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Abstract

Objective
This study aims to describe the eligibility for biologic therapies for severe asthma (SA)

in a cohort of patients attending the Program for Control of Asthma (ProAR) in Bahia,

Brazil.

Methods

Data from SA patients (=18 years old) attending the ProAR, that were included in a
case-control study conducted from 2013 to 2015, were used to reassess patients
according to a modified ERS/ATS 2014 SA criteria. Patients were then classified
according to the eligibility for SA biological therapy based on current prescription
labels.
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Results

From 544 patients in the cohort, 531 (97.6%) were included and 172 (32.4%) were
identified as SA patients according to the ERS/ATS 2014 modified criteria. Of these 172
patients, 69 (40.1%) were ineligible for any of the biologicals approved for asthma
(omalizumab, mepolizumab, reslizumab and benralizumab), 60 (34.9%) patients were
eligible for one of the biological therapies, and 10 (5.8%) patients were eligible for all
biological therapies.

Conclusions

More than half of patients with SA were eligible for biologic therapy in our study, but
none of them received this form of treatment. Almost half of them were not eligible to
any of the approved biologics, however. The variability and overlap in patients’
eligibility highlight the importance of evaluating each patient individually for a more
personalized treatment approach. While there is a need to increase access for some of
those eligible that may really need a biologic treatment, continuous efforts are required
to develop alternatives to those who are not eligible.
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Introduction

Despite many advances, the disease burden from severe asthma (SA) remains high (1).
Classical epidemiological studies showed great variability in prevalence of asthma
among countries, suggesting geographical and environmental influence in the
occurrence of the disease (2,3). It is increasingly recognized that distinct immune
inflammatory mechanisms (endotypes) and clinical phenotypes contribute to the

heterogeneity seen in SA (4,5).

It is estimated that up to 3.6% of people with asthma have SA, requiring high-doses of

standard treatments ([inhaled corticosteroids (ICS) and long-acting bronchodilator] and
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patients worldwide (7). Patients with uncontrolled SA suffer from frequent
exacerbations, which can often require emergency department visits and
hospitalizations, contributing to work and school absenteeism, use of multiple drugs to
control the disease, higher healthcare resource utilization and higher mortality risk
(1,7).

To better understand and treat the extensive heterogeneity of asthma, many expert
groups have proposed distinctive classifications of SA (7-11), with the goal of
advancing research and treatment paradigms toward precision medicine. In recent
years, much research has led to the identification of SA phenotypes wherein specific
biological pathways and mechanisms (endotypes) are being identified to explain the
observable properties of the phenotypes, and improving the future prospects for these
difficult-to-treat patients (12-14).

In this scenario, biologics have emerged as promising personalized medicines in the
treatment of SA. Humanized monoclonal antibodies against immunoglobulin E (IgE) to
treat severe allergic asthma, anti-interleukin-5 (IL-5) and anti-IL5 receptor (IL-5R) for
severe eosinophilic asthma, have recently entered the clinic as approved therapies (12-
14). The addition of a biologic therapy in appropriate patients diagnosed with SA can
lead to more effective control of the underlying inflammation and improve some
asthma-related outcomes, such as number of exacerbations, quality of life and lung
function (12-15). However as new biologicals come forward it is important to identify
the characteristics of SA patients who would most benefit from each therapy to achieve

better outcomes, whilst allocating limited healthcare resources most efficiently.

In Brazil, the Program for Control of Asthma in Bahia (acronym ProAR) is a program
whose main objective is to provide comprehensive medical care to SA patients, in
Salvador, Bahia (16). ProAR started in 2003 as an assistive, teaching and research
program offering medical care, free medication, psychological assistance, and asthma
education (16). The patients followed in ProAR constitute a cohort of SA patients (17),
providing a unique opportunity of evaluating the characteristics of SA patients in Brazil,
especially in patients who have optimal treatment available (17). The objective of this
study was to reassess SA patients followed-up by ProAR to estimate the frequency of
eligibility and overlaps for treatment with biologics in Brazilian SA patients and to
describe the clinical and sociodemographic characteristics of these patients.
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Methods

Study design and study population

This is an analysis of the database of the ProAR Cohort (17), which comprises 544 adult

patients (=18 years old) with SA according to previous definitions of the Education
Prevention Program - Practical guide for the diagnosis and management of
asthma/NHLBI-NIH (1997) (18), and that were included in a case-control study
conducted from 2013-2015 (19). Patients with chronic conditions such as COPD,

structural changes of the lungs and pregnancy were excluded. Details and results of the

case-control study have been published previously (19).

