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Introduction: Omalizumab is a recombinant monoclonal anti-IgE antibody approved in the US as add-on
treatment in moderate-to-severe allergic asthma (in severe allergic asthma [SAA] in Europe). A 2016 review of
24 real-world effectiveness studies in SAA published between 2008-2015 concluded that omalizumab was
associated with significant improvements in objective and subjective outcomes with benefits extending
beyond 2 years. Several new real-world studies have been published since, bringing the total to 42 studies.

Areas covered: This systematic review of 42 studies published since 2008 updates and extends the 2016
review on the real-word evidence on omalizumab in SAA. It offers greater granularity as to time windows within
which outcomes are reported and includes studies extending well beyond 4 years post omalizumab initiation.
Expert commentary: This review firmly establishes the short-term effectiveness of omalizumab in
adolescent and adult patients with SAA at 1 year, and provides strong evidence of long-term effec-
tiveness up to 4 years and emergent evidence of effectiveness beyond 4 years. In the aggregate, these
42 studies underscore the long-term effectiveness of omalizumab in terms of: reducing exacerbations
and symptoms, achieving asthma control, improving lung function, enhancing quality of life, decreasing
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emergency department visits and hospitalizations, and promoting concomitant medication-sparing.

1. Introduction

In its 2018 report, the Global Asthma Network estimated that as
many as 339 million people worldwide, or 5% of the world popula-
tion, suffer from asthma [1], with other estimates reaching as high
as 16% [2]. Asthma is the 16" leading cause of years lived with
disability and the 28" ranked cause of disability-adjusted life years
[1]. About 1000 people die of asthma daily [1]. With no cure,
asthma management strategies aim to: control the clinical aspects
of the disease, including respiratory function; prevent exacerba-
tions and thus reduce unscheduled medical visits, emergency
room admissions, and hospitalizations; lower medication burden;
and enhance quality of life.

One treatment target concerns the antibody class of immu-
noglobulin E (IgE), which binds to the high-affinity receptors
on the surface of mast cells and causes these cells to release
inflammatory mediators [3]. Omalizumab (Xolair®, Novartis,
Basel, Switzerland; Genentech, San Francisco, California USA)
is a recombinant monoclonal anti-IgE antibody that binds to
free IgE and downregulates high-affinity IgE receptors (FceRI)
on mast cells as well as basophils, eosinophils and dendritic
cells [4,5]. Omalizumab interrupts the allergic cascade by inhi-
biting IgE from binding to these receptors [4,5], preventing IgE
cross-linking [6], limiting mast cell degranulation [5,6], and

minimizing the release of mediators in the early- and late-
phase of allergen response [6,7]. It is administered as add-on
treatment to inhaled corticosteroids (ICS) and/or long-acting
B-agonists (LABA) [8,9]. The efficacy and safety of omalizu-
mab were demonstrated in phase lll clinical trials, including its
positive impact on asthma symptom management and con-
trol, exacerbations, medication burden, and quality of life [9-
12]; were confirmed in subsequent studies and a meta-analysis
[13]; and have been summarized extensively [14-23].
Following the approval of omalizumab for moderate-to-
severe allergic asthma in the US in 2003 and for severe allergic
asthma in Europe in 2005, several ‘real-world’ (also referred to
as ‘real-life’) studies were initiated to evaluate the effective-
ness of omalizumab add-on therapy under conditions of het-
erogeneity in patients, clinicians, and settings. In a prior
independent systematic review of 24 such studies [24-47]
published between 2008 and 2015 and covering 4117 unique
patients with severe allergic asthma from 32 countries, we
concluded that omalizumab was effective in: reducing asthma
symptoms, exacerbations, and work/school days lost; improv-
ing asthma control; improving lung function; decreasing
healthcare utilization; lowering the use of other asthma med-
ications; and enhancing quality of life; while presenting
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Article highlights

e 42 real-world studies published between 2008 and 2018 were
reviewed to confirm the short-term and to evaluate the long-term
effectiveness and safety of omalizumab in the treatment of severe
allergic asthma.

o Omalizumab treatment is associated with significant short- and long-
term improvements in clinical outcomes, quality of life, healthcare
resource utilization, and medication-sparing.

e Omalizumab is associated with reduced exacerbations and symp-
toms; better asthma control; improved lung function; enhanced
quality of life; fewer emergency room visits and hospitalizations;
and lower use of corticosteroids and other asthma medications.

e Our review establishes the short-term (up to 1 year of treatment)
effectiveness of omalizumab, provides strong evidence for its long-
term (up to 4 years) effectiveness, and presents emergent evidence
for its effectiveness over 4 and more years of treatment.

e The reductions in healthcare resource utilization and concomitant
asthma medications are likely to translate into significant cost
savings.

This box summarizes key points contained in the article.

a similar safety profile as that of the randomized controlled
trials [48]. That systematic review was the basis for an inde-
pendent meta-analysis [49] of these 24 studies plus one sub-
sequently published investigation [50] that synthesized results
for the following outcomes: Global Evaluation of Treatment
Effectiveness (GETE); FEV; (% predicted); Asthma-related
Quality of Life Questionnaire (AQLQ); Asthma Control Test
(ACT); oral corticosteroid (OCS) and ICS use; asthma exacerba-
tions; and asthma-related hospitalizations. The meta-analysis
demonstrated that, quantitatively, the real-life effectiveness of
pharmacotherapy with omalizumab mirrors, complements,
and extends the efficacy data from randomized controlled
studies.

