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A model-based approach to treatment
comparison in acute migraine.

HJ Maas, M Danhof, OE Della Pasqua
Br. J. Clin. Pharmacol. (2006) 62:591-600

Currently, direct comparisons are used in the clinical tgment of 5-HT g /1 p-
receptor agonists to assess differences and similanitigeatment response. Such com-
parisons depend on the time-point under consideration leeréfore do not allow eval-
uation of complete response profiles. Therefore, any cosmanf efficacy and drug
properties requires that the time course of the responsakes tinto account. In this
investigation we show the advantages of a model-based agipto compare the efficacy
of two triptans (sumatriptavs naratriptan).

A Markov model was used to describe the course of a migrataekavver three clini-
cally identified stages. Drug effects were modelled as aainagon-dependent increases
in transition rates and were parameterised in terms of pgt@iC50) and maximum
effect Emazx). Parameters were estimated using headache measurensemisihical
efficacy studies of sumatriptan and naratriptan. Based esetlkestimates the efficacies
of the two drugs were compared in a non-time dependent way.

Efficacy parameters could be derived for the two drugs atigWor comparison be-
tween them. The potency rati@ (C50sym./EC50,4.0) for providing headache relief
was 3.3 (0.9-12). The ratio of maximum effectsntax symao/Emax, ) for this end-
point was 0.74 (0.55-0.97). To demonstrate the appliagtafithe model-based efficacy
measures, estimated potencies were evaluated againste@ovitro at 5-HT, g and
5-HT; p receptors.
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In conclusion, comparison of the anti-migraine effectsved br more drugs solely
based on preset sampling times does not allow proper assesefrdifferences in phar-
macological properties vivo. Dependence on time must be considered to adequately
evaluate treatment response and optimise dosing reginteignaine.

4.1 Introduction

Ideally, in clinical pharmacology research one requiresinitt parameters that are in-
dependent of each other to compare different drugs. In mnigyahe clinical effect on
headache perception is the result of an interaction bet@eenpharmacokinetics, phar-
macodynamics and disease dynamics. Pharmacologicahégraine efficacy in the pa-
tient population is commonly expressed as the cumulatsieaese (e.g. headache relief)
at a specific time, and these measures are then used to coefifzaey across drugs [1].
However, these measures are somewhat arbitrary, igndrsgirhe course of disease.
Furthermore, their cumulative nature complicates consparof effects at different time
points, as the response at any time is rendered dependdhphaous responses. Most
importantly, these are hybrid measures that encompas$trenpcodynamics of a drug
but also depend on pharmacokinetic parameters such asation half-life and con-
stants such as dose and route of administration. For exaatperption rate influences
the initial rate of pain relief, and half-life affects thee&aof recurrence [2, 3, 4]. Whilst
comparison of pharmacokinetic properties of differentgdris an accepted approach to
infer efficacy, the approach is not appropriate in the preserf time-dependence as is
the case in migraine attacks. Thus, whereas pharmacakipatameters can be com-
pared across drugs, the use of time-dependent efficacy msaisunot appropriate to
compare the pharmacodynamic properties of drugs in a alippulation of interest. In
the current investigation, we show the relevance of disdgsamics in the evaluation of
the anti-migraine effects for two well-known drugs, namslymatriptan and naratriptan.

Sumatriptan and naratriptan are 5-HJ, p-receptor agonists commonly prescribed
for migraine headache. These drugs cause 5 HEeceptor-mediated constriction of
intra-cranial blood vessels [5, 6], inhibition of neurogedural inflammation [7] and 5-
HT,p receptor-mediated inhibition of pain signal transmiss@mand from within central
trigeminal neurons [8, 9, 10, 11]. Sumatriptan and nar@nlistinctly differ in their
pharmacokinetic properties. Sumatriptan has a shorteriretion half-life and lower
oral bioavailability, and is absorbed faster after oral adstration than naratriptan [12].
From clinical experience it is known that both drugs havéednt efficacy profiles.

