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Abstract
Purpose
To compare the predicted and actual utilisation of armodafinil for narcolepsy since it was PBS listed for this indication.
Date of listing on the Pharmaceutical Benefits Scheme (PBS)
Armodafinil for the treatment of narcolepsy was PBS listed on 1 November 2016. 
Data Source / methodology 
The analysis used data from the Department of Human Services (DHS) supplied prescriptions database.
Key Findings
· The number of patients on therapy for narcolepsy has increased from 2014 to 2018, inclusive.
· There was a 35.9% increase in patients new to narcolepsy therapy from 2017 to 2018. 
· The listing of armodafinil has increased the total narcolepsy market, with the number of people starting PBS subsidised armodafinil being higher than the number of patients starting modafinil since its listing.
· The listing of armodafinil has increased the overall government expenditure for PBS-subsidised narcolepsy therapy.
· Dexamfetamine was the most used drug for narcolepsy by prescription volume and number of prevalent patients from 2015-2018, inclusive. 
· There was a steep increase in the number of patients starting dexamfetamine for narcolepsy from 178 patients in the second quarter of 2018 to 465 patients in the fourth quarter of 2018.


Purpose of analysis
To compare the predicted and actual utilisation of armodafinil for narcolepsy since it was PBS listed for this indication on 1 November 2016.
Background
Clinical situation
[bookmark: _Ref8035119][bookmark: _Ref7600506][bookmark: _Ref7600664]Narcolepsy is a disorder of sleep-wake regulation. It is characterised by chronic daytime sleepiness, which may lead to uncontrollable sleep attacks.[footnoteRef:1] Excessive daytime sleepiness is the main symptom of narcolepsy. Other symptoms include sudden loss of muscle tone, usually associated with strong emotion (cataplexy), muscle paralysis on falling asleep or waking (sleep paralysis) and vivid hallucinations on falling asleep (hypnagogic) or waking (hypnopompic).[footnoteRef:2] It is often extremely incapacitating, interfering with every aspect of life, in work and social settings. It usually begins between the ages of 10 and 20 years with the sudden onset of persistent daytime sleepiness, although it can also develop gradually.[footnoteRef:3] [1:  General information on idiopathic hypersomnolence and narcolepsy. [revised 2017 Nov]. In: eTG complete [Internet]. Melbourne: Therapeutic Guidelines Limited; 2019. ]  [2:  Billiard M, Dauvilliers Y, Dolenc-Groselj L et al. European Handbook of neurological management. 2nd ed. Blackwell Publishing Ltd; 2011. Chapter 28, Management of narcolepsy in adults;p.513-28.]  [3:  Scammell TE. Narcolespy. N Engl J Med 2015;373:2654-62.] 

Narcolepsy is treated with a combination of behavioural and pharmacological approaches.2 According to the Australian therapeutic guidelines, modafinil and armodafinil are first line drugs for the treatment of increasing alertness in narcolepsy. Other drugs that may be prescribed include dexamphetamine and methylphenidate.1
Pharmacology
The exact mechanism through which armodafinil promotes wakefulness in unknown. Armodafinil is the R-enantiomer of modafinil (1:1 mixture of R and S enantiomers). It has wake promoting actions similar to sympathomimetic agents including amphetamine and methylphenidate, although the pharmacological profile is not identical to that of the sympathomimetic amines. In vitro armodafinil binds to the dopamine transporter and inhibits dopamine uptake.4 
Therapeutic Goods Administration (TGA) approved indications
Armodafinil is indicated:
· to improve wakefulness in patients with excessive daytime sleepiness associated with narcolepsy;
· to treat excessive sleepiness associated with moderate to severe chronic shift work sleep disorder where non-pharmacological interventions are unsuccessful or inappropriate; and
· [bookmark: _Ref7600695]as an adjunct to continuous positive airways pressure (CPAP) in obstructive sleep apnoea/hypopnoea syndrome in order to improve wakefulness.[footnoteRef:4] [4:  Nuvigil (Armodafinil). Australian Approved Product Information. NSW: TEVA Pharma Australia Pty Ltd. Approved 26 November 2015. Most recent revision 17 July 2018. Available from https://www.ebs.tga.gov.au/ebs/picmi/picmirepository.nsf/pdf?OpenAgent&id=CP-2015-PI-02888-1&d=201904011016933.>] 

Dosage and administration
The recommended dose of armodafinil for patients with narcolepsy is 150 mg or 250 mg given once daily in the morning.4
PBS listing details
Armodafinil for the treatment of narcolepsy was PBS listed on 1 November 2016. Table 1 provides the PBS listing details as at 1 April 2019. Armodafinil has the same PBS restriction as modafinil. 
Table 1: PBS listing of Armodafinil
	Item
	Name, form & strength, pack size
	Max. quant packs. 
	Rpts 
	DPMQ
	Brand name and manufacturer

