


of our study was to describe the Sativex discontinuation profile from a large population of

spasticity treated Italian MS patients.

Methods

We collected data of patients from 30 MS centres across the country starting Sativex

between January 2014 and February 2015. Data were collected from the mandatory Italian

Medicines Agency (AIFA) web-registry. Predictors of treatment discontinuation were

assessed using a multivariate Cox proportional regression analysis.

Results

During the observation period 631 out of 1597 (39.5%) patients discontinued Sativex. The

Kaplan-Meier estimates curve showed that 333 patients (20.8%) discontinued treatment at

4 weeks while 422 patients (26.4%) discontinued at 6 weeks. We found after adjusted

modeling that a higher NRS score at T1 (adjHR 2.23, 95% 2.07–2.41, p��0.001) and a lower

baseline NRS score (adjHR 0.51 95% CI 0.46–0.56, p��0.001) were predictive of treatment

discontinuation.

Conclusion

These data show that the first 6 weeks are useful in identifying those patients in which Sati-

vex could be effective, thus avoiding the cost of longer term evaluation.

Introduction
Spasticityisacommonsymptomin multiple sclerosis(MS)patients[1,2].Spasms,pain,poor
sleepquality,andurinary dysfunctionaresymptomsfrequentlyassociatedwith spasticityin
MS[3]. Themedicationsfor generalizedspasticitysuchasbaclofen,tizanidine,dantrolene,
andbenzodiazepines,arenot consideredfully effectivein reducingspasticityassociatedsymp-
toms[4±6].Theapprovalof 9-delta-tetrahydocannabinol andcannabidiol(THC:CBD)oro-
mucosalspray(Sativex),changedthemanagementof spasticityandrelatedsymptomsin MS
patients[7,8].Theefficacyof Sativexoromucosalsprayasadd-ontherapyfor symptoms
improvementin MSpatientswith moderateto severespasticityhasbeendemonstratedin sev-
eralclinical trials [9±11,7,12].ThelargestpivotalphaseIII, enriched-designclinical trial
includedMSpatientswith moderate-severespasticity,correspondingto apatient-reported
0±10numericalratingscale(NRS)score�4,resistantto first line medications.After afirst 4
weekssingle-blindTHC:CBDtrial period,about47%of thepatientsshowedaninitial
response,and2/3of themkepton improving lateron. In particularthepatientsafterthefirst
phaseof thestudyshowedadecreasedof 3.01pointsin theNRSscore(from abaselinescore
of 6.91to ascoreof 3.9).In thesecondphaseof thestudythepatientsin theactivetreatment
groupshowedafurther improvementof theNRSspasticityscore(by0.04units from abaseline
scoreof 3.87).Thedifferencein meanNRSscorebetweentheplacebogroupandtheactive
treatmentgroupwasstatisticallysignificant(0.84points,p = 0.0002).About 50%of patients
reportedadverseevents,beingmild to moderatedizzinessandfatiguethemostcommontreat-
ment-relatedadverseevent[12]. In post-approvalpublishedobservationalstudiespatients
tendto uselowerdosescomparedwith clinical trials(6±7sprays/dvs.>8) andtheincidence
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of adverseeventswaslower,with no evidenceof addiction,abuse,misuseor memory
impairment[13].

