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Prvo biolosko zdravilo za zdravljenje alergijske astme

Alergijska astma predstavija resni zdravstveni problem. Bolnikov je vse ved, posebej zaskrbljujoge pa
je, da se poveduje Stevilo bolnikov s hujgimi oblikami bolezni, ki kljub zdravilom, ki so na voljo, astme
ne obvladujejo. Omalizumab prinasa novo upanje tudi za slovenske bolnike. Letos decembra ga bo
zacelo prejemati prvih deset bolnikov, upati pa je, da ga bodo v prihodnje deleZni tudi drugi bolniki s
hudo astmo, ki ga potrebujejo.

Prvo biologko zdravilo za zdravljenje alergijske astme omalizumab je
humanizirano monoklonsko protitelo, ki ga izdelujejo = tehnologijo
rekombinantne DMA v liniji sesalskih celic ovarija kitajskega hréka. Indidran
je kot zdravilo za izbaljfanje obvladovanja astme pri tistih odraslih in
otrocih, starejsih od 12 let, ki bolehajo za tezko alergijsko astmo. Gre za
zdravilo, ki je k zdravijenju astme doprineslo tako veliko, da je konec
septembra 2006 v Veliki Britaniji prejelo nagrado Prix Galien in je tudi
vkljuZeno v smernice zdravljenja astme.

Prvo biolosko zdravile za alergijsko astmo

Omalizumab je prvo biclogke zdravilo za zdravljenje alergijske astme, ki pa
=& ne uporablia za zdravljenje akutnega astmati‘nega napada ali skutnega
brohnospazma. Omalizumab je dodatno zdravilo za zdravljenje hude
alergijske astme, kar pomeni, da ga belniki jemljejo sofasne s predpisanimi
zdravili, na primer kortkosteroidi v inhaladjah. Bolnikom se daje v obliki injekdij in enkrat do dvakrat na mesec, kar je zelo
ugodno tako za bolnike kot za zdravstveno osebje. Za medsebojno delovanje omalizumaba in drugih zdravil, ki jih bolnik
jemlie, je malo verjetnosti. Prav tako pri bolnikih na ustaljeni terapiji s hiposenzitizacijo (zmanjsevanjem obéutiivost na
alergen) prilagajanje ni potrebna, kar potrjujejo podatki iz Stevilnib kiniénih Studij.

Doc. dr. Mitja KoSnik, specialist internist

Anti-IgE.

Role in therapy - Anti-IgE (omalizumab) is a treatment
option limited to patients with elevated serum levels of IgE.
Its current indication is for patients with severe allergic
asthma™ who are uncontrolled on inhaled glucocortico-
steroids, although the dose of concurrent treatment has
varied in different studies. Improved asthma control is
reflected by fewer symptoms, less need for reliever
medications, and fewer exacerbations™®. Further
investigations will likely provide additional clarification of
the role of anti-IgE in other clinical settings.

Sidle effects: As indicated by several studies involving
asthma patients between the ages of 11 and 50, who
were already receiving treatment with glucocorticostercids
(inhaled and/or oral) and long-acting Bo-agonists®,
anti-IgE appears to be safe as add-on therapy™*.
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Omalizumab

Je rekombinantno humanizirano monoklonsko pro-
titelo razreda 1gG proti éloveskim IgE. VeiZe se nare
gijo Fe prostih imunoglobulinov intako prepredi nje-
govo vezavo na celice (mastocite, makrofage, eozi
nofilce, dendriticne celice). Na celici vezanih proti-
teles ne prepozna @4°

Omalizumab

()JII'{]I/UIH b se veze na cirkulirajoéa IgE proti
njihovo vezavo na ma

stocite ter druge celice. Namenjen je le za zelo

tezavne oblike alergijske astme.

Zdrav Vestn 2007; 76 369-79

Kakovost v zdravstvu/Quality in health service

STALISCE BOLNISNICE GOLNIK - KOPA, ZDRUZENJA
PNEVMOLOGOV SLOVENIJE IN KATEDRE ZA DRUZINSKO
MEDICINO DO OBRAVNAVE ODRASLEGA BOLNIKA Z ASTMO*

STATEMENT OF UNIVERSITY CLINIC OF RESPIRATORY AND ALLERGIC
DISEASES GOLNIK, SLOVENIAN PNEUMOLOGIC SOCIETY AND CHAIR OF
FAMILY PHYSICIANS AT MEDICAL FACULTY ON DIAGNOSIS AND
MANAGEMENT OF ASTHMA IN ADULTS

Stanislav Suskovic’, Mitja Kosnik', Matjaz Flear', Gordana Zivéec-Kalan®, Sabina
Skrgat-Kristan’, Tina Morgan’, Mihaela Zidarn®, Katarina Osolnik’, Nisera Bajrovic’,
Mcyda Kaljanac-Drnovsel?, Tomas Camlek’, Stanislav Kajba’, Ze&k’o Perdija’
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Omalizumab- 1ndikacija

m kot za izboljSanje obvladovanja astme pri

odraslih in adolescentnih bolnikih (starih 12 let ali vec) s

, ki imajo pozitiven kozni test ali in
vitro reaktivnost na trajno prisoten zracni alergen in ki imajo
zmanjSano funkeijo plju¢ (FEV1 <80 70), pa tudi pogoste
simptome podnevi ali se pogosto ponoci zbujajo, in so imeli po
ve¢ dokumentiranih teZkih eksacerbacij astme kljub
vsakodnevnemu inhaliranju velikih odmerkov kortikosteroidov
skupaj z dolgo delujocim agonistom adrenergicnih receptorjev
beta2 za inhaliranje. Zdravljenje s Xolairjem pride v poStev samo
za bolnike s prepricljivo astmo, v katero je vpleten IgE.

