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ABSTRACT
Summary:
Lamotrigine was studied for pain associated with 
diabetic peripheral neuropathy in replicate, 
randomized, double-blind, placebo (PBO) 
controlled, multicenter studies. Population PK/PD 
modeling was used to elucidate the exposure 
(post-hoc estimates of lamotrigine steady-state 
AUC) versus effect (response on an 11-point 
ordered categorical scale) as a function of time 
and baseline pain scores.

Methods:
Each study included a 2-4 week screening phase; 
a 1-week baseline phase; a 7-week dose-
escalation phase; and a 19-week treatment 
period. A total of 720 patients were enrolled in the 
2 studies at doses of 0, 200, 300, and 400 mg/day 
(given BID). A longitudinal PK/PD model for 
ordinal response data was fit to individual patient 
diary pain data using NONMEM. The model 
accounted for the temporal profile of PBO 
response, individualized exposure to drug, and 
baseline pain status.  

Results:
The primary outcome, pain intensity change from 
baseline to week 19, was achieved for only the 
400mg/day dose group in one of the two studies.  
Moreover, the dose-response relationship was not 
rank ordered in comparison to efficacy for 1 of the 
2 trials. The PK/PD model was successful in 
characterizing the major features of trial results.  
Moreover, the model successfully accounted for 
the time profile and distribution of PBO response.  
Lamotrigine steady-state AUC and baseline were 
both strongly significant predictors of effect.

Conclusions:
An exposure-response relationship was 
established for lamotrigine in painful diabetic 
neuropathy. The complexity of trial outcomes 
required a model-based approach to elucidate 
the exposure-response relationship and explore 
performance factors of the current trials, and 
mechanisms to improve upon the design of future 
trials.
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Each subject rated his/her pain intensity during 
the past 24 hours using an 11-point numerical 
rating scale with 0 as “no pain” and 10 as “worst 
pain possible”.  

A maximum of 5 blood samples was collected 
from each subject for the measurement of LTG 
serum concentrations over the duration of the 
study. Patients reported the time of dosing prior to 
PK sampling times. 

A total of 444 (62%) subjects completed the 
2 studies. A higher percentage of subjects in the 
LTG 400mg treatment group withdrew compared 
with the other treatment groups. The most 
common reason for premature discontinuation 
was AE (16%). A greater percentage of subjects 
in the LTG 400mg group (22%) prematurely 
discontinued due to an AE compared with the 
placebo group (11%). 

MODELING RESULTSMODELING RESULTS

INTRODUCTIONINTRODUCTION

Lamotrigine (LTG), originally developed and 
licensed as an antiepileptic, and more recently 
licensed for use in bipolar disorder has been 
reported to have activity in neuropathic pain1,2. 

LTG was studied for pain in peripheral diabetic 
neuropathy (PDN) in replicate trials. The primary 
efficacy marker was only achieved in the 400mg 
arm in one of the trials.  The need to titrate LTG 
dose may have contributed to the higher than 
expected dropout pattern and contributed to an 
inflation of placebo response for those patients 
remaining in the trial.

The modeling objectives were to characterize the 
population pharmacokinetics of LTG in patients 
with PDN enrolled in replicate clinical trials and to 
evaluate the relationship between systemic LTG 
exposure and pain intensity score.

Final Model

Median Plasma MHD Concentration-Time Profile
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The model demonstrated that increasing 
systemic lamotrigine exposure (AUC) confers 
an increasing probability of pain score 
reduction.
AUC and baseline pain score significantly 
improve the characterisation of PDN patient 
response. The dose arms with the highest 
probability of contributing to efficacy are 
300mg and 400mg.  
Simulations of Week 19 responses without 
titration failures and with model predicted 
values for patients that withdrew from the trial 
prematurely showed larger efficacy responses 
than seen in the present trials.  

FIGURE 1.  Predicted and Observed Response by Exposure Level Versus Time
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FIGURE 2 shows the relationship between LTG 
exposure and the probability of increased levels 
of response for a typical PDN patient with a 
baseline pain score of 7. For example, the 
median exposure for a 400mg dose yields a 3 
point or greater drop in pain at week 19 in 50% 
of the patients.

Simulations were performed to evaluate the likely 
range of responses at Week 19 (FIGURE 3) 
drawing from a distribution composed of all 
patients in the 2 trials completing the titration 
period. As such, the simulation computes Week 
19 response for patients that prematurely 
discontinued from the trial after the titration 
period. These simulations provide for something 
akin to a “what-if” analysis for the scenario of all 
patients that completed their titration completing 
the trial. 
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FIGURE 2.  Model Predicted Probability of Response 
(Change from Baseline) For a Typical Patient Baseline=7 
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FIGURE 3.  Simulated Week 19 Efficacy Response

TRIALSTRIALS

Both studies were randomized, double-blind, 
placebo-controlled, multicenter studies conducted 
in the USA.   Eligible subjects with PDN were 
randomised (1:1:1:1) to receive either placebo 
or one of three doses LTG (200, 300 or 
400 mg/day)3,4.

Each study included a 2-4 week Screening 
Phase; a 1-week baseline phase, a 7 week dose-
escalation phase, a 12 week maintenance phase 
and a 3-week follow-up phase for subjects who 
were not participating in an extension study. The 
titration phase featured a staggered start so that 
all subjects reached their target maintenance 
dose at the same time.

Subjects recorded their pain daily at bedtime onto 
a diary card. Pain intensity was recorded daily 
from the beginning of the Baseline Phase to the 
end of treatment (Visit 8 or early termination) or 
through the end of the Follow-Up Phase for those 
subjects not entering the extension study.  

MODELINGMODELING

A population PK model was developed and used 
to compute individual exposures to LTG.  A 
longitudinal, nonlinear, mixed-effects model for 
ordinal data incorporating exposure to LTG, 
baseline pain intensity, and interactions between 
time and placebo effect and between time and 
drug response was then constructed using the 
data from the 2 trials according to the model 
shown below. PK and PD models were evaluated 
using NONMEM® (Globomax, plc.).

The best model tested included effects for 
baseline pain score, LTG AUC scaled for dose 
during the titration period, and placebo effect. 
Backwards elimination of model terms indicated 
strong justification for inclusion in the model.

The model was used to explore the relationship 
between (change from baseline) pain intensity 
score and total systemic LTG exposure and is 
shown below as a plot of observed and model 
predicted outcomes versus time across the 
quintiles of LTG exposure (FIGURE 1).
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