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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AIMS
To describe pain intensity (Pl) measured on a visual analogue scale
(VAS) and dropout due to request for rescue medication after
administration of naproxcinod, naproxen or placebo in 242 patients
after wisdom tooth removal.

METHODS

Non-linear mixed effects modelling was used to describe the plasma
concentrations of naproxen, either formed from naproxcinod or from
naproxen itself, and their relationship to Pl and dropout. Goodness of
fit was assessed by simultaneous simulations of Pl and dropout.

RESULTS

Baseline Pl for the typical patient was 52.7 mm. The Pl was influenced
by placebo effects, using an exponential model, and by naproxen
concentrations using a sigmoid En.« model. Typical maximal placebo
effect was a decrease in Pl by 20.2%, with an onset rate constant of
0.237 h™'. ECsp was 0.135 umol I'. A Weibull time-to-event model was
used for the dropout, where the hazard was dependent on the
predicted Pl and by the Pl at baseline. Since the dropout was not at
random, it was necessary to include the simulated dropout in visual
predictive checks (VPC) of PI.

CONCLUSIONS

This model describes the relationship between drug effects, Pl and the
likelihood of dropout after naproxcinod, naproxen and placebo
administration. The model provides an opportunity to describe the
effects of other doses or formulations, after dental extraction.VPC
created by simultaneous simulations of Pl and dropout provides a
good way of assessing the goodness of fit when there is informative
dropout.

WHAT THIS STUDY ADDS
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Table 1

Demographic and baseline characteristics. Mean (range)

Naproxcinod
375 mg

N 41 37

Sex % M:F 41:59 54:46

25.3 (20-33) 25.1 (19-32)

23.3 (19-30) 23.7 (20-30)
59 (29-100) 5(19-88)

9.4 (4-20) 10 1(3-23)

Age (years)

BMI (kg m2)

Baseline pain intensity (mm)
Duration of surgery (min)

Naproxen
500 mg Placebo

42 41 39 42

45:55 41:59 49:51 57:43

25.0 (20-33) 24.0 (19-32) 25.4 (19-38) 25.6 (19-34)

23.6 (19-29) 23.9 (18-31) 23.8 (18-29) 23.9 (19-30)
55 (7-100) 55 (24-100) 8 (18-82) 56 (25-91)

8.7 (3-22) 9.2 (3-34) 10 2 (1-25) 9.7 (4-23)

Introduction

The removal of a wisdom tooth is a painful procedure that
is commonly used to study the effects of new investiga-
tional compounds intended for the treatment of pain. Mod-
elling of the pain intensity (Pl) or pain relief is complicated
by informative dropout due to intake of rescue medication.
The observed Pl at different times after administration
of study drug is dependent on dropout due to intake of
rescue medication, and at the same time the probability of
requesting rescue medication is dependent on the Pl
Therefore, at the end of the treatment period, the difference
in observed Pl is small between patients on placebo or dif-
ferent treatments, since the patients remaining in the study
are those who are no longer in pain, regardless of treat-
ment. When modelling the course of Pl during a studly it is
therefore important to take the dropout into consideration.

Naproxcinod (AZD3582, HCT 3012) is a cyclo-
oxygenase-inhibiting nitric oxide (NO) donor that is rapidly
metabolized to naproxen and an NO-donating moiety. Its
efficacy in acute and chronic pain has been shown in
several studies [1-4]. In this analysis the pharmacokinetics
(PK) of naproxen, either formed after administration of
naproxcinod or given as naproxen itself, were used as an
input to the pharmacodynamic (PD) model.

Pain relief, measured on a categorical scale, and the
intake of rescue medication has previously been modelled
for other cyclo-oxygenase inhibitors [5-7], and joint mod-
elling of longitudinal data with informative dropout has
also been performed in other therapeutic areas [8, 9]. The
objective of this analysis was to model Pl on a 100 mm VAS,
which could be regarded as a continuous scale, together
with the probability of requesting rescue medication, and
to use visual predictive checks (VPC) based on simulta-
neous simulations of both Pl and dropout to assess the
goodness of fit.

