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Abstract: Post-herpetic neuralgia is a neuropathic pain syndrome resulting from an insult to 

the peripheral and central nervous systems caused by the varicella zoster virus. Spontaneous 

pain may result in the persistent sensation of burning, tingling, or aching and may be associated 

with thermally or mechanically provoked pain, resulting in hyperalgesia or allodynia. The 

majority of cases occur in patients over the age of 50 years. Gabapentin is a structural analog 

of gamma aminobutyric acid that binds to the α
2
-δ site of voltage-dependent calcium channels 

and modulates the influx of calcium, with a resulting reduction in excitatory neurotransmitter 

release. Gabapentin is effective in reducing neuropathic pain due to post-herpetic neuralgia when 

given at least three times per day, due to its short half-life, resulting in demonstrable fluctua-

tions in plasma levels. Gabapentin has dose-limiting side effects that prevent some patients 

from achieving therapeutic plasma levels, such as somnolence (27.4%), dizziness (23.9%), 

and ataxia (7.1%). Gralise™ is a once-daily extended-release formulation of gabapentin that 

has been developed using AcuForm™ technology. AcuForm is a polymer-based drug delivery 

system that retains the tablet in the stomach and upper gastrointestinal tract for a sustained 

period of time. Once-daily dosing has been shown to provide comparable drug exposure with 

an identical daily dose of the immediate-release formulation when administered three times 

daily. Participants given Gralise 1800 mg daily had a statistically significant reduction in average 

daily pain intensity scores compared with placebo, reduced sleep interference due to pain, and 

a greater percent of participants reporting being much or very much improved on the patient 

global impression of change. An analysis comparing the efficacy and safety profiles in the aging 

population ($65 years) with those younger than 65 years showed that Gralise is effective and 

well tolerated in both age groups.
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Introduction
The International Association for the Study of Pain defines neuropathic pain as “pain 

caused by a lesion or disease of the somatosensory nervous system”. Post-herpetic 

neuralgia is a neuropathic pain syndrome that results from an insult to the peripheral 

and central nervous system caused by the varicella zoster virus. Neuropathic pain 

can have components of both spontaneous and provoked pain, positive symptoms 

such as paresthesia and dysesthesia, and sensory deficits that reflect nerve damage. 

Nerve lesions caused directly by the virus or the inflammatory response can trigger 

molecular changes in nociceptive neurons leading to channelopathies contributing to 

the experience of pain.1–3 Spontaneous pain may result in the persistent sensation of 

burning, tingling, or aching and may be associated with thermally or mechanically 
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provoked pain, resulting in hyperalgesia or allodynia.4 The 

pain poses a tremendous burden on the patient, as reflected 

by a significantly lower level of health-related quality of life 

compared with the general public. Individuals with neuro-

pathic pain generally report a lower health-related quality 

of life even when compared with individuals with chronic 

conditions, such as cancer, heart failure, diabetes, and stroke.5 

The lower quality of life involves areas of vitality, activities 

of daily living, and social functioning.6

Post-herpetic neuralgia is one of the commonest and most 

studied neuropathic pain conditions. It is most common in 

the aging population because the majority of cases occur in 

patients over the age of 50 years, with the incidence doubling 

by the age of 80 years.7 Of patients with herpes zoster who 

are aged $50 years, as many as 10%–20% will develop 

post-herpetic neuralgia.6 Post-herpetic neuralgia results from 

a reactivation of the varicella zoster virus contracted years 

beforehand, which typically produces a well defined dermato-

mal rash. Post-herpetic neuralgia is typically defined as pain 

and/or dysesthesia at 12 weeks after resolution of the rash. 

