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Abstract
Relapse to smoking is common after initial abstinence with pharmacotherapy and behavioral
support and represents a major clinical challenge. Although mechanisms underlying relapse to
smoking have not been elucidated, preclinical studies suggest that glutamate receptors may be
involved. We sought to test a selective antagonist of the glycine coag-onist site on the glutamate
N-methyl-D-aspartate receptor, GW468816, for prevention of relapse in recently abstinent
smokers. To do so, we enrolled 264 healthy female smokers in an open 8-week smoking cessation
intervention with behavioral therapy and a standard dose of transdermal nicotine replacement
therapy with taper and additional gum or lozenge as needed for nicotine withdrawal symptoms.
Ninety-eight participants achieved 7-day point prevalence abstinence and were randomized into a
5-week double-blind, placebo-controlled, relapse-prevention trial of GW468816 (200 mg/d) and
then followed for 60 days after randomization. There was no effect of treatment on abstinence
rates at the end of treatment (χ2 [1, n = 96] = 0.168, p = 0.838), on the rates of relapse (χ2 [1, n =
98] = 0.031, p = 1.000) or lapse (χ2 [1, n = 62] = 0.802, p = 0.423), or on time to relapse (χ2 [1, n
= 98) = 0.001, p = 0.972). No significant relationships were detected between plasma GW468816
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concentrations and abstinence, time to relapse, or self-reported craving. In conclusion, despite
promising preclinical data that support the use of a selective NMDA glycine site antagonist for
prevention of relapse to smoking, we observed no effect of GW468816 on relapse or lapse rates,
time to relapse, or craving compared to placebo.
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Dependence on tobacco-derived nicotine accounts for more than 440,000 deaths, 5.1 million
years of potential life lost, and $96.8 billion in productivity losses annually in the United
States.1,2 The health impact of tobacco dependence on health is on the rise, whereas there
were 100 million deaths worldwide in the 20th century caused by tobacco. If current trends
continue, there will be 1 billion in the 21st century.3 Although effective pharmacotherapies
exist that double or triple cessation rates when combined with behavioral therapy,4,5 relapse
rates are very high, with sustained 1-year abstinence rates of less than 25% among those
who attained initial abstinence, even with the best treatment available.6-12 Thus, we face a
critical need to develop relapse prevention treatments that help smokers to sustain
abstinence.

Nicotine dependence, like other addictions, is a chronic relapsing disorder. Although
neurobiologic mechanisms underlying relapse to smoking have not been elucidated, it is
known that relapse is associated with postquit craving, postquit negative affect, depressed
mood, hyper-reactivity to environmental cues associated with smoking use, and stress.13-17

Effective relapse prevention treatment may require unique behavioral and pharmacological
interventions that differ from those currently available for smoking cessation.

Nicotine acts as an agonist at presynaptic and postsynaptic receptors on both dopaminergic
and glutamatergic neurons in the neural circuitry involved in motivational, emotional, and
cognitive processes relevant to goal-directed behaviors such as drug seeking, and recent
work suggests a role for glutamate and the ionotropic N-methyl-D-aspartate (NMDA)
glutamate receptor in mediating relapse to drug use.18-30 N-methyl-D-aspartate receptors
require binding of both glycine and glutamate for activation. N-methyl-D-aspartate
antagonists acting at nonglycine sites on the receptor block chronic effects of opiates,
alcohol, psychomotor stimulants, and nicotine.31-35 However, significant adverse effects on
learning and motor coordination limit the therapeutic application of this approach, and
glycine site antagonists offer an alternative to moderate NMDA receptor function that are
better tolerated.36-38 A tetrahydroquinolinic derivative family of compounds active as
competitive antagonists at the strychnine-insensitive glycine site on the NMDA receptor was
developed by GlaxoSmithKline (GSK).39 One of these compounds, GW468816 (Fig. 1,
compound 2a on Di Fabio et al39), has shown potential efficacy for prevention of relapse to
nicotine-seeking behavior in short- and long-term preclinical abstinence models (GSK
reports VR2000/00020/00 and VR2000/00026/00). In these studies, GW468816 reduced
nicotine-cue and nicotine-priming–induced reinstatement of drug use after a period of
abstinence in a rat model of nicotine self-administration without inducing motor side effects,
suggesting potential efficacy under conditions known to trigger relapse to smoking.
GW468816, in a range of oral doses (0.01–1 mg/kg), also demonstrated efficacy at reducing
craving and withdrawal symptoms in preliminary human studies in abstinent smokers (GSK
report VM2002/00022/00, study RES11015, 2002).