Vir: Povzetek glavnih znacilnosti zdravila “omalizumab”. 25.10.2005 URL:
http://'www.emea.europa.euw/humandocs/Humans/EPAR/xolair/xolair.htm ter




Veljavna cena na debelo (EUR)
Xolair 75 mg prasek in vehikel za raztopino za injiciranje ?
Xolair 150 mg praSek in vehikel za raztopino za injiciranje 391,20

® Odmerek:

+ “Na podlagi teh meritev utegne biti za vsako
aplikacijo potrebnih 75-375 mg [...].

+ Aplikacija vsake 4 tedne oz. vsake 2 tedna.
¢ “Najvecji priporoceni odmerek je 375 mg
omalizumaba enkrat na dva tedna.”

Viri: Seznam cen zdravil in cen zdravil na debelo. JAZMP:
n://www.jazmp.si/files/farmakoekonomika/Poizvedba2 Stare novo fin.pdf

ter Povzetek glavnih znacilnosti zdravila “omalizumab”. 25.10.2005 URL:

http://www.emea.europa.eu/humandocs/Humans/EPAR/xolair/xolair.htm

Wu Primer CEA omalizumaba

Cost-effectiveness of omalizumab in adults

Vi

with severe asthma: Results from the Asthma

Policy Model

Ann C. Wu, MD,” A. David Paltiel, PhD,” Karen M. Kuntz, ScD,* Scott T. Weiss, MD,
MS,” and Anne L. Fuhlbrigge, MD® Boston, Mass, and New Haven, Conn

Background: Omalizumab (trade name Xolair) is apy d by
the US Food and Drog Administration for treatment of
maderate-lo-severe allergic asthma. Given the high acquisition
cost of omalizumal, its role and cost-effectiveness in disease
management require definition.
Objective: We sought 1o jdentify the clinical and economic
i under which amali b might or might not be
a cost-effective option sing & mathematic model.
Methods: We merged published data on clinical and economic
omtcomes (inchoding aoute event incidence, frequency/severity
of hospitalizations, and healih-related quality of kife) to project
Li-year costs, quality-adjusted life vears (QALYs), and cost-
Mecti ol with I b in addition 1o
inhaled corticosteroids. Sensitivity analyses were conducted by
using inpui data ranges from a varety of sources (published
clinical trials and ohservational databases).
Resulis: For patients with baseline acuie event rates,

1 b conferred an additional 1.7 quality-adjusted
maonths al an incremental cost of $131,000 over a 10-year
planning horizon, implying a cost-elfectiveness ratio of
S821,000 per QALY gained. For patienis with 5 times the
baseline acute event rate, the cost-effectiveness ratio was
S491,000 per QALY gained. The projected cost-cffectiveness
ratio could fall within a range of other programs that are
widely considered 1o be cost-effective if the cost of omalizumal
decreases to less than $200.

J Allergy Clin Immunol 2007,;120:1146-52.

Cond Omali b ks not cost-elfective for most patients
with severe asthma. The projected cost-effectiveness ratios
could fall within a favorable range il the cost of omaliznmab
decreases significantly,

Clinical implications: Based on the high cost of omalizamab,
it is especially important that clinicians explore alternative
medications for asthma before initiating emalizumab.

(J Allergy Clin Immmnol 2007;:120:1146-52.)

Key words: Omalinumab, cost-effectiveness, asthma, anti-lgE

The cost of asthma in the United States was estimated to
be US $14 billion in 2002, This amount represents direct
medical costs, such as hospitalizations (3.1 billion) and
pharmaceuticals ($3.7 billion), and indirect medical costs
(54.6 bi ), such as time lost from work and premature
death.' For patients with severe refractory asthma,
the range of available treatment opticns is limited. Oma-
lizumab, a humanized mAb directed against IgE, was
approved by the US Food and Drug Administration in
2003 as maintenance therapy for adults and adolescents
(=12 years of age) with moderame-to-severe allergic
asthma and inadequate response to inhaled corticoste-

Wu AC et al. Cost-effectiveness of omalizumab in adults with severe asthma: Results from the Asthma Policy Model.

6




Wu Stroski astme v ZDA

Miljarde !

posredni medicinski

neposredni medicinski hospitalizacije
stroski

stroski

Vir: National Heart, Lung, and Blood Institute. Morbidity and mortality: 2002. Bethesda (MD): National Heart, Lung, 7
and Blood Institute; 2002.

Ekonomski 1zidi

stroski

|
| |

neposredni posredni neotipljivi

medicinski nemedicinski




Neposredni medicinski stroski

m Neposredno povezani z zdravstvenim
stanjem ali zdravljenjem:

+ Hospitalizacija
« Zdravstveni delavci

¢ Diagnostika

¢ Laboratorijski testi
+ Material

¢ Zdravila (tudi: nezeleni ucinki)

Neposredni nemedicinski stroski

m Nemedicinski stroski, ki so posledica
bolezni, vendar ne vkljucujejo stroskov
medicinskega materiala ali storitev

¢ Prevoz na pregled

¢ Posebna hrana
+ Skrbnik




Posredni stroski

m Stroski zaradi zmanjSane ali izgubljene
produktivnosti, kot posledica bolezni ali
zdravljenja

¢ Bolniski stalez- dnevi brez dela (bolnika,
skrbnika)

¢ ZmanjSa produktivnost na delu

¢ Invalidnost

¢ Zgodnja upokojitev

¢ Prezgodnja smrt

Neotipljivi stroski (intangibles)

m “Stroski”, ki jih pripiSemo trpljenju zaradi
bolezni ali zdravljenja
¢ Bolecina
¢ Trpljenje bolnika in svojcev

o Custvena prizadetost zaradi bolezni




Vidiki Studije (perspektiva)

m Placnik (drzava, zavarovalnica; delodajalci)
m Bolnik
m Zdravstveni delavec

o point and measuring
effectiveness f quali justec fe years
(QALYs) i i
titioners or to pa
circumstances

and cost-effective option.

\Z
. Drqua To 0w luation of or mab has yet
A Medicine.'®
m itd.

