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ABSTRACT

Background: Individuals with severe asthma represent 5%-10% of the general asthmatic pop-
ulation. Despite the use of biologic drugs during clinical management, inadequate control of the
disease has translated into high economic impact. In Mexico, however, these costs have not yet
been assessed.

Methods: A retrospective cohort study was carried out in 2018 and 2019 at Regional Hospital Lic.
Adolfo Lépez Mateos, ISSSTE. The assessment of direct costs included pharmacological treatment,
clinical tests, days of hospitalization, admissions to the emergency room, and scheduled consul-
tations. The evaluation involved 2 groups of patients—with controlled severe asthma (CSA) and
uncontrolled severe asthma (UCSA)-according to presence of exacerbations.

Results: 60 patients (18-75 years old, 51 women) were included in the study. In 2018, 23 of them
(38.3%) were categorized as belonging to the UCSA group; in 2019, 22 patients (36.7%) were in
this condition (exacerbations: median = 1.5, maximum = 6). Of the 60 patients, 12 (20%) pre-
sented between 2 and 9 exacerbations in the study’s two-year period (median = 3) after between
4 and 10 years (median = 7.8) of complementary anti-immunoglobulin E (IgE) therapy with
omalizumab. The cost for all patients in the 2018-2019 period was 993,289.60 USD. The mean cost
per patient was higher for those with UCSA (16,392 USD) than for those with CSA (16,246 USD,
p = 0.02). We found a positive association between cost and exacerbations, with an increase of
350 USD per exacerbation (p<0.0001). Our results indicate that 62% of patients respond to
complementary anti-IgE treatment, while 38%—and especially 20%—-do not respond optimally to
this treatment.

Conclusions: Poor asthma control in this latter group of 38% of patients leads to lower quality of
life and higher costs associated with pharmacological treatment.
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INTRODUCTION

Asthma is one of the most common chronic
noncommunicable diseases in children and adults.
It is characterized by spasmodic contraction of the
airway smooth muscle, variable airflow limitation,
wheezing, and dyspnea. Asthma is classified as
severe when high-intensity treatment is required
for it to be kept under control, or when it remains
uncontrolled despite treatment.”

Globally, the prevalence of asthma goes from
1% to 18%,% with an average of 6.9%.% The authors
of the Global Burden of Disease study estimated
that 358 million people suffered from asthma in
2015, an increase of 9.5% since 2005. Mexico has
a prevalence of between 5% and 6.9%;* it is
higher in women (6.2%) than in men (3.3%).%

Patients with severe asthma comprise 5%-10%
of the general asthmatic population. These pa-
tients experience the highest overall morbidity, as
well as the greatest impact on quality of life.
Moreover, the cost of treating individuals with se-
vere asthma is considerably higher than the cost of
treating patients in the general asthmatic popula-
tion.®” Nevertheless, most low- and middle-
income countries do not assess the economic
costs of asthma.?

Corticosteroid drugs are the mainstay of stan-
dard asthma treatment."??1% This treatment is
based on a cycle of assessment and reassessment
of symptoms, risk factors, comorbidities, side
effects, and patient satisfaction.” "

Biological drugs for the treatment of severe
asthma—used as complementary therapies to stan-
dard treatments—have been shown to be effective,
safe, and cost-effective. There are currently 5 bio-
logical drugs approved by the US Food and Drug
Administration (FDA): benralizumab, dupilumab,
mepolizumab, omalizumab, and reslizumab. Bi-
ologics encompass the different phenotypes of se-
vere asthma, acting on key pathogenic pathways:
interleukin 5 (IL-5), interleukin 4 and 3 (IL-4/IL-13),
and IgE driven eosinophilic inflammation. The
incorporation of biologics to the treatment of se-
vere asthma represents an opportunity to carry out
phenotype-specific interventions, which increases
the prospect of more personalized treat-
ments.” 1273 The cost of treatments with biologics

is substantially higher than the cost of standard
corticosteroid treatments.'” This reinforces the
need to achieve precision in diagnosis and in the
phenotype-specific therapy.’*