In the present study, patients were reclassified using modified criteria of the ERS/ATS
Severe Asthma Task Force 2014 (7) as this was the definition used for consideration for
treatment with SA biologicals. The ERS/ATS criteria use a history of ICS or oral steroids
in the previous 12 months to classify SA. We were limited in having 6 months’ medical
history available, therefore we describe our analysis according to modified ERS/ATS
criteria. Medical records about prescribed asthma medications 6 months prior to
starting the case-control study were used to reclassify the patients. Sociodemographic
and clinical characteristics, inflammatory markers and the asthma control (Asthma
Control Questionnaire (ACQ-6) and GINA asthma symptoms control questionnaire
(2012)) collected on the previous conducted case-control study were reassessed in

order to characterize the SA ProAR Cohort, as described below.

Eligibility criteria were defined according the label indication for anti-IgE (omalizumab),
anti-IL5 (mepolizumab, reslizumab) and anti-IL5R (benralizumab) based on the number
of exacerbations in the last 12 months, levels of IgE and eosinophils as summarized in
Table 1.

Table 1. Eligibility criteria used to classify patients for each biologic treatment.

Download CSV | Display Table

Consent to use baseline data and medical records were obtained from the SA cohort
patients; 531 of the 544 patients were included in the present analysis. The study
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committees (approval number: 1.646.061) and was conducted in accordance with the

Declaration of Helsinki. All data collected were anonymized.
Variables

The variables included in the analysis were age (years), sex, nutritional status, ethnicity
(self-reported as black, white, mixed, indigenous or Asiatic), educational level (self-
reported as illiterate, elementary school, high school or college), monthly family income
per capita, age at asthma onset, comorbidities (self-reported), blood eosinophils (cells/
ul), immunoglobulin E (IgE) (IU/mL), C-reactive protein (mg/L), oral corticosteroids
(OCS) (number of cycles), number of emergency room (ER) visit and hospitalization due
to asthma in the last year. Nutritional status was calculated using the following body
mass index (BMI) cutoff points: “underweight” <18.5 kg/m?; “eutrophic” 18.5 to 24.9
kg/m?; “overweight” 25 to 29.9 kg/m?; “obesity 1” =30 to 34.9 kg/m?; “obesity II” =35 to
39.9 kg/m?; and “obesity 11" =40 kg/m?.

Blood eosinophils were evaluated as continuous and as categorical variables,
considering four cutoffs: < 150 cells/uL; = 150 — 199 cells/uL; = 200 — 299 cells/uL; =
300 — 399 cells/uL and = 400 cells/uL. Immunoglobulin E (IgE) was measured by
chemiluminescence. IgE values <160 IU/mL were considered as normal for this study’s
age group. The number of exacerbations was defined as the self-reported number of
OCS cycles, ER visits due to asthma or hospitalizations due to asthma in the last year.
Cross-sectional data were used for Asthma Control Questionnaire-6 (ACQ-6) (20) and
GINA assessment of asthma symptom control questionnaire (1). “Controlled” and
“partially controlled” were grouped (21). Monthly family income was categorized as
quintiles, expressed in Brazilian monetary currency (BRL).

Data analysis

Data from the SA patients’ medical records on prescribed asthma medications 6 months
prior to ProAR baseline visit was used to reclassify asthma severity according to the
modified ERS/ATS 2014 guidelines criteria (7), where SA was defined as treatment with
high doses of inhaled corticosteroid (ICS), i.e. 21000 mcg of fluticasone or equivalent,
plus the use of an additional controller. Patients using ICS plus the highest ICS/LABA
(long-acting betas-agonist) dose available were considered as using ICS in high doses.
The modification adopted in the ERS/ATS 2014 (4) criteria for this study was the time
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Sociodemographic and clinical characteristics were described for the SA patients
identified through the ERS/ATS 2014 modified definition as a post-hoc analysis. The
ERS/ATS 2014 criteria was used as it uses higher ICS doses in its definition than the
GINA 2017 criteria, and thus it may better identify SA patients at maximum
bronchodilation. Results are descriptive and no statistical hypothesis tests were
applied. Continuous variables were expressed as mean and standard deviation, and
categorical ones as absolute and relative frequencies. All analyses were performed

using SPSS version 24.