To test the hypothesis that glycine-dependent modulation of NMDA receptors may reduce
relapse, we conducted a 5-week double-blind, placebo-controlled trial of GW468816 in
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recently abstinent adult female smokers. Our primary hypotheses were that compared with
those assigned to placebo, smokers assigned to GW468816 would (1) achieve a higher rate
of 7-day point prevalence abstinence at the end of the 5-week relapse prevention phase, and
(2) demonstrate a significantly longer time to relapse over a 60-day follow-up.

MATERIALS AND METHODS
Study Population and Recruitment

The Institutional Review Board of Massachusetts General Hospital approved study
procedures, which were conducted in accordance with the Declaration of Helsinki. Eligible
participants were women, aged 18 to 65 years, inclusive, who smoked 10 or more cigarettes
per day for the prior 6 months, had either expired air carbon monoxide (CO) of greater than
10 ppm or saliva cotinine concentration greater than 30 ng/mL, and met Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition criteria for nicotine dependence.
Women of childbearing potential were required to have a negative pregnancy test before
receiving the first dose of study medication and to agree to use an approved form of
contraception from the day of the first dose of study medication until 90 days after the last
dose of study medication. Potential participants were excluded who had unstable medical
illness, investigational drug use in the prior 30 days, drug use disorder other than nicotine
and caffeine or major depressive episode within the prior 6 months, lifetime diagnosis of
organic mental disorder, bipolar disorder, or psychotic disorder, elevation over 1.5 times
upper limit of normal value of liver enzymes, history of multiple adverse drug reactions,
concurrent use of a statin, or if they had been unresponsive to an adequate course of nicotine
replacement therapy (NRT) in the prior month. Males were excluded pending further
preclinical study of the effect of GW468816 on spermatogenesis.

Assessments
Screening assessments included medical history, medications, age of initiation of daily
smoking, duration, and frequency of tobacco use were assessed; and the structured clinical
interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition,
Fagerstrom test for nicotine dependence (FTND),40 and Hamilton Rating Scale for
Depression (HAM-D).41 Smoking behavior was assessed at screen and at each study visit
with self-report and biochemical confirmation with either expired CO during NRT treatment
or urinary cotinine after discontinuation of NRT. Seven-day point prevalence abstinence was
defined as self-report of smoking no cigarettes in the prior 7 days, confirmed by expired air
carbon monoxide (CO) of less than 10 ppm. Carbon monoxide was measured in end-
expiratory air after a 15-second breath hold using a portable Bedfont Smokerlyzer III (Kent,
UK). Lapse was defined as any smoking, even a puff, after initial abstinence. Relapse was
defined as smoking 7 or more cigarettes in the prior week. The primary outcomes were time
to relapse and 7-day point prevalence abstinence rates at the end of the randomized phase.

Other assessments included the Tiffany Questionnaire of Smoking Urges Brief (QSU-B) to
assess craving,42 the 17-Item Hamilton Rating Scale for Depression (HAM-D 28),43 the
State Trait Anxiety Inventory (STAI),44 the Positive and Negative Affect Scale (PANAS-
X),45 and the Wisconsin Smoking With-drawal Scale.46 Presence, severity, and duration of
adverse events were assessed at each visit by self-report and classified according to the NCI
Common Terminology Criteria for Adverse Events (CTCAE v4.0).

