central
Register of Controlled Trials, and Embase. Additional
papers were identified from published reviews and the
reference lists of selected papers. Studies reporting results
were searched in all primary registries in the WHO
Registry Network and in registries approved by the
International Committee of Medical Journal Editors in
April, 2013 (appendix). Only ClinicalTrials.gov had
relevant data. An additional search up to Jan 31, 2014,
retrieved papers from PubMed and the ClinicalTrials.gov
website. Data from a search in May, 2009, of the
Pharmaceutical Research and Manufacturers of America
(PhRMA) clinical study results website were also
included.”

The target population was patients of any age with
neuropathic pain according to the International
Association for the Study of Pain definition (ie, pain
caused by a lesion or disease of the somatosensory
nervous system):' post-herpetic neuralgia, diabetic and
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non-diabetic painful polyneuropathy, post-amputation
pain, post-traumatic or post-surgical neuropathic pain
including plexus avulsion and complex regional pain
syndrome type 2 (which was generally subsumed into
post-traumatic or post-surgical neuropathic pain), central
post-stroke pain, spinal cord injury pain, and multiple-
sclerosis-associated pain. Neuropathic pain pertaining to
different causes was also included. Neuropathic pain
associated with nociceptive components (eg, neuropathic
cancer-related pain and radiculopathy) was included if
the primary outcome of the study was related to
neuropathic pain. Disorders such as complex regional
pain syndrome type 1, low back pain without radicular
pain, fibromyalgia, and atypical facial pain were not
included because they do not meet the current definition
of neuropathic pain.! Trigeminal neuralgia was assessed
separately because the response to drug treatment was
generally distinct from other neuropathic pain.**

The interventions were systemic or topical treatments
(oral, sublingual, oropharyngeal, intranasal, topical,
subcutaneous, intradermal, and smoking) with at least
3 weeks of treatment. Single-administration treatments
with long-term efficacy (high-concentration capsaicin
patches and botulinum toxin) were included if there was
a minimum follow-up of 3 weeks. Studies in which
intramuscular, intravenous, or neuroaxial routes of
administration were used and those of pre-emptive
analgesia were excluded (for details, see Dworkin and
colleagues™).

We included randomised, double-blind, placebo-
controlled studies with parallel group or crossover study
designs that had at least ten patients per group. We
separately summarised enriched-enrolment, randomised
withdrawal trials. We excluded studies published only as
abstracts and included double-blind, active comparator
trials of drugs generally proposed as first-line or second-
line treatments.” The study outcome (positive or negative)
was based on the effect on the primary outcome measure—
eg, neuropathic pain intensity. We excluded studies in
which the primary outcome included a composite score of
pain and paraesthesia or paraesthesia only.

Five investigators (SH, EM, KL, NBF, and NA) assessed
studies for methodological quality by using the five-point
Oxford Quality Scale (appendix).” A minimum score of 2
of 5 (randomised and double-blind study) was required for
inclusion.” We also assessed the serious risk of bias
relating to absence of allocation concealment, incomplete
accounting of outcome events, selective outcome reporting,
stopping early for benefit, use of invalidated outcome
measures, and carryover effects in crossover trials.

Evidence summary and reporting

The GRADE classification was wused to assess
recommendations based on the results from a group of
randomised controlled trials of the same drug or drug
class when relevant (eg, tricyclic antidepressants),”* with
final quality of evidence rated as strong or weak for the
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treatment, strong or weak against the treatment, or
inconclusive (the last category was added because of the
large number of inconsistent results in randomised
controlled trials). We did not do a new health economic
analysis of costs,” but estimated three levels of drug costs
in various countries in relation to the average price of
oral drugs for each country using price data for the daily
dose as defined by WHO (appendix). The mean of these
percentages for the countries was calculated, and the cost
was rated as low if it was less than 67%, moderate if
67-300%, and high if more than 300% of the mean
across all drugs. The final recommendations were agreed
on by consensus of the authors.

Statistical analysis

Number needed to treat (NNT) for 50% pain intensity
reduction (or 30% pain reduction or at least moderate
pain relief) was the primary effect measure, and the
number needed to harm (NNH) was calculated as the
number of patients who needed to be treated for one
patient to drop out because of adverse effects. The 95% Cls
for NNT and NNH were calculated as the reciprocal values
of the 95% ClIs for the absolute risk difference by use of
the normal approximation. In dose-finding studies, data
from subgroups treated with low doses (eg, pregabalin

1541 records identified through
database searching until
April, 2013

63 records identified from
previous systematic reviews
30 from references of
retrieved studies

| |
v

| 1634 records screened |

| 1361 excluded by abstract

|<7

v

82 excluded per inclusion
criteria
37 treatment duration
<3 weeks
11 pain not primary
outcome
8 pain not inclusion
criterion
4 study not randomised
3 secondary publication
3 study not double-blind
16 other

| 273 full-text articles assessed for eligibility

A

N

21 unpublished trials from
approved registries after
duplicates removed
21 placebo-controlled

191 published articles included
178 placebo-controlled
6 enriched-enrolment
7 non-placebo-controlled

comparison studies

v

removed
5 published
12 unpublished

17 articles from search of free text
database and registries (April, 2013,
to January, 2014) after duplicates

212 articles or trials included in quantitative
synthesis

»
»

A 4

229 articles or trials included in review

Figure 1: Flow chart of study selection
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150 mg) were not included in the meta-analysis. Difference
in pain intensity was a secondary outcome. Serious and
common (>10% incidence) adverse events were recorded
on the data extraction form (appendix).

We used funnel plots,” Egger’s regression,” and Duval
and Tweedie’s non-parametric trim-and-fill approach® to
assess publication bias (appendix). Additionally, we
estimated the susceptibility to bias for individual drug
classes.®® The extent to which the variability
(heterogeneity) in treatment effects is explained by
publication in a peer-reviewed journal was assessed with
meta-regression. Heterogeneity in trials was presented
as a LAbbé plot* and as the I2 statistic.

Role of the funding source

NA, NBF, PRK, RB, ASCR, MH, SNR, and BHS are
members of the NeuPSIG management committee and
had a role in study design, data gathering, data analysis,
data interpretation, and the writing of the report. The
corresponding author and all co-authors had full access
to all the data in the study and had final responsibility for
the decision to submit for publication.

Results

Figure 1 shows the results of the database and registry
search. 191 published reports and 21 unpublished studies
were included in the quantitative synthesis. Study
characteristics are summarised in the appendix.
Additionally, five published and 12 unpublished studies
were retrieved between April, 2013, and January, 2014.
Thus, a total of 229 reports or studies were included (see
appendix for details of the references).

In studies eligible for inclusion in the meta-analysis,
the following drugs were investigated: tricyclic
antidepressants, serotonin-noradrenaline  reuptake
inhibitor —antidepressants, other antidepressants,
pregabalin, gabapentin or gabapentin extended release
and enacarbil, other antiepileptics, tramadol, opioids,
cannabinoids, lidocaine 5% patch, capsaicin high-
concentration patch and cream, botulinum toxin A,
NMDA antagonists, mexiletine, miscellaneous topical
treatments, newer systemic drugs, and combination
therapies. 127 (55%) of 229 trials were done in patients
with diabetic painful polyneuropathy or post-herpetic
neuralgia. NNT and NNH could be calculated in
176 (77%) of 229 published placebo-controlled trials.

The Oxford Quality Scale (Jadad) scores for individual
trials are presented in the appendix. The mean score was
4-1(SD 0-87, range 2-5). It was lower for older studies
of tricyclic antidepressants and capsaicin (3—4) and
higher for more recent studies of pregabalin, gabapentin,
serotonin-noradrenaline reuptake inhibitors, opioids,
and capsaicin high-concentration patches (>4). Detailed
descriptions of the limitations of individual studies are
available from the corresponding authors on request.

Figures 2 and 3 show the NNT for individual studies
for drugs with strong recommendation for use (see
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appendix for other drugs) and the appendix shows the
heterogeneity and the LAbbé plot. Heterogeneity,
particularly that which was not easily explained by
differences in drug dose, diagnosis, and size of placebo
response, was included in the GRADE recommendation.

165 published or unpublished trials with dichotomous
data were analysed for publication bias. The funnel plot

showed asymmetry, which was confirmed by use of
Egger’s regression test (figure 4A and B). The trim-and-
fill method suggested 34 theoretical missing studies
(figure 4C) and we adjusted our effect size from an odds
ratio of 1-8 (95% CI 1-7-1-9) to 1-6 (1-5-1-7). This
suggests about a 10% overstatement of treatment
effects. Table 1 provides a summary of the analysis of

A
NNT (95% Cl)

CPSP, amitriptyline 75 mg, Leijon and Boivie (1989) 17 (1210 3-0)
SCl, amitriptyline 150 mg, Rintala et al (2007) 44 (2:0to-17-4)
PPN, amitriptyline 150 mg, Max et al (1987) ,i _— 16(12t023)
PPN, desipramine 25 mg, Max et al (1991) ; 2:2(14t051)
PPN, amitriptyline 75 mg, Vrethem et al (1997) _— 3:0(2:0t0 6:3)
PPN, maprotiline 75 mg, Vrethem et al (1997) —_. 110 (4-6 t0-28-7)
PPN, amitriptyline 100 mg, Kieburtz et al (1998) ———— 500 (45 to-5:6)
PPN, imipramine 150 mg, Sindrup et al (2003) _—————— 2:4(16t04:8)
PHN, amitriptyline 73 mg, Watson et al (1982) —_— 1:6 (12t02-4)
PHN, desipramine 250 mg, Kishore-Kumar et al (1990) : 19(13t037)
PHN, nortriptyline/desipramine 160 mg, Raja et al (2002) —l—%— 40(26t089)
PNI, amitriptyline 100 mg, Kalso et al (2006) : 25(1-41010-6)
RADIC, nortriptyline 100 mg, Khoromi et al (2007) 186 (3:5t0-55)
MS, amitriptyline 75 mg, Osterberg and Boivie (2005) 34 (17 t0-63-0)
PPN, amitriptyline 75 mg, PARMA and FDA 1008040 (2007) A 61(33t0525)
Combined (fixed effects) —>— 3-6(3-0to 4-4)

L T T T T T 1

-2:5 -5 o 5 25 1.67 1.25 1
— —>
NNT (harm) NNT (benefit)
B
NNT (95% Cl)

PPN, venlafaxine 225 mg, Sindrup et al (2003) 51(2:6t068-8)
PPN, venlafaxine 150 mg, 225 mg, Rowbotham et al (2004) - 4-5(2:7t013'5)
PPN, duloxetine 60 mg, 120 mg, Goldstein et al (2005) ——— 4-2(29t07-2)
PPN, duloxetine 60 mg, 120 mg, Raskin et al (2005) —— 7:0 (40 to 27-0)
PPN, duloxetine 60 mg, 120 mg, Wernicke et al (2006) —%—.— 4-8(32t097)
PPN, duloxetine 120 mg, Gao et al (2010) i :‘ 30-2 (6-0 to-10-0)
PPN, duloxetine 40 mg, 60 mg, Yasuda et al (2011) — 52(3:-5t0101)
PPN, duloxetine 60 mg, Rowbotham et al (2012) 6-1(2:9to-485)
MS, duloxetine 60 mg NCT00755807, Vollmer et al (2013) L 151 (6-0 to -29-0)
PPN, desvenlafaxine 50-400 mg, NCT00283842 L] 10-4 (5-0 to -109)
Combined (fixed effects) —>— 6-4(5-2t0 8-4)

5 10 o 10 5 33 25 >

Da— —>
NNT (harm) NNT (benefit)

Figure 2: Forest plot of data for tricyclic antidepressants (A) and serotonin-noradrenaline reuptake inhibitors (B) included in the meta-analysis
NNTs with 95% Cl are shown for each trial and for the overall estimate (fixed effects, Mantel-Haenszel) for first-line drugs. The size of the square represents the

Mantel-Haenszel weight that the study exerts in the meta-analysis. The solid line in

dicates the NNT of infinity, corresponding to an absolute risk difference of zero

(no effect). A positive NNT indicates benefit of the drug over placebo and a negative NNT indicates that pain intensity is higher during drug treatment than during
placebo treatment (harm). The dotted line represents the overall estimate. References for the studies are provided in the appendix. NNT=number needed to treat.
CPSP=central post-stroke pain. SCl=spinal cord injury pain. PPN=painful polyneuropathy. FDA=US Food and Drug Administration. PHN=post-herpetic neuralgia.
PNI=peripheral nerve injury. RADIC=painful radiculopathy. MS=multiple sclerosis. PARMA= Pharmaceutical Research and Manufacturers of America.
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non-significant effect if studies with no effect were
published. Using meta-regression, we identified that
for studies published in peer-reviewed journals the

the susceptibility to publication bias in individual drug
classes. Only the estimated effect size of capsaicin 8%
patches showed susceptibility to change to a clinical

A
NNT (95% Cl)
CPSP, pregabalin 600 mg, Kim et al (2011) = 27:0 (6-8 t0 13-6)
SCl, pregabalin 600 mg, Siddall et al (2006) -— 7:0(3:9t0372)
SCl, pregabalin 600 mg, Cardenas et al (2013) —a— 7:0(3-9to315)
CPSP/SCl, pregabalin 600 mg, Vranken et al (2008) 33(1:9t014-3)
PPN, pregabalin 300 mg, Rosenstock et al (2004) —_—-— 4.0(2:6t087)
PPN, pregabalin 300 mg and 600 mg, Lesser et al (2004) —a— 3-4(2:5t05-4)
PPN, pregabalin 600 mg, Richter et al (2005) —_— 4-2(2:7t09-4)
PPN, pregabalin 300 mg and 600 mg, Télle et al (2008) L 10-8 (5-3t0-230-4)
PPN, pregabalin 600 mg, Arezzo et al (2008) — 3:9(2:5t08:6)
PPN, pregabalin 600 mg, Simpson et al (2010) —— -267(13-5t0-67)
PPN, pregabalin 300 mg and 600 mg, Satoh et al (2011) —— 10-8 (4-8 to-47-1)
PPN, pregabalin 300 mg, Rauck et al (2012) —_— -12.6 (20-7 to -4-8)
PPN, pregabalin 300 mg, Smith et al (2013) » 20-2 (5:6 to-12-7)
PHN, pregabalin 600 mg, Dworkin et al (2003) —_—.—— 34(23t06:4)
PHN, pregabalin 300 mg, Sabatowski et al (2004) —_— 56 (3-4t017-3)
PHN, pregabalin 300 mg and 600 mg, van Seventer et al (2006) —u— 42(31t06'5)
PHN, pregabalin 300 mg and 600 mg, Stacey et al (2008) —— 4-0(2-8t06-9)
PPN/PHN, pregabalin 600 mg, Freynhagen et al (2005) —— 3:9(27t07-4)
PPN/PHN, pregabalin 600 mg, Guan et al (2011) —-— 83(42t0287)
PNI, pregabalin 600 mg, van Seventer et al (2010 + 106 (52 t0-409-8)
Figure 3: Forest PI.Ot of data Mixed, pregabalin 600 mg, Moon et al (2010)) + 8:5(4:510 68-9)
for pregabalin (A) and
gabapentin including PPN, pregabalin 600 mg, PhRMA and FDA 1008-040 (2007) - 10-1(4-1to0-22'5)
extended release and PPN, pregabalin 600 mg, NCT00156078 — T 318 (7-5t0-14-2)
enacarbil (B) included inthe | ppN, pregabalin 300 mg and 600 mg, NCT00143156, A0081071 — 453(8-6t0-13-8)
) meta-analysis PHN, pregabalin 300 mg and 600 mg, NCT00394901 —— 56 (3-6 to 12-5)
NNT?gIZ:cistﬁ;I:r:Z ?thwhz Combined (fixed effects) <?. 77 (6-5t09-4)
overall estimate (fixed effects, f T ‘ T T 1
Mantel-Haenszel) for first-line 25 -0 © 50 25 17
drugs. The size of the square D —>
represents the Mantel- NNT (harm) NNT (benefit)
Haenszel weight that the study
exerts in the meta-analysis. B NNT (95% CI)
The solid line indicates the
NNT of infinity, corresponding SCl, gabapentin 3600 mg, Rintala et al (2007) 0 (3-6 to-3-6)
to an absolute risk difference PHN, gabapentin 3600 mg, Rowbotham et al (1998) —— 34 (2:5to 54)
of zero (no effect). A positive PHN, gabapentin 1800 mg and 2400 mg, Rice and Maton (2001) ——— 51(3:5t093)
NNT indicates benefit of the ) .
drug over placebo and a PPN/PHN, gabapentin 3200 mg, Gilron et al (2005) ——— 33(20t097)
negative NNT indicates that PN, gabapentin 3600 mg, Smith et al (2005) 27(1:6t0 8-4)
pain intensity is higher during PNI, gabapentin 2400 mg, Gordh et al (2008) —— 245 (7-8 to-21-1)
drug treatment than during Mixed, gabapentin 2400 mg, Serpell et al (2002) —— 141(6:4t0-733)
placegg&f;m:’r‘:;t‘;re':ii:z PPN, gabapentin 3600 mg, A9451008) —— 7:0(43t019:8)
overall estimate. References PPN, gabapentin extended release, 3000 mg, Sandercock et al (2012) —— 45(2:9t09-5)
for the studies are provided in PPN, gabapentin enacarbil 1200 mg, 2400 mg and 3600 mg, R 125 (55 to -45-3)
the appendix. NNT=number Raucketal (2012)
needed to treat. CPSP=central PHN, gabapentin extended release 1800 mg, Irving et al (2009) R 6-5(3-6 t032:0)
post-stroke pain. SCl=spinal PHN, gabapentin extended release 1800 mg, Wallace et al (2010) B 12-8 (5-8 t0 -58-6)
cord injury pain. PPN=painful PHN, gabapentin extended release 1800 mg, Sang et al (2012) _._ 9.0 (5-1t0377)
polyneuropathy. FDA=US PHN, gabapentin enacarbil 1200 mg and 2400 mg and 3600 mg, + 6-0 (3:7t015-8)
FoodandDrug | NcT00619476, Zhang etal (2013) ].
Administration: PHN=p0§t- Combined (fixed effects) <> 7-2(5:9t09-1)
herpetic neuralgia. !
PNI=peripheral nerve injury. 72{5 7'5 o '5 2'_5 1~|67 1('25
PhRMA= Pharmaceutical «—
Research and Manufacturers of NNT (harm) m:neﬁt)
America.
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Figure 4: Evidence of publication (reporting) bias

(A) Funnel plot showing the precision (inverse of SE) against the effect size; in the absence of bias the points should resemble a symmetrical inverted funnel.