	10912H
	Armodafinil, 150 mg tablet, 30
	1
	5
	$153.58
	Nuvigl

	10919Q
	Armodafinil, 250 mg tablet, 30
	1
	5
	$250.41
	Nuvigil

	10922W
	Armodafinil, 50 mg tablet, 30
	2
	5
	$106.17
	Nuvigil


Source: Department of Health (2019), Schedule of Pharmaceutical Benefits.
Restriction
Authority Required
Narcolepsy
Treatment Phase: Initial treatment
Treatment criteria:
Must be treated by a qualified sleep medicine practitioner or neurologist.
Clinical criteria:
The treatment must be for use when therapy with dexamfetamine sulfate poses an unacceptable medical risk; OR
The treatment must be for use when intolerance to dexamfetamine sulfate is of a severity to necessitate treatment withdrawal,
AND
Patient must have experienced excessive daytime sleepiness, recurrent naps or lapses into sleep occurring almost daily for at least 3 months,
AND
Patient must have a definite history of cataplexy; OR
Patient must have a mean sleep latency less than or equal to 10 minutes on a Multiple Sleep Latency Test (MSLT); OR
Patient must have an electroencephalographic (EEG) recording showing the pathologically rapid development of REM sleep,
AND
Patient must not have any medical or psychiatric disorder that could otherwise account for the hypersomnia.
The presence of any one of the following indicates treatment with dexamfetamine sulfate poses an unacceptable medical risk:
(a) a psychiatric disorder;
(b) a cardiovascular disorder;
(c) a history of substance abuse;
(d) glaucoma;
(e) any other absolute contraindication to dexamfetamine sulfate as specified in the TGA-approved Product Information.
The MSLT must be preceded by nocturnal polysomnography. Sleep prior to the MSLT must be at least 6 hours in duration.
Treatment Phase: Continuing treatment
Clinical criteria:
Patient must have previously received PBS-subsidised treatment with this drug for this condition.
For details of the current PBS listing refer to the PBS website.



Relevant aspects of consideration by the Pharmaceutical Benefits Advisory Committee (PBAC)
Major submission for armodafinil- November 2015
[bookmark: _Ref7601120]A submission for armodafinil was initially considered and rejected by the PBAC at its November 2015 meeting. The submission nominated modafinil as the comparator and the PBAC agreed that modafinil was appropriate, but considered that a comparison against the split dose regimen of modafinil was also relevant. The PBAC noted that there was no apparent unmet clinical need for armodafinil.[footnoteRef:5] [5:  Department of Health (2015), PBAC Meeting Public Summary Documents: Armodafinil, Updated 10 April 2016. Accessed on 2 April 2019, at: http://www.pbs.gov.au/industry/listing/elements/pbac-meetings/psd/2015-11/files/armodafinil-psd-november-2015.pdf] 

This submission estimated the equi-effective doses as armodafinil xxxxxx mg and modafinil xxxxxx mg, and a dose relativity of xxx (armodafinil vs modafinil) based on mean doses used in five single arm studies. The PBAC considered that the basis for calculating the equi-effective doses was unreliable and that the equi-effective dose had not been adequately established in the submission.5 
The PBAC noted that the submission estimated a net cost to the PBS from the listing of armodafinil. Considering the submission’s claim of non-inferiority of armodafinil to modafinil and the cost minimisation approach taken, the PBAC considered that the listing of armodafinil should be cost neutral.5
The sponsor indicated it would offer a xx% price reduction upon the listing of the first generic version of modafinil.5
Minor resubmission for armodafinil-March 2016
[bookmark: _Ref7601156]A resubmission for armodafinil in narcolepsy was considered by PBAC at its March 2016 meeting. The resubmission presented data describing the differences between armodafinil and modafinil (Table 2). The resubmission proposed that these differences were substantive enough to have a clinical impact and that patients not responding to one drug may respond to the other therapy.[footnoteRef:6] [6:  Department of Health (2016), PBAC Meeting Public Summary Documents: Armodafinil, Updated 01 July 2016. Accessed on 2 April 2019, at: http://www.pbs.gov.au/industry/listing/elements/pbac-meetings/psd/2016-03/files/armodafinil-psd-march-2016.pdf ] 



Table 2: Comparison of key properties of armodafinil and modafinil
	
	Armodafinil
	Modafinil

	ATC Code
	N06BA13
	N06BA07

	Enantiomers
	contains solely the R-enantiomer of modafinil
	contains both the “R” and “S” enantiomers of modafinil

	Strengths
	50, 150 and 250 mg
	100 mg

	Dosing
	Starting Dose: 150mg
Narcolepsy: 150 mg or 250 mg given once daily in the morning. 
	Starting Dose: 200mg
Narcolepsy: 200 to 400 mg/day, given as a single dose in the morning, or as two divided doses, in the morning and at noon.
Doses of 400 mg/day have been well tolerated, but there is no statistically significant evidence that this dose confers additional benefit beyond that of the 200 mg dose. It is proposed that split dosing may be appropriate for patients who experience a late afternoon dip in wakefulness at a proposed dosing of 400mg spilt into 200mg in the morning and 200mg at noon. 
For patients who require more than 200 mg/day, the dose should be increased, to a maximum of 400 mg/day, in increments of 100 mg as needed and tolerated.