METHODS
Analytic overview

Delno vrednotenje

m Analiza stroskov (Cost Analysis)

m Analiza klini¢énih ali humanistiénih 1zidov




Wu Stroski in diskontna stopnja

Costs. Costs were estimated from published resource use stud-
ies™*® and adjusted to reflect US 2005 dollars by using the
Consumer Price Index ** Baseline monthly chronic care costs (med-
ications, routine office visits, laboratory testing) were $77 for patients
with severe disease.” Acute event costs included $75 for non-ED ur-
gent care visits, $290 for ED visits, and $3800 for hospitalizations.””
Hospitalizations account for a large part of the expense of asthma
care, ICS costs were estimated from published resource use stud-
ies.”®?13* The wholesale price for one 150-mg vial of omalizumab
in 2005 dollars is $568.31.”” Dosing for omalizumab was based on
both IgE level and weight (0.016 mg/ke IgE). The 2 clinical trials
of omalizumab in adolescents and adults with severe asthma reported
mean IgE levels of 197 IU/mL.%* Thus a T0-kg adult would require
220 mg per dose or 2 vials. Vials of omalizumab are single use,
and unused portions are discarded. The cost of 2 vials of omalizumab
(150 mp each) every 4 weeks is $15,000 per year, which is a conser-
vative estimate of the yearly cost of omalizumab because many adults
weigh more than 70 kg. The maximum recommended dose according
to the manufacturer is 375 mg every 2 weeks, which would entail use
of 3 vials every 2 weeks at a cost of $44,000 per year, Recopnizing

Consumer Price Index™ and using ar fisc 3%.
Cost-effectiveness ratios for omalizumab in a T s ar

quick relievers alone were calculated incrementally and reported in
dollars per QALY pained. We explored the strenpth of our conclu-
sions under altemative parameter estimates.

Asthma Policy Model

Details of this model, its underlying assumptions, construction,

P=skupni strosek
F=letni strosek
r=diskontna stopnja
n=leto

1=Stevilo let

Wu Ucinkovitost

1. ZmanjSanje izbruhov astme

2. SkrajSanje trajanja in zmanjsanje intenzitete
izbruhov astme, ko se ti pojavij

m 3. IzboljSanje kakovosti Zivljenja

Sistematicni pregled in meta-analize npr.: Cochrane Airway Group, URL: http://www.airways.cochrane.org/

TABLE I. Model parameters

Attribute

Range for sensitivity

Sources

Reduction in exacerbation rates (%)
Reduction in duration/intensity of hospitalizations (%)

Increase in quality of life (%) 0.9
Incraase in FEV, % predicted (%) 9
Monthly cost* ($) 1300

33.92 Walker et al™
— Busse et al,” Corren et al™®
072 Niebauer et al™
— Walker et al™

100-2500 Drug Tapics Red Baak, 20057

*Monthly cost caleulated based on vearly coat of omalizumab in 2005 dollars for a 70-kg adult with an IpE level of 200 IUfml.,




Humanistiéni 1z1d1 & Feko

Utez- uporabnost ang. “utility”:
m Utez- uporabnost= 1, popolno zdravje
m Utez- uporabnost = 0, smrt

popolno
zdravie

smrt

Najslabse mozno zdravstveno

stanje

Leta zdravstveno kakovostnega zivljenja
“Quality Adjusted Life Years (QALY)”

UteZ- uporabnost

0123456 78 91011121314151617 1819 20
Cas




Leta zdravstveno kakovostnega zivljenja
“Quality Adjusted Life Years (QALY)”

Utez- uporabnost

0123456 728 91011121314151617 1819 20
Cas

Leta zdravstveno kakovostnega zivljenja
“Quality Adjusted Life Years (QALY)”

Utez- uporabno

0123456 78 910111213141516 1718 1920
Cas




Celostno vrednotenje

m Analiza zmanjSevanja stroSkov
Cost-Minimisation Analysis (A EUR, Uc¢inek1=Uc¢inek?2)

H
Cost-Effectiveness Analysis (A EUR, Ucinek1#Ucinek?2)

H
Cost-Utility Analysis (A EUR/ QALYG)

m Analiza stroSkovne koristnosti
Cost-Benefit Analysis (A EUR/ AEUR)

Vir: Urleb U. Farmakoekonomika. Zdrav Vestn 1996; 65: 641-3.

Modeliranje

m Sistemati¢ni pristop k odloCitvam, ko so
informacije nepopolne/negotove.

m Vrste:
¢ Odlocitvena analiza
+ Markovski modeli
+ Simulacija diskretnih dogodkov
¢ Sistemska dinamika
+ Umetne nevronske mreze
¢ Ipd.




Vaja: Loterijska srecka

m KaksSna je vrednost loterijske srecke, Ce je
verjetnost, da dobim 0,1% in nagrada 1M

EUR?

Wu Asthma Policy Model

m Markovski model:
+ stanja, prehodi,
« markovski cikel,

+ absorbirajoce stanje.




Wu Rezultati

Cost-effectiveness ratios™*
Cost per QALY gained ($/QALY) 821,000
Cost per SFD gained ($/SFD) 120

SFD, Symptom-free day.

* ATl cost-effectiveness ratios are incremental compared with the next-
leastcostly, undominated alternative. Reported ratios might not be
precisely equal to the ratio of costs and effects becanse of rounding.

Graf stroskovne ucCinkovitosti

Stroski (EUR)

0,2 0,3 0,4 0,5 0,6 0,7 0,8
Uc¢inkovitost (%)




C/E

m Razmerje stroskov in ucinkovitosti (cost-
effectiveness ratio, C/E): razmerje
stroskov 1in ucinkovitosti za dolo¢eno
strategijo zdravljenja.