Some patients experience the pain as a continuation of the 

pain experienced with the acute herpes zoster eruption, which 

has been described as a burning or stabbing sensation, itching, 

tingling, or even angina-like. The intensity of post-herpetic 

neuralgia pain is often in the moderate to severe range and has 

been reported as being ranked higher in intensity than labor 

pain or post-surgical pain.6 Others have reported completely 

different sensations, but the most distressing and consistent 

component of post-herpetic neuralgia pain is mechanical 

allodynia, which is present in $70% of patients with the 

diagnosis.8 In addition to the physical pain reported, patients 

with post-herpetic neuralgia also note an increase in sleep 

disturbances, anxiety, mood disturbances, loss of appetite, 

and a decrease in interest in social interactions.9 A decrease 

in a patient’s ability to perform activities of daily living or 

an inhibition of social interactions due to zoster-related pain 

may significantly impact a patient’s ability to maintain an 

independent lifestyle.10

FDA-approved therapies  
for neuropathic pain
There are a number of medications that are used in clinical 

practice to treat neuropathic pain states. In clinical trials 

assessing the efficacy of various medications for neuropathic 

pain, typically #50% of patients experience satisfactory 

pain relief, and side effects (including inability to tolerate 

treatment) are common. However, many of these medications 

are not approved by the US Food and Drug Administration 

(FDA) for this indication and their use is considered off-

label. Of the medications that are approved by the FDA, 

each is approved for one or more specific neuropathic pain 

syndromes and not for treatment of neuropathic pain regard-

less of the etiology. As a result of this widespread on-label 

and off-label use of various medications, the International 

Association for the Study of Pain developed consensus guide-

lines for the pharmacologic treatment of neuropathic pain. 

In these guidelines, they recommended the use of particular 

medications and ranked them as first-line, second-line, and 

third-line medications. The medications recommended as 

first-line treatment have undergone multiple, randomized, 

controlled trials and have demonstrated consistent efficacy in 

treating neuropathic pain.11 The first-line medications include 

tricyclic antidepressants, selective serotonin and norepineph-

rine reuptake inhibitors (duloxetine and venlafaxine), calcium 

channel α
2
-δ ligands (gabapentin and pregabalin), and topical 

lidocaine. Of these medications, only gabapentin, pregabalin, 

and the 5% lidocaine patch have been approved by the FDA 

specifically for the treatment of post-herpetic neuralgia.12 

However, in January of 2011, the FDA approved Gralise™ 

as a once-daily medication for the treatment of post-herpetic 

neuralgia.13 Gralise is an extended-release form of gabapentin 

developed by Depomed Inc (Menlo Park, CA, USA), that not 

only has been shown to significantly decrease post-herpetic 

neuralgia pain scores, but may also be associated with fewer 

side effects than its immediate-release counterpart.

Overview of gabapentin
Gabapentin is an anticonvulsant that was initially developed 

and approved as an adjunctive therapy for the treatment of 

partial seizures in both the adult and pediatric populations.14 

Since that time, it has been approved by the FDA for the treat-

ment of post-herpetic neuralgia, and has been a mainstay of 

therapy for many years. Gabapentin is a structural analog of 

gamma aminobutyric acid (GABA), but does not bind to the 

GABA
A
 or GABA

B
 receptor to achieve its effect. Instead, it 

binds to the α
2
-δ site of voltage-dependent calcium channels 

and modulates the influx of calcium with a resulting reduc-

tion in excitatory neurotransmitter release.15 A decrease in 

excitatory transmitter release results in decreased α-amino-

3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 

and glutamate receptor activation, and a decrease in pain 

transmission signaling.

Gabapentin is effective at reducing neuropathic pain due 

to post-herpetic neuralgia when given at least three times per 

day.14 This is due to the pharmacokinetics of the drug, which 

show a peak plasma concentration observed at 2–3 hours 
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after oral administration.16 Less frequent dosing would not 

achieve therapeutic plasma levels that can be maintained over 

a 24-hour period. Gabapentin is absorbed in the upper gastro-

intestinal tract via a saturable L-amino acid transport system. 