	Recommended Starting Dose
	150mg
	200 mg

	Cmax
	2.99 µg/mL after a 100 mg dose
5.9  µg/mL after a 250 mg dose
	3.3 mg/mL after a 200 mg dose



The resubmission used the maximum dose (250 mg daily) instead of the weighted average dosing, and presented the revised equi-effective doses of armodafinil 250 mg and modafinil 348.55 mg, resulting in a dose relativity of 5:7. The sponsor proposed a further price reduction of approximately xxxx% based on the revised therapeutic relativity presented in the resubmission.6
The PBAC recommended an Authority Required listing for armodafinil for the treatment of narcolepsy on a cost-minimisation basis with modafinil. In making its recommendation, the PBAC considered that the revised equi-effective doses presented in the re-submission were reasonable.6
The PBAC maintained its previous view that there was no apparent unmet clinical need for armodafinil. The PBAC noted the resubmission’s claims of differences in plasma concentrations and dose response, however the PBAC was not convinced that these differences would result in armodafinil having any appreciable clinical advantage over modafinil.6
The PBAC noted that over time, armodafinil may cease to be cost-effective due to decreases in the modafinil price as a result of patent expiry and the introduction of generic versions of modafinil. The PBAC noted that at some point in the future, the Minister may wish to seek advice from the PBAC regarding the ongoing cost-effectiveness of armodafinil.6
The PBAC noted that the resubmission proposed cost savings to Government upon the listing of armodafinil, however considered that these savings will not be realised if the price of modafinil decreases over time.6
Minor submission for modafinil-November 2008
[bookmark: _Ref7601504]A submission from the Australian Sleep Association (ASA) and the Australian New Zealand Association of Neurologists (ANZAN) joint working party for instatement of modafinil as first line therapy for narcolepsy was considered by the PBAC at its November 2008 meeting.[footnoteRef:7] [7:  Department of Health (2008), PBAC Meeting Public Summary Documents: Modafinil, Updated 19 MAR 2009. Accessed on: 02 April 2019, at: http://www.pbs.gov.au/industry/listing/elements/pbac-meetings/psd/2008-11/pbac-psd-modafinil-nov08.pdf] 

The PBAC did not accept the premise of the submission that from a medical and legal view, dexamfetamine can no longer be considered the standard of care for treatment of this lifelong condition, and was not an appropriate comparator for modafinil in the first-line setting. The PBAC noted that the absence of a systematic review of the evidence in support of this statement was a significant impediment to its deliberations. Additionally, the comment made both in the Pre-Sub-Committee response and in a hearing that not all patients currently on dexamfetamine will switch to modafinil appeared to contradict the first statement.7
The PBAC recalled that the incremental benefit (efficacy and safety) of modafinil over dexamfetamine had not been previously established in the first-line setting. It was the large difference between the prices of the two drugs that forced the PBAC to consider the construct of the second-line indication and a comparison with placebo to be developed for modafinil in order for the product to be made available to patients.7
The PBAC further considered that the omission of economic analyses was inappropriate. It was noted that modafinil and dexamfetamine have drug costs of $3327 vs. $318 per year, respectively, for life long therapy and uncertain relative net clinical effect, particularly in the long term.7
The PBAC acknowledged the letter provided by the ASA suggesting that there was a clinical need for the restriction to be broadened. However the criteria in the current restriction were based upon internationally accepted standards and no data or references were provided in support of the claims made in the Pre-Sub-Committee response regarding the proportion of narcolepsy patients currently being denied modafinil treatment as a result of requirements related to the MSLT.7
The PBAC therefore rejected the application because of insufficient evidence to support the claim that placebo rather than dexamfetamine is the appropriate comparator for modafinil in the first line setting and because of insufficient evidence to substantiate the claim that eligible patients are being denied treatment under the current restriction.7
The PBAC indicated its willingness to hold further dialogue with the working party and other relevant stakeholders on the restriction’s diagnostic criteria.7
Approach taken to estimate utilisation
The November 2015 submission used a market-share approach to estimate the use and costs of listing armodafinil on the PBS.5
Previous reviews by the DUSC
DUSC reviewed the 12 month predicted versus actual use of modafinil at the September 2006 meeting. At 12 months, actual number of PBS prescriptions of modafinil supplied was xxx compared to the predicted xxxxx prescriptions. DUSC considered this justified the concerns raised previously by DUSC regarding difficulties in estimating patient numbers for narcolepsy. DUSC also noted that the wording of the restriction was effective in limiting uptake to the desired patient population.[footnoteRef:8] [8:  Drug Utilisation Sub-Committee. DUSC predicted versus actual analysis of modafinil. Canberra: Australian Department of Health: 2006. Unpublished. ] 