In Mexico, the response of patients with severe
asthma to a three-year complementary anti-IgE
biological therapy with omalizumab was evalu-
ated. Patients belonged to the cohort of the Al-
lergy and Immunology Regional Hospital Lic.
Adolfo Lépez Mateos, ISSSTE. In comparison with
standard therapy, significant improvements were
found regarding asthma control and forced expi-
ratory volume in 1 s (FEV1). There was a drop in
beclomethasone doses as well as in visits to the
emergency room (from 95% to 19%), hospitaliza-
tion days (from 38% to 2%), and intensive care
(from 4% to 0%).° However, an economic
assessment of the treatment and how the cost
varies depending on the level of asthma control
has not been carried out so far. Therefore, in this
study we seek to identify the direct cost of the
treatment for severe asthma, both controlled and
uncontrolled.

MATERIALS AND METHODS

A two-year retrospective cohort study was car-
ried out in 2018 and 2019. The cohort was
comprised by patients of the cohort of the Allergy
and Immunology Regional Hospital Lic. Adolfo
Lépez Mateos, ISSSTE.?

Adult patients (18-75 years old) of both genders
who met the criteria for severe asthma according
to the Global Initiative for Asthma® were selected.
Patients diagnosed with occupational asthma,
cystic fibrosis, heart failure class Ill or higher
according to the New York Heart Association

Functional Classification,’® severe pulmonary
emphysema, disorders causing laryngeal or
tracheal  obstruction, carcinoid syndromes,

hyperthyroidism, sleep apnea, and psychiatric
disorders were excluded.

Standard treatments included corticosteroids,
leukotriene modifiers, antihistamines, antibiotics,
and drugs combined. Omalizumab (XOLAIR®) was
administered subcutaneously to all patients every
month. The omalizumab dose was calculated ac-
cording to the manufacturer's guidelines, consid-
ering total IgE serum levels and the patient's
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weight (Supplemental Table 1) The patient
received all pharmacological treatment monthly
completely free of charge as they belong to the
cohort.

The clinical variables collected were the
following: comorbidities, respiratory rate (RR),
heart rate (HR), FEV1 (expressed in %), peak expi-
ratory flow (PEF, in %), leukocytes (in thousands/
uL), eosinophils (in thousands/puL), proportion of
patients with eosinophils >300 (thousands/puL),
and immunoglobulin E (IgE, in mg/dL).

Cost estimate

The assessment of direct costs included the
following: a) pharmacological treatment—-doses
and number of months per year of prescribed
medication, b) clinical tests, c) days of hospitali-
zation, d) admissions to the emergency room, and
f) scheduled consultations.

All the information was obtained from patients'’
clinical records. Direct healthcare costs were
determined using information from providers of
public health services from Allergy and Immu-
nology Regional Hospital Lic. Adolfo Ldépez
Mateos, ISSSTE. All costs were expressed in US
dollars (USD) after being converted from Mexican
pesos (MXN) using the official exchange rate
(https://www.dof.gob.mx/indicadores) registered
in July 2018 and July 2019. For our analysis, we
estimated health care spending per patient,
annually, and for the entire study period.

Patients were divided into 2 groups: controlled
severe asthma (CSA)-that is, patients without ex-
acerbations during the year in question—and un-
controlled severe asthma (UCSA)-patients who
presented at least one exacerbation during the
year. Exacerbations were defined as a worsening
of symptoms requiring rescue treatment with sys-
temic corticosteroids. The total number of exacer-
bations was calculated as the sum of deflazacort
cycles used exclusively for the treatment of
exacerbations.