Several new real-world studies have been reported since
our initial systematic review, bringing the total to 42 studies
published between 2008 and 2018 and including a total of
9377 patients from 35 countries. In the aggregate, thirty of
these studies (n = 3558) included adult patients only, and
twelve studies (n = 5819) comprised both adult and adoles-
cent patients. We report here on an updated systematic
review of these 42 observational studies of the real-world
benefits and harms of omalizumab in the management of
severe allergic asthma. Notably, our prior systematic review
[48] and meta-analysis [49] provided strong evidence on out-
comes up to 1 year with some emergent evidence beyond
1 year. This present systematic review also provides significant
evidence for the long-term effectiveness of omalizumab after
2 and 3 years of treatment, with emergent evidence well
beyond 4 years.

This present systematic review is part of a broader initiative
to synthesize the real-world evidence on omalizumab. In addi-
tion to our earlier independent systematic review [48] and
meta-analysis [49], two papers commissioned by Novartis
have summarized the evidence on omalizumab in childhood
asthma [51,52]. We recently published a commissioned sys-
tematic review [53] and meta-analysis [54] of omalizumab in
the IgE-mediated condition of chronic idiopathic/spontaneous
urticaria.

2. Evidence base

This is an update and extension of the Abraham et al. [48]
systematic review published in 2016 on the real-world effec-
tiveness of omalizumab in adults with severe allergic asthma.
The protocol for the prior systematic review, based on the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [55] guidance, was updated. This review
extends our prior review in terms: study designs used; the
patients in these studies; the effectiveness of omalizumab ther-
apy in terms of clinical, health resource utilization, quality of life,
and medication-sparing outcomes; and safety. However, it does
so with greater granularity as to time points at which, and time
windows within which, outcomes are reported; specifically, at
the fixed time points of 16 weeks and 1 year, and the time
windows of 5-9 months (including the 6-month mark), 23 to
32 months (including the 2-year and 2.5-year marks), and
36 months (or 3 years) and beyond. In addition, effectiveness
and safety outcomes are presented on standardized scales
of percent change; specifically, positive percent change for
improvements on positive outcomes, and negative percent
change for improvements on negative markers.

2.1. Eligibility

Eligibility for inclusion was defined in PICOS terms:

Participants Male or female adolescents and adults diag-
nosed with severe allergic asthma.

Interventions Treated with omalizumab for severe allergic
asthma.

Comparators Permissible but not required.

Outcomes At least one measure of the following: lung
function, exacerbations, daytime or nighttime symptom:s,
asthma control (Asthma Control Test [ACT] or Asthma
Control Questionnaire [ACQ]), quality of life (Juniper Asthma-
related Quality of Life [AQLQ] or European Quality of Life
Questionnaire 5 Dimensions [EQ-5D]), physician-rated asthma
classification (Global Initiative on Asthma [GINA]), physician-
rated treatment effectiveness (Global Evaluation of Treatment
Effectiveness [GETE]), asthma-related emergency department
visits or hospitalizations, use of concomitant anti-asthmatic
treatments, or safety.

Studies Any observational method including registry,

retrospective chart review, prospective observational
study, or pragmatic trial reported as full-text articles.
Note that we also admitted studies that included both adult
and adolescent (age 12 years or older) patients, but not chil-
dren. However, to assure a predominant adult study popula-
tion, the pooled weighted mean age for the adult/adolescent
set of studies could not be statistically significantly lower than
that for the adult-only set of studies.

2.2. Search strategy, screening, and data extraction

PubMed, Embase and Cochrane Library databases were searched
from initiation on 17 July 2018 using the terms ‘IgE’, immunoglo-
bulin E’; ‘omalizumab’; ‘asthma’; ‘effectiveness’, real-life’, ‘real-
world’; without date, sample size, or language restrictions.
Abstract-only publications were not included due to lack of



sufficiently detailed data. Additional potential sources were identi-
fied through citation analysis and general monitoring of the litera-
ture. With the search period being from initiation of the databases
to 17 July 2018, it was possible to validate the studies in the prior
systematic review [48] in addition to identifying studies reported
since 2015.

If two or more publications containing the same subjects
were identified (either partially or wholly), the publications
were assessed for sample size and detail of reporting, and
only one publication was selected for inclusion. Likewise, sub-
sequently published pooled analyses comprising one or more
samples already selected for this review were excluded. One
exception is the eXpeRience Registry in which different out-
comes on the entire sample were reported across three differ-
ent publications [39,56,57]. This registry study is included in
this review once but the data were aggregated from the three
publications.

An initial pool of 755 publications was identified (Figure 1).
Following removal of 61 duplicate citations, 694 studies were
retained and screened, of which 625 were rejected. The
remaining 69 full-text articles were assessed for eligibility
and 27 were excluded: 11 papers reported results on samples
previously published and thus included duplicate cases, 10
were ineligible per PICOS criteria, and 6 lacked sufficiently
detailed outcome data. This yielded a total of 42 studies.

Data were extracted as reported in the published studies,
except where noted, and entered into master tables of evi-
dence (Supplementary Tables S1 through S4).
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2.3. Other methodological considerations

Published results in all papers were validated, data permitting, to
assess data integrity and derive common metrics for comparisons
across studies. Hence, results in our analysis may diverge from
originally reported data if recalculations were done using
a different formula to permit cross-study comparisons. Changes
in outcomes between baseline and each reported time point were
transformed into percentage change. The statistical significance
associated with changes, if reported, was extracted from the origi-
nal publications. The reported or standardized data from the
individual studies were aggregated where possible to provide
pooled weighted estimates (either pooled weighted percentage
or pooled weighted mean+SD). To minimize bias, non-significant
results reported in the original publication were included in our
pooled estimates.