As it is the case with clinical pharmacokinetics, the avaliy of unambiguous pa-
rameters in the evaluation of clinical efficacy is a valuaddset. A model-based ap-
proach enables the identification of such parameters anid@oaccurate evaluation of
drug properties when comparing treatments. The aim of thiyds to obtain pharmaco-
dynamic parameters of sumatriptan and naratriptan in alptpn of migraineurs using
a statistical model that takes into account disease dyrsaamd can be related to those
obtainedn vitro and in pre-clinical experiments. Hopefully, such paramsetenfirm the
differences observed clinically between the drugs.
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4.2 Methods

4.2.1 Migraineattack model

A statistical model of a migraine attack taking into accodisease dynamics and phar-
macokinetics has been recently developed. The model censsilde time course of mi-
graine as transitions between disease states [13]. Thialksd hidden Markov model
has been conceived to predict concentration-effect cglakiips in migraine.

The model consists of a three-state Markov chain expreskssgse dynamics (Fig-
ure 4.1). The characteristic property of a Markov chain &t thnly the current state
determines what the next state in the process will be. Pue\states do not influence the
course of the process, making the Markov chain a powerfulatliod tool. Furthermore,
the transition time from one state to the next is a randonatbigi That is, the time spent
in the current stater”, before jumping to the next statg"is exponentially distributed
with rate parameterr{z,y)’. Markov chains are best described by diagrams such as
Figure 4.1, showing the allowed transitions between states

In the migraine attack model, the choice of the states istasethe clinical dif-
ferentiation between attaining pain relief (state 2) artdiming pain free status (state
3), starting from a full-blown migraine attack (state 1).[Tfigeminal pathophysiology
may well be a biological substrate for this differentiatjdi]. A major advantage of
this approach is the ability to estimate transition ratesiflone state to another, which
makes the evaluation of treatment effects independentropliag time and observation
windows.

However, in trials of anti-migraine drugs the observedalale is not the clinical state
(full-blown, pain relief, pain free) but rather the headaahtensity score which is defined
on a four-point scale. In this scale, scores 0, 1, 2 and 3atelitho pain”, “mild pain”,
“moderate pain” and “severe pain”, respectively. In oraerdlate the Markov states to
the headache intensity scores, the states are coupledyerahat gives the probability
distributions of the headache scores for each of the sthigaré 4.1). The layer con-
taining the probability distributions is referred to as thpen’ layer, as it contains the
observed variable, which is the variable to be modelled. Naekov chain is referred to
as the ‘hidden’ layer of the model as it describes the uneksktlinical states. Together,
the two layers form the hidden Markov model.

The expected probability distributions of the scores ohergtates can be deduced
from clinical guidelines [1], which state that pain relief defined as a decrease in
headache score from 3 or 2 to 1 or 0, whereas pain free is ded@ddecrease from
a score 3 or 2 to 0. Therefore, it is expected that the digtabwf the first Markov state
(representing a full-blown attack) will be made up of scakeand 3, the second state
(similar to pain relief) will contain score 1, and the lasitst(pain free) will be occupied
by score 0.
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422 Covariates

As shown in Figure 4.1, forward transitions towards stafeteareasing pain as well as
backward transitions towards states of increasing pailéoered in the Markov chain.

Forward transitions reflect resolution of the attack, feilog administration of either

active or placebo treatment. By treating drug exposure aaex\arying covariate that

increases the forward transition rates, the effect of adtieatment can be modelled
explicitly.

(4.1)

P(D)y = 7(0)y - p (mec’(t))

EC50,,, + C(t)

Equation 4.1 describes the ratgs), , of the forward transitions from some state
x to another statg during active treatment. Paramet€), , represents the rates in
the absence of drug (placebo model)(¢) is the plasma drug concentration at time
Emaz, , represents the maximum drug effect on the transition rata Btater to state
y. £C50,, is defined as drug concentration corresponding to the efteched at half
of the value ofEmaz .