In Italy, theItalian MedicinesAgencyisadoptingareimbursementapproachfor newmedi-
cationsnamedManagedEntry Agreement(MEA). TheItalian MedicinesAgencyagreement
for Sativexconsidersbothapaymentby result(PbR)methodandacostsharingmethod(CS).
ThePbRconsistsof acompletereimbursementof all non-initial responderpatientsby the
company(a100%payback),whereastheCSconsistsof a50%of reimbursementfor patients
on treatmentfor 6weeks(GU SerieGeneralen.100del30-4-2013ÐSuppl.Ordinario n. 33).
Accordingto theItalian MedicinesAgency,the4 weekstrial periodªnon-respondersºhaveto
discontinuetreatment.For trackingtheseconditions,ane-Registryfor all thepatientsstarting
Sativexwasestablishedin theItalian MedicinesAgencywebsite.Giventhegrowingimpor-
tanceof dataderivedfrom realworld observationalstudies,wedecidedto collectinformation
aboutSativexusein Italy,usingtheItalian medicineagencyprospectivee-registrydesignedto
collectefficacy,tolerabilityandsafetydata.TheItalian MedicinesAgencye-registry,manda-
tory for all patientsreceivingSativexin Italy,wasusedasamainprospectivesourcedatabase.
It wouldbring acomprehensivepictureof Sativexeffect,minimizing biases.For further infor-
mation,wealsousedcomplementarilytheinvolvedpatients'medicalchartsretrospective
review.In arecentfirst publicationderivedfrom thisdatabaseanalysis,wefound thatSativex
waseffectivewith no unexpectedAEs,abuseandmisuse.Wefound70.5%of patientsreached
a�20%improvement(initial response,IR) and28.2%reacheda�30%improvement(clini-
callyrelevantresponse,CRR).Themeannumberof spraywas6.8perdayatT1.During the
observationperiodatotalof 631patients(39.5%)discontinuedtreatment[14]. Themainaim
of thisstudywasto further describeSativexdiscontinuationandadverseeventsprofile in this
largepopulationof Italian MSpatients.In addition,weanalyzeddiscontinuationtime for lack
of efficacyandadverseeventreasons,consideringtheoutcome-basedrisk andcostsharing
Italian agreementtime frames(4 weeksand6 weeks).

Material and methods

Design and setting

All patientsincludedin thestudydatabaseweretreatedin accordancewith theapprovedlabel
andexpectedstandardsof goodclinicalpractice.Complementaryclinicalanddemographic
parameterswereacquiredretrospectivelyfrom thepatients'medicalrecords.

Thestudywasapprovedby thePoliclinico-Vittorio Emanuele(Catania,Italy) EthicsCom-
mittee(nÊ37/2015/PO)andasrequired,by theEthicsCommitteeof theotherparticipating
centres.Giventheobservationaldesignof thestudy,consentform wasnot required(according
to theItalian law).

Patientswereconsecutivelyincludedin thee-registryat thestartof Sativextreatment(base-
line) andfollowedprospectivelyup to 6 monthseach,with datacollectionatbaseline(T0),
after4weeks(T1),after12weeks(3 months,T2) andafter24weeks(6 months,T3) from base-
line.Wecontinuedtheobservationup to 730days(2 yearssincebaseline)to registertime to
discontinuationaccordingto our clinicalpractice.Weconsideredthe4weeksand6weeksto
determineSativexdiscontinuationtime.

Patient population

TheAIFA registryestablishesthatpatientsareeligiblefor startingSativexadd-ontreatment
whenfulfilling thefollowingapprovedlabelrelatedinclusioncriteria:MSpatientsolderthan
18years,with moderateto severespasticity(0±10NumericalRatingScale(NRS)score�4)
andnot respondingto commonandongoingantispasticdrugs(usedundertheir approved
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label).Otherexclusioncriteriawere:severecardiovasculardiseases,pasthistoryof psychiatric
diseases,useof streetcannabisand/orotherpsychoactivedrugs,pregnancyandMSspasticity
NRSscore<4.

The30MSparticipatingcentrescollectedall patients'datafrom theAIFA Sativexe-registry
website.MSspasticityevolutionwasevaluatedby the0±10NRSpatientratedscale(0= no,
10= maximalspasticity)[15].MSphysicaldisabilitywasevaluatedusingtheexpandingdisabil-
ity statusscale(EDSS).Otherparameterssuchasuseof otherantispasticdrug,previousanti-
spasticdrugsandtreatmentdiscontinuationwerecollected.Furthermore,complementary
demographicalandclinicalhistorydata,tolerability,dailydose(nÊof sprayperday),overall
clinicalresponseto Sativex,discontinuationreason(s)andtime to discontinuationwerecol-
lectedfrom patients'medicalcharts.Dataweremanuallyenteredin anad hoc createddatabase
andweredoubleenteredinto thedatabase.Datacleaningwasalsoperformedbeforethedata
analysis.Tolerabilitywasassessedcollectingdata,afterpromptedquestion to the patient dur-
ing webregistrydataentry,abouteachadverseevent(AE) andseriousadverseevent(SAE)
occurringduring thewholestudyperiod,in accordancewith thepharmacovigilanceregula-
tions.Dataset of all patients ‘records are available as supporting information (S1 File).