Data analysis

The qualitative variables were expressed in ab-
solute frequencies and percentages. Quantitative
variables were expressed as medians (M),

interquartile ranges (IQR, according to the values
of quartiles 1 and 3, Q1-Q3), and minimums and
maximums, since they did not present normal
distribution after performing the Shapiro-Wilks
test. The comparison of the frequency of comor-
bidities between both groups was carried out us-
ing the chi-squared test. For the remaining
quantitative variables, the Mann-Whitney test was
used. To detect those variables that most influ-
enced the cost, a generalized linear model (GLM)
was carried out, using the total cost in the 2018-
2019 period as the response variable. The
explanatory variables were gender, age, years of
diagnosis, respiratory rate, heart rate, number of
comorbidities, and number of exacerbations.
Moreover, a second GLM was carried out with the
aim of analyzing the most influential variables in
the number of exacerbations. The explanatory
variables were gender, age, years of diagnosis,
respiratory rate, heart rate, and number of
comorbidities. We assessed the relative perfor-
mance of the models using the Akaike information
criterion (AIC)"” and selected the model with the
lowest AIC. All test and the GLMs were carried
out using the R program.'®

RESULTS

This study included 60 patients between 18 and
75 years of age who met the inclusion criteria
(M=56,|IQR =47-64), of whom 51 were women and
9 men. Patients had between 3 and 10 years com-
plementary anti-IgE therapies with Omalizumab
(M=7.6,IQR=6.1-9.1).In 2018, 23 patients (38.3%)
presented UCSA (exacerbations: M = 1.5
maximum = 3); in 2019, 22 patients (36.7%) were in
this condition (exacerbations: M = 1.5
maximum = 6). Of the 60 patients, 12 (20%) pre-
sented exacerbations in the two-year study period
(M =3, minimum = 2, maximum = 9) after between 4
and 10 years (M = 7.8) of complementary therapy.

No patients were hospitalized or admitted to the
emergency room in the 2018-2019 period, so
there were no costs associated with these re-
sources. All patients had 12 scheduled consulta-
tions per year, since the biological drug is
administered subcutaneously, and the injection is
applied at the hospital. The number of patients
who underwent clinical tests varied by year and by
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Age

BMI (kg/m?)
2018

RR

HR (bpm)
2019

RR

HR

2018
FEV1 (%)
PEF (%)

IgE (mg/dL)

Leukocytes,
thousands/pL

Eosinophils,
thousands/pL

Eosinophils >300,
thousands/pL, n (%)

2019
FEV1
PEF

IgE

Leukocytes
Eosinophils

Eosinophils > 300,
n (%)

Total
M (Q1-Q3)
55.5 (44.6-64.4)
28.9 (25.7-32.5)
n =60
17 (16-18)
76 (70-80)
n = 60
16 (16-18)
72 (70.0-75.7)
n =40
80.0 (68.3-91.8)
88.0 (70.5-107.3)

n=12
606 (232-2153)
n=22

6628 (8405-10245)

175 (430.0-648.5)

14 (63.6)

n =40
83.0 (68.0-90.8)
92.0 (80.0-105.5)

n=16
250 (172.0-440)
n=24

8505 (5725-10090)
371 (205-565)
14 (58.3)

CSA
M (Q1-Q3)
55.5 (49.25-64.3)
27.8 (25.7-31.3)
n=237
16 (16-18.5)
75 (70-80)
n =38
16 (16-18)
71.5 (70.0-75.0)
n=23
87.0 (71.0-93.0)
102.0 (82.0-113.0)

n==a6
606 (324-2568)
n=15

6530 (8370-9200)

160 (330.0-650.0)

8 (53.3)

n=23
83.0 (68.0-93.0)
92.0 (82.0-109.0)

n=10
280 (131-490)
n=14

8640 (5688-10338)
371 (258-693)
9 (64.3)

UCSA
M (Q1-Q3)
57.5 (44.8-63.34)
30.7 (25.6-33.8)
n=23
18 (16.18)
76 (72-80)
n=22
17 (16-18)
73 (67.8-77.5)
n=17
73.0 (59.50-82.50)
76.0 (64.50-92.50)

n==a6
730 (193-2863)
n=7

6660 (10,080-11150)

260 (460-648)

5(71.4)

n=17
83.0 (67.5-89.0)
93.0 (79.5-104.0)

n==a6
221 (160-502.5)
n=10

8190 (5698-10198)
355 (168-468)
5(50.0)