Backward transition rates represent the activity of a niigraenerator [14], which
may differ between states of response and is not affectedunytdeatment. These rates

open layer:

scores

o hidden layer:
1 "—"" - "_’l‘ 3 states

no relief pain relief  pain free

Figure 4.1: Structure of the migraine model. Migraine attack dynamics is assumed o occ
within three clinical states represented by a Markov chain. Patients entguthein the first
State and, in the course of an attack progress to the second and thirdepagsenting pain
relief and pain-free status, respectively. Headache scores pondisg to the clinical states
are ascribed to a second layer of the model.
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do not vary in time and are parameterised onlyrpy. wherey, x denotes any allowed
backward transition. In total, the model contains 2 forwandl 2 backward transition
rates, the parameters of which are to be estimated.

Covariates other than drug concentration may also affecdimamics of the mi-
graine attack. Age is known to influence the response in ptatesated migraine pa-
tients. More specifically, the placebo response observethildren is considerably
higher than that in adults [15]. As the current analysis dagsnclude data from paedi-
atric trials, the effect of age was not considered.

The sex of the patient was also considered a potential @ieariThere is evidence
that the duration of untreated migraine attacks is someshmater in male patients [16].
However, given the small percentage of male patients itstoé anti-migraine drugs
(typically ~ 10% in studies with adult patients), any difference betweenstraes will
likely not be detected. Furthermore, the number of maleep#giin this analysis is too
small to obtain confident parameter estimates using a Mariadelling approach.

4.2.3 Data

Sumatriptan and naratriptan pharmacokinetic and efficatg dere obtained from the
SNAP database [17]. Details about the data source have leserilted elsewhere [13].
Headache score measurements performed at 0, 0.5, 1, 1.%n2, & h post dose were
included for all patients in the current analysis. Whenevailable, scores at 0.17,
0.33, 3 and 6 h were included as well. Measurements up to 24d& weed only for the
prediction of headache recurrence, as required by thesalidefinition of recurrence [1].

For sumatriptan, efficacy data included headache sconesXi®0 migraine attacks.
392 attacks were treated with placebo. 25 mg, 50 mg and 10Gahgwmatriptan tablets
were administered to treat 46, 44 and 698 attacks, respctikll patients included in
the analysis were adults, age 39 10 years (mead: standard deviation). Pharmacoki-
netic data from 513 subjects, across a range of oral, irgedraand subcutaneous doses
ranging from 2.5 — 100 mg, were derived from different clalitrials than the efficacy
data, since both data types were not simultaneously al@ilalthe same trials.

For naratriptan, efficacy data were obtained from threecainstudies describing
1608 attacks, 258 of which were treated with placebo and 228,280, 328, 93, 93 and
96 attacks were treated with 0.1 mg, 0.25 mg, 1 mg, 2.5 mg, Snd%gmg and 10 mg
naratriptan, respectively. Patients included in the asislwere aged 38+ 10 years
(mean+ standard deviation). The pharmacokinetics of naratriptas derived from
clinical studies including 174 healthy volunteers acrosarge of oral, intranasal and
subcutaneous doses that varied between 0.5 mg and 10 mg.

4.2.4 Pharmacokinetic analysis

The studies from which the headache scores were derivedotlidomtain pharmacoki-
netic data. In order to provide all headache observatiotis svimatriptan or naratrip-
tan concentration values, population-based concentratiofiles were generated using
data from pharmacokinetic studies. First, these data wietee fharmacokinetic models.
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Sumatriptan concentration data were fit to a model propog&tblsson and Fuseau [18].
This model consists of two compartments with a combined-dirder and zero-order
absorption rate, describing the irregular absorption attaristics of sumatriptan. For
naratriptan a two-compartment pharmacokinetic model ¥iigt-order absorption was
used [19]. Model precision was assessed by inspection a@fuasplots and plots of
observedss predicted concentrations (Figure 4.2). Based on the plarkirzetic param-
eter estimates, concentration profiles were simulatedhimagt¢he doses and time points
in the headache score data (Figure 4.3). A data set was gotestrcontaining both the
observed headache scores and the simulated concentratenThis data set was then
applied to estimate the parameters in the hidden Markov mode