Methods

Study design
In a randomized, double-blind dose-finding study, man-
dibular wisdom teeth were removed during local anaes-
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thesia using a standard surgical procedure. Patients
requesting pain relief within 6 h after administration of
local anaesthetic, and who had a PI of at least 40 mm on a
100 mm VAS, were randomized to either of six treatments;
naproxcinod 375,750, 1500 or 2250 mg (n =41,37,42 and
41, respectively), naproxen 500 mg (n = 39) or placebo (n =
42). A total of 242 patients, 48% male and 52% female, age
ranging from 19 to 38 years and body mass index ranging
from 18 to 31 kg m™ were included in the study (Table 1).
All treatments were formulated as hard gelatine capsules
of identical appearance to ensure blinding. Patients
needing additional pain relief could request rescue medi-
cation, ibuprofen 400 mg, and the time of requesting
rescue medication was recorded. The patients were asked
to refrain from rescue medication until 1.5 h after admin-
istration of study drug, but were allowed to take rescue
medication if they could not wait. Pl was measured on a
100 mm VAS immediately prior to drug administration
(baseline) and at 0.5, 1, 1.5, 2, 2.5, 3,4, 5,6, 7 and 8 h after
administration of study drug, and immediately before
administration of rescue medication. After intake of rescue
medication no more measurements of Pl were made.
Venous plasma was collected in 15, 12, 18, 15, and 16
patients in the naproxcinod 375,750, 1500 or 2250 mg and
naproxen groups, respectively,at randomization and at 0.5,
1,1.5,2,2.5,3,4,5,6,7 and 8 h after administration of study
drug, and at time of first meaningful pain relief. The plasma
was analyzed at Quintiles AB, Uppsala, Sweden, for total
concentrations of naproxen by reversed-phase liquid chro-
matography with fluorescence detection, with direct injec-
tion of diluted plasma. The limit of quantification was
0.5umol I"" and the accuracy varied between 98.2 and
101.7% in the concentration range 1.5-400 umol ™" In
addition, unbound concentrations of naproxen were mea-
sured at 1, 3 and 8 h post-dose, using ultrafiltration. After
dilution the protein free fraction was directly injected into
a reversed-phase liquid chromatograph with fluorescence
detection. For unbound naproxen concentration the limit
of quantification was 5nmol " and accuracy varied
between 97.5% and 102.5% in the concentration range
12.5-3200 nmol I"". The study was sponsored by AstraZen-
eca and performed at the Eastman International Centre for
Excellence in Dentistry, London, United Kingdom, in accor-
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dance with International Conference on Harmonisation
(ICH) Good Clinical Practice (GCP).The study was approved
by Quorn Research Review Committee, Leicestershire,
United Kingdom, and written informed consent was col-
lected from all patients before inclusion in the study. More
details of the study design, as well as the primary efficacy
and safety results of the study, were presented by Hill et al.
[1].

Data analysis

The modelling analysis of total and unbound plasma con-
centrations, Pl and time to request of rescue medication
was performed using the software NONMEM VI (ICON,
Hanover, MD, USA) [10]. The Laplace estimation method
was used for both the fit of PK data only and the simulta-
neous fit of PK, Pl and dropout.

A non-linear mixed effects model was developed, to
describe simultaneously the PK, Pl and dropout. In a first
step, the PK of total and unbound concentrations of
naproxen were analyzed. The typical and random effect
parameter estimates from the final PK model were then
fixed in the subsequent PK/PD analysis, but still keeping
the observed concentration data in the PK/PD data set.This
sequential PK/PD approach conditions on both population
PK parameter estimates and PK data, and estimates PD
parameters and their standard errors about as well as a
simultaneous fit [11]. For the PK/PD analysis a placebo sub-
model for Pl was first developed on placebo data only,and
the placebo parameters were then fixed in the develop-
ment of the drug effect sub-model for Pl and request of
rescue medication. When the drug effect sub-model was
established, the final model was run without fixing the
placebo parameters.