0.74
0.3

0.36
0.26

0.26
0.74

0.08
0.005

0.7

0.36

0.6

0.58
0.68

0.98

0.83
0.34

Table 1. Demographic and clinical characteristics of patients with controlled severe asthma (CSA) and uncontrolled severe asthma (UCSA).
UCSA was defined by the presence of at least one exacerbation in the year; BMI, body mass index; RR, respiratory rate; HR, heart rate; P, p-value resulting from
the Mann-Whitney test; Q1 and Q3, quartiles 1 and 3 respectively
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Total
Comorbidities n (%)
Diabetes 8 (13.0)
HBP 12 (20)
Rhinitis 35(58.3)
Rhinosinusitis 5(8.3)
GERD 19 (31.6)
Obesity 31 (51.6)
AD 9 (15.0)
AERD 6 (10.0)

5
CSA UCSA

n (%) n (%) P
0 (0.0) 8 (13.0) 0.001
3(5.0) 9 (15.0) 0.110
22 (36.6) 13 (21.6) 0.001
2(2.2) 3(5.0) 0.814
10 (16.6) 9(15.0) 0.420
11 (18.3) 20 (33.0) 0.124
6 (10.0) 3(5.0) 0.156
0 (0.0) 6 (10.0) 0.005

Table 2. Absolute frequency (n) and proportion (%) of comorbidities in patients with controlled severe asthma (CSA) and uncontrolled
severe asthma (UCSA). UCSA was defined by the presence of at least one exacerbation in the year; HBP, high blood pressure; GERD, gastroesophageal
reflux disease; AD, atopic dermatitis; AERD, aspirin-exacerbated respiratory disease; P, p-value resulting from the Chi-squared test

type of analysis; less than 50% underwent annual
clinical tests. The demographic and clinical char-
acteristics of patients with CSA and UCSA, as well
as the total numbers for both groups, are shown in
Table 1. No differences were found in any of the
variables analyzed except for PEF, which in 2018
was significantly lower in the UCSA group
compared to the CSA group (Table 1).

Of the comorbidities analyzed, diabetes,
obesity, and aspirin-exacerbated respiratory dis-
ease were significantly more frequent in the UCSA
group, while the opposite occurred with the fre-
quency of rhinitis. In the remaining comorbidities
that were analyzed, no significant differences were
found between both groups (Table 2).

The cost of the 60 patients with severe asthma
during the 2018-2019 period was 993,289.60 USD
(482,068.70 USD in 2018 and 511,220.90 USD in
2019). Nearly 100% of this cost corresponds to
drug treatment expenses and scheduled consul-
tations. The mean cost per patient in the 2018-
2019 period was 16,301.10 USD. It was slightly but
significantly higher for those with UCSA (16,392
USD) than for those with CSA (16,246 USD,
p = 0.02). The mean cost per patient and a com-
parison between the CSA and UCSA groups for
each year are shown in Table 3.

The GLM results indicated that the most influ-
ential variable on total cost in the study’s two-year
period was the number of exacerbations: there is
an increase of 350 USD per exacerbation

(Table 4A, Fig. 1a). Although the best model
retained gender as an explanatory variable, it
did not turn out to be significant. On the other
hand, when analyzing the number of
exacerbations as a response variable, it was
positively associated to the number of
comorbidities (Table 4B, Fig. 1b).

DISCUSSION

In this study, the direct cost of CSA and UCSA was
analyzed in 60 patients from the cohort of the
Regional Hospital Lic. Adolfo Lépez Mateos,
ISSSTE.

Our analysis shows the substantial economic
burden of severe asthma for the public health
system and society. The average annual cost per
patient of severe asthma is considerably higher
than the cost of treatment for the general asth-
matic population.” In line with this general trend,
our results showed that the average annual cost
per patient of severe asthma in both 2018
(8002.10 USD) and 2019 (8321.00 USD) was
substantially higher than the one reported in
several countries in which prevalence and
general costs were analyzed in the general
asthma population. In the United States, in the
2008-2013 period, the cost per patient of severe
asthma was 3266 USD; the highest expenses
were medications and scheduled consultations."?
This is consistent with our findings, as we also
identified a higher portion of spending being