4.25 Disease Modelling

The observed headache scores (the modelling variablejiptahtplasma concentrations
(the time-varying covariate) were fit to the hidden Markovdab Data derived from the
sumatriptan and naratriptan studies were analysed separkit both analyses, placebo
data and active treatment data were modelled simultaneodsio sets of parameter
estimates were thus obtained: one for the sumatriptanestiaaid one for the naratriptan
studies. These sets included the parameters of the forwmartdackward transition rates
of the Markov chain and the probability distributions of theadache scores in each of
the states of the Markov chain.

4.2.6 Mode evaluation and prediction

Parameter estimates of the hidden Markov model were useshsiract predicted pain
relief and pain free response profiles. By comparing theipted profiles with those
obtained from the observed headache scores the goodnes$snobdith analyses was
assessed. Model estimates were subsequently compareliteviure values obtained
from in vitro andex vivo experiments. To enable comparisons between effects with di
ferent units,Emax estimates for sumatriptan are expressed relative to fateatr

Statistical comparisons involving the estimated maximdfeces (Emax) and po-
tencies £C50) were based on the 95% confidence intervals of these panenéter-
ther pharmacodynamic comparison of sumatriptan and fateatrwas performed based
on predicted concentratiors effect relations for the two drugs. These relations were
obtained by first simulating headache scores using the ast&of the hidden Markov
model and repeating the simulation for different doses. ddehe responses were then
plotted against concentration. Concentration effecttigria were generated at 1 h and
2 h post-dose, as these are important regulatory cut-offsifor evaluating responses.

427 Software

Pharmacokinetic modelling was performed using the nogalimixed effects software
package NONMEM (version V, Globomax LLC, Maryland, US). Mdslwere written in
subroutine ADVAN4 and the first order estimation algorithmsvadopted. The migraine
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Figure 4.2: Residual plots of the pharmacokinetic analysis of naratriptan data. Irpfer u
panel, weighted residuals of the population model are plotted against tinee2@ h). In
the lower panel, observed data are plotted against predicted indivigluzgatrations (ng/mi).
Symbols represent the different dose groups and administratiorsroiitiee PK studies.
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attack model (hidden Markov model) was implemented in SRbu Linux and run on
SuSE Linux 7.2 Professional, kernel version 2.4.4-4GB-32AR.

Confidence intervals for the parameters estimates of traehitlarkov model were
based on the standard errors of the estimates and wereataltulsing the EPC software
tool (D. Kelley, http://epc.sourceforge.net/).

4.3 Resaults

Estimates were obtained for the parameters in the migrdtaekamodel. The distri-
bution of headache scores over the clinically defined stassssimilar for sumatriptan
and naratriptan, with all severe and moderate pain scosigresl to state 1, most mild
pain scores assigned to state 2 and all no pain scores a$mskate 3 (Table 4.1). The
parameter estimates were used to predict the clinicallivel®rresponse for pain relief
after administration of placebo and either triptan. Figlishows the predicted response,
together with the observed values. Only the 100 mg sumatrigose is shown. Com-

sumatriptan conc vs time naratriptan conc vs time
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Figure 4.3: Concentrations time profiles following oral administration of different doses of
sumatriptan (25, 50 and 100 mg) and naratriptan (1.0, 2.5, 5.0 andjL0Standard doses of
either drug are depicted in bold.
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Table 4.1: Probability distributions of headache scores after treatment with sumatripta
(suma) or naratriptan (nara) over the clinically defined states in the migragdel. The
probabilities in each column add up to 1.

state 1 state 2 state 3
score suma\ nara | suma| nara| suma| nara
no pain 0 0 0 0 1 1
mild 0 0 0.96 | 0.95 0 0
moderate|| 0.55 | 0.52 | 0.04 | 0.05 0 0
severe 0.45 | 0.48 0 0 0 0

parison of observed and predicted responses at other dese ig not informative due
to the limited availability of data for those doses. For m@péan, the 2.5 mg dose is
shown as this is the standard prescribed dose and is ofteparechwith the sumatriptan
100 mg dose [21]. However, the responses to other doses beutdedicted equally
well. Placebo data from the naratriptan studies were lefigoneglicted than those from
sumatriptan studies.