3. Review of studies

Table 1 summarizes the 42 studies stratified by 30 adult-only
studies [24,26,27,30-37,40-47,58-68] (n = 3558) and 12 adult/
adolescent studies [25,38,39,56,57,69-77] (n = 5819). These 42
studies comprised a total of 9377 patients from 35 countries:
25 in Europe (incl. Israel, Russia, and Turkey), 5 in Asia-Pacific
(incl. Australia), 3 in North-America, and 2 in South-America.
Detailed data by study are presented in the Supplementary
Tables S1 through S4: patient demographics, clinical status,
healthcare resource utilization, and asthma treatment at

c Records identified through Additional records identified
.g database searching through citation analysis
© (n=737) (n=18)
O
: l l
p =]
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(<)
=
Records after duplicates removed
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>
= v Full-text articles excluded
a Full-text articles assessed (n=27):
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Figure 1. Data identification, screening, eligibility and inclusion.



556 K. M. MACDONALD ET AL.

(panupuod)

Va Va VA A Va VA Va A A xL10T "|e 19 0][3150)
a , r Va Va Va Va Va r a Va %L10Z '[e 33 1anbsnog
Va Va a Va A Va Va %010 “[e 32 ejozze)
, , , S , r , v , %6007 “|e 13 uloy
Va a Va A A %800T “|e 33 plewljol
SIUA?  suonedipaw asn skep suonezijendsoy SUSIA SUSIA 150]  swoldwAs swoydwAs suoneqiadexy DIV DY (asoa 3139 VNID (pa1es anafqo 'A34 s)npe uo salpnis
9SI9APY  JUBJWIODUOD  PIOIBISOdII0d  Uonezije)dsoH juawyedsp 3siepads  Jsuonipdesd  skep awn swn-Aeq OAUOd  (oNUOd DIV ISSIUIAIDAYD -uepisAyd)  1aylo :uonduny
JEINTe) 1UBWOOUO) Aousbisw3 IIENEDY |looyds -yBIN ewyIsy  ewyisy  [luiw] paes andafgns  :uonduny bun
Ji0 ‘OT0v) -uepIsAyd uonduny bun
SUoM | Jo Bunq
Aujenp
pauiodal SJUSWISSISSE SSAUIAIIDYT
’r ’ L0oL £65¢€ ueder 1eak | anndadsold 7 80T “[e 13 Iydepy
s1eaf 7 ya ya oL ~$91 duel4 ek | aAIPadsoRY 9L £10T “[e 19 uluebeq
, bbLz bo9L ejjensny 1eafk | anadsold S/ 2102 “Ie 12 Aqyew
, Vs oL 8L puejieyy JLET andadsonsy vL £10T “|e 19 buomejewemey
SYuoW 7'L€ F 9'Gh 4 16 Ay 1.k | aAads0119Y €/ £10T “|e 13 euogig
syuow g , ’ 44 85T n 1eak | anndadsold 42 9107 “[e 39 UBAIN
SYIuoW §'€ F €9 09 ¥1T ureds Jeak | anadsonay 1L 10z “|e 19 ‘eaypoduy
([z9-9€ abuel]
SYIUOW 7'8 F 8'0%) MSIA 1se| ‘sieak € ‘s1eak ¢ Vi 1 9T Ay Jeak | dAadsonaYy 0L €10Z “le 32 4nbzQ
sieak Z ‘sw gl ‘sw g Vi ya ST6 vvSnoLeA JLET anadsold 15'95'6€ §4'1€ 19 |yeisunelg
Vs ya oL o€l N Jeak | anadsonay 8¢ +€10T “|e 19 sauleg
(syuow 7'6) SY9M 0Of L 9L Ay uow | aAadsold 69 LLOT “[e 33 elej3d
,r a s€ 851 wnibleg Jeafk | andadsold 44 «600C “|e 19 3j|assnig
SJUIISI|OPE pUue S)NPEe YIIM S3Ipnis
syuow 9 03 ¢ , 8L 0o€TL Duely Jeak | anadsonay 89 8107 “[e 19 Laquiny
VA VA L 174 sjlewusq syjuow 9 AAIadsolRY /9 /10T "|e 19 pieebAN
(1z1-€Z abues)
SYIOW 60 F £'09 1% aAndadsonay 99 £10T “[e 12 Insuepy
Va L 45 andadsold S9 £10T “[e 13 ojuid-oy[eate] ap
syuow g/ F £'G€ L 6l aApadsony 9 9L0T NI> % el
syluow gz F L€ 70k §9 =2
supuow 2z ¥ 9¢ *0'”k 49-0
syuow zz ¥ o€ 1ok 6£-8lL 8l 2S0L Ay 1eak | aApadsonay €9 910z “[e 33 ojesods
Vs L *xx€S puejod 1eak | anadsold 9 910z “[e 12 eysyidr-sKidny
sieaf ¢ Iy 0DIX3 1.k | andadsold Vid G107 “|e 1@ ol
sypuow zg 9T 90€ Ay 1eaf | aAadsold o ¥SLOT “[e 33 ]j3roN
syaaMm ¢ Vs 1 l 44 ejjepy 1eak | aAdadsoid 19 S10Z “e 12 J1apnon
sieak 7 a , Sl |ebnuiog 1eafk | anpadsold S «¥10T e 19 BaBIA
,r , 1€ ueder 1.9k | andadsold 4 «710Z “|e 19 ufe]
SYIuow 9| F €7 6 65 Aey 123ds 10N anndadsonay 09 10T “[e 39 neulwed
sieak 7 , , 9T |ebnyiog 1eak | aAadsonay 3% «710T “|e 19 eqoue)ly
a 0€ puejay) syjuow 9 aAPadsolRY o +E10T “|e 12 welueweigng
syluow § ¥ vsn 1ads 10N aAndadsoid Iy *E10T “[e 19 uosuawiay|
(ueaw) sieak /£9'| 6Cl VLS duel4 ek | anpadsold ov «E10T “|e 13 epnosuag-Ip|ewi
syjuow g 0} 9 7|
syuow € 01 7 ;11 €S Auewsan 1eaf | anndadsold 65 Z10Z “[e 12 uaydMIM
sieaf 7 a , 0€ 997 ureds ek | anadsold Vi3 10T “|e 19 BIBUUIA
sieaf ¢ ya a v 09 snudA) ‘93910 Jeaf | aAadsolRY 9¢ %CL0T “|e 12 ezuoz|
paypads 10N 65 N 1ads 10N EIVIRElHJIEN] [+ *CL0T “|e 19 Aaudams
Vs Vs 58 S61 Auewan )M 9| aAadsoid € +C10T “[e 32 uuewnyds
0T 99M B TL X9dM 8L |izeig 13ds JoN anadsold €€ *CL0T “[e 13 uigny
a €€ [CEN] 1eaf | aApads01RY 43 +CL0T “|e 19 wanoy
sieaf ¢ 91 Ay yuow | aAadsolay 85 Z10T “Ie 19 04BN |eq
’ 9 €9 pueja.| syiuow 9 anadsonay 13 +L10Z “[e 39 0||3350)
syPam ¢ Vs 90L e vSNOLIBA Jeak | aAndadsoid o€ +110T ‘|e 19 19nbsnog
’ €l wl ey 1eaf | anndadsold Yid X010 “[e 39 ejozzed
Va , bEL 08¢ Kuewssn ek | anndadsold 9T «600T “|e 13 uloy
syjuow g = oyl duel4 ek | anadsold IZ4 %800C “|e 19 plewijop
19410 Jeak | syjuow 9 syeam 9| s191uad/sueIsAyd (pa1e211-gewnzi|ewo) Anuno) Adesayy qewnzijewo-aid ubisag Jaquinu 3duIJRY S)npe uo salpnis