This saturable transport system is partially responsible for 

the nonlinear absorption of gabapentin and the inverse cor-

relation between bioavailability and dose. In addition, it has 

a short half-life (5–7 hours) requiring a dosing regimen of 

at least three times daily, resulting in demonstrable fluctua-

tions in plasma levels throughout the day.17 Although there 

is an increase in the mean steady-state plasma concentration 

with increasing dose, the increase is not proportional to the 

increase in the dose, and there is a gradual plateauing of the 

plasma concentration levels at higher doses.16

Gabapentin has dose-limiting side effects that may pre-

vent some patients from achieving therapeutic plasma levels. 

The most consistent and common of these side effects are 

somnolence (27.4%), dizziness (23.9%), and ataxia (7.1%).18 

While these side effects are considered to be minor, the expe-

rience of somnolence and dizziness accounts for most of the 

adverse event-related withdrawals in randomized controlled 

trials, and is especially worrisome in the elderly population 

prone to injuries from falls. Additionally, these side effects 

are a principal reason why clinicians discontinue or stop 

titration of this medication in clinical practice. One possible 

explanation for these side effects are the multiple peaks and 

troughs in plasma concentration levels with the multiple 

dose per day dosing schedule required for mean therapeutic 

plasma levels. However, most clinical trials with gabapentin 

and other voltage-dependent calcium channel modulators 

demonstrate improvement in sleep. Therefore, there is an 

advantage of a formulation of gabapentin that peaks during 

the night, with lower levels during the day.

Once-daily extended-release 
gabapentin formulation
Gralise is a once-daily extended-release formulation of gaba-

pentin that has been developed using AcuForm™ technology. 

AcuForm is a polymer-based drug delivery system that retains 

the tablet in the stomach and upper gastrointestinal tract for 

a sustained period of time. When administered with a meal, 

the tablet expands, is retained in the stomach, and gradually 

releases the drug over time via a polymer matrix.18

Gralise was approved by the FDA for the treatment 

of post-herpetic neuralgia after an 11-week, randomized, 

placebo-controlled trial in patients with post-herpetic 

neuralgia confirmed that once-daily gabapentin 1800 mg 

provided significantly greater pain relief than placebo.17 

Gabapentin extended-release 1800 mg once daily has been 

shown to provide comparable drug exposure with an identi-

cal daily dose of the immediate-release formulation when 

administered three times daily and allows for continuous 

delivery to the intestine over an approximately 10-hour 

period.19 Gralise is available in 300 mg and 600 mg tablets, 

allowing titration to a clinically effective dose in a manner 

similar to that of gabapentin immediate-release. The total 

trialed dose of 1800 mg/day was preceded by a titration 

schedule to optimize tolerability.17

Immediate-release versus 
extended-release gabapentin
Oral administration of gabapentin immediate-release results 

in peak gabapentin plasma levels that can be observed 

within 2–3 hours. The absorption of gabapentin is dose-

dependent, with an inverse relationship between dose and 

 bioavailability.19 The absolute bioavailability of gabapentin 

decreases from 60% to 33% as the dosage increases from 

900 to 3600 mg/day.16 Gabapentin extended-release with 

 AcuForm technology increases the bioavailability of gabap-

entin via two separate mechanisms, ie, it releases the medica-

tion at a slower rate, which prevents saturation of the active 

transport mechanism, and the AcuForm technology allows 

retention in the stomach for up to 8 hours, enabling delivery 

of gabapentin to the optimal site of absorption for approxi-

mately 10 hours.19 Interestingly, while once-daily (1800 mg) 

and twice-daily dosing (600 mg in the morning, 1200 mg in 

the evening) of gabapentin extended-release revealed compa-

rable drug exposure with three times daily administration of 

an identical daily dose of gabapentin immediate-release, only 

the twice-daily administration of gabapentin extended-release 

resulted in an apparently lower maximum and numerically 

higher minimum serum concentration at steady state, reflect-

ing less serum concentration fluctuation.19

Clinical efficacy of gabapentin 
extended-release
In an 11-week study performed by Sang et al, 452 patients 