Statistical analysis

DatawereanalyzedusingtheSTATA11.0softwarepackages[16]. Datacleaningwasper-
formedbeforethedataanalysisconsideringboth rangeandconsistencychecks.

Quantitativevariablesweredescribedusingmeansandstandarddeviations(SD).Thedif-
ferencebetweenmeansandthedifferencebetweenproportionswereevaluatedby thet-test
andtheChi-squaretestrespectively.A Shapiro-Wilktestwasperformedto assessthenormal
distribution of data.In caseof not normaldistribution appropriatenon-parametrictestswere
performed.A Kaplan±Meiersurvivalcurvewasplottedto provideestimatesof treatmentfail-
ureby time.TheLog-ranktestwasusedfor theunivariateanalysisof categoricalanalysis
whereastheCoxproportionalhazardratio wasusedfor theunivariateanalysisof continuous
variables.Predictorsof treatmentdiscontinuationwereassessedusingamultivariateCoxpro-
portional regressionanalysis.Weconsideredªtreatmentfailure,yes/noºasthedependentvari-
ableandage,sex,diseaseduration,MStype,baselineEDSS,baselineNRSandNRSatT1 as
independentvariables.In theabsenceof discontinuationevent,datawerecensoredat thelast
observationday.Multivariateanalysiswasperformedto investigatetheindependenteffectof a
risk or protectivefactorafteradjustmentfor oneor severalotherfactorsor to adjustfor inter-
actionsbetweencovariates,whensignificant.Parametersassociatedwith theoutcomeat the
univariateanalysiswith athresholdof p = 0.20±0.25wereincludedin themultivariatemodel.
Themultivariatemodelinganalysiswasadjustedfor ageandsex.Interactionsbetweencovari-
ateswereexaminedin themultivariatemodels.Thelikelihood-ratiotestwasperformedto
comparethemodelwith interactionsandthemodelwithout interactions.

Results
A totalof 1615patientswith MSspasticitystartingtreatmentwith Sativexwererecruitedfrom
30Italian MSlargecentersdistributedgeographicallyacrossthenation.Recruitedpatients
startedtreatmentbetweenJanuary1st 2014andendof February2015(seeTable1 for demo-
graphicsandclinicaldetails).Out of the1615patients,18patientswereexcludedfrom the
analysesbecausetheir baselineNRSscorewasnot available,leadingto a1597analyzable
patients'sample.A totalof 704,009exposedpatients/dayswereanalyzed,with amedianfol-
low-up time of 730days(2 years)(range2±730).
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Out of thestudypopulationof 1597patients,631(39.5%)discontinuedtherapyduring the
observationperiod.Out of them,396patients(24.8%from theoverallsample)did not reach
the20%NRSscoreimprovementvs.baselineinitial response(IR) thresholdatT1.Out of the
631,atotalof 374patientsdo not reachT2 visit (discontinuedafterT1).

Reasonsfor discontinuationduring thewholeobservationperiodwere(multiple answer
possible)lackof effectiveness(n = 371,23.2%),adverseevents(n = 260,16.3%),non-adher-
ence(n = 12,0.8%),lostat follow-up(n = 7,0.4%)patient'schoice(n = 5,0.3%)or reasonsnot
available(n = 32,2%).ForAE andSAEdetailsseeour previouspaper[14].

TheKaplan-Meiersurvivalcurveshowedthat333patients(20.8%)discontinuedtreatment
within 4 weekswhile422(26.4%)discontinuedwithin 6 weeks.Time to discontinuationwas
analyzedashazardratio (HR) to identify clinicalanddemographiccharacteristicspredictiveof
ahigherrisk of treatmentfailure.

Wefoundafteradjustedmodelingthat theNRSscoreatT1 visit waspredictiveof treatment
discontinuation(adjHR2.23,95%2.07±2.41,p = 0.000).In otherwords,if theNRSscoreatT1
increasesbyonepoint, while theothersvariablesareheldconstant,thehazardof Sativexdis-
continuationincreasesby two-fold.Additionally baselineNRSscorewasalsoassociatedto the
outcome(adjHR0.5195%CI 0.46±0.56,p<0.001).In particular,asthebaselineNRSscore
increasesbyonepoint, while theothersvariablesareheldconstant,thehazardof Sativexdis-
continuationdecreasesby49%(SeeTable2).