(B) Egger’s regression showing the precision plotted against the standardised effect size; the 95% Cls of the regression line do not include the origin, suggesting
funnel plot asymmetry. (C) Funnel plot showing the additional missing studies imputed by trim and fill in red; the red vertical line indicates the possible summary if
the theoretical missing studies were to be included. InOR=natural log of the odds ratio.

reported treatment effects were greater (2-2, 1-5-3-0,
n=153; adjusted 12 9-3%, p=0-009) than were those for
studies identified through online repositories (1-4,
1.0-1-9, n=17).

The results of individual and combined NNT and NNH
for placebo-controlled studies are presented in the
appendix, along with other studies, quality of evidence,
and risk differences calculated with fixed-effect and
randome-effects models. Generally, there was no evidence
of different efficacies for most drugs in distinct
neuropathic pain disorders (figures 2, 3; appendix). Few
studies lasted longer than 12 weeks, with the longest
lasting 24 weeks.

In 18 placebo-controlled trials (20 comparisons with
placebo, of which seven comparisons had active placebos;
12 trials assessed amitriptyline [25-150 mg/day]),
16 comparisons were positive. The final quality of
evidence was moderate (appendix). There was no evidence
of a dose-response effect. Combined NNT for 15 studies
was 3-6 (95% CI 3-0—4-4) and NNH was 13-4 (9-3-24-4).

We identified 14 studies of serotonin-noradrenaline
reuptake inhibitors with available results: nine with
duloxetine (20-120 mg, seven positive), four with
venlafaxine (doses 150-225 mg/day, two positive, and two
negative with low doses), one with desvenlafaxine
(negative; appendix). The final quality of evidence was
high. Combined NNT was 6-4 (5-2-8-4) and NNH was
11-8 (9-5-15-2).

18 of 25 placebo-controlled randomised trials of
pregabalin (150-600 mg/day) were positive, with high
final quality of evidence (appendix). There was a dose-
response gradient (higher response with 600 mg daily
than with 300 mg daily; data not shown). Two trials of
HIV-related painful polyneuropathy with high placebo
responses were negative (34% and 43% had 50% pain
relief with placebo). Combined NNT was 7-7 (95% CI
6-5-9-4) and NNH was 13-9 (11-6-17-4).
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Comparisons* Participantst Activepain  Placebo Number  Susceptibility
relief needed  tobiast

totreat
(95%Cl)

Tricyclic 15 948 2171473 85/475 36 1973

antidepressants (3-0-4-4)

Serotonin- 10 2541 676/1559 278/982 6-4 1826

noradrenaline (5-2-8-4)

reuptake

inhibitors

Pregabalin 25 5940 1359/3530 578/2410 77 2534
(6:5-9-4)

Gabapentin§ 14 3503 719/2073  291/1430 72 1879
(59-91)

Tramadol 6 741 176/380 96/361 47 982
(3:6-67)

Strong opioids 7 838 211/426 108/412 43 1326
(3-4-58)

Capsaicin 8% 6 2073 466/1299 212/774 10-6 709
(7-4-18-8)

Botulinum 4 137 42/70 4/67 1.9 678

toxin A (1.5-2-4)

Data are number, unless otherwise indicated. *Number of comparisons with placebo in published trials and unpublished
trials included in the meta-analysis; results from registries were included if they reported numbers of responders. tTotal
number of patients treated with active treatment and placebo; patients were counted twice if the study had a crossover
design. ¥Number of patients needed to be treated in a new study showing no effect to make the number needed to
treat (NNT) greater than 11, which is the cutoff for clinical relevance; susceptibility to publication bias implies that a new
study with fewer than 400 participants with no effect might increase the NNT to greater than 11. SIncluding gabapentin

extended release and enacarbil. §Susceptible to publication bias.

Table 1: Analysis of susceptibility to bias in published and unpublished trials

We identified 14 randomised controlled trials of
gabapentin (900-3600 mg/day; nine positive) and six of
gabapentin extended release or gabapentin enacarbil
(1200-3600 mg/day; four positive). Combined NNT was
6-3 (95% CI 5-0-8-3) for gabapentin and 8-3 (6-2-13-0)
for gabapentin extended release or enacarbil. There was no
evidence of a dose-response effect. Safety was good (NNH
25-6,15-3-78-6, for gabapentin and 31-9, 17-1-230-0, for
gabapentin extended release or enacarbil).
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Most studies with other antiepileptic drugs were
negative. Topiramate, zonisamide, and oxcarbazepine or
carbamazepine had the poorest safety profiles, with a
combined NNH of 6-3 (95% CI 5-1-8-0), 2-0 (1-3-4-6),
and 5-5 (4-3-7-9), respectively.

Tramadol is a weak opioid agonist and a serotonin-
noradrenaline reuptake inhibitor. All seven studies of
tramadol (mainly tramadol extended release up to
400 mg/day) were positive, with moderate final quality of
evidence (appendix). Combined NNT was 4-7 (95% CI
3.6-6-7), with the highest NNT (6-4) in the largest study
(appendix). Combined NNH was 12-6 (8-4-25-3).

Tapentadol is a p opioid agonist with noradrenaline
reuptake inhibition. We identified one negative study
and one positive enrichment study of tapentadol
extended release; the study of the extended release
formulation had potential bias (probable unmasking of
the patients enrolled in the double-blind period) and
high NNT (10-2, 95% CI 5-3-185-5) in 67% of the
patients responding to the open phase.

We identified 13 trials of strong opioids, in which
oxycodone (10-120 mg/day) and morphine (90-240 mg/day)
were used mainly in peripheral neuropathic pain. The final
quality of evidence was moderate. Ten trials were positive:
combined NNT was 4-3 (95% CI 3-4-5-8) and NNH was

Total daily dose and dose regimen Recommendations

Strong recommendations for use
Gapabentin

Gabapentin extended
release or enacarbil

Pregabalin

Serotonin-noradrenaline
reuptake inhibitors
duloxetine or venlafaxine*

Tricyclic antidepressants
Weak recommendations for use

Capsaicin 8% patches
Lidocaine patches
Tramadol

Botulinum toxin A
(subcutaneously)

Strong opioids

GRADE=Grading of Recommendations Assessment, Development, and Evaluation (see appendix for details about the
GRADE classification). *Duloxetine is the most studied, and therefore recommended, of the serotonin-noradrenaline
reuptake inhibitors. tTricyclic antidepressants generally have similar efficacy (appendix); tertiary amine tricyclic
antidepressants (amitriptyline, imipramine, and clomipramine) are not recommended at doses greater than 75 mg/day in
adults aged 65 years and older because of major anticholinergic and sedative side-effects and potential risk of falls;** an
increased risk of sudden cardiac death has been reported with tricyclic antidepressants at doses greater than 100 mg daily.*
#The long-term safety of repeated applications of high-concentration capsaicin patches in patients has not been clearly
established, particularly with respect to degeneration of epidermal nerve fibres, which might be a cause for concern in
progressive neuropathy. §Sustained release oxycodone and morphine have been the most studied opioids (maximum
doses of 120 mg/day and 240 mg/day, respectively, in clinical trials; appendix); long-term opioid use might be associated
with abuse, particularly at high doses, cognitive impairment, and endocrine and immunological changes.***

1200-3600 mg, in three divided doses Firstline
1200-3600 mg, in two divided doses First line
300-600 mg, in two divided doses First line
60-120 mg, once a day (duloxetine); First line
150-225 mg, once a day (venlafaxine extended

release)

25-150 mg, once aday or in two divided doses First linet

One to four patches to the painful area for
30-60 min every 3 months

Second line ( peripheral
neuropathic pain)

One to three patches to the region of pain once a
day forupto12 h

Second line ( peripheral
neuropathic pain)
200-400 mg, in two (tramadol extended release) ~ Second line

or three divided doses

50-200 units to the painful area every 3 months  Third line; specialist use

(peripheral neuropathic pain)

Individual titration Third line§

Table 2: Drugs or drug classes with strong or weak recommendations for use based on the GRADE
classification
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11-7 (8-4-19-3). Maximum effectiveness seemed to be
associated with 180 mg morphine or equivalent (no
additional benefit for higher doses; appendix).

Nabiximols (Sativex) is an oromucosally delivered spray
prepared from extracts of the plant cannabis sativa with
several active constituents (mainly standardised
27 mg/mL A-9-tetrahydrocannabinol and 25 mg/mL
cannabidiol). We identified nine trials of nabiximols in
neuropathic pain, of which only two were positive. One
of these two studies of pain associated with multiple
sclerosis was positive, whereas the other larger study had
a negative primary outcome.

Based on our inclusion criteria (trials of at least
3 weeks), we identified only one small negative study of
5% lidocaine patches in post-surgical neuropathic pain
and two enriched-enrolment studies in post-herpetic
neuralgia. The smaller study was positive; the larger study
was negative in the intention-to-treat population, but
positive in the per-protocol population. However, studies
of shorter duration were positive, and safety and
tolerability were good in all cases.”

The results of five of seven studies (in patients with
post-herpetic neuralgia or HIV-related painful poly-
neuropathy) showed sustained efficacy of a single
application of high-concentration capsaicin patch (8%,
better results for 60 min application in post-herpetic
neuralgia and 30 min in HIV neuropathy) compared with
a low-concentration patch (0-04%, to minimise the risk of
unmasking related to the burning sensation of capsaicin).

Panel: Drugs or drug classes with inconclusive
recommendations for use or recommendations against
use based on the GRADE classification

Inconclusive recommendations
+ Combination therapy
» Capsaicin cream

+ Carbamazepine

+ Clonidine topical

+ Lacosamide

» Lamotrigine

« NMDA antagonists

+ Oxcarbazepine

+ SSRlantidepressants
+ Tapentadol

- Topiramate

+ Zonisamide

Weak recommendations against use
+ Cannabinoids
+ Valproate

Strong recommendations against use
+ Levetiracetam
+  Mexiletine

GRADE=Grading of Recommendations Assessment, Development, and Evaluation (see
appendix for details about the GRADE classification).
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The final quality of evidence was high. Combined NNT
was 10-6 (95% CI 7-4-18-8). Results for the secondary
outcomes were inconsistent (data not shown).

Six randomised controlled trials to assess the efficacy of
a single administration of botulinum toxin A
(50-200 units, subcutaneously, in the region of pain) in
peripheral neuropathic pain were identified. The smaller
studies had a positive primary outcome (NNT 1.9,
95% CI 1-5-2-4, for four studies) with a low placebo
effect, but one large, unpublished study was negative.
Safety was generally good (appendix).

Results for other drugs (selective serotonin reuptake
inhibitor antidepressants, capsaicin cream, NMDA
antagonists, A-9-tetrahydrocannabinol, mexiletine, and
newer topical or oral drugs) are reported in the appendix.
There were no randomised controlled trials with
conventional non-opioid analgesics (non-steroidal anti-
inflammatory drugs or acetaminophen).

Of seven randomised controlled trials of various
combination therapies in neuropathic pain (appendix),
the results of two showed that gabapentin combined with
morphine or nortriptyline was superior to drugs given as
monotherapies (and placebo in one study) at reduced
doses, with no more side-effects. However, the results of
the largest study (not placebo controlled) showed no
difference in efficacy or side-effects between pregabalin
combined with duloxetine at moderate doses (300 mg/day
and 60 mg/day, respectively) and pregabalin and
duloxetine monotherapies at high doses (600 mg/day
and 120 mg/day, respectively) in patients unresponsive to
monotherapy at moderate doses.

We identified seven comparative randomised controlled
trials without placebo (appendix). Neither individual
studies nor their statistical combination showed
significant differences in efficacy or safety between
drugs. Despite small sample sizes and unknown assay
sensitivity because of the absence of a placebo, results

suggested similar efficacy for first-line and most second-
line recommended treatments.

There was generally no evidence of efficacy for
particular drugs in specific disorders. Therefore, these
recommendations apply to neuropathic pain in general.
However, they might not be applicable to trigeminal
neuralgia, for which we could extract only one study
complying with our inclusion criteria. We therefore
recommend referring to previous specific guidelines for
this disorder.®* Few studies included cancer-related
neuropathic pain; the recommendations for the use of
opioids might be different in certain cancer populations.
Similarly, these recommendations do not apply to acute
pain or acute pain exacerbation. Treatment of neuropathic
pain in children is neglected.” None of the studies
assessed paediatric neuropathic pain and therefore the
current guidelines only apply to adults.

Details of the GRADE recommendations and practical
use are provided in table 2, the panel, table 3, and the
appendix. A few relevant trials have been reported since
our meta-analysis, but none affected the recommendations
(appendix). Based mainly on moderate or high quality of

evidence and efficacy in most trials, tricyclic
antidepressants,  serotonin-noradrenaline  reuptake
inhibitor antidepressants (particularly —duloxetine),

pregabalin, gabapentin, gabapentin extended release and
enacarbil have strong GRADE recommendations for use
in neuropathic pain and are proposed as firstline
treatments, with caution recommended for several
tricyclic antidepressants at high doses (table 2). Tramadol,
lidocaine patches, and high-concentration capsaicin
patches have weak GRADE recommendations for use
and are proposed as generally second line because of
lower tolerability or safety (tramadol), and low effect sizes
but high values or preferences and tolerability or safety
(topical agents). Topical treatments are recommended for
peripheral neuropathic pain with presumed local pain

First-line drugs

Second-line drugs

Third-line drugs

Cost and resource allocation  Low-moderate Low
Strength of recommendation  Strong Strong
Neuropathic pain conditions ~ All All

information about safety issues.

Low-moderate Low Moderate-high  Moderate-high ~ Low-moderate
Strong Weak Weak Weak Weak
All All Peripheral Peripheral All

Serotonin-noradrenaline  Tricyclic Pregabalin, gabapentin, ~ Tramadol Capsaicin 8% Lidocaine Strong opioids  Botulinum
reuptake inhibitors antidepressants  gabapentin extended patches patches toxin A
duloxetine and venlafaxine release or enacarbil
Quality of evidence High Moderate High Moderate High Low Moderate Moderate
Balance between desirable and undesirable effects
Effect size Moderate Moderate Moderate Moderate Low Unknown Moderate Moderate
Tolerability and safety* Moderate Low-moderate  Moderate-high Low-moderate  Moderate-high  High Low-moderate  High
Values and preferences Low-moderate Low-moderate  Low-moderate Low-moderate  High High Low-moderate  High

Moderate-high
Weak
Peripheral

GRADE=Grading of Recommendations Assessment, Development, and Evaluation (see appendix for details about the GRADE classification). *Common side-effects: antidepressants: somnolence, constipation,
dry mouth (particularly with tricyclic antidepressants), and nausea (particularly duloxetine); pregabalin or gabapentin: somnolence, dizziness, and weight gain; opioids (including tramadol): constipation, nausea,
vomiting, tiredness, somnolence, dizziness, dry mouth, and itch; lidocaine patches: local irritation; capsaicin patches: local pain, oedema, and erythema; botulinum toxin A: local pain; see the appendix for further

Table 3: Summary of GRADE recommendations
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generator, such as post-herpetic neuralgia, post-traumatic
painful neuropathies, and painful polyneuropathies. In
some circumstances—eg, when there are concerns
because of side-effects or safety of first-line treatments,
particularly in frail and elderly patients—lidocaine
patches might be a first-line option.

Strong opioids (particularly oxycodone and morphine)
and botulinum toxin A (specialist use for peripheral
neuropathic pain with presumed local pain generator)
have weak GRADE recommendations for use and are
recommended as third line mainly because of safety
concerns (opioids) or weak quality of evidence (botulinum
toxin A). Prescription of strong opioids should be strictly
monitored, particularly for patients requiring high doses
(including tracking the dose in morphine equivalence, use
of risk assessment methods and treatment agreements).***

The GRADE recommendations for tapentadol, other
antiepileptics, capsaicin cream, topical clonidine,
selective serotonin reuptake inhibitor antidepressants,
NMDA antagonists, and combination therapy** are
inconclusive mainly because of discrepant findings.
However, the combination of pregabalin or gabapentin
and duloxetine or tricyclic antidepressants might be an
alternative option to increasing doses of monotherapy for
patients unresponsive to moderate doses of monotherapy
(see appendix for details).