Pharmacokinetic model
One- and two-compartment disposition models were
evaluated for the PK, as well as several different absorption
models, including first order, zero order, sequential zero
and first order absorption, with and without lag-time,and a
transit compartment model [12]. Unbound oral clearance
and volume of distribution were assumed to be the same
regardless of treatment, while the absorption properties
were different for naproxcinod and naproxen.The bioavail-
ability of naproxen after naproxcinod administration, rela-
tive to that after naproxen administration, was estimated.
Exponential interindividual variability was assumed.
Naproxen is highly bound to plasma proteins and the
unbound fraction increases with increasing concentra-
tions [13]. To assess the relationship between unbound
and total concentrations a binding model was used:

Bmax 'Cu

Cot =Cy +
K. +C,

where Gy is the total concentration of naproxen, C, is the
unbound concentration of naproxen, Bmax is the maximum

binding of naproxen to plasma proteins and K, is the
unbound concentrations needed to achieve half of the
maximum binding.The model therefore assumed linear PK
for unbound concentrations, while the total concen-
trations were increasing less than in proportion to the
dose. Additive, proportional and combined additive-
proportional residual error models were investigated for
both total and unbound concentrations.

Model for Pl

The model describing the relationship between PK and PI
consisted of two sub-models, one describing the placebo
response and one describing the drug effects. The two
sub-models were combined according to:

Pl =Plpaseiine - (1— Placebo)-(1- Drug)

where Plpaseine is the Pl at baseline, and Placebo and Drug
are the placebo and drug effects, respectively.

For the placebo response exponential,inverse Bateman
and Weibull functions were explored.

Exponential:

Placebo =P, -(1—e™'")

where Pn. is the maximum placebo effect and ky is the
rate constant for onset of placebo effect.
Inverse Bateman:

Placebo = Pmax (1 — (e*kon'f _ e—koff~t ))

where Py is the maximum placebo effect and ko, and ko
are the rate constants for onset and offset of placebo
effect, respectively.

Weibull:

Placebo =P, .(1 — et )

where Py is the maximum placebo effect and A and k are
the scale and shape parameters of the Weibull function.

For the placebo response exponential interindividual
variability was assumed, except for Pmax Where an additive
model was used, allowing for Pl to either increase or
decrease from the baseline value. In addition, a mixture
model of Pn.x and Box-Cox transformation of k, were
assessed. In the drug effect model the unbound concen-
trations of naproxen were related to the effect using an
Emax Or sigmoid En.x model according to:

Emax Cl]{
Drug =
ECY, +CY

where Enax is the maximum effect, ECs is the concentration
needed to achieve half of the maximum effect, C, is the
unbound naproxen concentration and v is a shape factor.
An additive residual error model for Pl was used. Bound-
aries on Pl were set so that any prediction of Pl above 100
or below 0 were set to 100 or 0, respectively.

Br | Clin Pharmacol / 71:6 / 901
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Model for request of rescue medication

The time to request of rescue medication was described
using a time-to-event model where the hazard of request-
ing rescue medication was modelled as:

h(t)=h,-exp(COV)

where h(t) is the hazard at time t, hy is the hazard without

influence of covariates, and COV is the influence of covari-

ates on the hazard. ho was described using different hazard

distributions like exponential, Weibull and Gompertz:
Exponential:

h():k

where k describes a constant hazard.
Gompertz:

ho = k-

where k is the hazard at time 0, a is a shape parameter,and
tis time.
Weibull:

hO = k.(x.t(a_‘l)

where A and o are the scale and shape parameters of the
Weibull distribution, respectively, and t is time.