2018

Laboratories

Medications

Consultations

Total

2019

Laboratories

Medications

Consultations

Total

Total, n = 60

Median
(Q1-Q3)

11.2
(0-25.3)

6629.2
(6476.8-6778.1)

1351.5
(1351.5-1351.5)

8002.1
(7843.5-8150.5)

0.0
(0.0-26.2)

6905.0
(6766.0-7013.0)

1399.1
(1399.1-1399.1)

8321.0
(8193.0-8435.0)

Minimum-
Maximum
0-54.2
3630.2-9058.8
1351.5-1351.5

5006.9-10450.4

0.0-56.1

6417.0-10593.0

1399.1-1399.1

7816.0-11992.0

Cost (USD)
CSA, n = 37
Median Minimum-
(Q1-Q3) Maximum
11.23 0-54.2
(0-32.71)
6607.7 6205.3-7211.6
(6456.4-6712.6)
1351.5 1351.5-1351.5
(1351.5-1351.5)
7967.3 7572.4-8603.2
(7814-8094.1)
CSA, n =38
0.0 0-56.1
(0.0-26.2)
6823.6 6417.3-6954.3
(6621.5-6891.9)
13991 1399.1-1399.1
(1399.1-1399.1)
8239.2 7816.4-8358.2

(8039.3-8317.4)

UCSA, n = 23

Median
(Q1-Q3)

1.2
(0.0-25.3)

6731.0
(6573.0-6922.0)

1351.5
(1351.5-1351.5)

8094.0
(7924.0-8287.0)

UCSA, n =22
0.0
(0.0-30.0)

7075.0
(7001.0-7376.0)

1399.1
(1399.1-1399.1)

8482.0
(8426.0-8775.0)

Minimum-
Maximum
0.0-40.2
3630.0-9059.0
1351.5-1351.5

5007.0-10450.0

0.0-56.1

6908.0-10593.0

1399.1-1399.1

8359.0-11992.0

0.092

0.053

0.065

0.93

0.001

0.001

Table 3. Mean cost per patient of controlled severe asthma (CSA) and uncontrolled severe asthma (UCSA). UCSA was defined by the presence of at least one exacerbation in the year; P, p-value
resulting from the Mann-Whitney test; Q1 and Q3, quartiles 1 and 3 respectively
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A. Response variable: cost per patient
Intercept

Gender

Number of exacerbations

B. Response variable: exacerbations
Intercept

Number of comorbidities

7
Estimates SE P
17370.4 812.9 <2.07
-712 437.5 0.11
350.1 83 8.97°
0.49 0.56 0.39
0.34 0.19 0.04

Table 4. Association results: A) association of the total cost (2018-2019) with the number of exacerbations; B) association of the number of
exacerbations with the number of comorbidities. Standard error (SE) and p-value (P)

allocated to prescription drugs and scheduled
visits. In South Korea, the average cost per
patient in 2014 was 514.10 USD;?° in Canada,
157 USD:?" and in Europe, 1796 EUR.%2 |n Brazil,
the mean cost per patient was 419.50 USD;
however, in the case of patients with UCSA, the
cost was more than double: 1283.70 USD.*®

Given the high costs of treating severe asthma,
studies about the effectiveness and cost-
effectiveness of complementary therapies with
biological drugs have become important when
assessing the drop in the number of exacerbations
and admissions to the emergency room."® In this
sense, multiple evaluations of both anti-IgE and
anti-IL-5 therapies have been carried out."*?* For
example, according to an evaluation of 186
patients from 12 pulmonology services in
Valencia, Spain, the direct cost of severe asthma
per patient after 5 years of complementary anti-
IgE therapy was 12,670.40 EUR. The cost-
effectiveness per exacerbation avoided was
1789.30 EUR.?® Another evaluation of 220 patients
from 15 pulmonology departments in Andalusia
and Extremadura, also in Spain, found that the
mean cost per patient was 12,690.00 EUR one
year after starting complementary anti-IgE ther-
apy; the cost-effectiveness per exacerbation avoi-
ded was 1712 EUR.?¢ Although the average costs
per patient are higher than those reported in our
study, it is important to consider that patients in
the Spanish cohorts had days of hospitalization
and visits to the emergency room.