Methods
Prescription data for armodafinil, modafinil and dexamfetamine were extracted from the Department of Human Services (DHS) PBS prescription claim database for the period April 2005 to February 2019, inclusive. This database contains data on PBS prescriptions submitted to DHS for payment of a R/PBS subsidy by the Government. The prescription data were used to determine the number of prescriptions supplied and for the R/PBS expenditure and prescriber type analyses. 
Prescriber type was attributed to the de-identified approval number of the prescriber by the DHS and was based on the major field of specialty, derived from the combination of the current registered specialty and the most Medicare services provided per quarter. Prescribers can work in several different specialties but are allocated by DHS to one major field of specialty per quarter.
The R/PBS prescription data were also used to determine the number of incident (new to pharmacological treatment) and prevalent (number treated) patients. Patient counts were based on de-identified unique patient identification numbers (PINs) from the prescription data. 
Location and drug sequence analyses were undertaken for all patients supplied dexamfetamine, modafinil and armodafinil. The rate of people supplied narcolepsy therapy standardised per 1,000 population in each state and territory was calculated based on the Australian Bureau of Statistics (ABS) Quarterly Population Estimates by State/Territory in September 2018 data and the DHS database. For the sequence of treatment analysis, unique patient counts were derived for each sequence of treatment.
As this analysis uses date of supply prescription data, there may be small differences compared with publicly available DHS Medicare date of processing data. The publicly available DHS Medicare data only includes subsidised R/PBS prescriptions with prescriptions under the patient co-payment not included.
Results
Analysis of drug utilisation
Overall utilisation

Figure 1: Number of incident and prevalent patients to narcolepsy therapy (dexamfetamine, modafinil and armodafinil)
Source: DHS PBS prescription database, extracted April 2019
The number of patients incident and prevalent to PBS subsidised narcolepsy therapy in the two years before and the two years after the PBS listing of armodafinil (1 November 2016) is presented in Figure 1.
	


Table 4: Number and percentage growth of patients incident and prevalent to all narcolepsy therapy 
	Calendar Year
	Prevalent patients
(% growth from previous year )
	Incident patients
(% growth from previous year)

	2014
	5,258
	1,062

	2015
	5,804 (10.38%)
	1,210 (13.94%)

	2016
	6,449 (11.11%)
	1,293 (6.86%)

	2017
	7,256 (12.51%)
	1,506 (16.47%)

	2018
	8,454 (16.51%)
	2,047 (35.92%)


Source: DHS PBS prescription database, extracted April 2019
Table 4 shows the number of patients incident and prevalent to narcolepsy therapy per calendar year from 2014 to 2018. The total number of patients on therapy for narcolepsy increased over the four-year period. The number of incident patients to narcolepsy therapy also increased over the same period, with a 35.9% increase in the number of incident patients between 2017 and 2018.


Changes in the use of other drugs

Figure 2: Number of PBS/RPBS dexamfetamine, modafinil and armodafinil prescriptions supplied per quarter
Source: DHS prescription database, extracted April 2019

Figure 2 illustrates the use of PBS listed medicines for narcolepsy since the first quarter of 2015. Dexamfetamine was the most used drug for narcolepsy by prescription volume over the period. The listing of armodafinil appears to have increased the total market.


Figure 3: Prevalent patients by drug by quarter
Source: DHS PBS prescription database, extracted April 2019

Figure 3 depicts the number of patients supplied each narcolepsy medicine by quarter, from the first quarter of 2015 to fourth quarter 2018. Patients may be double‑counted if they are supplied more than one narcolepsy medicine in the same quarter. Dexamfetamine was the most commonly supplied narcolepsy medicine over this period. The number of patients supplied dexamfetamine increased at a higher rate between second and fourth quarter of 2018. The use of modafinil was increasing at a steady rate until the listing of armodafinil, and then the number of patients decreased marginally and started to plateau. There has been a steady increase in the number of patients supplied armodafinil since it was PBS listed in the fourth quarter of 2016.

Figure 4: Initiating patients by drug by quarter
Source: DHS prescription database, extracted April 2019

The number of patients initiating each PBS-subsidised narcolepsy medicine per quarter is shown in Figure 4. Patients may be double-counted within a quarter if they have switched between narcolepsy medicines. There was a steep increase in the number of patients starting dexamfetamine from 178 patients in the second quarter of 2018 to 465 patients in the fourth quarter of 2018. Since the listing of armodafinil, the number of patients initiating armodafinil is higher than the number of patients starting modafinil.




Figure 5: Patients incident to narcolepsy therapy per quarter
Source: DHS PBS prescription database, extracted April 2019

Figure 5 shows the number of new patients per quarter by their first ever PBS-subsidised narcolepsy medicine. The listing of armodafinil increased the overall market, with the number of people starting narcolepsy therapy with armodafinil surpassing the number starting with modafinil in the fourth quarter of 2018. The listing of armodafinil had minimal effect on the number of people initiating therapy for narcolepsy with dexamfetamine and modafinil. A similar number of new patients started therapy for narcolepsy with dexamfetamine and modafinil until the second quarter of 2018, when there was a steep increase in the number of people initiating therapy with dexamfetamine.

Figure 6: Number of prescriptions of dexamfetamine by indication by quarter
Source: DHS PBS prescription database, extracted April 2019

Analysis of dexamfetamine use in narcolepsy showed a steep increase in the number of people using dexamfetamine from the second quarter of 2018. Further analysis of the overall use of PBS-subsidised dexamfetamine showed that there was an increase in the volume of prescriptions of dexamfetamine supplied for Attention Deficit Hyperactivity Disorder (ADHD) by 8% and for narcolepsy by 13.6% between 2017 to 2018 (Figure 6).