The influence of Pl and baseline Pl on the hazard were
explored with linear and exponential models for the effect
of Pl or PI difference from baseline on the hazard. Plysseiine
was also investigated as a covariate on the effect of Pl on
the hazard. Since the patients were asked to refrain from
rescue medication until 1.5 h after administration of study
drug, the hazard during the first 1.5 h was set to zero, and
time in the hazard models was counted with start at 1.5 h.
Three subjects took rescue medication before 1.5 h and
were excluded from the analysis.

The likelihood of not having requested rescue medica-
tion at time t, S(t), was described as a function of the
hazard:

SiH= exp(—jh(t))
0

The probability density of requesting rescue medication at
time t, f(t), was described by:

f(t)=S(t)-h(t)

The models for Pl and request for rescue medication were
developed simultaneously, using the F_FLAG option in
NONMEM. NONMEM allows simultaneous modelling of
continuous and categorical data, where Pl is continuous
and dropout is treated as categorical data.The data type of
each record is indicated by different values for F_FLAG in
NONMEM.

Model selection and evaluation
Models were selected based on goodness of fit plots [14],
precision in parameter estimates, and statistically using the
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Objective Function Value (OFV). A drop in OFV by 6.63 (P <
0.01) was required for a parameter to be included in the
model. Conditional weighted residuals were derived using
PsN [15] and Xpose [14]. The models were evaluated using
VPCin PsN and R (http://www.r-project.org).Pl and request
for rescue medication were simulated simultaneously, and
once a patient was simulated to request rescue medication
no further Pl measurements were simulated in that
patient. Each VPC for the PK model was based on 2000
simulations, and the VPCs for Pl and rescue medication
were based on 100 simulations. Standard errors of the PK
parameters were calculated by NONMEM, and standard
errors of the PD parameters were calculated by bootstrap
using PsN.

Results

Pharmacokinetic model

The PK of naproxen after administration of naproxcinod or
naproxen was best described by a one-compartment
model with transit compartment absorption. Mean transit
times were 1.8 and 0.5 h for naproxcinod and naproxen,
respectively. Oral clearance of unbound naproxen was
5151 h™" and the unbound volume of distribution was 4290
I. A saturable protein binding was found, with a K, of
0.549 umol I”". Parameter estimates of the final PK model
are shown in Table 2,and VPCs for total and unbound con-
centrations are found in Figure 1.

Pain intensity model

The placebo effect was described by an exponential
model, where Pn.x was a decrease in VAS by 20.2%. A
sigmoid Em.x model was used to describe the drug effect
on PI. Enax was estimated close to 1, the upper boundary,
and was therefore fixed to 1.ECso was 0.135 pumol I'.Param-
eter estimates for the PK-PI model is found in Table 3.VPCs
of PI with and without simulating the request for rescue
medication are found in Figure 2.

Dropout model

A Weibull time-to-event model was used in order to
describe the time to request for rescue medication. Pl was
found to have a large impact on the hazard, the higher
the PI the larger the dropout hazard. The PI at baseline
was also found to impact the hazard. Subjects entering
the study with a high Pl had a lower hazard at a given PI
than those entering the study with low PI. The final model
for the influence of covariates on the hazard was
described as:

cov= ePI (1+ ebaseline '(Plbaseline - 55))P|t

where 0p describes the contribution of Pl at time t, Pl,, to
the hazard, and Opaseine describes the influence of the
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Table 2

Parameter estimates for the final PK model of total and unbound naproxen

Parameter Estimate (RSE%) IV (RSE%)
CLJ/F (1 h™) 515 (12.1) 25 (37)
Vu/F () 4290 (13.6) 44 (29)
MTTnaprox:inod (h) 1.77 (10-8> 58 (24)
NNnaprox(inod 3.58 (9.9) 58 (26)
MTT aproxen (h) 0.500 (23.8) 100 (60)
NNnaproxen 4.23 (24.8) 64 (68)
Bmax (uwmol I-) 643 (7.1) 17 (44)
Km (umol I 0.549 (10.2) -