Estimates of mean transition times, drug effects and tHf @onfidence intervals
are given in Table 4.2 for both drugs. From these estimdtesd calculated that suma-
triptan is 3.3 (0.89-12) and 56 (10-336) times less potean tharatriptan on the first
and second transitions, respectively (mean and 95% cowfdaterval). The maximum
effect of sumatriptan is 0.74 (0.55-0.97) times that of trggtan on the first transition
and 6.8 (0.48-15) times that of naratriptan on the secomgsitian. Whereas all param-
eters could be precisely estimated for naratriptan, suptatr-related parameters on the
transition from state 2 to state 3 were less well estimated.

In order to establish the predictive value of this model withard to preclinical find-
ings,in vitro andex vivo data from literature were used. Table 4.3 compares thegieeti
values of EC'50 and Emax on both transitions with results fromm vitro experiments
(stimulation of [35S]GTPy S binding to recombinant human 5-kJ,; p receptors in
C6 glial cell lines [22]). Both thén vitro and modelled values of potency show that nara-
triptan is more potent than sumatriptan. It is further obediin this comparison that the
potencies of sumatriptan measured at the 54ifeceptor and estimated at the second
model transition are both significantly smaller than the=othvitro values and estimates
of potency. According to thim vitro studies, thdgmax of sumatriptan is larger than that
of naratriptan. This in contrast to theémax values estimated at the model transition
from state 1 to state 2, which indicate that the maximum efféoaratriptan is largest.

In Table 4.3 the predicted values 81C'50 and Emax are also compared with lit-
erature findings fronex vivo experiments (vasoconstriction of isolated human cortical
cerebral arteries and canine middle cerebral arteries2/#3, Naratriptan is less potent
in the vasoconstriction studies than in any of the compesafbhe vasoconstrictive po-
tency of sumatriptan is similar to that at tirevitro 5-HT; g receptor. All point estimates
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of the E'max ratios are close to unity, with the exception of that obtdifar the second
transition in the Markov model.

In addition to data fitting, the model was also used to preuéadache recurrence.
This endpoint is defined as the fraction of patients thatrreta a moderate or severe
headache score within 24 h post-dose, after having exmeriepain relief at 4 h. Fig-
ure 4.5 5 compares the simulated recurrence profiles adtantent with placebo, 100 mg
sumatriptan and 2.5 mg naratriptan. Simulations could eodlicectly compared with
observed data. This is because, in clinical practice, renge is not derived from the
sequence of scheduled pain observations. Particulartetime points, pain scores are
recorded infrequently. Basing recurrence on a few obsen&tvould result in underes-
timation of the true recurrence rate. Rather, recurrenseparately assessed on a 24 h
basis. Having available only the scheduled pain obsemstithe observed recurrence
rate cannot be derived. Therefore, 24 h recurrence valuesat¢ained from literature.
With the currently developed model, however, obtainingdpmted recurrence rates is
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Figure 4.4: Pain relief profilesss time. Upper panel: sumatriptan 100 mg. Lower panel:
naratriptan 2.5 mg. Pain relief is attained when a patient’s headache intecsigyequals 1
(“mild pain”) or less, starting from score 2 (“moderate pain”) or 3 {&e pain”). Predictions
are represented by lines, observations are indicated by markefesrirthe diameter of the
markers is proportional to the number of migraine attacks available ae#pective time
points.
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Table 4.2: Parameter estimates of the migraine model for sumatriptan and naratriptan
Parameters were derived from Equation 1. Mean transition times (dERpteere calculated
from the rates.. On drug-dependent transitioriE(0) is the placebo mean transition time
andTmin is the minimum transition time obtained after triptan treatment. Modelling details
are explained in the text (see section 4.2.6).