aulpaseq 1e N a|qenjea3 elep anpdadsonay

pauodas syuswssasse Jo syujod dwi|

"pa1I0dal SAWODIN0 SSIUIAIDDYS pue ‘sjuawssasse Jo syulod awiy ‘subisap jo Alewwns *| 3|qe]



‘plo sieak = ‘oA

's19puodsal 9| = U U0 sieak z 190 pauodal S} Nsal ‘GeuwnzIjewo PaNUIIUOISIP PUB SYIUOW 9 1B SISpUodsal-uou 3Iam (%8°0Z) €& YdIym Jo £07 = u djdwes [ejo] ~

[8£] 910Z “|e 1 uosqin woy A}

9 pue ubisap Ansibay Jiejox elensny jo uondudsag bl

"33y pamodai 10u g40D Buiddepano yum swusned /| Jo 1oyod e sapnpui osje Apnis |
'319y pauodal Jou sieak /-9 abe syuaned | Jo HOYod e sapnpul osje Apnis .,

(LE = u) s1eak 69 (19 = u) sieak $9-0F ‘(€L = u) s1eak ge—g| souobaled abe Aq pauodal synsas paynens ,

(syusned gewnzijewo bumnuiuod a1am djdwes Jo Japulewsl) syuared OAOU 3p 9| = U UO P3}dNPUOd UOIIN[BAD SSIUDAIIRYD ‘€G = U I[AWES [IN4 xxx
95 = U uofenjeAd A)ajes

‘€6 = U UOIIBN[BAS SSIUAIIIRYD 1219y pariodal dnoib pajeasl-gewnzijewo Ajuo ‘qewnzijewo Jnoy)m a1ed jensn BUuIAIdAI $|043U0d paydlew pue dnoif paleasi-gqewnzijewo oy Aj93esedas payiodal synsal ‘9oL = U djdwes [In4 .

uemie] ‘uieds ‘elUSAO0IS ‘BBjRAOIS ‘BIsSNY ‘|ebnuod ‘sauiddijiyd ‘spuepayiaN ayl ‘Arebuny “d1gnday yasz) ‘snidA) ‘epeue) ‘euebing ‘eunusbiy vy
wopbury pajun syl pue ‘AaxIn] ‘puepsZIMS ‘UBPaMS ‘uleds ‘puejod ‘AemioN ‘Ajey ‘|aeis| ‘Kiebuny ‘Auewsn “yiewusq ‘epeue) ‘wnibjagy
[£S] ¥10T ‘[e 32 |yeisunesg pue [96] €107 “|e 19 uay) ‘|yeasuneig ‘[6€] £10T ‘|6 1° AHjswn|yd ‘|yeisunelg :suonediignd a1y ul payodas ase ejep ‘A1sibay adusiyadya wioly si djdwes §