Plasma samples for GW468816 concentration were taken predose at study visits 9, 11, and
13 frozen and stored at −20°C until transferred to World Wide Bioanalysis, DMPK,
GlaxoSmithKline, UK for analysis. The GW468816 serum analytic method was based on
protein precipitation with acetonitrile followed by high performance liquid chromatography
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with tandem mass spectrometric detection analysis. Using a 50-KL aliquot of human
plasma, the lower limit of quantification for GW468816 was 0.1 μg/mL, with a higher limit
of quantification of 100 μg/mL. Quality control samples (QC) prepared at 3 different
concentrations and stored with study samples were analyzed with each batch of samples
against separately prepared calibration standards. For the analysis to be acceptable, no more
than one third of the QC results were to deviate from the nominal concentration by more
than 15%, and at least 50% of the results from each QC concentration should be within 15%
of nominal. The applicable analytical runs met all predefined run acceptance criteria for
GW468816 (GSK report VD2004/00181/00).

Interventions
After consent and screening assessments listed above, eligible study participants initiated
open-label NRT patch of 21 mg/d for 4 weeks, 14 mg/d for 2 weeks, and 7 mg/d for 2 weeks
plus prn nicotine gum or lozenge for craving at a dose of up to 10 mg/d for the first 4 weeks,
6 mg/d for the next 2 weeks, and 4 mg/d for the final 2 weeks and weekly 15-minute
individual, manualized, supportive behavioral interventions designed to encourage smoking
cessation and to prevent relapse. Behavioral visits focused on proper use of NRT, strategies
for the quit date and for coping with urges to smoke, and education on withdrawal
symptoms. Participants were asked to stop smoking and start NRT 1 week after the baseline
visit. Participants not achieving at least 1 week of continuous abstinence by the end of the
open phase (visit 7) were tapered off NRT and discontinued from the study.

Participants who met criteria for 7-day point prevalence abstinence at study visit 8 were
eligible to enter the 5-week relapse prevention phase and were randomly assigned to receive
double-blind GW468816, 200 mg orally, or identical placebo. Study medications were given
concurrently with NRT for the last week of the NRT taper. Subjects who completed the
relapse prevention phase entered the follow-up phase.

Analysis
To confirm randomization success, the GW468816 and placebo groups were compared on
measures that may influence likelihood of relapse, including severity of nicotine
dependence, nicotine withdrawal symptoms, craving, and negative affect. χ2 tests then
compared biochemically confirmed 7-day point prevalence abstinence and the occurrence of
relapse or lapse during the relapse prevention phase between the study groups (GW468816
versus placebo). Kaplan-Meier survival analysis assessed time (days) to relapse during the
60-day period after randomization. The incidence of adverse events was also compared via
χ2 analysis. A final analysis examined plasma concentrations of GW468816 by outcome in
the 29 subjects selected for pharmacokinetic analysis. A t test assessed the difference in
plasma concentrations of GW468816 by the past week’s smoking status, both measured at
visit 13, and a Kaplan-Meier survival analysis assessed difference in time to relapse across
tertiles of plasma GW468816 concentration. Plasma concentrations at visits 9, 11, and 13
were assessed for correlation with craving as assessed with the “urge to smoke” subscale of
the Wisconsin Smoking Withdrawal Scale and both factors of the Tiffany QSU. An intent-
to-treat approach was used for analyses, including all subjects who were randomized
regardless of study completion (n = 98). The sole exception is for the test of lapse rates by
study group; a completer analysis was conducted for lapse rates as information on lapse
status was available only for those who completed the relapse prevention phase (n = 63). An
attrition analysis revealed no differences between those who were retained for the 60-day
follow-up versus those lost to follow-up in age, education, or expired air CO at recruitment.
Those who dropped out were treated as relapsed in the outcomes analysis. An alpha level of
0.05 was used for all analyses.
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With a sample size of 98 and alpha level of 0.05, the survival analysis had 80% power to
detect a difference in time to relapse between the study groups, assuming a hazard ratio (ie,
the difference in the proportions of relapsed subjects per group) of 2.24 and a median time to
relapse of 60 days in the placebo group (ie, assuming a relapse rate of 50% over 60 days in
the placebo group).47