The strongest existing evidence for comple-
mentary therapies is in the short term; beyond 4

years of treatment, the evidence is only starting to
emerge.?” Our results provide evidence of the
effectiveness of complementary with Omalizumab
therapy in the long term-after 3-10 years of
treatment (M = 7.6)—in 62% of patients. However,
38% of patients presented at least one
exacerbation in one year, while 12 (20%)
presented exacerbations in two consecutive years,
with a minimum of 2 and a maximum of 9 (M = 3),
after between 4 and 10 years (M = 7.75) of
complementary therapy. Therefore, our results
indicate that a considerable proportion of patients
with severe asthma still require better control.

In a real-world setting, 30% of 196 patients with
severe asthma showed excellent long-term
adherence after four years of omalizumab ther-
apy. High adherence to omalizumab was demon-
strated to be associated with better outcomes and
control of asthma.?® However, in our case, all
patients had high adherence to omalizumab due
to it was administrated monthly at the Hospital
without cost. Thus, adherence did not interfere
with the success of treatment.

Our results are in line with a comprehensive
evaluation carried out in the United States on
complementary therapies with biological drugs in
which it was reported that 63% of patients
(n = 3262) presented at least one asthma exacer-
bation per year (M = 1.3).27 Taken together, both
studies—ours and that of Reibman et al.?? suggest
that although biological drug therapies have led
to substantial improvements in patients’ quality of
life, adjustments in accuracy based on the asthma
phenotype are still required. Our results also
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Fig. 1 A) Effect of the number of exacerbations on the total cost of
severe asthma in the 2018-2019 period; B) effect of the number of
comorbidities on the number of exacerbations in the 2018-2019
period

showed that at least 38% of the patients need a
better assessment of asthma phenotypes and
comorbidities. This is a fundamental step in the
evaluation and management of patients with
severe asthma to guide the optimal selection of
biological therapies.*°

Our study indicated that exacerbations per pa-
tientincreased the cost of treatment by an average of
350 USD. The relationship between asthma control
and increased cost has been widely documented for
more than a decade in the United States and various
countries in Europe, Asia, and South America.?%3""
3% The strong inverse relationship between poor
control of severe asthma and higher care costs,
mainly derived from medications, reinforces the
need for greater precision in the phenotypic
diagnosis of asthma. The goal is to promote
phenotype-specific therapies with higher cost-
effectiveness for public health systems.??-3¢

This study has limitations that are worthy to
mention. The first limitation is related to the limited
use of biological therapy for asthma, consisting of
anti-IgE with Omalizumab only. We expect in the
future switching uncontrolled patients from anti-IgE
to anti-IL-5 therapy may better control asthma and
reduce exacerbations, leading to less cost. The
second limitation was that due to the low number of
patients with markers (IgE and eosinophils) of the
key pathogenic pathways, we were not able to
perform a deeper analysis on the number of exac-
erbations and the values of these markers due to
the lack of statistical power, nor to introduce them
into the models, even if all patients had pretreat-
ment total serum IgE levels > to 30 IU/mL. However,
this did not affect the main objective of the study.

CONCLUSIONS

The overall cost of severe asthma for all 60 pa-
tients involved in this study during the 2018-2019
period was 993,289.60 USD. The mean cost per
patient was slightly but significantly higher for
those with UCSA (16,392 USD) than for those with
CSA (16,246 USD, p = 0.02), due to an increase of
350 USD per exacerbation.

Our results indicate that 62% of patients
respond to complementary anti-IgE treatment.
However, the other 38%—and especially 20%—do
not respond optimally to this treatment. These
patients have poor asthma control and higher
costs associated with pharmacological treatment.
We strongly recommend the evaluation of
adequate biological markers to achieve greater
precision in the phenotypic diagnosis of asthma
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and, therefore, a more efficient therapy for patients
with low asthma control. Personalizing treatments
within the same cohort under GINA guidelines’®
would be beneficial for the patient’s health and,
at the same time, increase cost-effectiveness in
the public health system.
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