sumatriptan naratriptan
X—Yy | parameter estimate\ 95% C.I. estimate\ 95% C.I.
1-2 r(0) [h~1] 0.16 0.15 — 0.18| 0.12 0.10 — 0.13
EC50 [nM] 32 10 - 105 9.6 57 -16
Emazx 1.3 09 - 1.6 1.7 14 - 20
T(0) [h] 6.3 56 — 67 | 83 7.7 -10
Tmin [H] 1.8 13 - 2.6 1.6 11 - 21
2-1 | »(0) [h1] 0.08 0.06 — 0.10| 0.07 0.05 — 0.09
T [h] 13 10 - 17 14 11 -20
2-3 r(0) [h—1] 0.24 0.22 — 0.30| 0.26 0.21 - 0.31
EC50 [nM] 600 180 — 2000 11 29 -39
Emax 6.0 0.79 — 115 0.9 06 - 1.2
T(0) [h] 4.2 33 - 45 3.8 32 - 438
Trin [N 0.45 001 - 4.0 1.6 1.0 - 22
32 | 7(0) [h71] 0.04 0.03 - 0.05| 0.03 0.02 - 0.04
T [h] 25 20 - 33 33 25 -50

possible. Using the disease model to simulate pain scowes tiime intervals apart, a
realistic prediction of recurrence can be obtained. Whikstiment with 2.5 mg nara-
triptan is predicted to result in less recurrence thanmeat with 100 mg sumatriptan,
it should be noted that recurrence rate predicted for pladcelalso less in the clinical
studies with naratriptan. The use of disease modelling @seided an estimate of the
concentration-effect relationship at 1h and 2h after adstration of sumatriptan and
naratriptan, allowing both drugs to be compared in termdfafaey and overall clinical
response (pain relief, Figure 4.6. For comparison of pgtedizig concentrations are
expressed in molar units (M). Sumatriptan is approximatalge times less potent than
naratriptan, whereaBmaz estimates was found to be similar for both drugs. One should
note thatE'max increases over time because pain relief is determined ativelly after
dosing.

4.4 Discussion

The analysis of ordered categorical data such as headaehsity scores is not straight-

forward when the underlying measure, pain, is continuous dpproaches can be used
to deal with this incongruence. Either the data are treasembatinuous and discretised
after analysis or the data are treated as truly categomthaaalysed in a model describ-
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Table 4.3: Comparison of potency and maximum effect ratios for sumatriptan dsamd
naratriptan (nara) as obtaingdvitro, ex vivo and by the migraine model. CCA (h) = human
cortical cerebral artery, MCA(c) = canine middle cerebral artempedn” denotes the mean
values or estimates. 95% CI denotes 95%-confidence intervals.

EC50suma (NM) EC50nara (NM) Lmavsuma

Emazpgrg

Source mean [ 95% CI mean [ 95% CI mean [ 95% CI

invitro 5-HT; p [22] 18| 12— 26| 44| 29- 66|13 |11 -174
invitro5-HT; 5 [22] | 230 | 180— 310| 23 |12 — 43 |12 |11 - 1.4
exvivoCCA(h) [23] | 160 | 63— 400| 100 | 63 —160 | 1.0 | 0.56— 1.4
exVivoMCA(c) [24] | 210 | 120- 360 70 | 50 —100 | 0.85 | 0.62- 1.08
model transition 1-2 32| 10- 105 96| 57- 16 | 0.74 | 055— 0.97
model transition2-3 | 600 | 180—2000| 11 29- 39 | 68 | 048-15

ing transition probabilities between the categories. Titst fipproach enables the use of
classical regression models and permits operations onafzethat are not allowed for
categories. On the other hand, the second approach is assotfipe as it does not try
to quantify distances between categories.