RESULTS
Participant Disposition and Characteristics

A total of 292 female smokers from the Boston area who responded to media advertisements
completed the informed consent process and were screened, and 264 enrolled in the
singlesite, open-label, smoking cessation phase with NRT (visits 1–8). Subjects achieving 1
week or longer of abstinence at the end of this phase (n = 98) were enrolled in the 5-week
randomized, parallel group comparison of GW468816 (n = 50) or placebo (n = 48) for
prevention of relapse to smoking (visits 9–13; Table 1). Participants were on average 48
years old, with 14 years of education; 85% were white, 44% were married, and 56% were
employed full time, and were moderately to severely nicotine dependent. The groups were
well matched on assessments of craving, withdrawal symptoms at randomization, and
depressive and anxiety symptoms. No significant group differences were observed in the
demographic, smoking, withdrawal, or psychiatric variables.

Of the 98 participants who completed the open phase with at least 7 days of abstinence and
were randomized, 69 (70.4%) completed at least 3 weeks of the randomized phase, 63
(64.3%) attended all 5 visits in the randomized phase, and 41 (41.9%) were followed for 60
days. Among the 57 subjects who dropped out before the 60-day follow-up, a 3 × 2 χ2 test
revealed no between-group differences among participants who dropped out between 0 and
7 days, 8 and 35 days, or 36 and 60 days after randomization (χ2 [2, n = 57] = 0.874, p =
0.650). Per our analytic plan, subjects who discontinued the study prematurely were
considered to have relapsed.

Effect of GW468816 on Abstinence
Fifty-two subjects (54.2%) met criteria for a 7-day point prevalence abstinence at the end of
the relapse prevention phase of the trial, whereas 42 (42.8%) relapsed during the 5-week
phase. Twenty-seven subjects (56.3%) in the active group and 25 (52.1%) in the placebo
group were abstinent in the last 7 days of the relapse prevention phase (χ2 [1, n = 98] =
0.168, Fisher exact p = 0.838). Twenty-one subjects in each group (42.0% in the active
group vs 41.7% in the placebo group) relapsed during the relapse prevention phase (χ2 [1, n
= 98] = 0.031, Fischer exact p = 1.000). Restricting the analysis to only those subjects who
completed the full relapse prevention phase (n = 63) did not affect these results. In this
subgroup for whom complete data on lapses were available, 20 subjects (32.3%) reported a
lapse during the relapse prevention phase, including 9 (27.3%) in the active group and 11
(37.9%) in the placebo group (χ2 [1, n = 63] = 0.802, Fisher exact p = 0.423).

Over the 60 days after randomization, the relapse rate was 52.0% (n = 51). Figure 1 shows
Kaplan-Meier analysis survival curves. No group differences were observed in the time to
relapse (χ2 = 0.001, N = 98, p = 0.972). Among those who relapsed, the mean (SD) days to
relapse was 20.8 (18.3) in the GW468816 group and 20.6 (20.3) in the placebo group.
Restricting the analysis to those subjects who were followed for the full 60-day period (n =
41) did not affect results.

Among subjects assigned to GW468816, there was no difference in plasma GW468816
concentration at week 13 in those who met the criteria for 7-day point prevalence abstinence
at that time (mean [SD], 13.8 [11.35]) and those did not (mean [SD], 11.9 [9.7]; t [21] =
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−0.305, p = 0.763). A KaplanMeier analysis revealed no difference in days to relapse during
the relapse prevention phase across tertiles of plasma GW468816 concentration (χ2 [2, n =
98] = 0.297, p = 0.862).