Results

In the ProAR database, 531 of the 544 patients consented to the use of their data in the
analysis. Of these 531 patients, 172 (32.4%) were classified as SA by the ERS/ATS 2014
modified criteria. The group was predominantly female (84.3%) with a mean (standard
deviation (SD)) age of 53 (12) years. Most of the patients defined their ethnicity as
“mixed”, had attended elementary school or high school, had a low family income and
were overweight or obese (Table 2). With respect to the clinical characteristics observed
among these 172 patients with modified ERS/ATS 2014 SA, all patients reported having
at least one chronic disease in addition to asthma, and approximately 70% reported
having =3 comorbid conditions. The most common reported comorbidities were rhinitis
(96.5%) and gastroesophageal reflux disease (GERD) (79.1%) (Table 2).

Table 2. Demographic and clinical characteristics of patients with severe asthma
(SA) from the Brazilian ProAR Cohort according to the ERS/ATS 2014 definition
modified.

Download CSV Qg Display Table

In terms of inflammatory biomarkers, the mean (SD) number of blood eosinophils was
310 (317) cells/uL and 64.1% of the modified ERS/ATS 2014 SA patients presented
levels =150 cells/uL. High levels of total IgE (= 160 IU/mL) were observed in 66.1% of
the patients and 63.4% were atopic. Mean (SD) C-reactive protein was 6.47 (6.66) mg/L
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Table 3. Description of inflammatory markers in severe asthma from the Brazilian
ProAR Cohort patients according to ERS/ATS 2014 definition modified.

Download CSV | Display Table

A high proportion of patients had poor asthma control; 55.8% of the patients had
uncontrolled asthma according to ACQ-6 scores and 36.0% were classified as
“uncontrolled” according to the GINA questionnaire. Approximately 78% of the SA
patients had at least one exacerbation in the last year, 15% reported three
exacerbations and 22% had five or more exacerbations reflecting the poor asthma
control in this population (Table 4).

Table 4. Assessment of asthma control and number of self-reported exacerbations
in severe asthma (SA) from the Brazilian ProAR Cohort patients according to
ERS/ATS 2014 definition modified.

Download CSV W Display Table

The second controller most frequently prescribed was LABA (associated with ICS in the
same device) and 84.3% of the patients reported using at least two different inhalers
(one with ICS alone and another with ICS/LABA) as a way to increase the dose of ICS
without going beyond the dose limit of the LABA. Although high ICS doses plus a second
controller had been prescribed to all patients in the last 6 months, approximately 14%
of the patients admitted not following the recommendation of the attending physician
and used the ICS in lower doses than prescribed, suggesting under treatment and non-
adherence (Table 5).

Table 5. Patient reported use of inhaler combinations from the Brazilian ProAR
Cohort severe asthma patients according to ERS/ATS 2014 definition modified.

Download CSV W Display Table

The frequency of patients eligible for the different biological therapies are shown in
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for reslizumab. Only 10 (5.8%) patients were eligible for all 4 therapies, and importantly
60 (34.9%) were only eligible for only one of the therapies alone. For patients who were
only eligible for a single biological therapy, 35 (20.3%) patients were eligible for
omalizumab alone, 7 (4.1%) for reslizumab alone and 18 (10.5%) for mepolizumab
alone. 6.4% were eligible for both mepolizumab and omalizumab, 3.5% were eligible for
both mepolizumab and benralizumab, 7% were eligible for mepolizumab, benralizumab

and reslizumab, 2.3% were eligible for mepolizumab, benralizumab and omalizumab.

Figure 1. Frequency of eligible patients for biological therapy for patients with severe
asthma from the Brazilian ProAR Cohort according to ATS/ERS 2014 criteria modified.