[8%7] 9107 “|e 19 Weyeiqy M3IAI d1zewalsAs Joud Ul papnpul Apnis,

EXPERT REVIEW OF CLINICAL IMMUNOLOGY 557

SSSS

S

»

SSSS SOS

>

SOS SSSSS

SSSSSS

,
»

»

SOS

a ,
,

»

SS S

Va
a

P

/S ,

»

SSSSS >

SSSSS SSSSS SS

SSS

,

SS S

SSSS

SS S

»

SSSS

,

,
2

SSSSSSS

SSSSSSSSSSSS SOS

SOS

V

80T “[e 12 Iydepy
£10T “[e 19 uluebeq
£10T “[e 32 Aqyew
£10T “|e 13 buomejewemey|
£10T “le 12 euogid
9L0Z “|e 19 USNIN
10T “|e 19 ‘eaydoduy
£10Z “|e 32 4nbzQ
§+18 39 |yeIsunelg
*€10T “|e 13 sauleg
LLOZ “[e 12 eledd
X600T “[B 39 3[[355nug
sjuadss|ope
pue synpe yum saipnig
8107 “|e 19 Uaquiny
£10T '[e 39 preebAN
£10T “[e 13 Insuepy

£10T
“|e 19 0luid-oy|eAted p

9loc R ie|

9107 “|e 19 o1esods

910z “|e 19 eysuidi-skidny|
¥SL0T “[e 39 ol

%G10T “[e 39 1]|9A0N

SL0T “le 33 J3pnon

*10T “[e 33 BRI

*L0Z “1e 19 uifel

10z “|e 19 neulwe)
«710T “[e 12 eqoue)ly
+E10T “Ie 19 wejueweiqns

*EL0T “[e 13 uosuawdY

+€10C
“|e 19 epnosuag-1pjewun

710T e 19 uaydm
*CL0T “|e 19 RISUUBA
«C10T “|e 19 ezuoz|
+21L0T "|e 19 Aaudams
%ZL0T “[e 39 uuewnyds
%CL0T “[e 18 uigny
«CL0T “Ie 19 wanoy
710T “Ie 19 o4baN |eq

SN
3sIaAPY

suoiedIpaw
1UBJWODOUOD
pEhTe]

asn
P104315021140D
JURWOdU0)

skep
uonezije)dsoH

suonezijeydsoH

SUSIA

juswyedsp

fousbiaw3

X

&

150]  swordwiAs
skep awn
[ooyds -WOIN
10

.u.o% Jauonnoeld

|ersuan

swoldwiAs
swn-Aeq

suoneqiadexy

0oV
:Jouod
ewyisy

1oV
‘Jonuod
ewyisy

(aso3
‘D10Y
[tuiw]
‘D10V)
ay| Jo
Aujenp

3135
1SSAUBNIIIYD
paiel
-uenisAyd

VNI

(pares
-uepisAyd)
anafgns

:uonouny
bun

aAalqo
I

:uonduny
bun

A3
:uonduny
bun

ﬁwtOQwL SJUDWISSISSE SSAUDAINIRYT

s)npe uo saipnis

“(PanuNUOD) *L qeL



558 (&) K. M. MACDONALD ET AL.

enrolment (Table S1); and evolution in clinical outcomes and
quality of life (Table S2), healthcare resource utilization (Table
S3), and medication and safety outcomes (Table S4). These are
subsequently aggregated into summary tables of demo-
graphics and baseline characteristics (Table 2) and evolution
of outcome measures (Table 3).

Note that evolutions are presented at two fixed time points
(16 weeks and 1 years) and in three time windows (5--
9 months; 23-32 months; and 36 months and beyond). Not
all studies reported on similar time frames, as some studies
had shorter and some had longer follow-up durations.
Outcomes at different time points may or may not include
the same patients, the same samples, and the same studies.
Trends over time should therefore be interpreted as trends
across studies and their samples. Longer follow-up durations
are unlikely to include all initial patients. Various causes of
censoring are likely (e.g., attrition, lost-to-follow-up, disconti-
nuation of omalizumab, or death). Analyses at a given time
point or time window could be influenced by long-term
responders. Findings should be interpreted as pertaining to
those persisting in treatment due to, among other reasons,
positive treatment response.

3.1. Study designs

Of the 42 studies, 23 (55%) were designed as prospective and
19 (45%) as retrospective studies (Table 1). The prospective
studies included 17 (74%) adult-only studies and 6 (26%)
adult/adolescent studies. Of the 19 retrospective studies, 13
(68%) studied only adults and 6 (32%) a mixed adult-
adolescent sample. Most (36/42; 86%) studies reported retro-
spective data from prior to the initiation of omalizumab ther-
apy. The majority of these (30/36; 83%) went back 1 year,
including 19/24 (79%) adult-only and 11/12 (92%) adult/ado-
lescent studies reporting pre-omalizumab data.

Evaluable sample sizes ranged from 4 to 3593 patients,
including from 4 to 723 patients in the adult-only and from
16 to 359 in the adult/adolescent studies. Though only 28/42
(67%) of studies stated the number of physicians or centers
contributing patients, the observed range was from 1 to 1001,
including 1 to 134 for the adult-only studies and 1 to 1001 for
the adult/adolescent studies.