Adverse Events
Three serious adverse events (SAEs) were reported during the relapse prevention phase, 2
SAEs in the subjects assigned to GW468816 (facial edema due to sunburn and non-small
cell adenocarcinoma of the lung) and one SAE in a subject in the placebo arm
(hospitalization for diverticulitis). None were thought to be related to study treatment.
Analyses of adverse events (AEs) were conducted at the subject level, with 1.34 (1.41) AEs
reported per person in the GW468816 group and 1.67 (1.86) events per person in the
placebo group. χ2 analyses were conducted to determine whether there was a significant
group difference in AEs reporting and are presented in Table 2.

There were no changes in laboratory assessments of total bilirubin, direct bilirubin, total
protein, or gamma glutamyl transferase in those assigned to receive GW468816 from
randomization (visit 8) to the end (visit 13) of the 5-week relapse prevention phase as
analyzed with paired-samples t tests. None of the mean laboratory measurements were
outside of the reference range.

Finally, there were no significant correlations between plasma GW468816 concentrations
and concurrent assessments of craving or nicotine withdrawal symptoms. Use of
nonparametric Spearman rank correlation tests, conducted to verify the results in the face of
skewed variable distributions, did not alter the analysis. The mean plasma concentration of
GW468816 achieved by the subjects assigned to GW468816 were 14.69 (9.33) μg/mL at
week 1, 15.70 (9.80) μg/mL at week 3, and 13.43 (10.90) μg/mL at week 5.

DISCUSSION
We found no evidence that the selective NMDA glycine site antagonist, GW468816, dosed
at 200 mg/d for 5 weeks, reduced relapse or improved smoking outcomes in recently
abstinent female smokers who quit smoking using NRT. Whereas median plasma
concentration of 14.3 μg/mL in the group randomized to GW468816 suggests overall good
medication compliance, plasma drug concentrations were not correlated with smoking
outcomes: 7-day point prevalence abstinence at the end of treatment, relapse or lapse during
the relapse prevention phase, time to relapse, or subjective report of the urge to smoke.
These results, coupled with self-report of excellent adherence to study medication, suggest a
lack of efficacy of GW468816 for prevention of relapse to smoking despite preclinical
evidence suggesting promise for this mechanism and this compound for this indication. The
paucity of adverse effects, particularly CNS effects, suggests that it is possible that the
selected dose was not adequate to generate the expected CNS receptor binding.

Potential confounding factors such as failed randomization and abnormal patterns of relapse
after smoking cessation intervention were explored, and no differences in demographic
characteristics, psychiatric measures, or dropout rates by treatment group were found. The
relapse rate of 42.8% over 5 weeks with behavioral support and 52% over 60 days is
relatively low compared with relapse at 30 days (64%) after unaided cessation (Powell et
al48) but comparable to the relapse rate after treatment discontinuation reported in other
studies.9,10

Limitations
The present study tested the relapse prevention efficacy of a single dose of GW468816, 200
mg/d. Although dose modeling indicated that this dosage would result in efficacious plasma
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concentrations, group differences with respect to AEs were not evident, raising the
possibility that GW468816 at 200 mg/d exerts little CNS effect, and a dose ranging trial may
have provided a more definitive result. This study was limited to women, and because sex
differences in the smoking cessation process have been identified, it is unknown whether the
effect of GW468816 differs in male smokers. To address these limitations, future studies
with GW468816 could consider using a dose-finding design and inclusion of male smokers
if safety data allow. It is also possible that GW468816 may be effective in smoking
cessation rather than relapse prevention only, since the current trial only tested a relapse
prevention hypothesis for those smokers who quit smoking using NRT. However, 2
unpublished studies aiming to test 1-week abstinence in smokers willing to quit failed to
differentiate GW468816 from placebo while showing significant effects on craving
attenuation (GSK document VM2002/00013/01, study GL310001, and HM2004/00172/00,
study GL3102034). Another limitation to the study may have been power, as the detectable
hazard ratio with 80% power for 98 subjects was 2.24. Because the rate of relapse was
equivalent between the groups, the likelihood that the study failed to detect a significant
effect of medication is low.