C/E= konst

Stroski (EUR)

_/‘.“‘/

T T T
0,1 0,2 0,3 0,4 0,5 0,6

Ucinkovitost (%)




Alternativa= B, 1C/E

Stroski (EUR)

04 05 06
Ucinkovitost (%)

0,7

0,8

C/E, alternativa= 0

Stroski (EUR)

Uc¢inkovitost (%)




alternativa= S

Stroski (EUR

0,4 0,5 0,6
Ucinkovitost (%)

Variante: novi B in A

Stroski (EUR

0,2 03 0,4 0,5 0,6

Utinkovitost (%)




B2 glede na A

Stroski (EUR

0,4 0,5 0,6 0,7 0,8
Ucinkovitost (%)

Dominiranost (absolutna)

Ucinkovitost

Te strategije
SO DOMINIRANE

Referencni primer

Graf stroSkovne ucinkovitosti




Dominirana strategija (absolutno)

m Strategija je dominirana, ko obstaja
alternativna strategija (dominantna), ki je
hkrati cenejSa in bolj u€inkovita.

B3 glede na A

04 0,5 0,6 0,7 0,8
Ucinkovitost (%)




ICER

m Razmerje prirastka stroskov in prirastka
ucinkovitosti (incremental cost-efectiveness ratio,
ICER): dodatni stroSek zdravljenja, ki je potreben za
vecjo ucinkovitost (dodaten ucinek zdravljenja) za
izbrano strategijo glede na neko drugo strategijo
zdravljenja.




Mercedes-Benz CL 63 AMG

Zdravstveni proracun

m Strogo omejen proracun:
+ realokacija sredstev?
m Prikrito omejen proracun:
¢ mejni ICER: 50.000 EUR/QALYG

¢ SZ0O: 3xBDP per cap. => ca 17.000*3= 51.000
EUR

¢ Hemodializa za kroni¢no odpoved ledvic:
+ 93.500 USD/QALY 1.2002

m Pripravljenost na placilo ang. “Willingness to
Pay”(CBA)




Bl gledena S in A

Stroski (EUR)

0,3 0,4 0,5 0,6 0,7 0,8
Ucinkovitost (%)

PodaljSano dominirana strategija

m Strategija je podaljSano dominirana (govorimo
o podaljsani dominanci »extended dominance«),
ko je njeno razmerje prirastkov stroSkov in
prirastka u¢inkovitosti (ICER) vecje kot pri
naslednji bolj ucinkoviti strategiji.

A
ICER A

ICER B1




Krivulja nedominiranih strategij

m Krivulja nedominiranih strategij (efficient frontier ali
cost-effective frontier): krivulja, ki med seboj povezuje
strategije zdravljenja, ki niso absolutno ter podaljsano
dominirane.

Stroski (EUR)

0,2 03 0,4 0,5 0,6 0,7

Ucinkovitost (%)

Strategija [Stroski |Ucinkovitost
zdravljenja |(EUR)
5.000
10.000
12.000
20.000
30.000

Stroski (EUR)

oA
* X

T T T T T
02 03 04 05 0,6
Ucinkovitost (QALY)




Wu Enosmerna obcutljivostna analiza

m Npr. tornadni diagram

Annual Cost
Quality of Life

Baseline Acute Event Rate

Reduchon in Exacerbahons

T T T T T T T T 1
$0 $200,000 $400.000  $600,000 $S00,000 $1,000,000 $1.200,000 $1,400,000 $1.600,000 $1,800,00

FIG 1. Sensitivity analysis. This tornado diagram summarizes a series of 1-way sensitivity analyses. Each hor-
izantal bar represents a given model parameter. The vertical axis represents the base-case scenario, as listed
in Table II. The length and position of each horizontal bar represents the range of cost-effectiveness outcomes
produced by varying that specific parameter over its plausible range, also listed in Table Il

Verjetnostna obcutljivostna analiza

Stroski (EUR)

0,4 0,5 0,6 0,7 0,8
Ucinkovitost (QALY)




RaZSGan graf ICER (npr. strategija E glede na C)

ICER distribucija

Frekvenca

[

0 3.000 10.000 25.000 40.000 55.000 70.000 85.000 100.00(
ICER (EUR/QALYG)




Razsevni graf ICER

Krivulja verjetnosti stroSkovne

ucinkovitosti

80 -
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ang. Cost-effectiveness acceptability curve

T 20.000 40.000 60.000 80.000
20

mejni [CER

100.000




Cost-effectiveness of omalizumab in adults
with severe asthma: Results from the Asthma

Policy Model

Ann C. Wu, MD,*? A. David Paltiel, PhD,® Karen M. Kuntz, ScD,° Scott T. Weiss, MD,
MS,? and Anne L. Fuhlbrigge, MD*® Boston, Mass, and New Haven, Conn

Background: Omalizumab (trade name Xolair) is approved by
the US Food and Drug Administration for treatment of
moderate-to-severe allergic asthma. Given the high acquisition
cost of omalizumab, its role and cost-effectiveness in disease
management require definition.

Objective: We sought to identify the clinical and economic
circumstances under which omalizumab might or might not be
a cost-effective option by using a mathematic model.
Methods: We merged published data on clinical and economic
outcomes (including acute event incidence, frequency/severity
of hospitalizations, and health-related quality of life) to project
10-year costs, quality-adjusted life years (QALYsS), and cost-
effectiveness of treatment with omalizumab in addition to
inhaled corticosteroids. Sensitivity analyses were conducted by
using input data ranges from a variety of sources (published
clinical trials and observational databases).

Results: For patients with baseline acute event rates,
omalizumab conferred an additional 1.7 quality-adjusted
months at an incremental cost of $131,000 over a 10-year
planning horizon, implying a cost-effectiveness ratio of
$821,000 per QALY gained. For patients with 5 times the
baseline acute event rate, the cost-effectiveness ratio was
$491,000 per QALY gained. The projected cost-effectiveness
ratio could fall within a range of other programs that are
widely considered to be cost-effective if the cost of omalizumab
decreases to less than $200.
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Conclusion: Omalizumab is not cost-effective for most patients
with severe asthma. The projected cost-effectiveness ratios
could fall within a favorable range if the cost of omalizumab
decreases significantly.

Clinical implications: Based on the high cost of omalizumab,
it is especially important that clinicians explore alternative
medications for asthma before initiating omalizumab.