OMALIZUMAR
34.9% (B0)

RESLIZUMAR
16.9% (29)

Negend;

B: Benralingmab only

B2: Benra # Resl

BE: Benra « Redd + Oma
By Benra = Oma

BAOR: Berra + Mepo + Oma + Resl
M Mepolizumab onky
PAB: Mepo + Bonea

MBO: Mepo + Berea + Oma
PABR: Mepo + Bonr + Retd
RA0: Bepo + Dma

MOIR: Mepo + Oima + Resl
MR Mepo + Resd

O Omalizumab only

OF: Oma + Red only

R Resbqumab only

BENRALIZUMAR

MEPOLIZUMAE 18.6% (32)

35.5% [61)

Display full size

Discussion

This study found that many patients with SA in Brazil were eligible for approved
biologics, and that in most of the eligible patients, there was more than one biologic
treatment option. Our study also gave insights into SA patients in Brazil, based on the
ProAR Cohort, contributing to the knowledge about SA in Brazil.

In the current study, patients with SA as per the modified ERS/ATS 2014 criteria were
predominantly female, overweight/obese, in the 5th decade of life, with mean age of
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asthma. Our cohort is therefore comparable to other SA cohorts (22-24), where the

mean age of patients with SA was also over 50 years. A recent cross-sectional review of
the ProAR cohort compared all subjects using different classification criteria, and
reclassified patients according to ATS 2000 severe asthma criteria (11), criteria
proposed to WHO in 2010 and ERS/ATS criteria 2014. Using rigorously the criteria
proposed by ERS/ATS 2014 for SA, patients were required to be followed up for = 1 year
using high dose of inhaled corticosteroids combined with other controller medications
to be considered as such. Only 88 subjects were identified by this criterion (25), as
many did not have = 6 months of regular treatment. The novel GINA strategy for
management of SA proposes 3 to 6 months of treatment in a reference center before
considering biologics for the treatment. In the present study we decided to modify the
ERS/ATS 2014 criteria to make it compatible to GINA proposal for considering the use of
biologics for SA. There were no significant differences in baseline characteristics of the
88 patients who met the unmodified criteria in comparison to the 82 who met the
modified criteria, and hence we had decided to include the entire 172 patients since
the results should not be impacted. In terms of modification of the ERS/ATS criteria, the
only modification made was that the duration of medication recorded was 6 months
instead of 12; as such this does not require a validation dataset since this duration of
medication follow-up is used for classification of severe asthma in other international

asthma guidelines such as GINA.

Almost 60% patients classified as having SA are eligible for biological therapies,
suggesting that personalized therapy with appropriate biologics may further enhance
asthma control and disease outcomes in Brazil. A higher portion of patients with SA was
eligible for biologics than in the recent IDEAL study assessing eligibility of biologics in
European, North American and Australian populations where 24% — 35% of patients
were eligible for therapies (26). This difference is likely driven by the differences in IgE
and eosinophil levels between the two studies. The mean number of blood eosinophils
observed in this cohort (310 cells/uL) was much higher than that observed in the IDEAL
study (186 cells/uL). The mean number of eosinophils of 310 cells/uL and levels of total
IgE above the reference value (160 IU/mL) in most patients (66.1%) suggest an
eosinophilic and atopic inflammatory profile in a large proportion this group. We further
investigated these results looking at the records of a systematic parasitic stool test
performed in all subjects, which was negative in 76% of patients, and the mean IgE
levels were still elevated in the group with a negative stool test.
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“Our study showed that the eligibility for the different biologics can be quite varied, even
for biologics potentially targeting the same mechanism, e.qg.IL5. Of the 103 patients
eligible for biologics, only 10 patients were eligible for all 4 therapies that we

examined. As expected, a large portion of those patients eligible for anti-IgE therapy
was only eligible for omalizumab (35 out of 60 patients) and 42% of patients eligible for
omalizumab were also eligible for mepolizumab but fewer patients who were eligible for
omalizumab were also eligible for reslizumab, which is comparable to the IDEAL study.
Our study adds information to the previous literature since the IDEAL study did not
assess eligibility for benralizumab. Within the anti-IL5 therapies, due to the difference

in the eosinophil cutoffs, it was interesting to note that all patients eligible for
benralizumab were also eligible for another biologic, whereas this was not the case for
mepolizumab or reslizumab, although the latter is not currently marketed in Brazil. The
lack of overlap in eligibility suggests that careful consideration in the prescription of
biologics is required and that patients and physicians would further benefit from
different choices within the healthcare system. Conversely, the overlap between
eligibility for different therapies seen in a subgroup of patients would suggest that
some patients may benefit from one biologic even where they do not respond to
another, which has been the case with biologic therapies in other diseases such as
Rheumatoid arthritis (27).