In summary, despite promising preclinical and early clinical data suggesting that
GW468816, at the dose tested, would have efficacy in preventing relapse to smoking
through reducing activation at the glycine site of NMDA glutamate receptors, the study
found no evidence that GW468816, 200 mg/d, reduces relapse to smoking in recently
abstinent female smokers. Furthermore, recent preclinical work suggests that increasing
activity at the strychnine-insensitive glycine binding site of NMDA receptors, either through
agonist or inhibition of reuptake, may prevent reinstatement of nicotine use, suggesting that
compounds that increase rather than decrease activity at the glycine site of the NMDA
receptor may have efficacy for reducing relapse to smoking.49
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FIGURE 1.
Kaplan-Meier survival curves for the active and placebo groups.
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TABLE 1

Clinical Characteristics

Placebo
(n = 48)

GW468816
(n = 50)

Age 46.5 (10.4) 49.3 (10.5)

CO, ppm 16.2 (8.9) 15.4 (6.9)

Weight, lbs 159.2 (25.7) 155.9 (38.1)

FTND total 4.9 (1.9) 4.9 (1.7)

Pack years 26.5 (19.4) 29.2 (22.5)

T-QSU total 21.0 (8.7) 22.2 (9.5)

T-QSU factor 1 4.9 (2.4) 5.3 (2.4)

T-QSU factor 2 4.0 (1.6) 4.9 (2.5)

Wisconsin Smoking Withdrawal
total

54.6 (9.3) 55.6 (10.2)

Snaith-Hamilton total 22.3 (5.1) 22.1 (5.1)

HAMD 17 total 2.3 (2.2) 3.3 (3.4)

Barratt Impulsiveness Scale total 60.8 (10.1) 61.1 (6.9)

Life events total 127.7 (120.3) 104.4 (69.3)

SSEQ total 710.4 (377.3) 782.4 (400.2)

PANAS negative subscale 30.4 (14.6) 31.1 (12.3)

PANAS positive subscale 32.9 (8.2) 35.6 (6.6)

PANAS fear subscale 17.9 (8.8) 19.3 (8.3)

PANAS hostility subscale 20.0 (9.8) 18.0 (7.4)

PANAS guilt subscale 20.1 (9.4) 20.9 (9.0)

PANAS sadness subscale 16.3 (8.2) 15.3 (7.0)

STAI-State total 32.9 (5.7) 36.4 (7.9)
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TABLE 2

Adverse Events

Placebo GW468816 Total

Adverse Events Reported by 10% or
More of Participants on GW468816

(n = 48) (n =50) (n = 98)

n % n % n % χ2 (P)*

Nausea 1 2.1 6 12.0 7 7.1 3.631 (.11)

Insomnia 6 12.5 7 14.0 13 13.3 0.048 (1.0)

Adverse event by systems

  Cardiovascular 2 4.2 3 6.0 5 5.1 0.170 (1.0)

  General/administration site 7 14.6 8 16.0 15 15.3 0.038 (1.0)

  Gastrointestinal 11 22.9 14 28.0 25 25.5 0.333 (.65)

  Hematological 1 2.1 1 2.0 2 2.0 0.001 (1.0)

  Metabolic 1 2.1 2 4.0 3 3.1 0.303 (1.0)

  Musculoskeletal 6 12.5 6 12.0 12 12.2 0.006 (1.0)

  Nervous system 15 31.3 12 24.0 27 27.6 0.645 (0.50)

  Respiratory 13 27.1 6 12.0 19 19.4 3.565 (0.08)

  Dermatological 2 4.2 4 8.0 6 6.1 0.626 (0.68)

  Special senses 2 4.2 1 2.0 3 3.1 0.387 (0.61)

  Urogenital/reproductive 2 4.2 0 — 2 2.0 2.127 (0.24)

*
Pearson χ2 statistics, with Fisher exact P values.
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