Prescribers

Figure 7: Patients incident to narcolepsy therapy by drug and prescriber in 2018
Source: DHS PBS prescription database, extracted April 2019

Dexamfetamine is classified as a Schedule 8 medicine under the Standard for the Uniform Scheduling of Medicines and Poisons (SUSMP). Schedule 8 medicines are controlled drugs that require additional restrictions in manufacture, supply, distribution, possession and use to reduce abuse, misuse and physical or psychological dependence.[footnoteRef:9] Each State and Territory has regulations that stipulate the conditions under which medical practitioners are able to prescribe dexamfetamine for narcolepsy. The PBS restriction for modafinil and armodafinil requires that a qualified sleep medicine practitioner or neurologist prescribe the initial treatment, but there is no prescriber restriction for continuing treatment. [9:  Department of Health. Standard for the Uniform Scheduling of Medicines and Poisons February 2019. Available from https://www.legislation.gov.au/Details/F2019L00032/Html/Text#_Toc532805033] 


Figure 7 shows the type of prescribers initiating PBS subsidised narcolepsy therapy. The largest proportion of armodafinil and modafinil prescriptions supplied to patients starting narcolepsy therapy were written by respiratory and sleep medicine specialists. Specialists in respiratory and sleep medicine, followed by GPs and psychiatrists, most commonly prescribed first prescriptions to patients supplied dexamfetamine as their first narcolepsy therapy.
Utilisation by State/Territory

Figure 8: Incident patients per 1,000 population by drug and state 2015-2018
Source: DHS prescription database, extracted April 2019

Figure 8 illustrates the number of new patients supplied a PBS subsidised medicine for narcolepsy per 1,000 population, adjusted to account for the population size of each State and Territory in 2018. The rate of new patients starting dexamfetamine for narcolepsy has increased in all states except for Western Australia where there was some fluctuation over the four-year period. A larger difference can be seen in the rate of dexamfetamine supplied to new patients between 2017 and 2018 in Victoria, Australian Capital Territory, New South Wales, Northern Territory and Queensland. There has been considerable uptake of armodafinil in South Australia, Western Australia, Australian Capital Territory, Tasmania and Victoria, with Victoria having the highest rate of new patients starting armodafinil in the first 24 months after listing.


Sequence of therapy
Table 5: Drug initiation sequence for narcolepsy therapy
	Drug initiation sequence
	PERCENT

	DEXAMFETAMINE
	52.4

	MODAFINIL
	25.9

	DEXAMFETAMINE -> MODAFINIL
	5.7

	ARMODAFINIL
	5.6

	MODAFINIL -> ARMODAFINIL
	4.2

	MODAFINIL -> DEXAMFETAMINE
	3.1

	DEXAMFETAMINE -> ARMODAFINIL
	1.3

	DEXAMFETAMINE -> MODAFINIL -> ARMODAFINIL
	0.9

	MODAFINIL -> DEXAMFETAMINE -> ARMODAFINIL
	0.5

	OTHER
	0.5



Source: DHS PBS prescription database, extracted April 2019

The PBS clinical criteria for initiating treatment with modafinil or armodafinil restrict use to patients where therapy with dexamfetamine sulfate poses an unacceptable medical risk or when intolerance to dexamfetamine sulfate is of a severity to necessitate treatment withdrawal. Table 5 shows the drug initiating sequence for narcolepsy therapy with a look back period until 01 April 2005 when modafinil was PBS listed for narcolepsy. Armodafinil has less chance to appear in the data presented as it was listed on the PBS on 1 November 2016.
[bookmark: _GoBack]The majority of patients (83.9%) were only supplied one PBS listed therapy for narcolepsy in this period. 39.8% of patients were initiated treatment for narcolepsy with modafinil or armodafinil. 4.1% of patients were prescribed dexamfetamine after modafinil or armodafinil.


Analysis of expenditure	


Figure 9: PBS benefit by drug by quarter for PBS subsidised narcolepsy therapy
Source: DHS PBS prescription database, extracted April 2019

Figure 9 presents PBS benefits for armodafinil, modafinil and dexamfetamine. The listing of armodafinil has increased the overall government expenditure for PBS-subsidised narcolepsy therapy.

Figure 10: Total number of prescriptions and PBS benefit for PBS subsidised modafinil and armodafinil
Source: DHS PBS prescription database, extracted April 2019

Modafinil was listed on the PBS for narcolepsy on 1 April 2005. Modafinil received a 16% statutory price reduction (SPR) on the 1 April 2016 (beginning of second quarter) with a listing of a new brand and a price disclosure reduction of 13.5% on 1 October 2018 (beginning of fourth quarter). Armodafinil was listed on the 1 November 2016, on a cost-minimisation basis to the modafinil price after the 16% SPR. Armodafinil has not received any price reductions since listing. 
The number of prescriptions for modafinil has remained moderately stable and the benefit paid for PBS subsidised modafinil for narcolepsy has decreased from 2016-2018 due to the above-mentioned price reductions. The number of prescriptions and PBS benefits paid for armodafinil have increased since its listing on the PBS (Figure 10).
As this analysis uses date of supply prescription data, there may be small differences compared with publicly available DHS Medicare date of processing data.