One key finding of our study was the poor level of asthma control among SA patients
despite use of high doses of ICS plus a second controller. People with SA in the
international U-BIOPRED cohort also had poorly controlled asthma, showing a poor
response to current therapy and higher burden of disease, in which therapeutic
alternatives are urgently needed (22). A high frequency of patients with SA who do not
respond satisfactorily to nonspecific treatment with ICS plus other controllers has also
been reported in previous studies (28-30).

Many of the patients in ProAR recognized as having uncontrolled asthma may not truly
have SA, as there may be modifiable factors worsening the disease (31). One of these
factors is the presence of other chronic morbidities in addition to asthma (32,33), of
which there was a high incidence among the individuals with ERS/ATS 2014 SA,
corroborating the findings of Hekking (34).

Uncontrolled asthma predisposes to asthma exacerbations, which is an important

morbidity indicator and can be life-threatening for asthma patients. Eligibility for most
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exacerbations in the previous 12 months. This study showed a higher proportion of
patient (78%) that had at least one asthma exacerbation in the previous year. Indeed,
the literature also points to a high number of SA patients experiencing exacerbations in
other cohorts, with 41% to 83% of SA patients reporting at least one exacerbation in
the last year in these studies (22-24,28,32). Although the frequency reported varied
among studies, probably because of methodological differences and definition of
exacerbations, all studies report that these patients are experiencing a high frequency
of exacerbations, highlighting what is still an unmet need for these patients.

Other factors that may influence asthma control are adherence to treatment and an
adequate inhaler technique, which are crucial to deliver the right amount of drug to the
lungs. Previous studies have described an association between the use of multiple
inhalers or devices and non-consented switches of inhalers, with higher rates of non-
adherence (35,36). Most of the ERS/ATS 2014 SA patients (>80%) in our study used at
least two different inhalers (one device for the ICS and another for the ICS plus LABA),
bringing complexity to the therapeutic approach, potentially affecting treatment

adherence and, ultimately, asthma control.

Our study has some limitations. Most of these data, including exacerbations, were self-
reported by the patient and thus may be subject to recall bias. However, the higher
prevalence of some comorbidities (e.g. hypertension and GERD) and higher frequency
of poorer asthma control observed in patients classified by ERS/ATS 2014 were
consistent with patients that require higher doses of ICS. We did not specifically
measure patient adherence in this study and cannot exclude noncompliance as a
confounder in disease classification. Also, there is no gold standard for the assessment
of asthma severity (37,38). We did not evaluate dupilumab, the anti-IL4/13 receptor
monoclonal antibody, as it was not an approved therapy and therefore had no label at
the time of conducting our analyses. Despite these limitations, this study provides
meaningful data to understand the clinical features of Brazilian SA patients according to
an alternative definition, and that still do not have their main treatment needs met,

considering currently available medicines.

Conclusions
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‘with SA are eligible for add-on biological therapies, but none of them had access to this
form of treatment in our cohort. Almost half of them were not eligible to any of the
approved biologics, however. Eligibility for biologics needs to be carefully considered as
some patients may only be eligible for one type of anti-IL5 therapy or for anti-IgE
therapy exclusively. Conversely, overlap between biological therapy eligibility would
suggest where patients do not respond to one therapy, they may benefit from trial of
another therapy although further research needs to be carried out in this regard.
Overall, this emphasizes the need for a more personalized approach, targeting better
disease outcomes and improved quality of life for the patient. While there is a need to
increase access for some of those eligible that may really need a biologic treatment,
continuous efforts are required to develop alternatives to those who are not eligible to
approved options.
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