Table 2. Multivari ate analysis of predicto rs of discontinu ation.

Discontinua tion adjOR p 95% CI

NRS T0 0.51 ��0.001 0.46–0.56

NRS T1 2.23 ��0.001 2.07–2.41

Legend: NRS = Numerical Rating scale; T0 = baseline; T1 = after 1 month; adjOR = adjusted odds ratio.

https://doi.org/10.1371/journal.pone.0180651.t002

Table 1. Clinical and demogra phic data.

N 1597 patient s

Male(%) 756 (47.3)

Female(%) 841 (52.6)

Relapsi ng Remitt ing MS (%) 311 (19.5)

Second ary Progress ive MS (%) 1029 (64.4)

Primary Progres sive MS (%) 255 (16)

Age (years, mean, range) 51 (21–84)

Disease duration (years, mean�“SD) 17.5 �“ 8.6

Baselin e EDSS (median, range) 6.5(1.5–9.5)

NRS score T0, Baseline(n = 1597 pts,mean�“SD) 7.5 �“ 1.4

NRS score T1, Month 1(n = 1432 pts,mean�“SD) 5.9 �“ 1.6

NRS T2, Month 3 (n = 889 pts,mean�“SD) 5.1 �“ 1.6

NRS T3 Month 6 (n = 593 pts,mean�“SD) 4.8 �“ 1.7

Dose, puffs number T1(mean�“SD) 6.8 �“ 2.6

Dose, puffs number T2 (mean�“SD) 6.5 �“ 2.6

Dose, puffs number T3 (mean�“SD) 6.3 �“ 2.8

Legend: MS = Multiple Sclerosis, EDSS = Expanded Disability Status Scale, NRS = Numerical rating scale,

T0 = baseline, T1 = after 1 month, T2 = after 3 months, T3 = after 6 months.

For 2 patients disease course was not available.

https://doi.org/10.1371/journal.pone.0180651.t001
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Accordingto non-responseor AE asreasonfor discontinuationwedividedour cohort in
two groups.Whenthepatientsdiscontinuedfor multiple reasonsweconsideredªnon-
responseºasthemain reasonof discontinuation.Wefoundatotalof 376patientsconsidered
asnon-respondersand209patientswhodiscontinuedjust for AE.A Kaplan-Meiersurvival
analysisshowedthat203of thenon-responderpatients(53.9%)discontinuedtreatmentafter
exactly4 weeks(28days)while257(68.3%)discontinuedafter6weeks(42days).In thegroup
of patientsdiscontinuingjust for AE,wefound80patients(38.3%)discontinuedafter4 weeks
(28days)while97(46.4%)within 6 weeks(42days).A log-ranktestshowedasignificantdif-
ferencein survivalfunction betweenthesegroups(p = 0.0016)(seeFig1).

Discussion
Thisstudyshowedthat39.5%of patientsdiscontinuedSativexduring thewholeobservation
period.In particular,almost25%of thosepatientsdid not reachthe20%initial response
reductionin their NRSscore,consideredthethresholdfor treatmenteffectiveness.Reasonsfor
discontinuationduring thewholeobservationperiodwerelackof effectivenessfor 23.2%of
patientsandadverseeventsfor 16.3%of patients(seeFig1).In theoverallgroupof discontinu-
ing patientstheKaplan-Meiersurvivalcurveshowedthat20.8%(333)patientsdiscontinued
treatmentafter4 weekswhile422(26.4%)discontinuedafter6 weeks(seeFig2).Thesedata
suggestthat theinitial response(IR) thresholdisappropriatefor identifyingthosepatients
moreproneto respondto Sativexeffects,althoughsurvivalestimatesapparentlymayseemin
contrastwith discontinuationpercentage(almost25%did not reachIR). TheItalianMedicines
Agencywebregistry,alwaysrequiringtheIR thresholdbeforeSativexdispensation,couldin
partexplainthisassumption.It couldbepostulatedthat in thereallife settingtheNRSscore
evaluationwasdelayedbeyondfour weeksto betterdefinetheresponseto treatment.This
couldbein partdemonstratedby thesurvivalcurve,showing26.4%of patientsdiscontinued
after6weeksandbyour previousstudy,showingapercentageof 9.3%of patientsconsidered
clinicallypartialresponderbyphysiciansatT1 [14].