Cannabinoids and valproate have weak recommendations
against their use in neuropathic pain and levetiracetam
and mexiletine have strong recommendations against
their use because of generally negative trials or safety
concerns, or both (see appendix for details).

NeuPSIG recommendation for future trials in
neuropathic pain

Patient population (appendix)
All randomised controlled trials were in adults Do more studies in the paediatric population

Absence of validated diagnostic criteria and algorithms ~ Use NeuPSIG diagnostic criteria for probable or
for neuropathic pain definite neuropathic pain and validated screening
tools to confirm diagnosis*

Classification of patients is generally based on the cause  Classification should be based on sensory

of the pain phenotypes rather than merely on the cause of
the paint

Characteristics of the trials (appendix)

Trial duration is 12 weeks or less in 81% of the trials Consider longer trial duration

High placebo response, particularly in recent trials Exclude patients with low pain intensity and high

variability of pain at baseline*

NeuPSIG=Special Interest Group on Neuropathic Pain. *Criteria for neuropathic pain diagnosis were not available
before the development of the screening methods and of diagnostic algorithms for neuropathic pain (2008);%° less
than 10% of clinical trials conducted over the past decade have used screening methods or diagnostic algorithms for
neuropathic pain (detailed descriptions of the individual studies are available on request). tResults of recent clinical
trials***? and post-hoc analyses of recent clinical trials* that could not be included in the present meta-analysis lend
support to this recommendation; the results of some trials suggested that drugs such as oxcarbazepine or topical
clonidine might be significantly more effective in subgroups of patients with preserved nociceptive function compared
with those without this phenotype,***° but these individual trials need to be replicated and do not change the current
level of recommendation for these drug treatments.

Table 4: Limitations of clinical trials in neuropathic pain included in the present systematic review and
meta-analysis, and NeuPSIG recommendations for implementation of future clinical trials in
neuropathic pain
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Discussion

In accordance with previous reports,” results of our
meta-analysis show that the efficacy of systemic drug
treatments is generally not dependent on the cause of the
underlying disorder (appendix). Side-effects might,
however, to some degree depend on the cause—eg, drugs
with CNS-related side-effects might be tolerated less well
in patients with CNS lesions.” Pain due to HIV-related
painful polyneuropathy and radiculopathy seems more
refractory than other types of pain in our meta-analysis.
This difference might be due to large placebo responses
in HIV-related neuropathy trials,* a distinct clinical
phenotype in subgroups of patients with radiculopathy,®
or psychological or psychosocial comorbidities, often
neglected in large trials. Topical agents have no known
relevance for use in central pain, and this is clearly stated
in our recommendations.

The strengths of this systematic review and meta-
analysis include the analysis of publication bias® and
unpublished trials. Publication bias can occur if studies
with positive results are published whereas those with no
data or negative results are not.” It might lead to a major
overestimation of efficacy in therapeutic studies.” Our
results show that the effect sizes estimated from studies
published in peer-reviewed journals were higher than
those estimated from studies available in open databases.
This finding emphasises the need to search these
databases in systematic reviews. Analysis of further
publication bias (eg, studies that are unpublished or
show no results in open trial registries) suggested a small
overstatement of overall efficacy of drug treatments (by
about 10%), although available methods to assess
publication bias have limitations.” Here, we found that
high-concentration capsaicin patches were the most
susceptible to publication bias—ie, a new study with
fewer than 400 participants with no effect can increase
the NNT to an unacceptable level. This finding lends
support to the robustness of a meta-analysis that includes
unpublished trials and suggests that effect sizes were
overestimated in  previous  meta-analyses  of
pharmacotherapy for neuropathic pain.

Results of quantitative data for individual drugs, showing
NNT for 50% pain relief ranging from about 4 to 10 for
most positive trials, emphasise the modest overall study
outcomes in neuropathic pain. Inadequate response to
drug therapy constitutes a substantial unmet need in
patients with neuropathic pain and might have important
consequences in terms of psychological or social
adjustment.® However, our results might also indicate
insufficient assay sensitivity in clinical trials of neuropathic
pain (table 4).”* One major issue is the placebo response,
which seems to have increased in recent trials of
neuropathic pain and can lead to an underestimation of
drug effects.” Placebo response was higher in HIV-related
neuropathies,* and in patients with low or variable pain
scores at inclusion.* Conversely, it seems to be lower
in post-herpetic neuralgia* Another issue is the
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heterogeneous diagnostic criteria for neuropathic pain in
several trials (detailed descriptions of the individual studies
are available on request). The use of diagnostic algorithms®
and screening methods® should contribute to a reduction
in diagnostic heterogeneity (table 4). Additionally, a largely
debated issue is the heterogeneity of patients’ phenotypes
in clinical trials, which might indicate various underlying
mechanisms.” The results of some recent trials or post-
hoc analyses of recent trials suggest that some drugs might
be differentially effective in patients classified according to
their sensory phenotypes.**

Like previous NeuPSIG recommendations,” the current
recommendations are determined by drug treatments
rather than by the cause of pain. Our updated therapeutic
algorithm for neuropathic pain based on GRADE differs in
several ways from previous therapeutic recommendations.
The previous recommendations generally proposed
tricyclic antidepressants, pregabalin, gabapentin, and
lidocaine patches as first line for neuropathic pain.>**6196
We now also recommend gabapentin extended release or
enacarbil, and duloxetine as first line based on strong
GRADE recommendations for use. We no longer propose
lidocaine patches as first line because of weak quality of
evidence. However, because of the excellent safety profile,
high values and preferences, and initial positive short-term
studies, we propose lidocaine as a second-line treatment
for peripheral neuropathic pain. Strong opioids are now
recommended as third line, contrasting with several
previous recommendations in which they were generally
thought of as first or second line.”® This stems mainly
from the consideration of potential risk of abuse,
particularly with high doses,” and concerns about a recent
increase in  prescription-opioid-associated — overdose
mortality, diversion, misuse, and other opioid-related
morbidity particularly in the USA, Canada, and the UK.®-%
High-concentration capsaicin patches and cannabinoids
are considered for the first time in therapeutic
recommendations for neuropathic pain. Capsaicin patches
are proposed as second line for peripheral neuropathic
pain because of high quality of evidence, but small effect
size, training requirement, and potential safety concerns
on sensation with long-term use.* We provide a weak
recommendation against the use of cannabinoids in
neuropathic pain, mainly because of negative results,
potential misuse, diversion, and long-term mental health
risks of cannabis particularly in susceptible individuals.®”

Oneimportantissue when proposing recommendations
is the extent to which they are applied by practitioners
and the question of whether the use of recommendations
can contribute to improvements in practice. Few studies
have investigated the real-life effect of evidence-based
recommendations on physicians’ practices. It has
recently been reported that the drug treatment of post-
herpetic neuralgia by primary care physicians was
roughly consistent with the US recommendations issued
some years before.® By contrast, a recent large study of
general practitioners’ adherence to current French
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recommendations noted a paucity of appropriate recall of
first-line drugs.® It will be important to facilitate the
dissemination of the present recommendations and
subsequently to assess their real-life implementation in
various countries.’
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1. Introduction

Neuropathic pain has been deemed a priority health issue® and is
the topic of the 2014 to 2015 Global Year Against Neuropathic Pain
campaign of the International Association for the Study of Pain
(http://www.iasp-pain.org/GlobalYear/NeuropathicPain). Between
6% and 10% of adults are affected by chronic pain with neuropathic
features,®?*2® and this prevalence is significantly greater among
individuals with specific conditions. For example, neuropathic pain
is a common comorbidity in infectious diseases such as HIV,
leprosy, and herpes zoster, and in noninfectious conditions such as
diabetes mellitus, stroke, multiple sclerosis, and traumatic limb and
spinal cord injury.”'1%1820 The pain is associated with significant
decreases in quality of life and socioeconomic well-being, even
more so than nonneuropathic chronic pain.®'®?! Developing and
emerging countries share the greatest burden of conditions that are
associated with the development of neuropathic pain®'° and canil
afford the negative consequences of this pain.

There are medicines with proven efficacy in the treatment of
neuropathic pain.'"'2 Nevertheless, the pain can be difficult to treat,
with significant interindividual variation in efficacy within and between
drug classes, independent of the underlying peripheral or central
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nervous system lesion or disease.®* Effective management of
neuropathic pain within a population therefore requires access to
a small, but crucial, group of drug classes with proven efficacy.
The World Health Organization’s (WHO) model list of essential
medicines (http://www.who.int/selection_medicines/list/en/) presents
medicines deemed necessary to meet priority health needs, and local
implementation of essential medicines policies is associated with
improved quality use of medicines.'*'” However, none of the
analgesic medicines included in the WHO model list is recom-
mended as first-line treatments for neuropathic pain." Thus, the
WHO model list is not a good framework from which national
policies on managing neuropathic pain can be structured, but
countries do adapt the model list according to local needs and
resources.’” To estimate the nominal availability of medicines
recommended for the treatment of neuropathic pain in developing
and emerging countries, we assessed national essential medicines
lists (NEMLs) for the inclusion of recommended treatments. We also
assessed whether the coverage of recommended drugs classes on
these NEMLs was dependent on countries’ economic status.

2. Methods
2.1. National essential medicines list selection

We confined our analysis to the 117 NEMLs accessible through
the WHO Web site (http://www.who.int/selection_medicines/
country_lists/en/). Updated editions of the 117 NEMLs were
sought on public, crawler-based search engines using country
names, and titles of the downloaded documents as search terms;
14 newer editions were identified.

2.2. Data extraction

Each NEML was independently reviewed by 2 authors. The NEMLs
were assessed for drugs recently recommended as first or second-
line treatments for neuropathic pain after a meta-analysis and grading
of the evidence."" Drug classes and drugs assessed included
the following: (1) tricyclic antidepressants (TCA}—amitriptyline,
nortriptyline, clomipramine, desipramine, and imipramine; (2)
serotonin and noradrenaline reuptake inhibitors—duloxetine and
venlafaxine; (3) anticonvulsants—gabapentin and pregabalin; (4)
opioids—tramadol; and (5) topical agents—capsaicin and lido-
caine. Drugs were recorded as being listed if they appeared
anywhere on an NEML, irrespective of therapeutic class classifi-
cation or treatment indications. Lidocaine was only recorded as
being listed if it was specified as a topical formulation and at
a concentration of at least 5%, or was a eutectic mix of 2.5%
lidocaine: 2.5% prilocaine. Capsaicin was only recorded as being
listed if the concentration was specified to be at least 8%.
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Information was also extracted on the strong opioids morphine,
methadone, and oxycodone, which are listed in the WHO model list
and are recommended as second or third-line therapy for
neuropathic pain.®'" Anticonvulsants that are listed on the WHO
model list, but for which the data on their efficacy in treating
neuropathic pain are inconclusive (carbamazepine and oxcarbaze-
pine) or against their use (sodium valproate), were also assessed. "

2.3. Data analysis

Only countries and territories classified as developing or emerging
by the International Monetary Fund (IMF) were included in the
analysis, which resulted in the exclusion of NEMLs from Sweden,
Malta, Slovenia, and Slovakia.'® The NEML of the Democratic
People’s Republic of Korea also was excluded because the list
was generated by the WHO, and not by the country itself. The
NEMLs of the remaining 112 countries were then categorised
according to the World Bank system of low, lower-middle, higher-
middle, and high income.?? Data from 8 countries (Bahrain,
Barbados, Chile, Croatia, Oman, Poland, Trinidad and Tobago,
Uruguay), which are classified as developing or emerging by the
IMF, but as high income by the World Bank, were included in the
analyses. Basic descriptive statistics were generated on whether
the selected drugs were listed, and the number of recommended
first-line drug classes included on each NEML. The x? test for
trend was used to assess whether country income category
predicted which of the drugs assessed were listed, and the
number of first and second-line drug classes listed. The Holm
method was used to correct P values for multiple comparisons.

3. Results
3.1. Coverage of developing and emerging countries

The 112 documents analysed covered 24/34 (71%) developing or
emerging countries and territories classified as low income by The
World Bank, 40/50 (80%) countries classified as lower-middle
income, 37/55 (67%) countries classified as higher-middle
income, and 8/38 (21%) developing or emerging countries and
territories classified as high income.?? Thirty-nine countries were
in Africa, 23 in the Americas, 30 in Asia (including the Middle East),
8 in Europe, and 12 in Oceania. The median NEML publication
date was 2009 (range, 2002 to 2014). Additional information on
the 112 NEMLs is provided in Supplemental Digital Content 1,
available online at http://links.lww.com/PAIN/A51.

3.2. Listing of individual drugs

Table 1 summarizes the listing of individual drugs. Tricyclic
antidepressants were almost universally listed, with amitriptyline
being the most commonly listed agent. Only the NEMLs of Angola,
Bulgaria, and Cambodia did not list any of the assessed TCAs.
There was a positive association between country income and
listing of imipramine (corrected P = 0.037), but not of the other
TCAs. Serotonin and noradrenaline reuptake inhibitors duloxetine
and venlafaxine were infrequently listed, and no association was
detected between drug listing and country income. The majority of
NEMLs did not include an 28 calcium channel antagonist, but
when they did, it was more likely to be gabapentin than pregabalin,
and the NEML was more likely to be from an upper-middle income
or high-income country than a country from a lower-income
category (corrected P = 0.005).

Approximately half the NEMLs listed tramadol, and no
association was detected between the income category and

PAIN®

drug listing. Only one-fifth of the countries’ lists included topical
lidocaine (no association between income and drug listing was
detected), and none of the NEMLs included high-dose capsaicin.

Morphine and the anticonvulsants carbamazepine and sodium
valproate were almost universally listed (Supplemental Digital
Content 2 for countries that did not list morphine, available online
at http://links.lww.com/PAIN/A52), and no associations between
income and drug listings were detected. There were low rates of
inclusion for other strong opioids, oxycodone and methadone,
and the anticonvulsant oxcarbazepine. Inclusion of methadone
and oxcarbazepine was positively associated with the country’s
income status (corrected P < 0.05 for both drugs).

Very few NEMLs indicated that the assessed drugs were
for the treatment of neuropathic pain, with amitriptyline (9% of
NEMLs) and carbamazepine (14% of NEMLs) receiving the most
indications for treating neuropathic pain (Supplemental Digital
Content 3, available online at http://links.lww.com/PAIN/AS3).

3.3. Listing of drug classes

Figure 1 shows the percentage of NEMLs thatincluded O, 1, 2, or 3
drug classes recommended for the treatment of neuropathic pain.
Approximately two-thirds of countries had only 1 class of first-line
agent (typically TCAs), and approximately half had only 1 second-
line agent (typically tramadol), included on their NEMLs. Two
countries (Angola and Cambodia) had no first-line treatment classes
listed, and almost 40% of countries had no second-line therapies
listed. There was an association between the income category and
number of drug classes listed for first (corrected P < 0.001) and
second-line (corrected P < 0.001) therapies. No low-income
countries had all 3 first-line drug classes listed, compared with half
of all high-income countries. Only 1 low-income country (Tanzania)
had 2 first-line classes listed (TCA and «a28 calcium channel
antagonists), compared with one-quarter of high-income countries.

4. Discussion

Our analysis shows gross deficiencies in the scope of drugs
recommended for the treatment of neuropathic pain on the
NEMLs of developing and emerging countries. The poor selection
of recommended treatments means that should a patient fail to
respond to initial therapy (number needed to treat for 50% pain
relief is typically =4 for neuropathic pain''), have significant side
effects, or have contraindications to a drug’s use, there are no or
limited alternative therapies available. Furthermore, even when
recommended drugs are listed, the drugs generally are not
indicated, or are inappropriately indicated, for the treatment of
neuropathic pain.

Management of pain is a priority issue that has been codified in
the WHO model list since 1977.%9%2 Indeed, the WHO®' recently
urged member states to ensure, “the availability of essential
medicines for the management of symptoms, including pain,”
and “(the) education and training of healthcare professionals, in
order to ensure adequate responses to palliative care needs.” Yet
for neuropathic pain, the WHO model list fails on both accounts,
being deficient in drugs with proven efficacy in treating
neuropathic pain, and it provides no guidance on appropriate
medications to use for treating neuropathic pain. These
deficiencies are echoed in the NEMLs of developing and
emerging countries. Although the WHO model list informs the
development of NEMLs, countries tailor their lists according to
local needs. For example, tramadol was included on approx-
imately half the NEMLs we assessed, but it is not on the WHO
model list. Thus, the dearth of recommended medications for
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Figure 1. Percentage of national essential medicine lists (NEMLs) that included
0, 1, 2, or 3 drug classes recommended for the treatment of neuropathic pain.
Data are shown grouped according to World Bank income category and for all
countries (n = 109, data from the Cook Islands, Nauru, and Niue were not
included because the World Bank does not index them). The top panel shows
drug-classes recommended as first-line treatment, and the bottom panel
shows second-line drug classes. First-line drug classes include: tricyclic
antidepressants, serotonin and norepinephrine reuptake inhibitors, and a2d
calcium channel antagonists. Second-line drug classes include: opioids
(tramadol) and topical agents (5% lidocaine). There was a positive association
between income category and the number of first-line and second-line drug
classes listed on NEMLs (corrected P < 0.001). *The tricyclic antidepressant
amitriptyline was the only first-line drug listed on the NEMLs of 32% of low
income countries, 36% of lower-middle income countries, 28% of higher-
middle income countries and 4% of high income countries.

treating neuropathic pain reflects deficiencies at the international
and national level.