(J Allergy Clin Immunol 2007;120:1146-52.)

Key words: Omalizumab, cost-effectiveness, asthma, anti-IgE

The cost of asthma in the United States was estimated to
be US $14 billion in 2002. This amount represents direct
medical costs, such as hospitalizations ($3.1 billion) and
pharmaceuticals ($3.7 billion), and indirect medical costs

($4.6 billion), such as time lost from work and premature
death.! For patients with severe refractory asthma,
the range of available treatment options is limited. Oma-
lizumab, a humanized mAb directed against IgE, was
approved by the US Food and Drug Administration in
2003 as maintenance therapy for adults and adolescents
(>12 years of age) with moderate-to-severe allergic
asthma and inadequate response to inhaled corticoste-
roids (ICSs). Randomized, placebo-controlled, double-
blind clinical trials demonstrate that the addition of
omalizumab to patients’ drug regimens reduces the fre-
quency of allergic asthma exacerbations compared with
ICSs alone.** Additional evidence suggests that omali-
zumab decreases the incidence of clinic visits for asthma
exacerbations, emergency department (ED) visits, and
hospitalizatiorls.2'4'9

Omalizumab is more expensive than any other medica-
tion for asthma. Current US wholesale prices for omali-
zumab average almost $1300 per patient-month for an
asthmatic patient who weighs less than 90 kg. Further-
more, because it must be administered every 2 or 4 weeks
by means of slow subcutaneous injection, omalizumab
requires an increase in the number of clinic visits and
requires additional resources for patient education. In
addition, omalizumab administration must be continued
indefinitely'® because serum IgE levels appear to return
when treatment is withheld.'!

Viewed in the context of limited resources and com-
peting choices, the role of omalizumab in asthma man-
agement is not well defined. Based on its price alone,
many observers have summarily concluded that omalizu-
mab will be cost-effective only in the most limited
patient settings.lz‘14 Oba and Salzman'® conducted a
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cost-effectiveness analysis from a third-party payer’s
perspective and found that the daily cost to achieve greater
than a 0.5-point increase in the Asthma Quality of Life
Questionnaire (AQLQ) score was $378 in 2003 dollars
and that the cost to achieve an additional successfully
controlled day was $523. They concluded that omalizu-
mab is not cost-effective. Another cost-effectiveness
analysis by Brown et al'® suggested that omalizumab is
cost-effective; however, this analysis was based on a small
open-label trial, and the analysis was limited to subjects
who were responsive to omalizumab. This creates a strong
bias in favor of omalizumab. In clinical practice we do not
yet have the ability to select and then treat only those sub-
Jjects who will respond to the medication. Therefore we
have to use the medication in a broader population, which
increases the overall costs and decreases the overall bene-
fits (because there will be nonresponders) from the use of
the therapy on a societal basis. In addition, the authors of
this analysis derived preference-based measures of health
outcome based on the AQLQ. Still lacking in the literature
is a formal cost-effective analysis using directly obtained
preference-based measures of health.!’

Studies taking a societal viewpoint can better discern
which group of patients should be considered for omali-
zumab.'* By taking a societal viewpoint and measuring
effectiveness in terms of quality-adjusted life years
(QALYs), a cost-effectiveness analysis can consider value
for money and provide practical guidance, either to prac-
titioners or to payers, as to the clinical and economic
circumstances under which omalizumab might or might
not prove to be an appropriate and cost-effective option.
To our knowledge, no evaluation of omalizumab has yet
been conducted in conformity with the recommendations
of the US Panel on Cost-Effectiveness in Health and
Medicine."®

METHODS

Analytic overview

We used the Asthma Policy Model, a previously published,
computer-based mathematic model of the natural history and treat-
ment of asthma, to simulate the use of omalizumab in a population of
adult asthmatic patients with severe uncontrolled disease and to
project results into 10-year outcomes, including QALYs, cost, and
cost-effectiveness.'* In accordance with the recommendations of
the Panel on Cost-Effectiveness in Health and Medicine, this analysis
was performed from the societal perspective, with costs updated
to 2005 US dollars by using the medical care component of the
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Consumer Price Index?* and using an annual discount rate of 3%.
Cost-effectiveness ratios for omalizumab in addition to ICSs and
quick relievers alone were calculated incrementally and reported in
dollars per QALY gained. We explored the strength of our conclu-
sions under alternative parameter estimates.

Asthma Policy Model

Details of this model, its underlying assumptions, construction,
input data fields, and analysis, are described elsewhere.'®1? Briefly,
this is a Markov state-transition simulation,”*** a model that charac-
terizes the progress of disease as a sequence of transitions through a
defined set of “health states.” The model characterizes the natural
history of illness as a sequence of flows into and out of 3 healthy
states: chronic, acute, and death. The model assumes that patients
in the same health state also share a similar clinical history and prog-
nosis, a common perception of well-being, and a comparable pattern
of health care use. Acute exacerbations are divided into 3 categories:
urgent care visits, ED visits, and hospitalizations. Patients begin in an
initial health state that reflects published distributions of patient age,
asthma prevalence, and pulmonary function. Each month, patients’
risk profiles might change. Each transition involves a unique set
of mortality risks, clinical consequences, changes in quality of life,
and economic costs. After each month, patients can stay in the same
health state or change to a different state. Exacerbations and hospital-
izations from asthma are accounted for when a patient moves from
the chronic health state to the acute state. The clinical course of a
hypothetical cohort of patients is tracked for 10 years. The Online
Repository at www jacionline.org provides a detailed summary of
the development of the model.

Target population

We considered 2 treatment scenarios for patients with severe

asthma: (1) ICS therapy for longer-term asthma control and quick 2

relievers (eg, short-acting B-agonists) on an as-needed basis and (2) &

ICSs and quick relievers plus omalizumab therapy. We chose to focus
on patients with severe persistent asthma because omalizumab is
currently recommended for this population.