were randomized in the US (n = 259), Russia (n = 161), and 

Argentina (n = 32) in order to assess the analgesic efficacy 

of gabapentin extended-release 1800 mg taken once daily at 

bedtime in patients with post-herpetic neuralgia. Eligible for 

inclusion were generally healthy adults with post-herpetic 

neuralgia of 6 months’ to 5 years’ duration following reso-

lution of the herpes zoster rash and a baseline daily pain 

intensity score $ 4 on an 11-point Likert scale. Key exclu-

sion criteria were concomitant use of analgesics and an 
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 insufficient analgesic response or inability to tolerate doses of 

gabapentin $ 1200 mg/day or pregabalin $ 300 mg/day. The 

primary endpoint was the mean change from baseline in aver-

age daily pain intensity score via baseline observation carried 

forward (BOCF) scoring. At the end of ten weeks of active 

treatment, the BOCF change in average daily pain intensity 

score was −2.1 and −1.6 for gabapentin extended-release 

and placebo, respectively (P = 0.013).17 This study showed 

that participants who were given Gralise 1800 mg daily had 

a statistically significant reduction in average daily pain 

intensity scores compared with placebo (Figure 2), reduced 

sleep interference due to pain, and a greater percentage of 

participants reporting being much or very much improved on 

the patient global impression of change (Figure 3).17

The clinical efficacy seen with gabapentin extended-

release parallels that shown in studies using three times daily 
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dosing of gabapentin immediate-release in the 1800–3600 mg 

total daily dose range.20,21 A meta-analysis by Edelsberg et al22 

evaluated data from randomized controlled trials of drugs 

used to treat post-herpetic neuralgia that showed a reduc-

tion in daily pain scores, with a weighted mean difference 

of 21.93% when comparing gabapentin immediate-release 

with placebo. Edelsberg et al also showed similar efficacy 

when comparing pregabalin with placebo, ie, a weighted 

mean difference of 22.39%.

Safety and tolerability
Gabapentin immediate-release is commonly used for the 

treatment of post-herpetic neuralgia. It is efficacious but 

is associated with a high incidence of dose-limiting side 

effects, namely dizziness (28% versus 8% for placebo) and 

somnolence (21% versus 5% for placebo). In an analysis of 

the incidence of adverse events associated with gabapentin 

extended-release when compared with placebo, the 

incidence was consistently higher for gabapentin extended-

release.23 The most common treatment-emergent adverse 

events were the same as those previously identified in 

studies of immediate-release gabapentin, namely dizziness, 

somnolence, headache, and peripheral edema. While the 

rates of dizziness and somnolence were significantly lower 

than previously stated for gabapentin immediate-release, 

it should be noted that this was a partially enriched study 

and while α
2
-δ ligand naïve volunteers were included, 

participants who had a prior lack of response to gabapentin 

at dosages of $1200 mg/day, pregabalin at dosages 

of 300 mg/day, previous dose-limiting adverse effects 

with gabapentin, or hypersensitivity to gabapentin were 

excluded.23 A subsequent subgroup analysis of the study by 

Sang et al was performed, and once-daily gabapentin was 

found to have similar efficacy and safety profiles both in 

patients who were naïve to α
2
-δ ligand therapy and in those 

with prior exposure.24 While this does imply that there is 

little effect due to the partial enrichment study design, no 

direct head-to-head studies have been performed comparing 
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Table 1 Comparison of adverse events with gabapentin extended-
release 1800 mg versus placebo

Gabapentin  
ER 1800 mg 
(n = 221)

Placebo 
(n = 231)

Any adverse event, n (%) 118 (53.4) 92 (39.8)
$1 related adverse event, n (%) 69 (31.2) 40 (17.3)
$1 serious adverse event, n (%) 4 (1.8) 6 (2.6)
$1 adverse event causing  
study discontinuation, n (%)

19 (8.6) 10 (4.3)

Most common adverse eventsa, n (%)
 Dizziness 25 (11.3) 4 (1.7)
 Somnolence 12 (5.4) 7 (3.0)
 Headache 10 (4.5) 9 (3.9)
 Nausea 10 (4.5) 7 (3.0)
 Peripheral edema 7 (3.2) 1 (0.4)
 Diarrhea 10 (4.5) 7 (3.0)

Note: aOccurring in $2% of subjects in the G-ER treatment group, where the rate 
exceeds that in the placebo group.
Adapted from Sang et al.17
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the incidence of adverse events in the immediate-release 

formulation versus the extended-release formulation.