Analysis of actual versus predicted utilisation
A comparison of the predicted utilisation of armodafinil versus actual use is presented in Table 6.
Table 6: Armodafinil: actual versus predicted utilisation
	
	
	Year 1
	Year 2

	patients
	Predicted
	xx 
	xxx 

	
	Actual
	883
	1430

	
	 %Difference
	xxxxxx
	xxxxx

	prescriptions 
	Predicted
	xxx 
	xxxxx 

	
	Actual
	4,622
	9,658

	
	%Difference
	xxxxx
	xxxxx

	Rx 50 mg
	Predicted
	xxx 
	xxx 

	
	Actual
	161
	379

	
	%Difference
	xxxx
	xxxx

	Rx 150 mg
	Predicted
	xxx 
	xxx 

	
	Actual
	1163
	2321

	
	%Difference
	xxxxx
	xxxxx

	Rx 250 mg
	Predicted
	xxx 
	xxxxx 

	
	Actual
	3,298
	6,958

	
	%Difference
	xxxxx
	xxxxx

	Expenditure
	Predicted
	xxxxxxxx 
	xxxxxxxx 

	
	Actual
	$887,399
	$1,863,483

	
	%Difference
	xxxxx
	xxxxx


Source: Armodafinil Final Estimates (predicted), DHS prescription database (actual), extracted April 2019

In the first two years of listing, the total number of patients and prescriptions were underestimated resulting in a higher government expenditure than predicted in the submission. 


DUSC consideration
The number of patients on therapy for narcolepsy has increased over the last four-year period. There was also a 35.9% increase in patients new to therapy between 2017 and 2018. DUSC noted that there has been market growth in PBS subsidised therapy for narcolepsy.
The listing of armodafinil has increased the total narcolepsy market, with number of people starting PBS subsidised armodafinil being higher than the number of patients starting modafinil since its listing in 2016. The number of patients starting initial therapy for narcolepsy with armodafinil surpassed that for modafinil in the fourth quarter of 2018, but did not appear to affect the number of people initiating therapy for narcolepsy with dexamfetamine and modafinil. DUSC noted the listing of armodafinil has increased the total narcolepsy market to a greater extent than predicted. In the Pre-Sub Committee Response (PSCR), the Sponsor superimposed a line onto Figure 2 (number of PBS/RPBS dexamfetamine, modafinil and armodafinil prescriptions supplied per quarter) of the DUSC report to demonstrate market growth. Based on this, the sponsor considered that the data presented in Figure 2 for the number of prescriptions supplied indicates that growth in the overall narcolepsy market has only been marginally impacted by the listing of armodafinil. DUSC acknowledged the Sponsor’s comments but noted no statistical analyses were provided to demonstrate the linear fit shown in the graph. DUSC also discussed that armodafinil is a more expensive drug than modafinil and has increased the market at a higher rate than predicted.
Dexamfetamine remains the most supplied drug for narcolepsy by prescription volume and number of prevalent patients. DUSC was concerned with the increased use of dexamfetamine from the second quarter of 2018. DUSC discussed whether this is due to an increase in the overall narcolepsy market or if there was potential diversion of dexamfetamine. DUSC noted that more general practitioners were initiating dexamfetamine compared to armodafinil or modafinil.
DUSC noted a substantial number of patients were initiated treatment for narcolepsy with modafinil or armodafinil. DUSC discussed possible reasons as to why dexamfetamine may not be used as first line therapy and questioned whether the difference in the treatment algorithm between the PBS restriction (dexamfetamine first line) and clinical guidelines (modafinil and armodafinil as first line) may be contributing to this. DUSC also noted generic brands of modafinil are now available in the market, possibly making it more affordable for patients than previously. DUSC noted dexamfetamine is a Schedule 8 medicine and as such has additional state and territory restrictions in prescribing compared to modafinil or armodafinil. DUSC considered if this could be contributing to the increase use of modafinil and armodafinil in narcolepsy. DUSC discussed the PBS restriction in which psychiatric disorders are considered a potential unacceptable medical risk for initiating therapy with dexamfetamine but noted that people with narcolepsy often have comorbid psychiatric conditions.