Input data: Effect of ICS therapy

The effect of ICS therapy was expressed in terms of change in
FEV, as a percentage of predicted normal value relative to baseline.
Evidence suggests that a subset of patients with severe asthma might

be insensitive to steroids.>® Thus the use of steroids in patients who |:

are insensitive might add additional toxicity without the benefit that

is realized in other subpopulations. Moreover, we assume equiva- *

lency across all ICS preparations. Although the model can be used
to simulate the effects of a given agent, our approach is consistent
with the most recent version of the National Asthma Education and
Prevention Program guidelines (which acknowledge differences on
a per-inhalation or microgram basis but which do not currently define
any implications of these differences for purposes of clinical dosing
recommendations). For the current analysis, we dampened the base-
line efficacy assumption to reflect the fact that omalizumab is ap-
proved for use in patients who have not achieved adequate asthma
control through ICS therapy. Qur baseline assumption was that ICS
therapy improved FEV) percent predicted values by 17%. In addition,
we explored a range of effect of ICS therapy of 9% (reflecting a 50%
dampening effect of ICS therapy) to 17%.

In our previous work we have published details of these assump-
tions and the evidence base to support them elsewhere.” We note,
moreover, that by assuming limited disease control with inhaled
steroids, we have deliberately biased the analysis in favor of
omalizumab.
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TABLE I. Model parameters for base-case and sensitivity analysis

Range for sensitivity

Attribute Baseline assumptions analysis Sources

Reduction in exacerbation rates (%) 46 3392 Walker et al”®

Reduction in duration/intensity of hospitalizations (%) 63 — Busse et al,? Corren et al?®
Increase in quality of life (%) 0.9 0-7.2 Niebauer et al?®

Increase in FEV, % predicted (%) 29 — Walker et al®®

Monthly cost* ($) 1300 100-2500 Drug Topics Red Book, 2005%7

*Monthly cost calculated based on yearly cost of omalizumab in 2005 dollars for a 70-kg adult with an IgE level of 200 TU/mL.

Input data: Effect of omalizumab therapy

We modeled the treatment effectiveness of omalizumab along 3
independent dimensions: (1) reduction in exacerbation rate, (2)
reductions in the duration and intensity of an exacerbation when it
occurs, and (3) improvement in health-related quality of life
(HRQOL). In this section we discuss the data supporting the
mechanisms of effectiveness and then describe the values we used
for both our baseline and sensitivity analyses. Baseline input values
and parameters for sensitivity analyses are listed in Table 2252

Reduction in exacerbation rate. The Cochrane Airways Group’s
review of omalizumab found a 46% reduction in the rate of
exacerbation in subjects receiving omalizumab plus an ICS compared
with that seen in the subjects receiving an ICS alone.?* Thus in our
base-case analysis we assumed a 46% reduction in the exacerbation
rate. In our sensitivity analyses we explored a range of 33% to
92%, based on previously published studies.?®

Reduced durationlintensity of hospitalizations. Modeled as a
percentage reduction in the severity of acute events, omalizumab
would affect the resource use of urgent care visits, ED visits, and
hospitalizations. Omalizumab treatment resulted in shorter duration
of asthma exacerbations in one clinical trial, with a mean length of
exacerbation of 7.8 days compared with 12.7 days in the control
group (P < .001).2 Based on this difference in length of exacerbation,
we chose to assume a 63% reduction in resource use intensity, which
corresponds to a decrease from 12.7 days to 7.8 days.?®

Change in lung function. The systematic review conducted by the
Cochrane Airways Group suggests a small improvement in FEV; per-
cent predicted? associated with omalizumab therapy. The systematic
review finds an improvement in FEV percent predicted of 2.9% in
subjects treated with omalizumab. Thus in our base-case analysis,
we assumed omalizumab conferred an improvement in FEV, of 2.9%.

Costs. Costs were estimated from published resource use stud-
ies™*® and adjusted to reflect US 2005 dollars by using the
Consumer Price Index.?! Baseline monthly chronic care costs (med-
ications, routine office visits, laboratory testing) were $77 for patients
with severe disease.?® Acute event costs included $75 for non-ED ur-
gent care visits, $290 for ED visits, and $3800 for hospitalizations.?®
Hospitalizations account for a large part of the expense of asthma
care. ICS costs were estimated from published resource use stud-
ies.”?'3* The wholesale price for one 150-mg vial of omalizumab
in 2005 dollars is $568.31.% Dosing for omalizumab was based on
both IgE level and weight (0.016 mg/kg IgE). The 2 clinical trials
of omalizumab in adolescents and adults with severe asthma reported
mean IgE levels of 197 TU/mL.% Thus a 70-kg adult would require
220 mg per dose or 2 vials, Vials of omalizamab are single use,
and unused portions are discarded. The cost of 2 vials of omalizumab
(150 mg each) every 4 weeks is $15,000 per year, which is a conser-
vative estimate of the yearly cost of omalizumab because many adults
weigh more than 70 kg. The maximum recommended dose according
to the manufacturer is 375 mg every 2 weeks, which would entail use
of 3 vials every 2 weeks at a cost of $44,000 per year. Recognizing

the variation of costs based on IgE level, body weight, and costs of
office visits, we explored the effects of varying costs by 10% to
200% of their baseline values.

Improved quality of life. The US Panel on Cost-effectiveness in
Health and Medicine recommends that morbidity consequences be
valued by community preferences for health states be used, whenever
feasible.!® The panel, however, acknowledges the difficulties of
adhering to this recommendation and suggests various practical ap-
proximations. In the case of the relationship between lung function
and values (utilities), published evidence is limited.””*® No studies
have considered a sufficiently rich set of symptomatic health states
to be suitable for our use. Moreover, we know of no studies that
have directly collected community-based preferences in asthma.
As described elsewhere, we previously collected our own preference
weights for use by the Asthma Policy Model through direct utility
assessments by using the time-tradeoff elicitation technique.39 For
each patient, information was collected on FEV, percent predicted
values. In addition, several preference elicitation measures, includ-
ing time tradeoff, standard gamble questions, the Health Utilities
Index, and the Asthma Symptom Utility Index, were administered.>®
The relationship between FEV; percent predicted and preference
scores was estimated by using ordinary least-squares regression.>®
Cognizant of the small size and demographic homogeneity of our
sample, we have previously explored results using preferences ob-
tained through the other elicitation instruments (most notably, the
community-weighted Health Utilities Index*® and the Asthma
Symptom Utility Index).*®? Generally, our cost-effectiveness find-
ings have been robust in the face of plausible variation in baseline
quality-of-life assumnptions.