Sixteen weeks is the indicated time point to initially assess
treatment response and decide about continuation of omali-
zumab therapy. Only 11/30 (37%) adult-only and 6/12 (50%)
adult/adolescent studies reported fixed 16-week data. A few
studies 7/42 (17%) reported fixed 6-month data and 18/42
(43%) reported fixed 1-year data, including the majority (8/12
or 67%) of adult/adolescent but only 10/30 or 33% of adult-
only studies. In total, 26/42 (62%) of studies reported data at
various other time points ranging from fixed 2 months to
4 years or at averages ranging from 20 to 60.7 months.

In descending order, the clinical outcome variables and
instruments most consistently evaluated — across time points
but not necessarily at each time point or in each time win-
dow - were exacerbations (74% of studies), FEV; (% predicted)
(71%), concomitant corticosteroid use (69%), hospitalizations
(55%), emergency department visits (45%), ACT (43%), conco-
mitant medications other than corticosteroids (36%), GETE

(31%), and AQLQ (26%). All other outcomes were evaluated
in fewer than 20% of studies. Adverse events were recorded in
55% of the studies.

3.2. Baseline characteristics of patients

In pooled weighted analyses, mean (+SD) age of patients
at enrolment across all studies was 52.3 + 14.6 years across
(see Table 2). Mean age was 48.8 years in adult-only versus
54.4 years in adult/adolescent studies, showing that mean
age in the adult-adolescent sample was not suppressed by
the inclusion of small sub-cohorts of adolescents. Unless
marked differences are noted between the adult-only and
adult/adolescent studies, we focus on the all-studies
results.

About two-thirds (63.2%) of patients were female and
70.9% of patients had never smoked. At baseline, mean
weight was 74.8 kg, mean serum total IgE was 374.3 [U/
mL, and mean FEV, was 64.7% predicted. In terms of
asthma control at baseline, mean ACT scores were 14.1
(reported in n = 13 studies) and mean ACQ scores were
3.0 (n = 7 studies). Quality of life was significantly impaired,
as indicated by mean AQLQ scores of 3.8 (n = 8 studies). In
the year preceding the start of omalizumab therapy, 93.8%
of patients had experienced exacerbations (reported in
n = 14 studies) and the weighted mean number of exacer-
bations per patients in the preceding year was 4.0 (n = 25
studies); 28.6% had required at least one emergency room
visit (n = 5 studies) and the weighted mean number of ER
visits per patient was 2.0 (n = 7 studies); and 26.2% were
hospitalized at least once (n = 10) with a mean of 0.9
hospitalizations per person (n = 16). Daytime (90.5%) and
nighttime symptoms (79.5%) in the year prior to enrolment
were reported in a large majority of patients, though this
information was collected in only a small number of studies
(n = 4 and n = 5, respectively). Summarized, patients who
comprised the samples in these studies had the hallmarks of
severe allergic asthma including high serum concentrations
of IgE, poor predicted FEV,, poor asthma control, frequent
emergency department visits and hospitalizations, and
impaired quality of life.

Virtually all patients were previously treated with ICSs
(98.8%) and LABAs (96.7%), and many (73.2%) with leukotriene
receptor antagonists (LTRA). Compared to the adult-only stu-
dies, the adult/adolescent studies reported proportionately
higher rates of treatment with LTRAs (80.1% vs. 58.0%) and
theophylline derivatives (59.1% vs. 25.8%).

Weighted mean omalizumab dose, as reported in 21 studies
(n = 6,084), was 308 mg/month. Eight studies reported that an
aggregated 20.4% of patients were initiated on an omalizumab
dose inconsistent with the recommended dosing schedule.

3.3. Effectiveness

Table 3 summarizes the time course of outcomes measures
from baseline to the fixed time points of 16 weeks and
12 months, and from baseline to the time windows of 5--
9 months, 23-32 months, and through > 36 months. As the
first 16 weeks are a trial period to evaluate whether patients
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respond to omalizumab, and a decision to continue of dis-
continue treatment is made at this time, we focus mainly on
outcomes in patients in whom treatment is continued.

Figure 2 depicts the standardized outcomes where
improvement is expressed as a positive percentage from
baseline. Figures 3 and 4 present the standardized out-
comes where improvement is expressed as a negative per-
centage from baseline. For a given outcome, the diamond
represents the point estimate of the pooled weighted
mean percent of change over baseline. The bar denotes
the lowest and the highest percent change reported by
singular studies and also reflects the relative variation in
rates reported across studies.

3.3.1. Clinical outcomes

In terms of objective lung function, FEV; (% predicted)
improved consistently from baseline by an average of
8.5% to 12.4% between 5 and 32 months, and by an aver-
age of 26.0% from baseline to = 36 months. Some studies
reported improvements from baseline as high as 42%
and 51%.

Major reductions in exacerbations were identified. At
the 5-9 month time window, exacerbations declined by
an average of 55.3% compared to the year prior to omali-
zumab treatment. At 12 months, the rate was 38.4% lower
than the 12 months pre-omalizumab and this trend con-
tinued over time to eventually reach declining averages of
60%. Singular studies reported decreases in exacerbations
beyond the initial 16 weeks as high as 80% and 90%. In
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Figure 2. Effectiveness outcomes: % increase from baseline for FEV1, ACT, GINA and AQLQ.
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Figure 3. Effectiveness outcomes: % decrease from baseline for asthma symptoms and healthcare utilization.

parallel, the annual number of exacerbations per patient
declined on average by 31.5% at 5-9 months, and this
decline continued steadily to 62.2% at 12 months and
83.9% at 23-32 months; to settle at a 70.7% decline at
36 months and beyond. Singular studies reported

percentages of decline in exacerbation events between
80% and 88%.