In the PSCR, the Sponsor considered it difficult to reconcile the visual presentation of the data in Figure 1 (number of incident and prevalent patients to narcolepsy therapy by quarter) and 2 (number of prescriptions supplied per quarter) with Table 4 of the DUSC report as there were inconsistencies. DUSC discussed that in the report, the number of patients per each time period (quarter or year) were calculated separately. It is not accurate to add the number of patients per each quarter (from Figure 1) to calculate the total number of patients per calendar year (Table 4) because there is potential to double count a patient if they appear in multiple quarters as they continue treatment. Table 4 is the total number of patients counted for the whole calendar year. Each patient is only counted once for the whole year even if they had received treatment across more than one quarter. Figure 2 illustrates the number of prescriptions supplied per quarter and not the number of patients (Table 4). Therefore, the numbers from Figure 1 and Figure 2 are not intended to be comparable with Table 4.
DUSC acknowledged the error on page 22 of the report identified in the PSCR. The listing date of modafinil was 1 April 2005 not 1 August 2015.
In summary, the results of the 24 month predicted versus actual analysis show the total number of patients and prescriptions of armodafinil were underestimated, resulting in a higher government expenditure than predicted. DUSC considered that future reports of narcolepsy medicine use could attempt PBS/MBS linkage data analysis to compare utilisation of PBS/RPBS subsidised narcolepsy treatment with MBS reimbursement for sleep studies.
DUSC Actions
DUSC requested that the report be provided to the PBAC.
Context for analysis
The DUSC is a Sub Committee of the Pharmaceutical Benefits Advisory Committee (PBAC). The DUSC assesses estimates on projected usage and financial cost of medicines.
The DUSC also analyses data on actual use of medicines, including the utilisation of PBS listed medicines, and provides advice to the PBAC on these matters. This may include outlining how the current utilisation of PBS medicines compares with the use as recommended by the PBAC. 
The DUSC operates in accordance with the quality use of medicines objective of the National Medicines Policy and considers that the DUSC utilisation analyses will assist consumers and health professionals to better understand the costs, benefits and risks of medicines.
The utilisation analysis report was provided to the pharmaceutical sponsors of each drug and comments on the report were provided to DUSC prior to its consideration of the analysis.
Sponsor’s comment
Teva Pharma Australia Pty Limited: The Sponsor notes the DUSC commentary that “according to the Australian therapeutic guidelines, modafinil and armodafinil are first line drugs for the treatment of increasing alertness in narcolepsy.” Despite this, most initiating occurs via dexamfetamine. Although the use of armodafinil is growing, it is still the least used of the three available medications. 
Disclaimer
The information provided in this report does not constitute medical advice and is not intended to take the place of professional medical advice or care.  It is not intended to define what constitutes reasonable, appropriate or best care for any individual for any given health issue.  The information should not be used as a substitute for the judgement and skill of a medical practitioner.
The Department of Health (DoH) has made all reasonable efforts to ensure that information provided in this report is accurate. The information provided in this report was up-to-date when it was considered by the Drug Utilisation Sub-committee of the Pharmaceutical Benefits Advisory Committee.  The context for that information may have changed since publication.
To the extent provided by law, DoH makes no warranties or representations as to accuracy or completeness of information contained in this report. 
To the fullest extent permitted by law, neither the DoH nor any DoH employee is liable for any liability, loss, claim, damage, expense, injury or personal injury (including death), whether direct or indirect (including consequential loss and loss of profits) and however incurred (including in tort), caused or contributed to by any person’s use or misuse of the information available from this report or contained on any third party website referred to in this report.
DEXAMFETAMINE	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	5356	5481	5651	5889	5610	5863	5911	6164	5837	5799	5772	6200	5809	6016	6403	7159	MODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	3276	3562	3803	4203	3990	4275	4307	4675	4111	4241	4318	4533	4113	4260	4376	4534	ARMODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	183	808	1307	1685	2043	2077	2454	2708	3114	Quarter of supply


Number of prescriptions




DEXAMFETAMINE	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	2495	2549	2577	2659	2663	2710	2731	2771	2758	2737	2795	2835	2785	2833	3133	3356	MODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	1672	1789	1863	1982	1984	2100	2154	2214	2097	2133	2134	2175	2103	2119	2175	2179	ARMODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	134	380	557	699	824	860	1001	1092	1221	Quarter of supply


Number of patients 




DEXAMFETAMINE	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	136	149	182	202	172	176	159	158	125	164	201	184	154	178	410	465	MODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	171	188	176	197	176	233	192	204	151	178	187	173	130	155	166	157	ARMODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	134	259	219	205	187	142	206	194	219	Quater of supply


Number of patients




DEXAMFETAMINE	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	123	130	170	179	149	156	141	138	108	148	187	155	131	156	386	446	MODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	139	149	148	172	145	198	168	172	134	152	159	139	101	130	145	122	ARMODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	26	64	83	90	87	69	112	113	136	Quarter of supply


Number of patients




ADHD	2012Q3	2012Q4	2013Q1	2013Q2	2013Q3	2013Q4	2014Q1	2014Q2	2014Q3	2014Q4	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	51730	53283	50842	53578	54704	55687	52291	54184	55666	57253	54941	57465	59556	60593	57712	59151	60899	62216	60472	62576	64349	66088	64328	67574	69691	72163	Narcolepsy	2012Q3	2012Q4	2013Q1	2013Q2	2013Q3	2013Q4	2014Q1	2014Q2	2014Q3	2014Q4	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	6861	7466	6973	7576	7800	8419	7899	8366	8694	9391	8632	9043	9454	10092	9600	10138	10218	11022	10756	11347	11775	12776	11999	12730	13487	14807	Unknown	2012Q3	2012Q4	2013Q1	2013Q2	2013Q3	2013Q4	2014Q1	2014Q2	2014Q3	2014Q4	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	163	160	169	182	175	211	206	207	253	237	259	280	309	401	383	449	417	347	390	478	547	601	637	710	745	723	Quarter of supply


Number of prescriptions




Respiratory and Sleep Medicine	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	733	2784	3963	GP	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	41	1619	218	Psychiatry	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	14	1309	125	Internal Medicine	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	49	663	240	Paediatric Medicine	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	2	503	70	Neurology	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	4	208	68	Pathology	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	1	140	30	Other	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	21	267	139	Unknown	ARMODAFINIL	DEXAMFETAMINE	MODAFINIL	2	4	9	
% patients