4.1 Limitations

Our assessment was limited to 112 developing or emerging
countries, and the median publication date of the NEML
assessed was 2009. Nevertheless, we believe that our assess-
ment provides an accurate appraisal of the current situation. First,
our sample included the majority of countries classified as low,
lower-middle, and higher-middle income. Second, no medica-
tions relevant to treatment of neuropathic pain have been added
to the WHO model list in over a decade.?”-?® Finally, since 2009,
only approximately 5% of countries have transitioned to a higher
World Bank income category.

Indeed, NEMLs only indicate nominal drug availability, whereas
actual drug availability tends to be low in developing countries
because of poor policy implementation, lack of infrastructure and
logistical support, drug cost, availability of reimbursement, and
knowledge of health care professionals.?*252° Low availability of oral
formulations of drugs such as the opioids also may limit the use of
these medications to the clinic setting; although our analysis indicates
that most of the opioids are nominally available in oral and parenteral
formulations (Supplemental Digital Content 4, available online at
http:/links.lww.com/PAIN/A54). Furthermore, most of the medica-
tions to treat neuropathic pain are included on NEMLs as treatments
for depression or epilepsy. Stigma toward these conditions by

PAIN®

communities and health care providers may be an important barrier
to inclusion on NEMLs and their use by health care providers and
patients.”® Thus, even when a drug is physically available,
a combination of attitudes, health care professional knowledge,
and prescription policies could mean that a drug is not prescribed.
We therefore believe that our analysis probably overestimates the
actual availability of neuropathic pain medications in these countries.

4.2. Recommendations

As a first step in improving the management of neuropathic
pain, we believe that there is a strong enough therapeutic need
and a sufficient evidence base to warrant applying for inclusion
of additional recommended treatments for neuropathic pain in
the 19th edition of the WHO model NEML. Indeed, the need to
expand the scope of essential medicines lists is one of the
subjects of a commission on essential medicine policies
recently established by The Lancet (http://www.bu.edu/
lancet-commission-essential-medicines-policies/). To facili-
tate the appropriate use of new and existing medications on
the WHO model list, the medicines should be listed under
a neuropathic pain subsection of the “pain and palliative care”
section of the model list. In addition, we also motivate for
research into the actual cost and availability of these
medications in rural and urban settings, and to identify the
knowledge, attitudes, beliefs, and training needs of prescribers
that are required to improve access to care for neuropathic
pain treatments worldwide.
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NEURONTIN safely and effectively. See full prescribing information for
NEURONTIN.

NEURONTIN® (gabapentin) capsules, for oral use
NEURONTIN® (gabapentin) tablets, for oral use
NEURONTIN® (gabapentin) oral solution

Initial U.S. Approval: 1993

------------------------- RECENT MAJOR CHANGES

e Warnings and Precautions: Anaphylaxis and Angioedema: discontinue
NEURONTIN and evaluate patient immediately (5.2) 9/2015

-=m-mmmemmmeeneeeeeeee—- INDICATIONS AND USAGE

NEURONTIN is indicated for:

e Postherpetic neuralgia in adults (1)

e Adjunctive therapy in the treatment of partial onset seizures, with and
without secondary generalization, in adults and pediatric patients 3 years
and older with epilepsy (1)

—emmmmemememeeeeeme-—-DOSAGE AND ADMINISTRATION ----emememmmm e
e Postherpetic Neuralgia (2.1)
o Dose can be titrated up as needed to a dose of 1800 mg/day
o Day I: Single 300 mg dose
o Day 2: 600 mg/day (i.e., 300 mg two times a day)
o Day 3: 900 mg/day (i.e., 300 mg three times a day)
o Epilepsy with Partial Onset Seizures (2.2)
o Patients 12 years of age and older: starting dose is 300 mg three times
daily; may be titrated up to 600 mg three times daily
o Patients 3 to 11 years of age: starting dose range is 10 to 15 mg/kg/day,
given in three divided doses; recommended dose in patients 3 to 4
years of age is 40 mg/kg/day, given in three divided doses; the
recommended dose in patients 5 to 11 years of age is 25 to
35 mg/kg/day, given in three divided doses. The recommended dose is
reached by upward titration over a period of approximately 3 days
e Dose should be adjusted in patients with reduced renal function (2.3, 2.4)

e DOSAGE FORMS AND STRENG THS --mmmmmmmmmmmmmmmmmeee
e Capsules: 100 mg, 300 mg, and 400 mg (3)

e Tablets: 600 mg, and 800 mg (3)

e Oral Solution: 250 mg/5mL (3)

CONTRAINDICATIONS
e Known hypersensitivity to gabapentin or its ingredients (4)

—==mmmemememeeemem- WARNINGS AND PRECAUTIONS -------memmmememeeeeem

e Drug Reaction with Eosinophilia and Systemic Symptoms (Multiorgan
hypersensitivity): discontinue NEURONTIN if an alternative etiology
cannot be established (5.1)

e Anaphylaxis and Angioedema: discontinue NEURONTIN and evaluate

patient immediately (5.2)

e Driving impairment: warn patients not to drive until they have gained
sufficient experience with NEURONTIN to assess whether it will impair
their ability to drive (5.3)

e Somnolence/Sedation and Dizziness: NEURONTIN may impair the
patient’s ability to operate complex machinery (5.4)

o Increased seizure frequency may occur in patients with seizure disorders if
NEURONTIN is abruptly discontinued (5.5)

o Suicidal Behavior and Ideation: monitor for suicidal thoughts and behavior
(5.6)

o Neuropsychiatric Adverse Reactions in Children 3-12 Years of Age:
monitor for such events (5.7)

ADVERSE REACTIONS

Most common adverse reactions (incidence >8% and at least twice that for

placebo) were:

e Postherpetic neuralgia: dizziness, somnolence, and peripheral edema (6.1)

o Epilepsy in patients >12 years of age: somnolence, dizziness, ataxia,
fatigue, and nystagmus (6.1)

o Epilepsy in patients 3 to 12 years of age: viral infection, fever, nausea
and/or vomiting, somnolence, and hostility (6.1)

DRUG INTERACTIONS
e Morphine increases gabapentin concentrations; dose adjustment may be
needed (5.4, 7.2)

To report SUSPECTED ADVERSE REACTIONS, contact Pfizer, Inc. at
1-800-438-1985 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

-—---—---—---—-——-USE IN SPECIFIC POPULATIONS- -~
e Pregnancy: based on animal data, may cause fetal harm. (8.1)
o Pediatric Use: effectiveness as adjunctive therapy in treatment of partial

seizures in pediatric patients below the age of 3 years has not been
established (8.4)

See 17 for PATIENT COUNSELING INFORMATION and Medication
Guide.
Revised: 9/2015
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FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

NEURONTIN® is indicated for:
e Management of postherpetic neuralgia in adults
e Adjunctive therapy in the treatment of partial onset seizures, with and without secondary
generalization, in adults and pediatric patients 3 years and older with epilepsy

2 DOSAGE AND ADMINISTRATION
2.1 Dosage for Postherpetic Neuralgia

In adults with postherpetic neuralgia, NEURONTIN may be initiated on Day 1 as a single

300 mg dose, on Day 2 as 600 mg/day (300 mg two times a day), and on Day 3 as 900 mg/day
(300 mg three times a day). The dose can subsequently be titrated up as needed for pain relief to
a dose of 1800 mg/day (600 mg three times a day). In clinical studies, efficacy was demonstrated
over a range of doses from 1800 mg/day to 3600 mg/day with comparable effects across the dose
range; however, in these clinical studies, the additional benefit of using doses greater than

1800 mg/day was not demonstrated.

2.2 Dosage for Epilepsy with Partial Onset Seizures

Patients 12 years of age and above

The starting dose is 300 mg three times a day. The recommended maintenance dose of
NEURONTIN is 300 mg to 600 mg three times a day. Dosages up to 2400 mg/day have been
well tolerated in long-term clinical studies. Doses of 3600 mg/day have also been administered
to a small number of patients for a relatively short duration, and have been well tolerated.
Administer NEURONTIN three times a day using 300 mg or 400 mg capsules, or 600 mg or
800 mg tablets. The maximum time between doses should not exceed 12 hours.

Pediatric Patients Age 3 to 11 years

The starting dose range is 10 mg/kg/day to 15 mg/kg/day, given in three divided doses, and the
recommended maintenance dose reached by upward titration over a period of approximately

3 days. The recommended maintenance dose of NEURONTIN in patients 3 to 4 years of age is
40 mg/kg/day, given in three divided doses. The recommended maintenance dose of
NEURONTIN in patients 5 to 11 years of age is 25 mg/kg/day to 35 mg/kg/day, given in three
divided doses. NEURONTIN may be administered as the oral solution, capsule, or tablet, or
using combinations of these formulations. Dosages up to 50 mg/kg/day have been well tolerated
in a long-term clinical study. The maximum time interval between doses should not exceed

12 hours.
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2.3 Dosage Adjustment in Patients with Renal Impairment
Dosage adjustment in patients 12 years of age and older with renal impairment or undergoing
hemodialysis is recommended, as follows (see dosing recommendations above for effective

doses in each indication):

TABLE 1. NEURONTIN Dosage Based on Renal Function

Renal Function Total Daily .

.. Dose Regimen
Creatinine Clearance Dose Range
(mL/min) (mg/day) (mg)
> 60 900 to 3600 300 TID 400 TID 600 TID 800 TID 1200 TID
>30 to 59 400 to 1400 200 BID 300 BID 400BID 500BID 700 BID
>15t0 29 200 to 700 200QD 300QD 400QD 500QD 700 QD
15° 100 to 300 100QD  125QD 150QD 200QD 300 QD

Post-Hemodialysis Supplemental Dose (rng)b

Hemodialysis [125° 150 200° 250 350

TID = Three times a day; BID = Two times a day; QD = Single daily dose
®  For patients with creatinine clearance <15 mL/min, reduce daily dose in proportion to creatinine clearance
(e.g., patients with a creatinine clearance of 7.5 mL/min should receive one-half the daily dose that patients with a
creatinine clearance of 15 mL/min receive).

Patients on hemodialysis should receive maintenance doses based on estimates of creatinine clearance as
indicated in the upper portion of the table and a supplemental post-hemodialysis dose administered after each
4 hours of hemodialysis as indicated in the lower portion of the table.

Creatinine clearance (CLCr) is difficult to measure in outpatients. In patients with stable renal
function, creatinine clearance can be reasonably well estimated using the equation of Cockcroft
and Gault:

[143 - age (yeaxs)] % weight (kg)
I=
72 x serum creatuune (xgfdL)

CLC

(> 0.85for female patients)

The use of NEURONTIN in patients less than 12 years of age with compromised renal function
has not been studied.

24 Dosage in Elderly
Because elderly patients are more likely to have decreased renal function, care should be taken in

dose selection, and dose should be adjusted based on creatinine clearance values in these
patients.
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2.5  Administration Information
Administer NEURONTIN orally with or without food.
NEURONTIN capsules should be swallowed whole with water.

Inform patients that, should they divide the scored 600 mg or 800 mg NEURONTIN tablet in
order to administer a half-tablet, they should take the unused half-tablet as the next dose. Half-
tablets not used within 28 days of dividing the scored tablet should be discarded.

If the NEURONTIN dose is reduced, discontinued, or substituted with an alternative medication,
this should be done gradually over a minimum of 1 week (a longer period may be needed at the
discretion of the prescriber).

3 DOSAGE FORMS AND STRENGTHS

Capsules:
e 100 mg: white hard gelatin capsules printed with “PD” on the body and

“Neurontin/100 mg” on the cap

e 300 mg: yellow hard gelatin capsules printed with “PD” on the body and
“Neurontin/300 mg” on the cap

e 400 mg: orange hard gelatin capsules printed with “PD” on the body and
“Neurontin/400 mg” on the cap

Tablets:
e 600 mg: white elliptical film-coated scored tablets debossed with “NT”” and “16” on one
side
e 800 mg: white elliptical film-coated scored tablets debossed with “NT”” and “26” on one
side

Oral solution: 250 mg per 5 mL (50 mg per mL), clear colorless to slightly yellow solution

4 CONTRAINDICATIONS

NEURONTIN is contraindicated in patients who have demonstrated hypersensitivity to the drug
or its ingredients.

5 WARNINGS AND PRECAUTIONS

5.1 Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS)/Multiorgan
Hypersensitivity

Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS), also known as multiorgan
hypersensitivity, has occurred with NEURONTIN. Some of these reactions have been fatal or
life-threatening. DRESS typically, although not exclusively, presents with fever, rash, and/or
lymphadenopathy, in association with other organ system involvement, such as hepatitis,
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nephritis, hematological abnormalities, myocarditis, or myositis sometimes resembling an acute
viral infection. Eosinophilia is often present. This disorder is variable in its expression, and other
organ systems not noted here may be involved.

It is important to note that early manifestations of hypersensitivity, such as fever or
lymphadenopathy, may be present even though rash is not evident. If such signs or symptoms are
present, the patient should be evaluated immediately. NEURONTIN should be discontinued if an
alternative etiology for the signs or symptoms cannot be established.

5.2 Anaphylaxis and Angioedema

NEURONTIN can cause anaphylaxis and angioedema after the first dose or at any time during
treatment. Signs and symptoms in reported cases have included difficulty breathing, swelling of
the lips, throat, and tongue, and hypotension requiring emergency treatment. Patients should be
instructed to discontinue NEURONTIN and seek immediate medical care should they experience
signs or symptoms of anaphylaxis or angioedema.

53 Effects on Driving and Operating Heavy Machinery

Patients taking NEURONTIN should not drive until they have gained sufficient experience to
assess whether NEURONTIN impairs their ability to drive. Driving performance studies
conducted with a prodrug of gabapentin (gabapentin enacarbil tablet, extended release) indicate
that gabapentin may cause significant driving impairment. Prescribers and patients should be
aware that patients’ ability to assess their own driving competence, as well as their ability to
assess the degree of somnolence caused by NEURONTIN, can be imperfect. The duration of
driving impairment after starting therapy with NEURONTIN is unknown. Whether the
impairment is related to somnolence [see Warnings and Precautions (5.4)] or other effects of
NEURONTIN is unknown.

Moreover, because NEURONTIN causes somnolence and dizziness [see Warnings and
Precautions (5.4)], patients should be advised not to operate complex machinery until they have
gained sufficient experience on NEURONTIN to assess whether NEURONTIN impairs their
ability to perform such tasks.

5.4 Somnolence/Sedation and Dizziness

During the controlled epilepsy trials in patients older than 12 years of age receiving doses of
NEURONTIN up to 1800 mg daily, somnolence, dizziness, and ataxia were reported at a greater
rate in patients receiving NEURONTIN compared to placebo: i.e., 19% in drug versus 9% in
placebo for somnolence, 17% in drug versus 7% in placebo for dizziness, and 13% in drug
versus 6% in placebo for ataxia. In these trials somnolence, ataxia and fatigue were common
adverse reactions leading to discontinuation of NEURONTIN in patients older than 12 years of
age, with 1.2%, 0.8% and 0.6% discontinuing for these events, respectively.

During the controlled trials in patients with post-herpetic neuralgia, somnolence and dizziness
were reported at a greater rate compared to placebo in patients receiving NEURONTIN, in
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dosages up to 3600 mg per day: i.e., 21% in NEURONTIN-treated patients versus 5% in
placebo-treated patients for somnolence and 28% in NEURONTIN-treated patients versus 8% in
placebo-treated patients for dizziness. Dizziness and somnolence were among the most common
adverse reactions leading to discontinuation of NEURONTIN.

Patients should be carefully observed for signs of central nervous system (CNS) depression, such
as somnolence and sedation, when NEURONTIN is used with other drugs with sedative
properties because of potential synergy. In addition, patients who require concomitant treatment
with morphine may experience increases in gabapentin concentrations and may require dose
adjustment [see Drug Interactions (7.2)].

5.5  Withdrawal Precipitated Seizure, Status Epilepticus

Antiepileptic drugs should not be abruptly discontinued because of the possibility of increasing
seizure frequency.

In the placebo-controlled epilepsy studies in patients >12 years of age, the incidence of status
epilepticus in patients receiving NEURONTIN was 0.6% (3 of 543) vs. 0.5% in patients
receiving placebo (2 of 378). Among the 2074 patients >12 years of age treated with
NEURONTIN across all epilepsy studies (controlled and uncontrolled), 31 (1.5%) had status
epilepticus. Of these, 14 patients had no prior history of status epilepticus either before treatment
or while on other medications. Because adequate historical data are not available, it is impossible
to say whether or not treatment with NEURONTIN is associated with a higher or lower rate of
status epilepticus than would be expected to occur in a similar population not treated with
NEURONTIN.

5.6 Suicidal Behavior and Ideation

Antiepileptic drugs (AEDs), including NEURONTIN, increase the risk of suicidal thoughts or
behavior in patients taking these drugs for any indication. Patients treated with any AED for any
indication should be monitored for the emergence or worsening of depression, suicidal thoughts
or behavior, and/or any unusual changes in mood or behavior.