Whereas daytime symptoms had decreased by an aver-
age 68.7% by the 5-9 month time window, later on the
reported decreases averaged slightly above 40%. Singular
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% decrease from baseline
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Figure 4. Effectiveness outcomes: % decrease from baseline for concomitant asthma treatments.

studies reported declines as high as 83%. In contrast, nighttime symptoms was 59.6% but improved to 68.6% in
nighttime symptoms declined initially by 75.9% (5-- the 23-32 month time window. Improvements in night-
9 months) over baseline. At 12 months, the decline in time symptoms by as much as 84% (5-9 months) and 90%



(23-32 months) were reported in singular analyses.

As to asthma control, ACT scores improved by about 45%
over baseline between 5 and 32 months, with an improve-
ment by 55.6% noted at 36 months and beyond. Individual
studies related changes as high as 77% at 12 months, 90% at
23-32 months, and 109% at = 36 months. ACQ scores showed
consistent average improvements by about one-third over
baseline from the short-term (5-9 months) to the relatively
long-term (23-32 months). Average improvements in GINA
classification varied between 35.7% (12 months) and 75.4%
(5-9 months); with the dual caveat that the GINA classification
is limited to 4 levels and therefore yields relatively little varia-
tion in general, and that only 1 or 2 studies reported useable
data further limiting variability.

On average, about two-thirds of patients were classified as
good or excellent on the GETE scale at 16 weeks, 5-9 months,
and 1 year after the start of omalizumab treatment. This
increased to an average of 80.8% by 23-32 months.

3.3.2. Quality of life

AQLQ scores increased significantly to an average 46.1% over
baseline over the first 9 months, to settle at average increases
of 28.4% at 12 months and, based however on only two
studies, 20.2% at 36 months and beyond. Improvements in
quality of life, as measured by the AQLQ, reached as high as
55% between 16 weeks and 1 year. Though included in Table
3, EQ5D data should be considered with reservation because
of the limited number of patients in the 1-2 studies using this
method of measuring quality of life.

3.3.3. Healthcare resource utilization

Compared with the year before initiation of omalizumab ther-
apy, emergency room visit events declined by an average of
80.6% in the first year of treatment and 90.6% in the 23--
32 month time window. Singular studies reported decline
rates of 93% and 94% at these respective times. The mean
percentage of patients requiring one or more emergency
room visits declined by an average annualized rate of 64.1%
in the 5-9 month time window, 55% in the first year of
omalizumab treatment, and 86.1% by 23-32 months since
start of treatment; yet these results require reservation con-
sidering only 1 or 2 studies reported this metric.

In parallel, hospitalization events decreased by an average
annualized rate 74.7% by the 5-9 month time window, 76.1%
in the first year of treatment, and about 81% beyond
23 months. Most studies reported hospitalization rate
decreases of 67% and higher at all time points and in all
time windows, with top rates of decline ranging from 86% to
100%. The mean percentage of patients admitted once or
more to the hospital declined by an average annualized rate
of 74.5% in the 5-9 month time window, 61.4%% in the
first year of omalizumab treatment, and 87.2% by 23--
32 months since start of treatment; with top decline rates
ranging from 90% to 96% reported in singular studies.

3.3.4. Concomitant medication sparing

The average percentage of patients who were discontinued on
ICSs or whose ICS dose was reduced, varied between 35.7% in
the 5-9 month time window and declining further to 48.1% at
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12 months and further to 57.2% in the 23-32 month window;
with reported singular decline rates across these time points
of 49% to 100%. Mean ICS dose reductions ranged from 21.5%
at 12 months to 31.9% in the = 36 months period.

As to OCSs, the average percentage of patients discontinued
or with dose reductions over baseline declined by about 58% in
the 5-9 month window and at 12 months, by 53.1% in the
23-32 month time window, and by 83.1% in the =36 months
period. Mean OCS dose reductions varied from 55.1% at 5--
9 months to 68.6% at 12 months and 63.6% at 23-32 months.

Data on LABA use are limited. The reduction in the average
percentage of patients prescribed LABAs and the average LABA
dose are, at best, indicative of a trend of lower concomitant
LABA treatment. Similarly, the reductions in patients discontin-
ued from LTRAs or theophylline, or with dose adjustments on
these agents, should be considered as indicative as well.

3.4. Safety

The estimated adverse event rate at any level of seriousness
and severity and irrespective of follow-up duration was 26.8%
(range 0% to 55.6% reported in n = 20 studies, n = 5877
patients). The estimate for serious adverse event rate irrespec-
tive of follow-up duration was 12.6% (range 0% to 23.9% from
n = 17 studies, n = 6289 patients).

4. Expert commentary

The benefit of real-world effectiveness studies is the insight
such studies provide about the effect of drugs, shown in
clinical trials to be efficacious and safe, across variations in
patients, clinicians, clinical settings, and treatment regimens.
In the case of omalizumab in severe asthma, such studies
complement and extend the findings of efficacy trials, which
are focused on the pharmacological effect of omalizumab.
The real-world studies reviewed here enable a better under-
standing of the pharmacotherapeutic effect of omalizumab
as part of treatment regimens in broad cross-sections of the
general population of patients with severe asthma.