Based on the systematic review that suggests a 2.9% improvement
in FEV, with omalizumab,*! we used the Asthma Policy Model to
infer the increase in utilities associated with omalizumab (a 2.9%
increase in FEV ) and found that omalizumab produced an improve-
ment in HRQOL of 0.9%. This is consistent with previous findings.®
Thus in our base-case analysis we assumed that omalizumab con-
ferred an improvement of 0.9% of HRQOL..

Prior reports suggest that the correlation between health status
measures and preference-based HRQOL measures is modest at best,
with health status measures explaining less than one third of
the variance in utility >3 A systematic review by Niebauer et al®®
found a significant improvement in asthma-related HRQOL in the
omalizumab- and steroid-treated groups compared with those receiv-
ing steroids alone in adults and children. A weighted average taken
from the 3 adult trials of subjects with asthma estimated an improve-
ment in health status (AQLQ) of 72%%2 In a report focusing on
asthma, Molken et al** observed that an 8.8% relative change in
health status (AQLQ) was associated with a 0.9% change in prefer-
ence based HRQOL (standard gamble). Thus our base-case analysis
assumption of a preference-based HRQOL improvement of 0.9% in
association with omalizumab treatment is consistent with the pub-
lished literature,
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RESULTS
ICSs with quick relievers alone

For patients with severe asthma receiving ICSs and
quick relievers, the model predicts a population average of
0.63 hospitalizations, 0.93 ED visits, and 4.4 urgent care
visits per patient-year (undiscounted).

On the basis of our model, over a 10-year horizon,
patients aged 18 years and older are expected to live an
average of 9.17 years (7.95 discounted life-years), with
virtually all deaths attributable to non-asthma-related
causes. Adjusted for both HRQOL and the time value
of outcomes, this equates to 78.33 discounted quality-
adjusted months (QAMs). Discounted asthma-related costs
are expected to total $16,000.

Omalizumab

Under baseline assumptions, the addition of omalizu-
mab is expected to reduce hospitalizations to 0.31, ED
visits to 0.46, and urgent care visits to 2.17 per patient-year
(undiscounted as shown in Table II). Although life expec-
tancies barely change over a 10-year planning horizon,
quality-adjusted survival increases to 80.01 QAMs. With
the addition of omalizumab, discounted asthma-related
costs increase to $131,000. Thus compared with ICSs
alone, we estimate that over a 10-year planning horizon,
omalizumab confers an additional 1.7 QAMs at an incre-
mental cost of $821,000 per QALY gained.

Sensitivity analysis

In sensitivity analyses assumptions regarding cost of
omalizumab, reduction in exacerbation rate, reduction in
duration and intensity of hospitalizations, improvement in
HRQOL, and increase in baseline acute event raies were
varied over plausible ranges (Table I). The monthly cost of
omalizumab and improvement in HRQOL had the greatest
effect on the incremental cost-effectiveness ratios (Fig 1).
Changing assumptions regarding the baseline rate of acute
exacerbations had significantly less effect on the incre-
mental cost-effectiveness ratios.

Reduction in exacerbations with omalizumab. We
explored the cost-effectiveness ratios for omalizumab if
the efficacy, measured in reduction in exacerbation rate,
varied from 33% to 92%. We found that the cost per
QALY gained varied from $853,000 and $727,000,
respectively.

Higher acute event rates. The baseline acute event rate
was multiplied by a factor of 5 to simulate a high-risk
group with frequent exacerbations; all exacerbation-
related events and their associated costs and HRQOL
effects were increased. For example, the number of
hospitalizations over a 10-year horizon increased to 1.54
per patient-year (undiscounted), and discounted asthma-
related costs increased to $134,000. Given such a scenario,
the cost-effectiveness ratio was more favorable. With
increased acute event rates, omalizumab confers an addi-
tional 2.6 QAMs at an incremental cost of $491,000 per
QALY gained.
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TABLE Il. Base-case analysis over 10-year time horizon

Omalizumab + {CS

Asthma-related events (per person-year)

Hospitalizations 0.31
ED visits 0.46
Urgent care visits 2.17
Discounted QAM 80.01
Costs, discounted
Chronic asthma cost without drug ($) 7300
Acute asthma cost ($) 380
Drug cost ($) 123,000
Total cost ($) 131,000
Cost-effectiveness ratios*
Cost per QALY gained ($/QALY) 821,000
Cost per SFD gained ($/SFD) 120

\@

SFD, Symptom-free day.

*All cost-effectiveness ratios are incremental compared with the next-
least-costly, undominated alternative. Reported ratios might not be
precisely equal to the ratio of costs and effects because of rounding.

Quality-of-life improvement. We explored the cost-
effectiveness ratios for omalizumab if the therapy-related
improvement in HRQOL varied from 0% to 7.2% while
holding other inputs at the base-case scenario. The results
suggest that the cost-effectiveness of omalizumab is
sensitive to omalizumab’s effect on HRQOL. When we
assumed no improvement in HRQOL with omalizumab,
the cost-effectiveness ratio increased to $1.42 million.
On the other hand, when improvement in HRQOL was
assumed to be 7.2%, the cost-effectiveness ratio decreased ¢
to $207,000 per QALY.

Cost of omalizumab. Given the baseline assumption for
acute event rates, monthly drug costs of less than $200
resulted in a cost-effectiveness ratio of $100,000 per
QALY. Similar results were obtained when we assumed
an acute event rate 5 times the baseline value: drug costs of
$450 per month resulted in a cost-effectiveness ratio of
$100,000 per QALY.