Frel (%) 59.7 (14.6) =

Oradd (wmol I) 6.19 (22.3) -

OT,prop (%) 8.43 (8.0) =
Gu,prop (%) 18.6 (11.0) -

Corr. MTT-NN (%) -52 (38) -

Description

Oral unbound clearance

Oral unbound volume of distribution

Mean transit time for naproxcinod

Number of transit compartments for naproxcinod

Mean transit time for naproxen

Number of transit compartments for naproxen

Maximum binding of naproxen to plasma proteins

Naproxen concentration at half maximum binding

Relative naproxen bioavailability compared with naproxen dosing
Additive residual variability for total naproxen concentrations
Proportional residual variability for total naproxen concentrations
Proportional residual variability for unbound naproxen concentrations

Correlation between MTTnaproxcinod @nd NNnaproxcinod

RSE% relative standard error calculated as the ratio between the standard error and the estimate, and multiplied by 100, IIV inter-individual variability in % of the parameter estimate.

Naproxcinod 375 mg Naproxcinod 750 mg Naproxcinod 1500 mg Naproxcinod 2250 mg Naproxen 500 mg

~ 500 500 500 500 500

S 400 400 400 | £ . 400 400

£ 300 300 300 - | @edha 300 300

3 200 . 200 200 200 200

v 100 100 100 100
Time (h)
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Figure 1

Visual predictive check of total (top row) and unbound (bottom row) concentrations of naproxen vs. time after administration of naproxcinod 375 mg,
750 mg, 1500 mg and 2250 mg or naproxen 500 mg, based on the final PK model. Open circles represent the observations and the lines represent the
median, 2.5th and 97.5th percentile of the observations.The shaded areas represent the 95% Cl for the simulated median and 2.5th and 97.5th percentiles

difference of Plpaseine from the median, 55, on 0p. The
parameter estimates for the rescue medication model are
found in Table 3 and VPCs of the request for rescue medi-
cation are found in Figure 3.

Discussion

This analysis describes a model for Pl on a 100 mm VAS
together with informative dropout, as well as goodness of

fit graphics based on simulations that take the dropout
into consideration. Parts of the model, including the base-
line and placebo effect and the effect of Pl on the risk of
dropout, are independent of the drug and can be expected
to be similar in other studies, while the drug effect model
may change with different drugs. The intended use of the
model was to predict the effects of new formulations with
different absorption properties, but the model could also
be used to assess the effects of different doses, and poten-
tially other drugs.

Br ) Clin Pharmacol / 71:6 / 903
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Table 3

Parameter estimates for the final PK/PD model

Parameter Estimate (RSE%) IV (RSE%) Description

Plpaseline (Mm) 52.7 (13.4) 32 (27) Baseline pain intensity

Pmax (%) 20.2 (12.2) 120 (16) Maximum placebo response

kpi (h71) 0.237 (68.8) 43 (39) Rate constant for placebo effect

ECso (umol I) 0.135 (10.4) 120 (21) Unbound concentration needed for half maximum effect
¥ 1.61(12.4) - Shape factor

op (mm) 7.82 (13.3) - Residual variability for pain intensity

A 0.00999 (15.6) - Scale parameter in the Weibull distribution
o 0.729 (9.9) - Shape parameter in the Weibull distribution
Op1 0.0782 (9.2) - Influence of current PI on the hazard
Obaseline -0.00261 (19.2) - Influence of baseline Pl on the hazard

RSE% relative standard error calculated as the ratio between the standard error and the estimate, and multiplied by 100, IIV inter-individual variability in % of the parameter estimate.