Pooled analyses of 199 placebo-controlled clinical trials (mono- and adjunctive therapy) of

11 different AEDs showed that patients randomized to one of the AEDs had approximately twice
the risk (adjusted Relative Risk 1.8, 95% CI:1.2, 2.7) of suicidal thinking or behavior compared
to patients randomized to placebo. In these trials, which had a median treatment duration of

12 weeks, the estimated incidence rate of suicidal behavior or ideation among 27,863 AED-
treated patients was 0.43%, compared to 0.24% among 16,029 placebo-treated patients,
representing an increase of approximately one case of suicidal thinking or behavior for every
530 patients treated. There were four suicides in drug-treated patients in the trials and none in
placebo-treated patients, but the number is too small to allow any conclusion about drug effect
on suicide.

The increased risk of suicidal thoughts or behavior with AEDs was observed as early as one
week after starting drug treatment with AEDs and persisted for the duration of treatment
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assessed. Because most trials included in the analysis did not extend beyond 24 weeks, the risk
of suicidal thoughts or behavior beyond 24 weeks could not be assessed.

The risk of suicidal thoughts or behavior was generally consistent among drugs in the data
analyzed. The finding of increased risk with AEDs of varying mechanisms of action and across a
range of indications suggests that the risk applies to all AEDs used for any indication. The risk
did not vary substantially by age (5-100 years) in the clinical trials analyzed. Table 2 shows
absolute and relative risk by indication for all evaluated AEDs.

TABLE 2 Risk by Indication for Antiepileptic Drugs in the Pooled Analysis

Indication  Placebo Patients Drug Patients Relative Risk: Risk Difference:
with Events Per ~ with Events Per  Incidence of Events in  Additional Drug
1000 Patients 1000 Patients Drug Patients with
Patients/Incidence in ~ Events Per 1000
Placebo Patients Patients
Epilepsy 1.0 34 3.5 24
Psychiatric 5.7 8.5 1.5 2.9
Other 1.0 1.8 1.9 0.9
Total 24 43 1.8 1.9

The relative risk for suicidal thoughts or behavior was higher in clinical trials for epilepsy than in
clinical trials for psychiatric or other conditions, but the absolute risk differences were similar for
the epilepsy and psychiatric indications.

Anyone considering prescribing NEURONTIN or any other AED must balance the risk of
suicidal thoughts or behavior with the risk of untreated illness. Epilepsy and many other illnesses
for which AEDs are prescribed are themselves associated with morbidity and mortality and an
increased risk of suicidal thoughts and behavior. Should suicidal thoughts and behavior emerge
during treatment, the prescriber needs to consider whether the emergence of these symptoms in
any given patient may be related to the illness being treated.

Patients, their caregivers, and families should be informed that AEDs increase the risk of suicidal
thoughts and behavior and should be advised of the need to be alert for the emergence or
worsening of the signs and symptoms of depression, any unusual changes in mood or behavior,
or the emergence of suicidal thoughts, behavior, or thoughts about self-harm. Behaviors of
concern should be reported immediately to healthcare providers.

5.7 Neuropsychiatric Adverse Reactions (Pediatric Patients 3-12 Years of Age)

Gabapentin use in pediatric patients with epilepsy 3-12 years of age is associated with the
occurrence of central nervous system related adverse reactions. The most significant of these can
be classified into the following categories: 1) emotional lability (primarily behavioral problems),
2) hostility, including aggressive behaviors, 3) thought disorder, including concentration
problems and change in school performance, and 4) hyperkinesia (primarily restlessness and
hyperactivity). Among the gabapentin-treated patients, most of the reactions were mild to
moderate in intensity.
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In controlled clinical epilepsy trials in pediatric patients 3—12 years of age, the incidence of these
adverse reactions was: emotional lability 6% (gabapentin-treated patients) vs. 1.3% (placebo-
treated patients); hostility 5.2% vs. 1.3%; hyperkinesia 4.7% vs. 2.9%; and thought disorder
1.7% vs. 0%. One of these reactions, a report of hostility, was considered serious.
Discontinuation of gabapentin treatment occurred in 1.3% of patients reporting emotional lability
and hyperkinesia and 0.9% of gabapentin-treated patients reporting hostility and thought
disorder. One placebo-treated patient (0.4%) withdrew due to emotional lability.

5.8  Tumorigenic Potential

In an oral carcinogenicity study, gabapentin increased the incidence of pancreatic acinar cell
tumors in rats [see Nonclinical Toxicology (13.1)]. The clinical significance of this finding is
unknown. Clinical experience during gabapentin’s premarketing development provides no direct
means to assess its potential for inducing tumors in humans.

In clinical studies in adjunctive therapy in epilepsy comprising 2085 patient-years of exposure in
patients >12 years of age, new tumors were reported in 10 patients (2 breast, 3 brain, 2 lung,

1 adrenal, 1 non-Hodgkin’s lymphoma, 1 endometrial carcinoma in sifu), and preexisting tumors
worsened in 11 patients (9 brain, 1 breast, 1 prostate) during or up to 2 years following
discontinuation of NEURONTIN. Without knowledge of the background incidence and
recurrence in a similar population not treated with NEURONTIN, it is impossible to know
whether the incidence seen in this cohort is or is not affected by treatment.

5.9 Sudden and Unexplained Death in Patients with Epilepsy

During the course of premarketing development of NEURONTIN, 8 sudden and unexplained
deaths were recorded among a cohort of 2203 epilepsy patients treated (2103 patient-years of
exposure) with NEURONTIN.

Some of these could represent seizure-related deaths in which the seizure was not observed, e.g.,
at night. This represents an incidence of 0.0038 deaths per patient-year. Although this rate
exceeds that expected in a healthy population matched for age and sex, it is within the range of
estimates for the incidence of sudden unexplained deaths in patients with epilepsy not receiving
NEURONTIN (ranging from 0.0005 for the general population of epileptics to 0.003 for a
clinical trial population similar to that in the NEURONTIN program, to 0.005 for patients with
refractory epilepsy). Consequently, whether these figures are reassuring or raise further concern
depends on comparability of the populations reported upon to the NEURONTIN cohort and the
accuracy of the estimates provided.

6 ADVERSE REACTIONS

The following serious adverse reactions are discussed in greater detail in other sections:
e Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS)/Multiorgan
Hypersensitivity [see Warnings and Precautions (5.1)]
e Anaphylaxis and Angioedema [see Warnings and Precautions (5.2)]
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e Somnolence/Sedation and Dizziness [see Warnings and Precautions (5.4)]

e Withdrawal Precipitated Seizure, Status Epilepticus [see Warnings and Precautions
(3.5)]

e Suicidal Behavior and Ideation [see Warnings and Precautions (5.6)]

e Neuropsychiatric Adverse Reactions (Pediatric Patients 3-12 Years of Age) [see
Warnings and Precautions (5.7)]

e Sudden and Unexplained Death in Patients with Epilepsy [see Warnings and Precautions

(3.9)]

6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials

of another drug and may not reflect the rates observed in practice.

Postherpetic Neuralgia

The most common adverse reactions associated with the use of NEURONTIN in adults, not seen
at an equivalent frequency among placebo-treated patients, were dizziness, somnolence, and
peripheral edema.

In the 2 controlled trials in postherpetic neuralgia, 16% of the 336 patients who received
NEURONTIN and 9% of the 227 patients who received placebo discontinued treatment because
of an adverse reaction. The adverse reactions that most frequently led to withdrawal in
NEURONTIN-treated patients were dizziness, somnolence, and nausea.

Table 3 lists adverse reactions that occurred in at least 1% of NEURONTIN-treated patients with

postherpetic neuralgia participating in placebo-controlled trials and that were numerically more
frequent in the NEURONTIN group than in the placebo group.
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TABLE 3. Adverse Reactions in Pooled Placebo-Controlled
Trials in Postherpetic Neuralgia
NEURONTIN Placebo

N=336 N=227
% %

Body as a Whole

Asthenia 6 5

Infection 5

Accidental injury 3 1
Digestive System

Diarrhea 6 3

Dry mouth 5 1

Constipation 4 2

Nausea 4 3

Vomiting 3 2
Metabolic and Nutritional Disorders

Peripheral edema 8 2

Weight gain 0

Hyperglycemia 1 0
Nervous System

Dizziness 28 8

Somnolence 21 5

Ataxia 3 0

Abnormal thinking 3 0

Abnormal gait 2 0

Incoordination 2 0
Respiratory System

Pharyngitis 1 0
Special Senses

Amblyopia® 3 1

Conjunctivitis 1 0

Diplopia 1 0

Otitis media 1 0

*  Reported as blurred vision

Other reactions in more than 1% of patients but equally or more frequent in the placebo group
included pain, tremor, neuralgia, back pain, dyspepsia, dyspnea, and flu syndrome.

There were no clinically important differences between men and women in the types and
incidence of adverse reactions. Because there were few patients whose race was reported as other
than white, there are insufficient data to support a statement regarding the distribution of adverse
reactions by race.
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Epilepsy with Partial Onset Seizures (Adjunctive Therapy)

The most common adverse reactions with NEURONTIN in combination with other antiepileptic
drugs in patients >12 years of age, not seen at an equivalent frequency among placebo-treated
patients, were somnolence, dizziness, ataxia, fatigue, and nystagmus.

The most common adverse reactions with NEURONTIN in combination with other antiepileptic
drugs in pediatric patients 3 to 12 years of age, not seen at an equal frequency among placebo-
treated patients, were viral infection, fever, nausea and/or vomiting, somnolence, and hostility
[see Warnings and Precautions (5.5)].

Approximately 7% of the 2074 patients >12 years of age and approximately 7% of the

449 pediatric patients 3 to 12 years of age who received NEURONTIN in premarketing clinical
trials discontinued treatment because of an adverse reaction. The adverse reactions most
commonly associated with withdrawal in patients >12 years of age were somnolence (1.2%),
ataxia (0.8%), fatigue (0.6%), nausea and/or vomiting (0.6%), and dizziness (0.6%). The adverse
reactions most commonly associated with withdrawal in pediatric patients were emotional
lability (1.6%), hostility (1.3%), and hyperkinesia (1.1%).

Table 4 lists adverse reactions that occurred in at least 1% of NEURONTIN-treated patients

>12 years of age with epilepsy participating in placebo-controlled trials and were numerically
more common in the NEURONTIN group. In these studies, either NEURONTIN or placebo was
added to the patient’s current antiepileptic drug therapy.

TABLE 4. Adverse Reactions in Pooled Placebo-Controlled Add-On Trials In
Epilepsy Patients >12 years of age

NEURONTIN?*  Placebo®

N=543 N=378
% %

Body As A Whole

Fatigue 11 5

Increased Weight 3 2

Back Pain 2 1

Peripheral Edema 2 1
Cardiovascular

Vasodilatation 1 0
Digestive System

Dyspepsia 2 1

Dry Mouth or Throat 2 1

Constipation 2 1

Dental Abnormalities 2 0
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TABLE 4. Adverse Reactions in Pooled Placebo-Controlled Add-On Trials In
Epilepsy Patients >12 years of age

NEURONTIN?*  Placebo®

N=543 N=378
% %

Nervous System

Somnolence 19 9

Dizziness 17 7

Ataxia 13 6

Nystagmus 8 4

Tremor 7 3

Dysarthria 2 1

Amnesia 2 0

Depression 2 1

Abnormal thinking 2 1

Abnormal coordination 1 0
Respiratory System

Pharyngitis 3 2

Coughing 2 1
Skin and Appendages

Abrasion 1 0
Urogenital System

Impotence 2 1
Special Senses

Diplopia 6

Amblyopia® 4 1

* Plus background antiepileptic drug therapy
® Amblyopia was often described as blurred vision.

Among the adverse reactions occurring at an incidence of at least 10% in NEURONTIN-treated
patients, somnolence and ataxia appeared to exhibit a positive dose-response relationship.

The overall incidence of adverse reactions and the types of adverse reactions seen were similar
among men and women treated with NEURONTIN. The incidence of adverse reactions
increased slightly with increasing age in patients treated with either NEURONTIN or placebo.
Because only 3% of patients (28/921) in placebo-controlled studies were identified as nonwhite
(black or other), there are insufficient data to support a statement regarding the distribution of
adverse reactions by race.

Table 5 lists adverse reactions that occurred in at least 2% of NEURONTIN-treated patients, age

3 to 12 years of age with epilepsy participating in placebo-controlled trials, and which were
numerically more common in the NEURONTIN group.
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TABLE 5. Adverse Reactions in a Placebo-Controlled Add-On Trial in
Pediatric Epilepsy Patients Age 3 to 12 Years
NEURONTIN? Placebo®

N=119 N=128
% %

Body As A Whole

Viral Infection 3

Fever 3

Increased Weight 1

Fatigue 3 2
Digestive System

Nausea and/or Vomiting 8 7
Nervous System

Somnolence 8 5

Hostility 8 2

Emotional Lability 4 2

Dizziness 3 2

Hyperkinesia 3 1
Respiratory System

Bronchitis 3 1

Respiratory Infection 3 1

*Plus background antiepileptic drug therapy

Other reactions in more than 2% of pediatric patients 3 to 12 years of age but equally or more
frequent in the placebo group included: pharyngitis, upper respiratory infection, headache,
rhinitis, convulsions, diarrhea, anorexia, coughing, and otitis media.

6.2 Postmarketing Experience

The following adverse reactions have been identified during postmarketing use of
NEURONTIN. Because these reactions are reported voluntarily from a population of uncertain
size, it is not always possible to reliably estimate their frequency or establish a causal
relationship to drug exposure.

Hepatobiliary disorders: jaundice

Investigations: elevated creatine kinase, elevated liver function tests

Metabolism and nutrition disorders: hyponatremia

Musculoskeletal and connective tissue disorder: rhabdomyolysis

Nervous system disorders: movement disorder

Reproductive system and breast disorders: breast enlargement, changes in libido, ejaculation
disorders and anorgasmia

Skin and subcutaneous tissue disorders: angioedema /see Warnings and Precautions (5.2)],
erythema multiforme, Stevens-Johnson syndrome.

Adverse reactions following the abrupt discontinuation of gabapentin have also been reported.
The most frequently reported reactions were anxiety, insomnia, nausea, pain, and sweating.
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7 DRUG INTERACTIONS
7.1 Other Antiepileptic Drugs

Gabapentin is not appreciably metabolized nor does it interfere with the metabolism of
commonly coadministered antiepileptic drugs /see Clinical Pharmacology (12.3)].

7.2 Opioids

Hydrocodone

Coadministration of NEURONTIN with hydrocodone decreases hydrocodone exposure /see
Clinical Pharmacology (12.3)]. The potential for alteration in hydrocodone exposure and effect
should be considered when NEURONTIN is started or discontinued in a patient taking
hydrocodone.

Morphine

When gabapentin is administered with morphine, patients should be observed for signs of central
nervous system (CNS) depression, such as somnolence, sedation and respiratory depression /see
Clinical Pharmacology (12.3)].

7.3 Maalox® (aluminum hydroxide, magnesium hydroxide)

The mean bioavailability of gabapentin was reduced by about 20% with concomitant use of an
antacid (Maalox") containing magnesium and aluminum hydroxides. It is recommended that
gabapentin be taken at least 2 hours following Maalox administration /see Clinical
Pharmacology (12.3)].

7.4  Drug/Laboratory Test Interactions

Because false positive readings were reported with the Ames N-Multistix SG® dipstick test for
urinary protein when gabapentin was added to other antiepileptic drugs, the more specific
sulfosalicylic acid precipitation procedure is recommended to determine the presence of urine
protein.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Pregnancy Category C: There are no adequate and well-controlled studies in pregnant women. In
nonclinical studies in mice, rats, and rabbits, gabapentin was developmentally toxic when
administered to pregnant animals at doses similar to or lower than those used clinically.
NEURONTIN should be used during pregnancy only if the potential benefit justifies the
potential risk to the fetus.
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When pregnant mice received oral doses of gabapentin (500, 1000, or 3000 mg/kg/day) during
the period of organogenesis, embryo-fetal toxicity (increased incidences of skeletal variations)
was observed at the two highest doses. The no-effect dose for embryo-fetal developmental
toxicity in mice was 500 mg/kg/day or approximately 72 of the maximum recommended human
dose (MRHD) of 3600 mg/kg on a body surface area (mg/m?) basis.

In studies in which rats received oral doses of gabapentin (500 to 2000 mg/kg/day), during
pregnancy, adverse effect on offspring development (increased incidences of hydroureter and/or
hydronephrosis) were observed at all doses. The lowest effect dose for developmental toxicity in
rats is approximately equal to the MRHD on a mg/m” basis.

When pregnant rabbits were treated with gabapentin during the period of organogenesis, an
increase in embryo-fetal mortality was observed at all doses tested (60, 300, or 1500 mg/kg). The
lowest effect dose for embryo-fetal developmental toxicity in rabbits is less than the MRHD on a
mg/m” basis.

In a published study, gabapentin (400 mg/kg/day) was administered by intraperitoneal injection
to neonatal mice during the first postnatal week, a period of synaptogenesis in rodents
(corresponding to the last trimester of pregnancy in humans). Gabapentin caused a marked
decrease in neuronal synapse formation in brains of intact mice and abnormal neuronal synapse
formation in a mouse model of synaptic repair. Gabapentin has been shown in vitro to interfere
with activity of the 023 subunit of voltage-activated calcium channels, a receptor involved in
neuronal synaptogenesis. The clinical significance of these findings is unknown.

To provide information regarding the effects of in utero exposure to NEURONTIN, physicians
are advised to recommend that pregnant patients taking NEURONTIN enroll in the North
American Antiepileptic Drug (NAAED) Pregnancy Registry. This can be done by calling the toll
free number 1-888-233-2334, and must be done by patients themselves. Information on the
registry can also be found at the website http://www.aedpregnancyregistry.org/.