The present systematic review of 42 real-world omalizu-
mab studies covering 9377 patients from 35 countries
worldwide confirms and extends the conclusions of our
systematic review published in 2016 [48], which covered
studies published up to 2015 (and likely concluded in 2014
at the latest). Our prior review provided strong evidence
for the short-term (16 weeks to 1 year) effectiveness of
omalizumab, and emergent yet still tentative evidence that
the effectiveness may extend up to 2 to 4 years. This
present review firmly establishes the short-term effective-
ness of omalizumab at 16 weeks and 1 year, and provides
strong evidence of its long-term effectiveness: seven stu-
dies reported outcomes at 2 years [37,39,43,45,60,70,76],
seven studies at 3 years or more [36,47,58,63,64,66,70,73],
one study at 4 years [36], and one study with a mean
follow-up of 60.7 months followed patients for as long as
121 months [66]. Thus, our review provides strong evi-
dence on the major outcomes of interest for up to 2 to
4 years; and emergent evidence reaching well beyond
4 years. Note in this regard that Menzella et al. [79,80]
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report on a subsample of patients from the Bousquet et al.
[30] study already included in this review who had been
on omalizumab for, respectively, four (n = 11) and nine
(n = 9) years. Significant improvements over baseline in
AQLQ and FEV, found at four years were maintained after
nine years of treatment; reduction in serious exacerbations,
emergency department visits and hospitalizations were
also observed with no safety concerns in this small cohort
of patients on long-term therapy.

Focusing on the studies that reported outcomes in either
the 23-32 month time window or at 36 months and beyond
(and taking the latest of the two; Table 3), there is convincing
evidence to infer the long-term effectiveness of omalizumab
in the management of severe allergic asthma.

In terms of lung function,

e FEV;, the only objective marker of lung function included
in the studies, improved by 26%.

As to exacerbations and symptoms,

e the rate of patients experiencing exacerbations declined
by 60%, and the average number of events per patient
per year by 71%; and

e the proportion of patients reporting daytime symptoms
decreased by 41%, while the proportion relating night-
time symptoms declined by 69%.

Regarding asthma control,

e ACT scores increased by 56%; and
e ACQ scores decreased by 32%.

In terms of overall assessment,

e the GINA classification score improved for 69% of
patients; and

e 81% of patients were classified at good or excellent on
the GETE scale.

As to quality of life,
e AQLQ quality of life scores rose by 20%.
In terms of healthcare resource utilization,

e emergency department visits (per patient per year)
declined on average by 91%, and the proportion of
patients with one or more emergency department visits
annually by 86%; and

e in parallel, hospitalizations (per patient per year) dropped
an average of 81%, and the proportion of patients with
one or more hospitalizations annually by 87%.

As to medication use,
e for 57% of patients on ICS, this treatment was discon-

tinued or the ICS dose was reduced, with an average
dose reduction of 32%;

e for 83% of patients on OCS, this treatment was discon-
tinued or the OCS dose was reduced, with average dose
reduction of 64%;

e for 66% of patients treated with LTRAs and for 69% of
patients prescribed theophylline, therapy was discontin-
ued or dose was reduced; but

e the percentage of patients who were discontinued on
LABAs or whose dose was reduced varied over time with
no discernible pattern.

Safety data tended to be reported rather inconsistently across
the studies detailing AEs and SAEs. Over-reporting of some and
under-reporting of other AEs and SAEs are likely given the lack of
harmonization in how safety data were collected across studies.

Although outside of the scope of the current review on severe
allergic asthma, a number of real-world studies have been pub-
lished on cohorts of patients with moderate-to-severe allergic
asthma. Findings on this body of evidence of over 6,000 patients,
with treatment durations ranging from six months to five years,
are qualitatively similar to our findings on patients with severe
asthma. Significant improvements in these moderate-to-severe
allergic asthma patients were found for: FEV, [81], exacerbations
[81-83], asthma symptom scores [84], ACT scores [50,81,83], ACT
classification of well-controlled (ACT >20) [85], ACQ sores [82],
AQLQ scores [82], emergency department visits [81,82,86], hos-
pitalizations [81-83,86], ICS use [86] and dose [87], OCS use
[81,82,85,86] and dose [82], SABA puffs/day [87], use of high-
dose ICS [85], symptoms of coughing, shortness of breath, and
wheezing [85], and asthma-affected work, school and regular
daily activities [50]. Improvements were also found in
a subgroup of moderate-to-severe allergic asthma patients with
IgE levels above 700 IU/mL for ACT, emergency department
visits, and OCS use [88]. Likewise, our findings are in line with
real-world practice in children with severe allergic asthma [51,52].

The published body of evidence of real-world omalizumab
use in severe allergic asthma demonstrates: 1) the short-term
treatment effectiveness, mirroring the efficacy found in clinical
trials, and 2) long-term on-treatment effectiveness up to and
beyond 4 years. However, data on any sustained effect follow-
ing treatment discontinuation are still needed.

In conclusion, there is strong long-term evidence that omali-
zumab improves lung function and asthma control, enhances
quality of life, decreases emergency department visits and hospi-
talizations, and lowers the need for corticosteroid treatment and
other therapies. This translates into marked reductions in suffer-
ing and significant health care savings. In both the short- and
long-term, omalizumab is highly effective in managing severe
allergic asthma in adults as well as adolescents in routine clinical
practice and heterogeneity in patients, clinicians, and settings.
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