Predicted recurrence of migraine pain

0.7 7
placebn sumatriptan studies)
o 06
@ placebo (naratriptan studies)
g 054
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% sumatriptan 100mg
& 0.4
. L+t NAFETFipTan 2.5mg
3 Lan®
o 0.3+ __.--"
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Figure 4.5. Predicted recurrence rates for sumatriptan, naratriptan and plaoesdrathe
available clinical studies. Estimation is based on analysis of data up to 24 kdagiag.



TREATMENT COMPARISON 65

We have presented a model-based approach to account fodantify the time
course of headache during treatment of acute migraine. tmumdel, the course of
disease is conceptualised as a sequence of transitionsdietiwee states. Based on the
suppression of pain.g., pain-free status) in two transitions and the ability optans
to shorten these transitions, pharmacodynamic parameezesobtained for naratriptan
and sumatriptan. Naratriptan was three times more potantghmatriptan in shortening
the first transition leading to pain relief (10 n 32 nM, respectively). The potency
of naratriptan associated with the second transition (1) wh& similar to the estimates
obtained for the first transition. The corresponding estinfier sumatriptan lacked pre-
cision and a comparison between the drugs on this trandéi@his probably not mean-
ingful. This less precise estimate may have several calldesteas seven dose strengths
were used to characterise the concentration-effect oelati naratriptan, data available
for sumatriptan was mostly from the 100 mg dose. While this su#ficient to iden-
tify sumatriptan action on the first transition, identificat of drug effect on the second
transition may have been prevented by the rapidly decrgasimatriptan concentrations
(elimination half-life is approximately 1.5 h) or the imtsically short duration of this
transition.

The quality of the Markov model was verified in two ways. Usingdel parameter

1h 2h

0.5 0.5

0.4+ 0.4

0.3 0.3

naratriptan

0.24 0.2

sumatriptan
naratrigtan

pain relief relative to placebo

.14 sumatriptan 0.1+

0.0' 00' r T T

1 10 100 1000 1 10 100 1000

concentration [ntd] concentration [nh]

Figure 4.6 Concentratiorvs pain relief responses after oral administration of sumatriptan
and naratriptan. The role of disease dynamics on drug effect isibegdry the differences in
the PK-PD relation at 1 h and 2 h after dosing.
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estimates, the course of pain relief (mean and 95% confidenesal) was simulated
for a large population of migraineurs and then predictegarses were compared with
those observed. As shown in Figure 4.4, most observatidingithin the predicted 95%
confidence interval. The observed placebo response in tladriptan analysis however
deviates somewhat from the predicted response. This iethtof the relatively small
proportion of placebo data used for this analysis (16% caetpavith 50% for suma-
triptan). As a consequence, more importance is attachduketadcurate estimation of
the maximum effect and potency than to the estimation ofllmestransition rates. Al-
though balancing the data set with respect to the propodfgriacebo data improved
the prediction of baseline transition rates, it came at ¥pelrse of precision in the other
parameters (data not shown).

The quality of fitting was further assessed by comparisonstifrmted maximum
effects and potencies with experimentally obtained valudedel-estimated potencies
correspond well with potencies reported iniarvitro assay. Particularly in the case of
sumatriptan, these values seem to suggest that the toanBibm state 1 to state 2 in
the model (i.e., pain relief) is predictive of activity aetb-HT, , receptor, whereas the
transition from state 2 to state B, pain free) is more indicative of 5-HFE activity.

It should be noted that insufficient sumatriptan doses weaéadble to reliably identify
sumatriptan potency on the second transition; hence thiatdey maximum effect ratio
on the second transition. Nevertheless, sumatriptan hers dogued to be less effective
at providing pain resolution in patients with central sésation [11]. This limitation
may be correlated to the lipophilicity of the compound. Intfadrugs showing higher
lipophilicity, such as naratriptan, seem to overcome thibfem [25]. Thus, the potency
of sumatriptan on the second transition may not have beentifiddle even if more data
were available.