DISCUSSION

At $821,000 per QALY gained, omalizumab is not
cost-effective. Although no consensus defines the threshold
that represents acceptable value for money, cost-effec-
tiveness ratios are often placed in context by comparisons
with other interventions, such as hemodialysis for chronic
renal failure.** The “dialysis threshold™ that is frequently
quoted is $93,500 per QALY in 2002 US dollars.
Accordingly, an intervention costing $821,000 per QALY
is not considered attractive value for money.

Not surprisingly, the cost-effectiveness of omalizumab
is highly sensitive to price assumptions. Holding all other
model parameters at their baseline value, monthly drug
costs of less than $100 and $200 per month would be
required to clear $50,000 and $100,000 per QALY gained,
respectively. This would translate into annual drug costs
of $1200 to $2400 for a 70-kg person with an IgE level
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FIG 1. Sensitivity analysis. This tornado diagram summarizes a series of 1-way sensitivity analyses. Each hor-
izontal bar represents a given model parameter. The vertical axis represents the base-case scenario, as listed
in Table II. The length and position of each horizontal barrepresents the range of cost-effectiveness outcomes
produced by varying that specific parameter over its plausible range, also listed in Table Il.

of 200 IU/mL. In addition, the cost-effectiveness of
omalizumab is sensitive to assumptions in improvement
in HRQOL. Based on existing clinical trials, omalizumab
improved HRQOL. When effects were modeled assuming
HRQOL is improved by 7.2% more than when taking
an ICS alone, the cost-effectiveness ratio is close to
$207,000. The cost-effectiveness ratio was less sensitive
to other input data assumptions, such as reduction in
exacerbations, reduction in hospital resource use, increase
in baseline acute event rate, and dampening of the ICS
effect.

Similar to Oba and Salzman’s cost-effectiveness study
of omalizumab,'® we find that the incremental cost associ-
ated with omalizumab is higher than is commonly used as
a benchmark for an acceptable incremental cost. Because
our analysis measures cost per QALY rather than cost to
improve the AQLQ score by 0.5 points for an entire
4 year, it is easier to compare the cost of omalizumab with
~ the costs of other therapeutics and interventions. The anal-
ysis by Brown et al does use the unit of cost per QALY but
has other shortcomings. Although the study used for anal-
ysis includes a total of 206 subjects in the omalizumab
group, the analysis by Brown et al only includes the 68
subjects who responded to omalizumab, defined as having
a 0.5-point or greater improvement in the Mini-AQLQ
(Brown et al'® and Ayres et al*®). Thus this analysis is a
narrow analysis and does not represent the real-world set-
ting in which omalizumab response cannot be predicted
before treatment. In addition, this analysis used utilities
that might not be accurate because they were transformed
from values from the Mini-AQLQ, and the utilities were
based on an open-label trial that could result in biased
responses to the AQLQ.“S'46

Our findings have significant implications for the
allocation of health care resources in the treatment of

severe asthma. Because of the substantial clinical benefits
seen in randomized control trials, omalizumab is poten-
tially a valuable therapeutic strategy in populations whose
prognosis is otherwise poor and for whom few satisfactory
alternatives exist. For these individuals, the usual param-
eters by which cost-effectiveness is judged might be
different from those used in healthier populations. For
example, studies of cost-effectiveness in the treatment of
advanced cancer have demonstrated that society is willing
to pay more to prolong and improve the life of very ill
patients, regardless of whether the interventions are less
cost-effective than those used in healthier patients.*’-°
Nevertheless, based on our analysis, the incremental
cost-effectiveness ratio for omalizumab falls far outside
the range considered reasonable for all but the most se-
verely ill patients.

A few limitations to this study deserve mention.
Perhaps most notable is the fact that this analysis is based
on a model. The logistic and financial obstacles, however,
to conducting a clinical trial comparing omalizumab with
placebo and comparing long-term costs and outcomes
would be difficult to surmount. A model-based approach
permits the extrapolation of costs and health effects
beyond the time horizon of a single clinical study.
Second, a model-based approach can be used to anticipate
the results of new clinical investigations and to guide
clinicians and policymakers in judging the quality and
interpreting the policy relevance of the outcomes. In
addition to relating biologic and clinical information, a
model can provide quantitative insight into the relative
importance of different components of a treatment strat-
egy and investigate how results will change if values of
key parameters are affected. By identifying the most
important sources of uncertainty, a model can also be used
to help prioritize and guide data collection efforts.
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Another limitation of the Asthma Policy Model is that
there might be concern that FEV percent predicted might
not fully predict prognosis. Nevertheless, based on previ-
ously analyses, we found that FEV; percent predicted is
associated with symptoms, acute exacerbations, costs,
and quality of life. In addition, using FEV, percent pre-
dicted as an asthma severity index has several advantages
of objectivity and reproducibility and is an underlying
physiologic driver of clinical events. Furthermore, the
rates of exacerbation predicted in our model are lower
than the rates in the clinical trials, likely because our model
predicts rates of exacerbation of a general population
rather than a population in a randomized control trial
that is selected for being more sick; however, we ad-
dressed this concern by examining the effect of changing
our assumptions for the baseline exacerbation rates for the
population in sensitivity analyses. Moreover, we do not
include indirect costs, such as lost productivity, in our
analysis. The Panel on Cost-Effectiveness in Health and
Medicine recommends not to do so. Instead, indirect costs
are incorporated in the measure of QALYSs.

To summarize, omalizumab does not provide sufficient
clinical benefit and resource savings to justify its current
price in a general population of patients with severe
asthma. The projected cost-effectiveness ratio might fail
within an accepted value range for interventions within the
United States if the cost for omalizumab decreases
significantly.

This analysis and the development of the model on
which it is based were supported by the National Heart,
Lung, and Blood Institute. Although we gratefully ac-
knowledge its support and scientific advice, the agency
played no significant role in the design or conduct of the
study. No limitations on publication were imposed, nor
was any prepublication review required.
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