Naproxcinod

750 mg

100
80
60
40
20

Pain intensity

100
80
60
40
20

Pain intensity

Figure 2

Visual predictive check of pain intensity (Pl) vs. time after administration of naproxcinod 375 mg, 750 mg, 1500 mg and 2250 mg, naproxen 500 mg or
placebo, based on the final PK/PD model. The top row is simulated without dropout and the bottom row is simulated with dropout. Open circles represent
the observations and the lines represent the median, 2.5th and 97.5th percentile of the observations. The shaded areas represent the 95% Cl for the

simulated median and 2.5th and 97.5th percentiles

These data show that the risk of requesting rescue
medication increases with increasing Pl,and since the drug
reduces the Pl it also reduces the risk of requesting rescue
medication. This is taken into account in the combined
model for Pl and rescue medication.The shape parameter
of the Weibull model for request for rescue medication was
below 1, which indicates that the hazard at a given level of
Pl decreases with time.This means that the longer a patient
has been able to tolerate a certain level of pain, the less

904 / 71:6 |/ Br] Clin Pharmacol

likely is the patient to request rescue medication during
the next interval of time.The influence of Pl on the hazard
was dependent on the Plpasiine. Patients with a high base-
line Pl had a lower hazard at a given Pl compared with
patients with a low baseline hazard.

This analysis assumes that the effects of naproxcinod
and naproxen on Pl and dropout are due to the exposure
to naproxen.Plasma concentrations of naproxen were only
measured in approximately one third of the patients. The
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Figure 3

Visual predictive check of time to request of rescue medication after administration of naproxcinod 375 mg, 750 mg, 1500 mg and 2250 mg, naproxen
500 mg or placebo, based on the final PK/PD model. Solid line represents the observed Kaplan-Meier curve and the shaded area represents the 90%

prediction interval for the simulated Kaplan-Meier curve

rest of the patients could still be included in the PD model,
since the PK parameters were included, but fixed, in the PD
model. The patients without any PK samples had predic-
tions of their PK based on both the PK and the PD model.

Since naproxcinod was rapidly hydrolyzed to naproxen
during the absorption, the transit-compartment model for
naproxcinod described both the formation and the
absorption of naproxen, and different number of transit-
compartments and mean transit times were therefore
used for naproxcinod and naproxen. The transit compart-
ment absorption model describes drug absorption as a
multiple step process represented by a chain of presys-
temic compartments, without assigning a physical corre-
late to each transit compartment [12, 16]. The absorption
transit model describes the concentration-time profile asa
gradually increasing continuous function. Hence, the
nature of the transit model is more descriptive of the physi-
ological conditions than a lag-time model, although the
number of estimated transit compartments is not related
to physical compartments. The analytical solution also
allows for a non-integer number of transit compartments.
The variability in observed plasma concentrations of
naproxen was to a large extent due to variability in the

absorption parameters. The concentration data was col-
lected mainly during the early phase, up to 8 h compared
with the approximately 14 h half-life of naproxen [17],
which may have led to slight differences in the parameter
estimates compared with repeated dosing [18]. Even
though the one-compartment model used in this analysis
showed a good prediction of the observed plasma concen-
trations, one should be cautious to extrapolate longer than
the 8 h studied, as a second phase might be present at later
time points. This study was performed using single doses
in acute pain, while naproxcinod was developed and sub-
mitted to regulatory authorities for the treatment of
osteoarthritis using repeated dosing.

For the model discrimination, simulation based graphi-
cal goodness of fit plots were used. Friberg et al. [19] have
previously shown the value of including dropout in simu-
lations and VPCs. The need for taking the informative
dropout into account is in this study clearly shown in the
VPCs for PL.When dropout is ignored the simulations show
high Pl at the end of the study for the placebo group, while
the actual observed Pl is much lower.The prediction inter-
vals are also large. When dropout is included in the simu-
lations the simulated and observed Pl are similar, reflecting

Br ) Clin Pharmacol / 71:6 / 905
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the fact that those with the highest Pl have dropped out at
the end of the study.

In conclusion, the effects of naproxcinod and naproxen
on PI and dropout after dental extraction could be
described by a simultaneous model of PK, Pl and dropout
due to request for rescue medication. The request for
rescue medication was shown to be dependent on the
current Pl and the Pl at baseline, and the observed Pl was
dependent on naproxen concentrations and the dropout.
VPCs created by simultaneous simulations of a continuous
variable and time to event provide a good way of assessing
the goodness of fit when there is informative dropout.
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