8.3 Nursing Mothers

Gabapentin is secreted into human milk following oral administration. A nursed infant could be

exposed to a maximum dose of approximately 1 mg/kg/day of gabapentin. Because the effect on
the nursing infant is unknown, NEURONTIN should be used in women who are nursing only if
the benefits clearly outweigh the risks.

8.4 Pediatric Use

Safety and effectiveness of NEURONTIN in the management of postherpetic neuralgia in
pediatric patients have not been established.

Effectiveness as adjunctive therapy in the treatment of partial seizures in pediatric patients below
the age of 3 years has not been established /see Clinical Studies (14.2)].
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8.5 Geriatric Use

The total number of patients treated with NEURONTIN in controlled clinical trials in patients
with postherpetic neuralgia was 336, of which 102 (30%) were 65 to 74 years of age, and

168 (50%) were 75 years of age and older. There was a larger treatment effect in patients

75 years of age and older compared with younger patients who received the same dosage. Since
gabapentin is almost exclusively eliminated by renal excretion, the larger treatment effect
observed in patients >75 years may be a consequence of increased gabapentin exposure for a
given dose that results from an age-related decrease in renal function. However, other factors
cannot be excluded. The types and incidence of adverse reactions were similar across age groups
except for peripheral edema and ataxia, which tended to increase in incidence with age.

Clinical studies of NEURONTIN in epilepsy did not include sufficient numbers of subjects aged
65 and over to determine whether they responded differently from younger subjects. Other
reported clinical experience has not identified differences in responses between the elderly and
younger patients. In general, dose selection for an elderly patient should be cautious, usually
starting at the low end of the dosing range, reflecting the greater frequency of decreased hepatic,
renal, or cardiac function, and of concomitant disease or other drug therapy.

This drug is known to be substantially excreted by the kidney, and the risk of toxic reactions to
this drug may be greater in patients with impaired renal function. Because elderly patients are
more likely to have decreased renal function, care should be taken in dose selection, and dose
should be adjusted based on creatinine clearance values in these patients /see Dosage and
Administration (2.4), Adverse Reactions (6), and Clinical Pharmacology (12.3)].

8.6  Renal Impairment
Dosage adjustment in adult patients with compromised renal function is necessary [see Dosage
and Administration (2.3) and Clinical Pharmacology (12.3)]. Pediatric patients with renal

insufficiency have not been studied.

Dosage adjustment in patients undergoing hemodialysis is necessary [see Dosage and
Administration (2.3) and Clinical Pharmacology (12.3)].

9 DRUG ABUSE AND DEPENDENCE

9.1 Controlled Substance

Gabapentin is not a scheduled drug.

9.2  Abuse

Gabapentin does not exhibit affinity for benzodiazepine, opiate (mu, delta or kappa), or
cannabinoid 1 receptor sites. A small number of postmarketing cases report gabapentin misuse
and abuse. These individuals were taking higher than recommended doses of gabapentin for

unapproved uses. Most of the individuals described in these reports had a history of poly-
substance abuse or used gabapentin to relieve symptoms of withdrawal from other substances.
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When prescribing gabapentin carefully evaluate patients for a history of drug abuse and observe
them for signs and symptoms of gabapentin misuse or abuse (e.g., development of tolerance,
self-dose escalation, and drug-seeking behavior).

9.3 Dependence

There are rare postmarketing reports of individuals experiencing withdrawal symptoms shortly
after discontinuing higher than recommended doses of gabapentin used to treat illnesses for
which the drug is not approved. Such symptoms included agitation, disorientation and confusion
after suddenly discontinuing gabapentin that resolved after restarting gabapentin. Most of these
individuals had a history of poly-substance abuse or used gabapentin to relieve symptoms of
withdrawal from other substances. The dependence and abuse potential of gabapentin has not
been evaluated in human studies.

10 OVERDOSAGE

A lethal dose of gabapentin was not identified in mice and rats receiving single oral doses as
high as 8000 mg/kg. Signs of acute toxicity in animals included ataxia, labored breathing, ptosis,
sedation, hypoactivity, or excitation.

Acute oral overdoses of NEURONTIN up to 49 grams have been reported. In these cases, double
vision, slurred speech, drowsiness, lethargy, and diarrhea were observed. All patients recovered

with supportive care. Coma, resolving with dialysis, has been reported in patients with chronic
renal failure who were treated with NEURONTIN.

Gabapentin can be removed by hemodialysis. Although hemodialysis has not been performed in
the few overdose cases reported, it may be indicated by the patient’s clinical state or in patients
with significant renal impairment.

If overexposure occurs, call your poison control center at 1-800-222-1222.

11 DESCRIPTION

The active ingredient in NEURONTIN capsules, tablets, and oral solution is gabapentin,which
has the chemical name 1-(aminomethyl)cyclohexaneacetic acid.

The molecular formula of gabapentin is CoH;7NO, and the molecular weight is 171.24. The
structural formula of gabapentin is:

CHoNH.

CH,CO2H

Reference ID: 3818812



Gabapentin is a white to off-white crystalline solid with a pK,; of 3.7 and a pKy, of 10.7. It is
freely soluble in water and both basic and acidic aqueous solutions. The log of the partition
coefficient (n-octanol/0.05M phosphate buffer) at pH 7.4 is —1.25.

Each Neurontin capsule contains 100 mg, 300 mg, or 400 mg of gabapentin and the following
inactive ingredients: lactose, cornstarch, talc, gelatin, titanium dioxide, FD&C Blue No. 2,
yellow iron oxide (300 mg and 400 mg only), and red iron oxide (400 mg only).

Each Neurontin tablet contains 600 mg or 800 mg of gabapentin and the following inactive
ingredients: poloxamer 407, copovidone, cornstarch, magnesium stearate, hydroxypropyl
cellulose, talc, and candelilla wax

Neurontin oral solution contains 250 mg of gabapentin per 5 mL (50 mg per mL) and the
following inactive ingredients: glycerin, xylitol, purified water, and artificial cool strawberry
anise flavor.

12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

The precise mechanisms by which gabapentin produces its analgesic and antiepileptic actions are
unknown. Gabapentin is structurally related to the neurotransmitter gamma-aminobutyric acid
(GABA) but has no effect on GABA binding, uptake, or degradation. /n vitro studies have shown
that gabapentin binds with high-affinity to the 026 subunit of voltage-activated calcium channels;
however, the relationship of this binding to the therapeutic effects of gabapentin is unknown.

12.3 Pharmacokinetics

All pharmacological actions following gabapentin administration are due to the activity of the
parent compound; gabapentin is not appreciably metabolized in humans.

Oral Bioavailability

Gabapentin bioavailability is not dose proportional; i.e., as dose is increased, bioavailability
decreases. Bioavailability of gabapentin is approximately 60%, 47%, 34%, 33%, and 27%
following 900, 1200, 2400, 3600, and 4800 mg/day given in 3 divided doses, respectively. Food
has only a slight effect on the rate and extent of absorption of gabapentin (14% increase in AUC
and Cpax).

Distribution
Less than 3% of gabapentin circulates bound to plasma protein. The apparent volume of
distribution of gabapentin after 150 mg intravenous administration is 58+6 L (mean +SD). In

patients with epilepsy, steady-state predose (Cpin) concentrations of gabapentin in cerebrospinal
fluid were approximately 20% of the corresponding plasma concentrations.
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Elimination

Gabapentin is eliminated from the systemic circulation by renal excretion as unchanged drug.
Gabapentin is not appreciably metabolized in humans.

Gabapentin elimination half-life is 5 to 7 hours and is unaltered by dose or following multiple
dosing. Gabapentin elimination rate constant, plasma clearance, and renal clearance are directly
proportional to creatinine clearance. In elderly patients, and in patients with impaired renal
function, gabapentin plasma clearance is reduced. Gabapentin can be removed from plasma by
hemodialysis.

Specific Populations

Age

The effect of age was studied in subjects 20-80 years of age. Apparent oral clearance (CL/F) of
gabapentin decreased as age increased, from about 225 mL/min in those under 30 years of age to
about 125 mL/min in those over 70 years of age. Renal clearance (CLr) and CLr adjusted for
body surface area also declined with age; however, the decline in the renal clearance of
gabapentin with age can largely be explained by the decline in renal function. /see Dosage and
Administration (2.4) and Use in Specific Populations (8.5)].

Gender

Although no formal study has been conducted to compare the pharmacokinetics of gabapentin in
men and women, it appears that the pharmacokinetic parameters for males and females are
similar and there are no significant gender differences.

Race

Pharmacokinetic differences due to race have not been studied. Because gabapentin is primarily
renally excreted and there are no important racial differences in creatinine clearance,
pharmacokinetic differences due to race are not expected.

Pediatric

Gabapentin pharmacokinetics were determined in 48 pediatric subjects between the ages of 1
month and 12 years following a dose of approximately 10 mg/kg. Peak plasma concentrations
were similar across the entire age group and occurred 2 to 3 hours postdose. In general, pediatric
subjects between 1 month and <5 years of age achieved approximately 30% lower exposure
(AUC) than that observed in those 5 years of age and older. Accordingly, oral clearance
normalized per body weight was higher in the younger children. Apparent oral clearance of
gabapentin was directly proportional to creatinine clearance. Gabapentin elimination half-life
averaged 4.7 hours and was similar across the age groups studied.
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A population pharmacokinetic analysis was performed in 253 pediatric subjects between 1 month
and 13 years of age. Patients received 10 to 65 mg/kg/day given three times a day. Apparent oral
clearance (CL/F) was directly proportional to creatinine clearance and this relationship was
similar following a single dose and at steady state. Higher oral clearance values were observed in
children <5 years of age compared to those observed in children 5 years of age and older, when
normalized per body weight. The clearance was highly variable in infants <1 year of age. The
normalized CL/F values observed in pediatric patients 5 years of age and older were consistent
with values observed in adults after a single dose. The oral volume of distribution normalized per
body weight was constant across the age range.

These pharmacokinetic data indicate that the effective daily dose in pediatric patients with
epilepsy ages 3 and 4 years should be 40 mg/kg/day to achieve average plasma concentrations
similar to those achieved in patients 5 years of age and older receiving gabapentin at 30
mg/kg/day [see Dosage and Administration (2.1)].

Adult Patients with Renal Impairment

Subjects (N=60) with renal impairment (mean creatinine clearance ranging from

13-114 mL/min) were administered single 400 mg oral doses of gabapentin. The mean
gabapentin half-life ranged from about 6.5 hours (patients with creatinine clearance

>60 mL/min) to 52 hours (creatinine clearance <30 mL/min) and gabapentin renal clearance
from about 90 mL/min (>60 mL/min group) to about 10 mL/min (<30 mL/min). Mean plasma
clearance (CL/F) decreased from approximately 190 mL/min to 20 mL/min /see Dosage and
Administration (2.3) and Use in Specific Populations (8.6)]. Pediatric patients with renal
insufficiency have not been studied.

Hemodialysis

In a study in anuric adult subjects (N=11), the apparent elimination half-life of gabapentin on
nondialysis days was about 132 hours; during dialysis the apparent half-life of gabapentin was
reduced to 3.8 hours. Hemodialysis thus has a significant effect on gabapentin elimination in
anuric subjects /see Dosage and Administration (2.3) and Use in Specific Populations (8.6)].

Hepatic Disease

Because gabapentin is not metabolized, no study was performed in patients with hepatic
impairment.

Drug Interactions
e In Vitro Studies
In vitro studies were conducted to investigate the potential of gabapentin to inhibit the
major cytochrome P450 enzymes (CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2De,

CYP2EL, and CYP3A4) that mediate drug and xenobiotic metabolism using isoform
selective marker substrates and human liver microsomal preparations. Only at the highest
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concentration tested (171 mcg/mL; 1 mM) was a slight degree of inhibition (14%-30%)
of isoform CYP2AG6 observed. No inhibition of any of the other isoforms tested was
observed at gabapentin concentrations up to 171 mcg/mL (approximately 15 times the
Chnax at 3600 mg/day).

e In Vivo Studies

The drug interaction data described in this section were obtained from studies involving
healthy adults and adult patients with epilepsy.

Phenytoin

In a single (400 mg) and multiple dose (400 mg three times a day) study of
NEURONTIN in epileptic patients (N=8) maintained on phenytoin monotherapy for at
least 2 months, gabapentin had no effect on the steady-state trough plasma concentrations
of phenytoin and phenytoin had no effect on gabapentin pharmacokinetics.

Carbamazepine

Steady-state trough plasma carbamazepine and carbamazepine 10, 11 epoxide
concentrations were not affected by concomitant gabapentin (400 mg three times a day;
N=12) administration. Likewise, gabapentin pharmacokinetics were unaltered by
carbamazepine administration.

Valproic Acid

The mean steady-state trough serum valproic acid concentrations prior to and during
concomitant gabapentin administration (400 mg three times a day; N=17) were not
different and neither were gabapentin pharmacokinetic parameters affected by valproic
acid.

Phenobarbital

Estimates of steady-state pharmacokinetic parameters for phenobarbital or gabapentin
(300 mg three times a day; N=12) are identical whether the drugs are administered alone
or together.

Naproxen

Coadministration (N=18) of naproxen sodium capsules (250 mg) with NEURONTIN
(125 mg) appears to increase the amount of gabapentin absorbed by 12% to 15%.
Gabapentin had no effect on naproxen pharmacokinetic parameters. These doses are
lower than the therapeutic doses for both drugs. The magnitude of interaction within the
recommended dose ranges of either drug is not known.

Hydrocodone
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Coadministration of NEURONTIN (125 to 500 mg; N=48) decreases hydrocodone
(10 mg; N=50) Cax and AUC values in a dose-dependent manner relative to
administration of hydrocodone alone; Cpax and AUC values are 3% to 4% lower,
respectively, after administration of 125 mg NEURONTIN and 21% to 22% lower,
respectively, after administration of 500 mg NEURONTIN. The mechanism for this
interaction is unknown. Hydrocodone increases gabapentin AUC values by 14%. The
magnitude of interaction at other doses is not known.

Morphine

A literature article reported that when a 60 mg controlled-release morphine capsule was
administered 2 hours prior to a 600 mg NEURONTIN capsule (N=12), mean gabapentin
AUC increased by 44% compared to gabapentin administered without morphine.
Morphine pharmacokinetic parameter values were not affected by administration of
NEURONTIN 2 hours after morphine. The magnitude of interaction at other doses is not
known.

Cimetidine

In the presence of cimetidine at 300 mg QID (N=12), the mean apparent oral clearance of
gabapentin fell by 14% and creatinine clearance fell by 10%. Thus, cimetidine appeared
to alter the renal excretion of both gabapentin and creatinine, an endogenous marker of
renal function. This small decrease in excretion of gabapentin by cimetidine is not
expected to be of clinical importance. The effect of gabapentin on cimetidine was not
evaluated.

Oral Contraceptive

Based on AUC and half-life, multiple-dose pharmacokinetic profiles of norethindrone
and ethinyl estradiol following administration of tablets containing 2.5 mg of
norethindrone acetate and 50 mcg of ethinyl estradiol were similar with and without
coadministration of gabapentin (400 mg three times a day; N=13). The Cp.x of
norethindrone was 13% higher when it was coadministered with gabapentin; this
interaction is not expected to be of clinical importance.

Antacid (Maalox®) (aluminum hydroxide, magnesium hydroxide)

Antacid (Maalox™) containing magnesium and aluminum hydroxides reduced the mean
bioavailability of gabapentin (N=16) by about 20%. This decrease in bioavailability was
about 10% when gabapentin was administered 2 hours after Maalox.

Probenecid
Probenecid is a blocker of renal tubular secretion. Gabapentin pharmacokinetic

parameters without and with probenecid were comparable. This indicates that gabapentin
does not undergo renal tubular secretion by the pathway that is blocked by probenecid.
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13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Gabapentin was administered orally to mice and rats in 2-year carcinogenicity studies. No
evidence of drug-related carcinogenicity was observed in mice treated at doses up to

2000 mg/kg/day. At 2000 mg/kg, the plasma gabapentin exposure (AUC) in mice is
approximately 2 times that in humans at the MRHD of 3600 mg/day. In rats, increases in the
incidence of pancreatic acinar cell adenoma and carcinoma were found in male rats receiving the
highest dose (2000 mg/kg), but not at doses of 250 or 1000 mg/kg/day. At 1000 mg/kg, the
plasma gabapentin exposure (AUC) in rats is approximately 5 times that in humans at the
MRHD.

Studies designed to investigate the mechanism of gabapentin-induced pancreatic carcinogenesis
in rats indicate that gabapentin stimulates DNA synthesis in rat pancreatic acinar cells in vitro
and, thus, may be acting as a tumor promoter by enhancing mitogenic activity. It is not known
whether gabapentin has the ability to increase cell proliferation in other cell types or in other
species, including humans.

Gabapentin did not demonstrate mutagenic or genotoxic potential in three in vitro and four in
vivo assays. It was negative in the Ames test and the in vitro HGPRT forward mutation assay in
Chinese hamster lung cells; it did not produce significant increases in chromosomal aberrations
in the in vitro Chinese hamster lung cell assay; it was negative in the in vivo chromosomal
aberration assay and in the in vivo micronucleus test in Chinese hamster bone marrow; it was
negative in the in vivo mouse micronucleus assay; and it did not induce unscheduled DNA
synthesis in hepatocytes from rats given gabapentin.