The vasoconstrictor activity of 5-HE,;p agonists are mediated via activation of
5-HT, g receptors [26]. Recent investigations suggest that the arati-headache effect
of triptans arises from activation of pre-synaptic 54hbTreceptors located at central
terminals of trigeminal neurons [8, 11]. This may explainythe potencies reported
in ex vivo studies are lower than most model-estimated potencieseder, theEC50
values fromex vivo studies are well below therapeutically relevant conceioma of
sumatriptan and naratriptan, and therefore may not rethectlinical efficacy of these
drugs. EC50 values obtained from animal models of trigeminal activatioe likely to
show better correlation with clinical data. To date, howewe such values have been
reported.

Recurrence of headache represents a secondary treatiheet[f§ and is a common
problem in the treatment of migraine. Clinical studies Btigating recurrence are char-
acterised by highly variable outcomes [21, 27]. Despiteugesof identical definitions of
recurrence in the comparisons between studies, diffeseinceutcome may arise from
varying recording methods, such as the use of patient diaié¢rospective assessment,
or questionnaires at fixed intervals during the study. Iritamd recurrence rates reported
for the placebo arm range from 13% to 65% [28, 29, 30, 31, 3238335]. Considering
such a wide variability between studies, we endorse thdanemgent to present recurrence
after active treatment relative to recurrence observeldrptacebo arm of the study.
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Whilst it has been shown that the incidence of recurrencedrattive treatment arm
is smaller for drugs with longer half-life and higher potefar the 5-HT, 5 receptor [4],
the mechanisms causing recurrence after placebo treateraatn unknown and do not
correlate with 5-HTp receptor activity or headache severity. In the Markov model
recurrence is treated as a random eveat ¢the backward transition from state 2 to state
1), the probability of which is smaller with increasing drexposure. Using the Markov
model described with data up to 24 h, recurrence between 4i24rh post-dose has
been predicted for treatment with placebo, sumatriptanmi§@nd naratriptan 2.5 mg.
Although in our analysis a lower recurrence was found foatrgotan (36%) relative to
sumatriptan (45%), recurrence in the placebo arm of natatristudies was also lower
(55%) than that of sumatriptan studies (64%). Particulafigr 8.0 h post-dose, initially
small differences in recurrence rate between the two ptastiwies increase.

In addition to estimating intrinsic differences in pharmmdgnamics, concentration-
pain relief relations (Figure 4.6) were established fohhartugs at different times after
oral dosing. To our knowledge, no other approach seems toaety quantify drug ef-
fect under non-stationary conditions, as in the case of aainig attack. Since headache
relief rates are expressed cumulatively over time, theaesp curves increase with as-
sessment time. The midpoints of the relations however are-tmvariant. It should be
noted that these midpoints are not equal to the potency &tthon the first transition
in the model. While the potency characterises a single tiansithe midpoints on the
concentration-pain relief curves are the resultant of ndifigrent trajectories along all
states and transitions. The information in Figure 4.6 candssl to determine the dose
that gives the maximum clinical response. It also provideseans to compare the effi-
cacies of different drugs or formulations.

In conclusion, we have characterised and compared the pleadynamic properties
of sumatriptan and naratriptan in a population of migraiseMigraine attack dynam-
ics is assumed to occur within three clinical states repteskeby a Markov chain. The
approach separates the various determinants of cliniealduhe response into pharma-
cokinetic, pharmacodynamic and disease-related compantrereby allowing direct
comparison of different anti-migraine treatments. Indérgly, model parameter esti-
mates for both compounds also showed agreement with dataifreitro and ex vivo
studies in migraine research. Apart from potential releegior dose selection and com-
parison between drugs, the approach could be used to pddidical response to new
investigational drugs based on estimates of potency aninmiax effect obtained from
relevant pre-clinical studies.
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