DEXAMFETAMINE	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	VIC	SA	WA	ACT	TAS	NSW	NT	QLD	2.4097498166646796E-2	2.0521740374176624E-2	2.6118578658042974E-2	6.0010543821455875E-2	3.5184438557299594E-2	3.9798791154978225E-2	4.0952379304397872E-2	4.0952379304397872E-2	5.674286680403328E-2	6.1374937563546221E-2	5.0952778354642139E-2	5.7900884493911522E-2	2.8619877936220603E-2	2.1464908452165452E-2	3.1004867764238987E-2	7.8704664324606641E-2	2.657060759387965E-2	1.5183204339359799E-2	2.4672707051459675E-2	2.8468508136299621E-2	2.0608809361224931E-2	1.9603501587506643E-2	1.8849520757217925E-2	4.0463637892161147E-2	4.054574573762848E-2	2.8382022016339936E-2	2.8382022016339936E-2	5.6764044032679872E-2	2.1046563416903558E-2	2.4854989178057538E-2	2.4053215333604064E-2	4.3095344139373944E-2	MODAFINIL	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	VIC	SA	WA	ACT	TAS	NSW	NT	QLD	4.5241109461252996E-2	5.0371544554797171E-2	4.0577077558031041E-2	3.0938078291372333E-2	3.5184438557299594E-2	3.9221997080268391E-2	4.4413143752656849E-2	4.3259555603237201E-2	2.0458312521182076E-2	2.2388342004312459E-2	1.8914288934677767E-2	1.7370265348173462E-2	4.7699796560367672E-2	2.8619877936220603E-2	2.3849898280183836E-2	2.1464908452165452E-2	2.657060759387965E-2	3.6060110305979526E-2	2.0876905966619726E-2	1.8979005424199752E-2	2.5132694342957233E-2	2.802295419239732E-2	2.6514992531819881E-2	2.588667517324595E-2	3.2436596590102784E-2	8.109149147525696E-3	4.054574573762848E-3	1.2163723721288544E-2	1.7037694194636216E-2	1.9843902650223354E-2	1.383059881682234E-2	1.2227051127915403E-2	ARMODAFINIL	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	2015	2016	2017	2018	VIC	SA	WA	ACT	TAS	NSW	NT	QLD	1.290382159891409E-2	6.1565221122529872E-2	4.9749673634367567E-2	2.8839703735491465E-3	3.5184438557299594E-2	2.9416497810201298E-2	2.3160353797564612E-3	3.0494465833460074E-2	3.0108459936833996E-2	4.7699796560367672E-2	2.6234888108202219E-2	1.8979005424199749E-3	2.8468508136299624E-2	4.1753811933239453E-2	3.644240679728798E-3	2.2242434493517153E-2	2.2242434493517146E-2	1.6218298295051392E-2	8.109149147525696E-3	2.0044346111336721E-3	2.3652328411377332E-2	2.0044346111336726E-2	
Patients per 1,000 population




MODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	939750.47999999986	1031188.1399999998	1057478.99	1190858.7200000002	1124277.92	997765.48	1015964.59	1109188.1300000001	961000.10000000009	989913.39	1015887.8200000001	1074586.3700000001	962612.9	1000897.7499999999	1023966.75	917552.89	DEXAMFETAMINE	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	46387.64	48025.01	69714.400000000009	77179.56	62779.129999999983	63756.739999999991	66932.13	75994.070000000036	62824.049999999996	64573.200000000012	69849.979999999981	81685.009999999995	65935.989999999991	67753.709999999992	69227.420000000042	81581.139999999985	ARMODAFINIL	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	36244.630000000012	155083.68	250931.46	322926.19	393908.89000000007	396697.76	471210.42000000016	526389.62999999989	605342.31999999995	Quarter of supply


Expenditure




ARMODAFINIL - Expenditure	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	36244.630000000012	155083.68	250931.46	322926.19	393908.89000000007	396697.76	471210.42000000016	526389.62999999989	605342.31999999995	MODAFINIL - Expenditure	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	939750.47999999986	1031188.1399999999	1057478.99	1190858.7200000002	1124277.92	997765.48	1015964.5899999999	1109188.1299999999	961000.1	989913.39	1015887.8200000001	1074586.3700000001	962612.89999999991	1000897.7499999999	1023966.75	917552.89	ARMODAFINIL - Prescriptions	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	183	808	1307	1685	2043	2077	2454	2708	3114	MODAFINIL - Prescriptions	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	3276	3562	3803	4203	3990	4275	4307	4675	4111	4241	4318	4533	4113	4260	4376	4534	Quarter of supply


Expenditure


Number of prescriptions




incident patients	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	262	279	318	351	294	354	309	336	306	383	436	381	301	398	644	704	prevalent patients	2015Q1	2015Q2	2015Q3	2015Q4	2016Q1	2016Q2	2016Q3	2016Q4	2017Q1	2017Q2	2017Q3	2017Q4	2018Q1	2018Q2	2018Q3	2018Q4	4130	4291	4405	4604	4607	4776	4850	5012	5114	5292	5507	5710	5638	5825	6274	6645	Quarter of supply


Number of patients




Committee-in-Confidence
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