Gralise and the aging population
A subgroup analysis of the Sang study looked at the clini-

cal efficacy and tolerability of gabapentin extended-release 

in participants aged $65 years. Among the intent-to-treat 

population, 280 patients were aged $65 years (once-daily 

gabapentin, n = 139; placebo, n = 141). Baseline average daily 

pain scores (± standard deviation) in patients aged $65 years 

were similar to the overall study group (once-daily gabapen-

tin, 6.8 ± 1.5; placebo, 6.5 ± 1.3).  Differences using BOCF 

analysis change in least squares mean daily pain scores 

favored once-daily gabapentin in patients from the overall 

intent-to-treat population (P = 0.013) and in the older sub-

group of patients (P = 0.009), but this was not powered for 

subgroup analysis. The incidence of dizziness and somnolence 

was greater in the once-daily gabapentin groups compared 

with placebo both in the overall safety population and in the 

subgroup of patients aged $65 years.25 This information, 

when taken into consideration with the information gained 

from the prior subgroup analysis implying that the partial 

enrichment design is unlikely to have had an effect on the 

study outcomes, provides some evidence that Gralise is likely 

to be efficacious and well tolerated in the aging population.

Commentary
Gabapentin has long been considered a first-line agent in the 

treatment of painful post-herpetic neuralgia. While it has been 

shown to be efficacious in treating this disorder, it requires 

at least three times daily dosing in order to achieve mean 

plasma levels throughout a 24-hour period that allows for 

its efficacy. In addition, it is not an uncommon finding that 

patients are not able to tolerate dosing in the therapeutic range 

due to common side effects, such as somnolence (27.4%), 

dizziness (23.9%), and ataxia (7.1%).

Gabapentin for once-daily bedtime treatment of post-

herpetic neuralgia (Gralise) has been shown in randomized 

clinical trials to be significantly more effective in reducing 

daily pain scores, improving quality of sleep, and hav-

ing a greater overall patient global impression of change 

when compared with placebo.17 It also showed a favorable 

side effect profile, but these data are based on a partially 

enriched enrollment study and not a head-to-head trial 

with gabapentin immediate-release. A subgroup analysis 

comparing the efficacy and tolerability of Gralise in indi-

viduals previously exposed to α
2
-δligands and individu-

als who were α
2
-δligand-naïve, showed little difference 

between the two groups. Taken together, the data support 

evidence for better tolerability of gabapentin once daily at 

bedtime compared with  gabapentin immediate-release for 

the treatment of post-herpetic  neuralgia pain. This improved 

tolerability should allow easier titration to a total daily dose 

of gabapentin in the clinically effective range. A subgroup 

analysis comparing the efficacy and side effect profile in 

the aging  population ($65 years) with those younger than 

65 years showed that Gralise is effective and well tolerated 

in both groups. In addition to the sustained steady-state 

plasma levels seen with Gralise, one must acknowledge 

the convenience of a once-daily  dosing regimen. It is com-

monplace for the aging population to be on multiple daily 

medications, and once-daily dosing is not only convenient 

but also affords a greater likelihood of patient compliance 

with the medication.

Gralise has been shown to be effective in reducing daily 

pain scores, and improving overall patient global impression 

of change and sleep when compared with placebo in both 

aging and younger populations. It has also been shown to be 

well tolerated and may have a lower incidence of side effects. 

The ease of once-daily bedtime dosing is likely to improve 

patient compliance over a three times daily dosing regimen, 

and it is likely to be of great benefit in the clinical treatment 

of pain associated with post-herpetic neuralgia. Because 

peak plasma levels occur during sleep, this is likely to have 

a positive impact on sleep and better daytime tolerability.
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