No adverse effects on fertility or reproduction were observed in rats at doses up to 2000 mg/kg.
At 2000 mg/kg, the plasma gabapentin exposure (AUC) in rats is approximately 8 times that in
humans at the MRHD.

14 CLINICAL STUDIES

14.1 Postherpetic Neuralgia

NEURONTIN was evaluated for the management of postherpetic neuralgia (PHN) in two
randomized, double-blind, placebo-controlled, multicenter studies. The intent-to-treat (ITT)
population consisted of a total of 563 patients with pain for more than 3 months after healing of
the herpes zoster skin rash (Table 6).

TABLE 6. Controlled PHN Studies: Duration, Dosages, and
Number of Patients

Study Study Gabapentin Patients Patients
Duration (mg/day)® Receiving Receiving
Target Dose Gabapentin Placebo
1 8 weeks 3600 113 116
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2 | 7weeks | 1800, 2400 223 111
Total 336 227

*Given in 3 divided doses (TID)

Each study included a 7- or 8-week double-blind phase (3 or 4 weeks of titration and 4 weeks of
fixed dose). Patients initiated treatment with titration to a maximum of 900 mg/day gabapentin
over 3 days. Dosages were then to be titrated in 600 to 1200 mg/day increments at 3- to 7-day
intervals to the target dose over 3 to 4 weeks. Patients recorded their pain in a daily diary using
an 11-point numeric pain rating scale ranging from 0 (no pain) to 10 (worst possible pain). A
mean pain score during baseline of at least 4 was required for randomization. Analyses were
conducted using the ITT population (all randomized patients who received at least one dose of
study medication).

Both studies demonstrated efficacy compared to placebo at all doses tested.

The reduction in weekly mean pain scores was seen by Week 1 in both studies, and were
maintained to the end of treatment. Comparable treatment effects were observed in all active
treatment arms. Pharmacokinetic/pharmacodynamic modeling provided confirmatory evidence
of efficacy across all doses. Figures 1 and 2 show pain intensity scores over time for Studies 1
and 2.

10
4—— 4-Week Dose Titration Period ——p4———4-Week Fixed Dose Period ——p

~O—Placebo

—&—Gabapentin, 3600 mg/day

Mean Pain Score
7]

Baseline 1 2 3 4 5 6 7 8

Figure 1. Weekly Mean Pain Scores (Observed Cases in ITT Population): Study 1
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- - N
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Figure 2. Weekly Mean Pain Scores (Observed Cases in ITT Population): Study 2

The proportion of responders (those patients reporting at least 50% improvement in endpoint
pain score compared with baseline) was calculated for each study (Figure 3).
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Figure 3. Proportion of Responders (patients with >50% reduction in pain score) at Endpoint:
Controlled PHN Studies

14.2  Epilepsy for Partial Onset Seizures (Adjunctive Therapy)

The effectiveness of NEURONTIN as adjunctive therapy (added to other antiepileptic drugs)
was established in multicenter placebo-controlled, double-blind, parallel-group clinical trials in
adult and pediatric patients (3 years and older) with refractory partial seizures.

Evidence of effectiveness was obtained in three trials conducted in 705 patients (age 12 years
and above) and one trial conducted in 247 pediatric patients (3 to 12 years of age). The patients
enrolled had a history of at least 4 partial seizures per month in spite of receiving one or more
antiepileptic drugs at therapeutic levels and were observed on their established antiepileptic drug
regimen during a 12-week baseline period (6 weeks in the study of pediatric patients). In patients
continuing to have at least 2 (or 4 in some studies) seizures per month, NEURONTIN or placebo
was then added on to the existing therapy during a 12-week treatment period. Effectiveness was
assessed primarily on the basis of the percent of patients with a 50% or greater reduction in
seizure frequency from baseline to treatment (the “responder rate’) and a derived measure called
response ratio, a measure of change defined as (T - B)/(T + B), in which B is the patient’s
baseline seizure frequency and T is the patient’s seizure frequency during treatment. Response
ratio is distributed within the range -1 to +1. A zero value indicates no change while complete
elimination of seizures would give a value of -1; increased seizure rates would give positive
values. A response ratio of -0.33 corresponds to a 50% reduction in seizure frequency. The
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results given below are for all partial seizures in the intent-to-treat (all patients who received any
doses of treatment) population in each study, unless otherwise indicated.

One study compared NEURONTIN 1200 mg/day, in three divided doses with placebo.
Responder rate was 23% (14/61) in the NEURONTIN group and 9% (6/66) in the placebo group;
the difference between groups was statistically significant. Response ratio was also better in the
NEURONTIN group (-0.199) than in the placebo group (-0.044), a difference that also achieved
statistical significance.

A second study compared primarily NEURONTIN 1200 mg/day, in three divided doses
(N=101), with placebo (N=98). Additional smaller NEURONTIN dosage groups (600 mg/day,
N=53; 1800 mg/day, N=54) were also studied for information regarding dose response.
Responder rate was higher in the NEURONTIN 1200 mg/day group (16%) than in the placebo
group (8%), but the difference was not statistically significant. The responder rate at 600 mg
(17%) was also not significantly higher than in the placebo, but the responder rate in the

1800 mg group (26%) was statistically significantly superior to the placebo rate. Response ratio
was better in the NEURONTIN 1200 mg/day group (-0.103) than in the placebo group (-0.022);
but this difference was also not statistically significant (p = 0.224). A better response was seen in
the NEURONTIN 600 mg/day group (-0.105) and 1800 mg/day group (-0.222) than in the

1200 mg/day group, with the 1800 mg/day group achieving statistical significance compared to
the placebo group.

A third study compared NEURONTIN 900 mg/day, in three divided doses (N=111), and placebo
(N=109). An additional NEURONTIN 1200 mg/day dosage group (N=52) provided dose-
response data. A statistically significant difference in responder rate was seen in the
NEURONTIN 900 mg/day group (22%) compared to that in the placebo group (10%). Response
ratio was also statistically significantly superior in the NEURONTIN 900 mg/day group (-0.119)
compared to that in the placebo group (-0.027), as was response ratio in 1200 mg/day
NEURONTIN (-0.184) compared to placebo.

Analyses were also performed in each study to examine the effect of NEURONTIN on
preventing secondarily generalized tonic-clonic seizures. Patients who experienced a secondarily
generalized tonic-clonic seizure in either the baseline or in the treatment period in all three
placebo-controlled studies were included in these analyses. There were several response ratio
comparisons that showed a statistically significant advantage for NEURONTIN compared to
placebo and favorable trends for almost all comparisons.

Analysis of responder rate using combined data from all three studies and all doses (N=162,
NEURONTIN; N=89, placebo) also showed a significant advantage for NEURONTIN over
placebo in reducing the frequency of secondarily generalized tonic-clonic seizures.

In two of the three controlled studies, more than one dose of NEURONTIN was used. Within

each study, the results did not show a consistently increased response to dose. However, looking
across studies, a trend toward increasing efficacy with increasing dose is evident (see Figure 4).
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Figure 4. Responder Rate in Patients Receiving NEURONTIN Expressed as a Difference from

Placebo by Dose and Study: Adjunctive Therapy Studies in Patients >12 Years of Age with
Partial Seizures

In the figure, treatment effect magnitude, measured on the Y axis in terms of the difference in the
proportion of gabapentin and placebo-assigned patients attaining a 50% or greater reduction in
seizure frequency from baseline, is plotted against the daily dose of gabapentin administered

(X axis).

Although no formal analysis by gender has been performed, estimates of response (Response
Ratio) derived from clinical trials (398 men, 307 women) indicate no important gender
differences exist. There was no consistent pattern indicating that age had any effect on the
response to NEURONTIN. There were insufficient numbers of patients of races other than
Caucasian to permit a comparison of efficacy among racial groups.

A fourth study in pediatric patients age 3 to 12 years compared 25 —35 mg/kg/day NEURONTIN
(N=118) with placebo (N=127). For all partial seizures in the intent-to-treat population, the
response ratio was statistically significantly better for the NEURONTIN group (-0.146) than for
the placebo group (-0.079). For the same population, the responder rate for NEURONTIN (21%)
was not significantly different from placebo (18%).

A study in pediatric patients age 1 month to 3 years compared 40 mg/kg/day NEURONTIN
(N=38) with placebo (N=38) in patients who were receiving at least one marketed antiepileptic
drug and had at least one partial seizure during the screening period (within 2 weeks prior to
baseline). Patients had up to 48 hours of baseline and up to 72 hours of double-blind video EEG
monitoring to record and count the occurrence of seizures. There were no statistically significant
differences between treatments in either the response ratio or responder rate.
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Appendix 7

NEURONTIN

Summary of product information (ANNEX III)

European Medicines Agency (EMA)

European Union

Updated: September 2006

Access online


http://www.ema.europa.eu/docs/en_GB/document_library/Referrals_document/Neurontin_30/WC500009308.pdf

1. NAME OF THE MEDICINAL PRODUCT
Neurontin and associated names 100 mg hard capsule
Neurontin and associated names 300 mg hard capsule
Neurontin and associated names 400 mg hard capsule
Neurontin and associated names 600 mg film-coated tablet

Neurontin and associated names 800 mg film-coated tablet

[See Annex I - To be completed nationally]

2. QUALITATIVE AND QUANTITATIVE COMPOSITION
Each 100 mg hard capsule contains 100 mg of gabapentin.

Each 300 mg hard capsule contains 300 mg of gabapentin.

Each 400 mg hard capsule contains 400 mg of gabapentin.

Each 600 mg film-coated tablet contains 600 mg of gabapentin.
Each 800 mg film-coated tablet contains 800 mg of gabapentin.
Excipients:

Each 100 mg hard capsule contains 13 mg lactose (as monohydrate).
Each 300 mg hard capsule contains 41 mg lactose (as monohydrate).
Each 400 mg hard capsule contains 54 mg lactose (as monohydrate).
For a full list of excipients, see section 6.1.

[To be completed nationally]

3. PHARMACEUTICAL FORM
Capsule, hard
Film-coated tablet

[Description to be completed nationally]

4. CLINICAL PARTICULARS
4.1 Therapeutic indications

Epilepsy

Gabapentin is indicated as adjunctive therapy in the treatment of partial seizures with and without
secondary generalization in adults and children aged 6 years and above (see section 5.1).
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Gabapentin is indicated as monotherapy in the treatment of partial seizures with and without secondary
generalization in adults and adolescents aged 12 years and above.

Treatment of peripheral neuropathic pain

Gabapentin is indicated for the treatment of peripheral neuropathic pain such as painful diabetic
neuropathy and post-herpetic neuralgia in adults.

4.2 Posology and method of administration
For oral use.

Gabapentin can be given with or without food and should be swallowed whole with sufficient fluid-
intake (e.g. a glass of water).

For all indications a titration scheme for the initiation of therapy is described in Table 1, which is
recommended for adults and adolescents aged 12 years and above. Dosing instructions for children
under 12 years of age are provided under a separate sub-heading later in this section.

Table 1

DOSING CHART - INITIAL TITRATION

Day 1 Day 2 Day 3

300 mg once a day 300 mg two times a day 300 mg three times a day
Epilepsy

Epilepsy typically requires long-term therapy. Dosage is determined by the treating physician according to
individual tolerance and efficacy. When in the judgment of the clinician there is a need for dose reduction,
discontinuation, or substitution with an alternative medication, this should be done gradually over a
minimum of one week.

Adults and adolescents:

In clinical trials, the effective dosing range was 900 to 3600 mg/day. Therapy may be initiated by titrating
the dose as described in Table 1 or by administering 300 mg three times a day (TID) on Day 1. Thereafter,
based on individual patient response and tolerability, the dose can be further increased in 300 mg/day
increments every 2-3 days up to a maximum dose of 3600 mg/day. Slower titration of gabapentin dosage
may be appropriate for individual patients. The minimum time to reach a dose of 1800 mg/day is one
week, to reach 2400 mg/day is a total of 2 weeks, and to reach 3600 mg/day is a total of 3 weeks.
Dosages up to 4800 mg/day have been well tolerated in long-term open-label clinical studies. The total
daily dose should be divided in three single doses, the maximum time interval between the doses should not
exceed 12 hours to prevent breakthrough convulsions.

Children aged 6 years and above:

The starting dose should range from 10 to 15 mg/kg/day and the effective dose is reached by upward
titration over a period of approximately three days. The effective dose of gabapentin in children aged
6 years and older is 25 to 35 mg/kg/day. Dosages up to 50 mg/kg/day have been well tolerated in a long-
term clinical study. The total daily dose should be divided in three single doses, the maximum time interval
between doses should not exceed 12 hours.

It is not necessary to monitor gabapentin plasma concentrations to optimize gabapentin therapy. Further,
gabapentin may be used in combination with other antiepileptic medicinal products without concern for
alteration of the plasma concentrations of gabapentin or serum concentrations of other antiepileptic
medicinal products.
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Peripheral neuropathic pain

Adults

The therapy may be initiated by titrating the dose as described in Table 1. Alternatively, the starting
dose is 900 mg/day given as three equally divided doses. Thereafter, based on individual patient response
and tolerability, the dose can be further increased in 300 mg/day increments every 2-3 days up to a
maximum dose of 3600 mg/day. Slower titration of gabapentin dosage may be appropriate for individual
patients. The minimum time to reach a dose of 1800 mg/day is one week, to reach 2400 mg/day is a
total of 2 weeks, and to reach 3600 mg/day is a total of 3 weeks.

In the treatment of peripheral neuropathic pain such as painful diabetic neuropathy and post-herpetic
neuralgia, efficacy and safety have not been examined in clinical studies for treatment periods longer
than 5 months. If a patient requires dosing longer than 5 months for the treatment of peripheral
neuropathic pain, the treating physician should assess the patient’s clinical status and determine the need
for additional therapy.

Instruction for all areas of indication
In patients with poor general health, i.e., low body weight, after organ transplantation etc., the dose
should be titrated more slowly, either by using smaller dosage strengths or longer intervals between

dosage increases.

Use in elderly patients (over 65 years of age)

Elderly patients may require dosage adjustment because of declining renal function with age (see Table
2). Somnolence, peripheral oedema and asthenia may be more frequent in elderly patients.

Use in patients with renal impairment

Dosage adjustment is recommended in patients with compromised renal function as described in Table 2
and/or those undergoing haemodialysis. Gabapentin 100 mg capsules can be used to follow dosing
recommendations for patients with renal insufficiency.

Table 2

DOSAGE OF GABAPENTIN IN ADULTS BASED ON RENAL FUNCTION
Creatinine Clearance (ml/min) Total Daily Dose” (mg/day)
>80 900-3600

50-79 600-1800

30-49 300-900

15-29 150°-600

<15° 150°-300

*Total daily dose should be administered as three divided doses. Reduced dosages are for patients with renal
impairment (creatinine clearance < 79 ml/min).

®To be administered as 300 mg every other day.

¢ For patients with creatinine clearance <15 ml/min, the daily dose should be reduced in proportion to
creatinine clearance (e.g., patients with a creatinine clearance of 7.5 ml/min should receive one-half the
daily dose that patients with a creatinine clearance of 15 ml/min receive).
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Use in patients undergoing haemodialysis

For anuric patients undergoing haemodialysis who have never received gabapentin, a loading dose of
300 to 400 mg, then 200 to 300 mg of gabapentin following each 4 hours of haemodialysis, is
recommended. On dialysis-free days, there should be no treatment with gabapentin.

For renally impaired patients undergoing haemodialysis, the maintenance dose of gabapentin should be
based on the dosing recommendations found in Table 2. In addition to the maintenance dose, an
additional 200 to 300 mg dose following each 4-hour haemodialysis treatment is recommended.

4.3 Contraindications
Hypersensitivity to the active substance or to any of the excipients.
4.4 Special warnings and precautions for use

If a patient develops acute pancreatitis under treatment with gabapentin, discontinuation of gabapentin
should be considered (see section 4.8).

Although there is no evidence of rebound seizures with gabapentin, abrupt withdrawal of
anticonvulsants in epileptic patients may precipitate status epilepticus (see section 4.2).

As with other antiepileptic medicinal products, some patients may experience an increase in seizure
frequency or the onset of new types of seizures with gabapentin.

As with other anti-epileptics, attempts to withdraw concomitant anti-epileptics in treatment refractory
patients on more than one anti-epileptic, in order to reach gabapentin monotherapy have a low success
rate.

Gabapentin is not considered effective against primary generalized seizures such as absences and may
aggravate these seizures in some patients. Therefore, gabapentin should be used with caution in patients
with mixed seizures including absences.

No systematic studies in patients 65 years or older have been conducted with gabapentin. In one double
blind study in patients with neuropathic pain, somnolence, peripheral oedema and asthenia occurred in a
somewhat higher percentage in patients aged 65 years or above, than in younger patients. Apart from
these findings, clinical investigations in this age group do not indicate an adverse event profile different
from that observed in younger patients.

The effects of long-term (greater than 36 weeks) gabapentin therapy on learning, intelligence, and
development in children and adolescents have not been adequately studied. The benefits of prolonged
therapy must therefore be weighed against the potential risks of such therapy.

Laboratory tests

False positive readings may be obtained in the semi-quantitative determination of total urine protein by
dipstick tests. It is therefore recommended to verify such a positive dipstick test result by methods based
on a different analytical principle such as the Biuret method, turbidimetric or dye-binding methods, or to
use these alternative methods from the beginning.