Fig 1. Kaplan-M eier surviva l estimates. Kaplan-Meier survival estimates showing the time to treatment

failure for lack of efficacy and adverse events.

https://doi.org/10.1371/journal.pone.0180651.g001
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Thesedatashowedthat the4weekstrial iseffectivein identifyingthosepatientswhereSativex
couldbeeffective,thuslimiting theeconomicburdenof Sativexon thehealthsystem.To reduce
costsandimprovesavingsfor theItalianhealthsystem,aresponse-basedrisk-sharingagreement
betweentheItalianMedicinesAgencyandthecompanydistributingSativex,wasimplemented
[17].Accordingto theagreement,thehealthsystemavoidsthecostof earlynon-responders,
beingreimbursedif theoutcomeisnot reached,savingresources.After the4weeksperiodit is
seenadiscontinuationrateof 20.4%of exposedpatients,whileafterthe6weeksperiodweseea
26.4%discontinuationrate.Thepharmaceuticalcompanywill haveto reimburse100%of the
patientsfailingat4weeksand50%of all patientsreaching6weeks(for bothreasons).This
meansthat theItalianMedicinesAgency,relatedto our sample,will getfully reimbursedfor the
20.4%patientsnot respondingafter4weeksandfor 50%of thosereaching6weeks,fulfilling the
paymentbyresultsandcostsharingconcepts[18].TheItalianMedicinesAgencygotreimbursed
for about66%of non-responderSativexpopulationwithin thefirst 6weeks,suggestingtheMEA
representagoodtool for payers,avoidingthewastingof resourcesfor patientsnot adequately
responding.In particularconsideringthePbRreimbursementwas436.81eurosfor 333patients
whereastheCSreimbursementwas218.40eurosfor 89patients,AIFA gotatotal reimbursement
of 164,895.775euros(145,457.73+ 19,438.045).

Themultivariateanalysisshowedthat theNRSscoreatT1 waspredictiveof treatmentdis-
continuation(adjHR2.23).

In otherwords,if theNRSatT1 increasesbyonepoint, theprobabilityof Sativexdiscontin-
uationincreasesby two fold. This is in line with theinitial responderdefinition, requiringa
20%improvementof NRSscoreatT1 comparedto T0.Additionally, thebaselineNRSscore
wasalsoassociatedto theoutcomes(adjHR0.51).In particular,if thebaselineNRSscore
increasesbyonepoint, thehazardof Sativexdiscontinuationdecreasesby49%.Overall,higher
NRSscoresarerelatedto ahigherprobabilityto bearesponderandalowerprobabilityto stop
treatment.An increaseof NRSscoreatT1 reflectstheworseningof spasticitydespiteSativex
treatment,suggestingahigherprobabilityof treatmentdiscontinuation.This is in line with the
resultsof our previousstudyshowinghigherNRSscoreisassociatedto ahigherprobabilityto

Fig 2. Kaplan-M eier surviva l estimates. Kaplan-Meier survival estimates showing the time to treatment

failure for patients.

https://doi.org/10.1371/journal.pone.0180651.g002
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bearesponder[14]. However,asmentionedin our previousstudy,theobservationaldesign
andtheuseof patientreportedspasticityscore,canin partaffectour findings[19].

In conclusion,weobservedthatSativexisagoodoption for alargenumberof MSpatients
complainingof moderateto severeresistantspasticity.The4±6weekstrial periodisareliable
tool to identify thosepatientsrespondingto treatment,limiting theeconomicburdenof Sati-
vexon thenationalhealthsystem,chargingmostof theeffectivenessfailurerisksto thephar-
maceuticalcompanywhileaddingacostsharingside.Consideringtheincreasingcostfor the
societyof standardof caretreatmentof MSpatientsspasticityrelateddisabilityandthenega-
tive impacton their qualityof life,wemaysuggestSativexshouldbeconsideredastheadd-on
treatmentof choicefor MSpatientsfailing to achieveenoughreliefwith first-line classicanti-
spasticoraloptions[20]. Furtherresearchisneededto verify if Sativexcouldbeusedasatreat-
mentoption in differentspasticityconditionsotherthanMSandfor MSsymptomsotherthan
spasticity,asafirst line option or asadd-on.

Supporting information
S1 File. Dataset of all patients’ records used for the data analysis.

(XLSX)
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