Patients with rare hereditary problems of galactose intolerance, the Lapp lactase deficiency or glucose-

galactose malabsorption should not take this medicine [this text will only be included in the capsules
SPC].
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4.5 Interaction with other medicinal products and other forms of interaction

In a study involving healthy volunteers (N=12), when a 60 mg controlled-release morphine capsule was
administered 2 hours prior to a 600 mg gabapentin capsule, mean gabapentin AUC increased by 44%
compared to gabapentin administered without morphine. Therefore, patients should be carefully observed
for signs of CNS depression, such as somnolence, and the dose of gabapentin or morphine should be
reduced appropriately.

No interaction between gabapentin and phenobarbital, phenytoin, valproic acid, or carbamazepine has been
observed.

Gabapentin steady-state pharmacokinetics are similar for healthy subjects and patients with epilepsy
receiving these antiepileptic agents.

Coadministration of gabapentin with oral contraceptives containing norethindrone and/or ethinyl estradiol,
does not influence the steady-state pharmacokinetics of either component.

Coadministration of gabapentin with antacids containing aluminium and magnesium, reduces gabapentin
bioavailability up to 24%. It is recommended that gabapentin be taken at the earliest two hours following
antacid administration.

Renal excretion of gabapentin is unaltered by probenecid.

A slight decrease in renal excretion of gabapentin that is observed when it is coadministered with cimetidine
is not expected to be of clinical importance.

4.6 Pregnancy and lactation

Risk related to epilepsy and antiepileptic medicinal products in general

The risk of birth defects is increased by a factor of 2 — 3 in the offspring of mothers treated with an
antiepileptic medicinal product. Most frequently reported are cleft lip, cardiovascular malformations and
neural tube defects. Multiple antiepileptic drug therapy may be associated with a higher risk of
congenital malformations than monotherapy, therefore it is important that monotherapy is practised
whenever possible. Specialist advice should be given to women who are likely to become pregnant or
who are of childbearing potential and the need for antiepileptic treatment should be reviewed when a
woman is planning to become pregnant. No sudden discontinuation of antiepileptic therapy should be
undertaken as this may lead to breakthrough seizures, which could have serious consequences for both
mother and child. Developmental delay in children of mothers with epilepsy has been observed rarely.
It is not possible to differentiate if the developmental delay is caused by genetic, social factors, maternal
epilepsy or the antiepileptic therapy.

Risk related to gabapentin

There are no adequate data from the use of gabapentin in pregnant women.

Studies in animals have shown reproductive toxicity (see section 5.3). The potential risk for humans is
unknown. Gabapentin should not be used during pregnancy unless the potential benefit to the mother
clearly outweighs the potential risk to the foetus.

No definite conclusion can be made as to whether gabapentin is associated with an increased risk of

congenital malformations when taken during pregnancy, because of epilepsy itself and the presence of
concomitant antiepileptic medicinal products during each reported pregnancy.
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Gabapentin is excreted in human milk. Because the effect on the breast-fed infant is unknown, caution
should be exercised when gabapentin is administered to a breast-feeding mother. Gabapentin should be
used in breast-feeding mothers only if the benefits clearly outweigh the risks.

4.7 Effects on ability to drive and use machines

Gabapentin may have minor or moderate influence on the ability to drive and use machines. Gabapentin
acts on the central nervous system and may cause drowsiness, dizziness or other related symptoms.
Even, if they were only of mild or moderate degree, these undesirable effects could be potentially
dangerous in patients driving or operating machinery. This is especially true at the beginning of the
treatment and after increase in dose.

4.8 Undesirable effects

The adverse reactions observed during clinical studies conducted in epilepsy (adjunctive and
monotherapy) and neuropathic pain have been provided in a single list below by class and frequency
(very common (> 1/10), common (>1/100, <1/10), uncommon (>1/1000, <1/100) and rare (>1/10,000;
<1/1,000). Where an adverse reaction was seen at different frequencies in clinical studies, it was
assigned to the highest frequency reported.

Within each frequency grouping, undesirable effects are presented in order of decreasing seriousness.
Infections and infestations

Very Common: Viral infection
Common: Pneumonia, respiratory infection, urinary tract infection, infection, otitis media

Blood and the lymphatic system disorders
Common: leucopenia
Rare: thrombocytopenia

Immune system disorders
Rare: allergic reactions (e.g. urticaria)

Metabolism and Nutrition Disorders
Common: anorexia, increased appetite

Psychiatric disorders

Common: hostility, confusion and emotional lability, depression, anxiety, nervousness, thinking
abnormal
Rare: hallucinations

Nervous system disorders

Very Common: somnolence, dizziness, ataxia,

Common: convulsions, hyperkinesias, dysarthria, amnesia, tremor, insomnia, headache,
sensations such as paresthesia, hypaesthesia, coordination abnormal, nystagmus,
increased, decreased, or absent reflexes

Rare: movement disorders (e.g. choreoathetosis, dyskinesia, dystonia)
Eye disorders
Common: visual disturbances such as amblyopia, diplopia

Ear and Labyrinth disorders
Common: vertigo
Rare: tinnitus
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Cardiac disorders
Rare: palpitations

Vascular disorder
Common: hypertension, vasodilatation

Respiratory, thoracic and mediastinal disorders
Common: dyspnoea, bronchitis, pharyngitis, cough, rhinitis

Gastrointestinal disorders

Common: vomiting, nausea, dental abnormalities, gingivitis, diarrhea, abdominal pain,
dyspepsia, constipation, dry mouth or throat, flatulence
Rare: pancreatitis

Hepatobiliary disorders
Rare: hepatitis, jaundice

Skin and subcutaneous tissue disorders

Common: facial oedema, purpura most often described as bruises resulting from physical
trauma, rash, pruritus, acne
Rare: Stevens-Johnson syndrome, angioedema, erythema multiforme, alopecia

Musculoskeletal, connective tissue and bone disorders
Common: arthralgia, myalgia, back pain, twitching

Renal and urinary disorders
Common: incontinence
Rare: acute renal failure

Reproductive system and breast disorders
Common: impotence

General disorders and administration site conditions
Very Common: fatigue, fever

Common: peripheral or generalized oedema, abnormal gait, asthenia, pain, malaise, flu
syndrome
Rare: withdrawal reactions (mostly anxiety, insomnia, nausea, pains, sweating), chest pain.

Sudden unexplained deaths have been reported where a causal relationship to
treatment with gabapentin has not been established.

Investigations
Common: WBC (white blood cell count) decreased, weight gain

Rare: Blood glucose fluctuations in patients with diabetes, elevated liver function tests

Injury and poisoning
Common: accidental injury, fracture, abrasion

Under treatment with gabapentin cases of acute pancreatitis were reported. Causality with gabapentin is
unclear (see section 4.4).

Respiratory tract infections, otitis media, convulsions and bronchitis were reported only in clinical

studies in children. Additionally, in clinical studies in children, aggressive behaviour and hyperkinesias
were reported commonly.
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4.9 Overdose

Acute, life-threatening toxicity has not been observed with gabapentin overdoses of up to 49 g. Symptoms
of the overdoses included dizziness, double vision, slurred speech, drowsiness, lethargy and mild diarrhoea.
All patients recovered fully with supportive care. Reduced absorption of gabapentin at higher doses may
limit drug absorption at the time of overdosing and, hence, minimize toxicity from overdoses.

Although gabapentin can be removed by haemodialysis, based on prior experience it is usually not required.
However, in patients with severe renal impairment, haemodialysis may be indicated.

An oral lethal dose of gabapentin was not identified in mice and rats given doses as high as 8000 mg/kg.
Signs of acute toxicity in animals included ataxia, laboured breathing, ptosis, hypoactivity, or excitation.

5.  PHARMACOLOGICAL PROPERTIES
5.1 Pharmacodynamic properties
Pharmacotherapeutic groups: Other antiepileptics ATC code: NO3AX12

The precise mechanism of action of gabapentin is not known.

Gabapentin is structurally related to the neurotransmitter GABA (gamma-aminobutyric acid) but its
mechanism of action is different from that of several other active substances that interact with GABA
synapses including valproate, barbiturates, benzodiazepines, GABA transaminase inhibitors, GABA uptake
inhibitors, GABA agonists, and GABA prodrugs. In vitro studies with radiolabeled gabapentin have
characterized a novel peptide binding site in rat brain tissues including neocortex and hippocampus that may
relate to anticonvulsant and analgesic activity of gabapentin and its structural derivatives. The binding site
for gabapentin has been identified as the alpha,-delta subunit of voltage-gated calcium channels.

Gabapentin at relevant clinical concentrations does not bind to other common drug or neurotransmitter
receptors of the brain including GABA,, GABAg, benzodiazepine, glutamate, glycine or N-methyl-d-
aspartate receptors.

Gabapentin does not interact with sodium channels in vitro and so differs from phenytoin and
carbamazepine. Gabapentin partially reduces responses to the glutamate agonist N-methyl-D-aspartate
(NMDA) in some test systems in vitro, but only at concentrations greater than 100 uM, which are not
achieved in vivo. Gabapentin slightly reduces the release of monoamine neurotransmitters in vitro.
Gabapentin administration to rats increases GABA turnover in several brain regions in a manner similar to
valproate sodium, although in different regions of brain. The relevance of these various actions of
gabapentin to the anticonvulsant effects remains to be established. In animals, gabapentin readily enters the
brain and prevents seizures from maximal electroshock, from chemical convulsants including inhibitors of
GABA synthesis, and in genetic models of seizures.

A clinical trial of adjunctive treatment of partial seizures in paediatric subjects, ranging in age from 3 to
12 years, showed a numerical but not statistically significant difference in the 50% responder rate in
favour of the gabapentin group compared to placebo. Additional post-hoc analyses of the responder
rates by age did not reveal a statistically significant effect of age, either as a continuous or dichotomous
variable (age groups 3-5 and 6-12 years). The data from this additional post-hoc analysis are
summarised in the table below:

33



Response (= 50% Improved) by Treatment and Age MITT* Population
Age Category Placebo Gabapentin P-Value

< 6 Years Old 4/21 (19.0%) 4/17 (23.5%) 0.7362

6 to 12 Years Old 17/99 (17.2%) 20/96 (20.8%) 0.5144

*The modified intent to treat population was defined as all patients randomised to study medication who
also had evaluable seizure diaries available for 28 days during both the baseline and double-blind
phases.

5.2 Pharmacokinetic properties

Absorption

Following oral administration, peak plasma gabapentin concentrations are observed within 2 to 3 hours.
Gabapentin bioavailability (fraction of dose absorbed) tends to decrease with increasing dose. Absolute
bioavailability of a 300 mg capsule is approximately 60%. Food, including a high-fat diet, has no
clinically significant effect on gabapentin pharmacokinetics.

Gabapentin pharmacokinetics are not affected by repeated administration. Although plasma gabapentin
concentrations were generally between 2 pug/ml and 20 pg/ml in clinical studies, such concentrations were
not predictive of safety or efficacy. Pharmacokinetic parameters are given in Table 3.

Table 3
Summary of gabapentin mean (%CV) steady-state pharmacokinetic parameters
following every eight hours administration

Pharmacokinetic =~ 300 mg 400 mg 800 mg
parameter N=7) (N=14) (N=14)
Mean 9%CV  Mean %CV  Mean 9%CV

Crnax (Hg/ml) 402 24) 574 (38 871 (29)
tmax (hr) 2.7 18) 2.1 (54) 1.6 (76)
T1/2 (hr) 52 (12) 10.8 (89) 10.6 41
AUC (0-8) 248 24) 345 (34) 514 27
pgehr/ml)

Ae% (%) NA NA 472 (25) 344 (37)

Ciax = Maximum steady state plasma concentration

tmax = T1me for Cpax

T1/2 = Elimination half-life

AUC(0-8) = Steady state area under plasma concentration-time curve from time 0
to 8 hours postdose

Ae% = Percent of dose excreted unchanged into the urine from time O to 8 hours
postdose

NA = Not available

Distribution

Gabapentin is not bound to plasma proteins and has a volume of distribution equal to 57.7 litres. In
patients with epilepsy, gabapentin concentrations in cerebrospinal fluid (CSF) are approximately 20% of
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corresponding steady-state trough plasma concentrations. Gabapentin is present in the breast milk of
breast-feeding women.

Metabolism

There is no evidence of gabapentin metabolism in humans. Gabapentin does not induce hepatic mixed
function oxidase enzymes responsible for drug metabolism.

Elimination

Gabapentin is eliminated unchanged solely by renal excretion. The elimination half-life of gabapentin is
independent of dose and averages 5 to 7 hours.

In elderly patients, and in patients with impaired renal function, gabapentin plasma clearance is reduced.
Gabapentin elimination-rate constant, plasma clearance, and renal clearance are directly proportional to
creatinine clearance.

Gabapentin is removed from plasma by haemodialysis. Dosage adjustment in patients with
compromised renal function or undergoing haemodialysis is recommended (see section 4.2).

Gabapentin pharmacokinetics in children were determined in 50 healthy subjects between the ages of 1
month and 12 years. In general, plasma gabapentin concentrations in children > 5 years of age are

similar to those in adults when dosed on a mg/kg basis.

Linearity/Non-linearity

Gabapentin bioavailability (fraction of dose absorbed) decreases with increasing dose which imparts
non-linearity to pharmacokinetic parameters which include the bioavailability parameter (F) e.g. Ae%,
CL/F, Vd/F. Elimination pharmacokinetics (pharmacokinetic parameters which do not include F such
as CLr and T1/2), are best described by linear pharmacokinetics. Steady state plasma gabapentin
concentrations are predictable from single-dose data.

53 Preclinical safety data

Carcinogenesis

Gabapentin was given in the diet to mice at 200, 600, and 2000 mg/kg/day and to rats at 250, 1000, and
2000 mg/kg/day for two years. A statistically significant increase in the incidence of pancreatic acinar cell
tumors was found only in male rats at the highest dose. Peak plasma drug concentrations in rats at
2000 mg/kg/day are 10 times higher than plasma concentrations in humans given 3600 mg/day. The
pancreatic acinar cell tumors in male rats are low-grade malignancies, did not affect survival, did not
metastasize or invade surrounding tissue, and were similar to those seen in concurrent controls. The
relevance of these pancreatic acinar cell tumors in male rats to carcinogenic risk in humans is unclear.

Mutagenesis

Gabapentin demonstrated no genotoxic potential. It was not mutagenic in vitro in standard assays using
bacterial or mammalian cells. Gabapentin did not induce structural chromosome aberrations in mammalian
cells in vitro or in vivo, and did not induce micronucleus formation in the bone marrow of hamsters.

Impairment of Fertility

No adverse effects on fertility or reproduction were observed in rats at doses up to 2000 mg/kg
(approximately five times the maximum daily human dose on a mg/m® of body surface area basis).
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Teratogenesis

Gabapentin did not increase the incidence of malformations, compared to controls, in the offspring of mice,
rats, or rabbits at doses up to 50, 30 and 25 times respectively, the daily human dose of 3600 mg, (four, five
or eight times, respectively, the human daily dose on a mg/m” basis).

Gabapentin induced delayed ossification in the skull, vertebrae, forelimbs, and hindlimbs in rodents,
indicative of fetal growth retardation. These effects occurred when pregnant mice received oral doses of
1000 or 3000 mg/kg/day during organogenesis and in rats given 500, 1000, or 2000 mg/kg prior to and
during mating and throughout gestation. These doses are approximately 1 to 5 times the human dose of
3600 mg on a mg/m” basis.

No effects were observed in pregnant mice given 500 mg/kg/day (approximately 1/2 of the daily human
dose on a mg/m” basis).

An increased incidence of hydroureter and/or hydronephrosis was observed in rats given 2000 mg/kg/day in
a fertility and general reproduction study, 1500 mg/kg/day in a teratology study, and 500, 1000, and 2000
mg/kg/day in a perinatal and postnatal study. The significance of these findings is unknown, but they have
been associated with delayed development. These doses are also approximately 1 to 5 times the human dose
of 3600 mg on a mg/m” basis.

In a teratology study in rabbits, an increased incidence of post-implantation fetal loss, occurred in doses
given 60, 300, and 1500 mg/kg/day during organogenesis. These doses are approximately 1/4 to 8 times the
daily human dose of 3600 mg on a mg/m’ basis.

6. PHARMACEUTICAL PARTICULARS

6.1 List of excipients

[To be completed nationally]

6.2 Incompatibilities

Not applicable.

6.3 Shelf life

[To be completed nationally]

6.4 Special precautions for storage

[To be completed nationally]

6.5 Nature and contents of container

[To be completed nationally]

Capsules: 20, 30, 50, 84, 90, 98, 100, 200, 500, 1000

Tablets: 20, 30, 45, 50, 84, 90, 100, 200, 500
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Also supplied as a titration pack for treatment of neuropathic pain containing 40 x 300 mg capsules and
10 x 600 mg tablets.

Not all pack sizes may be marketed.
6.6 Special precautions for disposal

No special requirements.

7. MARKETING AUTHORISATION HOLDER

[To be completed nationally]

8. MARKETING AUTHORISATION NUMBER(S)

[To be completed nationally]

9. DATE OF FIRST AUTHORISATION/RENEWAL OF THE AUTHORISATION

[To be completed nationally]

10. DATE OF REVISION OF THE TEXT

37



