A perspective on systemic corticosteroid therapy in severe
bronchial asthma in adults

William B. Klaustermeyer, M.D. and Soo H. Choi, M.D.

ABSTRACT

Background: Systemic corticosteroids have been used in the treatment of asthma since 1950 and are still required for the
treatment of acute severe asthma and corticosteroid dependent asthma.

Objective: To provide an updated overview of clinical considerations of systemic corticosteroids use in severe adult bronchial
asthma.

Methods: PubMed searches were undertaken of studies published between 1950 and 2015.

Results: In this review the following concepts are discussed. 1) The onset of action of intravenous methylprednisone
is 1-2 hours with a peak at 4—6 hours and duration of 12-30 hours. 2) Each patient should serve as their own control,
using their best flow rates in the previous 6 months to 2 years. 3) The individual response to corticosteroid relates to the
degree of obstruction at the time of onset of steroid treatment. 4) The pattern of response is variable but tends to be
consistent for an individual patient. 5) In monitoring response to steroids frequent measures of peak expiratory flow rate
and forced expiratory flow in 1 second are more useful than complete spirometric and lung mechanic tests measured less
often. 6) In most cases oral steroids are as effective as parenteral regimens. 7) Patients usually respond in 3 days to 40
to 100 mg of methylprednisolone equivalent. 8) In corticosteroid resistant asthma consider compliance issues, allergen
sensitivity, concomitant conditions, psychiatric factors and drug interactions. 9) Corticosteroid toxicity relates to the
total lifetime dosage and serious side effects are usually not observed until a total dosage of 6.8 grams of prednisone
equivalent.

Conclusion: Until we have a better understanding of the mechanisms of action of glucocorticoids, we will continue to rely
on currently available systemic corticosteroids in severe asthma. The intrapatient consistency as discussed in this review,

should guide therapy.

(Allergy Asthma Proc 37:192-198, 2016; doi: 10.2500/aap.2016.37.3941)

Randhawa and Klaustermeyer' reviewed corticoste-

roid (CS) sparing treatment in CS-dependent
asthma (CDA) over a 30-year period and concluded
that systemic glucocorticoids remain the foremost ther-
apy for severe asthma in both hospital and outpatient
settings." With the more recent increased use of mono-
clonal antibody therapy (omalizumab) and the U.S.
Food and Drug Administration approval of the anti-
interleukin-5 monoclonal antibody (mepolizumab),
there may be further reduction in the use of systemic
CS therapy in asthma.

In 1950, CS was first introduced for therapy in bron-
chial asthma.” Before 1950, a significant mortality was
reported in a subset of adult asthma (refractory asthma
onset >40 years of age). After the introduction of cor-
ticosteroid therapy (CST), the life expectancy in this
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subgroup was doubled, from 3.5 years to 7.1 years.?
Since the early days of CST in asthma, multiple studies
consistently demonstrated efficacy.*”” There has been a
reduction in relapse rate, admissions, symptoms, mor-
bidity, and mortality®” Kurohara et al."® observed that
underuse of CS and overreliance on other agents con-
tributed to the majority of asthma admissions that
required intubation and mechanical ventilation.

From 1960 to 1980, status asthmaticus was treated
with aggressive therapy with high-dose parenteral CS,
intravenous (IV) B-agonists, intubation, and mechani-
cal ventilation.""™ Since 1980, with the emphasis on
prevention and control of asthma, under the guidelines
outlined in the Global Initiative on Asthma and the
National Institutes of Health National Asthma, Educa-
tion and Prevention Program resulted in a marked
reduction in the prevalence of CDA. These specific
guidelines that have improved asthma management
include the wide spread use of inhaled CS and combi-
nation inhaled CS and long-acting B-agonist therapy.
In addition, allergen avoidance, immunotherapy, and
omalizumab are effective in allergic asthma.

At the tertiary Veterans Affairs medical center in
West Los Angeles, from 1972 to 1990, in our allergy/
immunology center, we followed up, on average, 40 to
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80 patients with asthma and with CDA.'* In the past
decade, this CDA number has been reduced to an
average of five patients. Seven hundred patients with
asthma are followed up in this allergy/immunology
center, thus <1% of our patients with asthma currently
have CDA. A similar marked reduction in patients
with severe asthma admitted to our respiratory inten-
sive care unit for asthma was observed.'” This was a
reflection of improved methods of asthma prevention
and control with a subsequent reduction in the severity
of asthma.

RESPONSE RATE

The initial airway response to methylprednisolone
(125 mg IV) occurs at 1 to 2 hours, peaks at 4 to 6 hours,
and persists for 12 to 30 hours.”® Peak expiratory flow
rates (PEFR) correlate with other lung mechanic mea-
sures. This airway response is identical to the hemato-
logic effect of a single dose of glucocorticoid. The re-
duction in circulating monocytes and lymphocytes
onset is 1 to 2 hours, peaks at 4 to 6 hours, and persists
for 24 hours."®

The response rate of individual patients with
asthma should guide the duration and course of
SCT. Most patients with asthma respond to conven-
tional CS treatment within 3 days, whereas a sub-
group requires =7 days. The characteristics of the
slow responders include (1) age > 40 years, (2) nona-
topic asthma, (3) duration of attack of >7 days, (4)
poor long-term asthma control, (5) hospitalizations
in the previous year, and (6) maintenance oral CS.
The response rate was not influenced by sex, con-
comitant respiratory tract infection, or the duration
of the asthma diagnosis.'”°

In one study of CDA, improvement was related to
the initial degree of obstruction (by pulmonary func-
tion tests) more than the CS dosage received.”' The
individual patient rate of recovery was constant and
could be described by a single second-degree polyno-
mial equation. The mean recovery rate was 10 days to
reach 50% of the previous best forced expiratory vol-
ume in 1 second (FEV;) (within 2 years of the study).
This measure of previous best value to follow recovery
in CDA uses each patient as his or her own control.

Krouse et al.'' studied hospitalized patients with refrac-
tory asthma. Patients were randomized to two groups.
Group A received methylprednisolone 125 mg IV every 6
hours for 3 days, then oral prednisone 25-30 mg daily for
a total of 10 days, whereas group B received methylpred-
nisolone 125 mg IV every 6 hours for 10 days. In group A,
there were two patients whose condition deteriorated
compared with the 10-day high-dose IV steroid group.
This study concluded that each individual had an indi-
vidual response pattern to CS and that most patients
responded to a short duration of IV CS. A small subgroup
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of patients required a longer duration of therapy. Al-
though the 10-day high-dose CS was the most-effective
dosage, this high dose is rarely recommended because of
the potential serious CS toxicity."

The recovery rate to CST is traditionally measured
by PEFR and FEV,, other spirometric measures, symp-
toms, and pulse oximetry. In patients with CDA, PEFR
and FEV, vary considerably with time. We examined
the variability of pulmonary tests in stable outpatients
with CDA for 10 months. Due to weekly variability, it
may take months to establish a good baseline in pa-
tients on long-term CST. We found a lack of correlation
between patient assessment of clinical status, CS dos-
age, and spirometry.*

A study of hospitalized adult patients with asthma
was analyzed to determine the rate and degree of
response to therapy.*> PEFR was measured twice daily
during hospitalization and weekly after discharge. The
daily PEFR measurements demonstrated the response
to therapy during hospitalization and at a follow-up
visit at 1-2 weeks. The PEFR monitoring did not cor-
relate with relapse or repeated hospitalization in the
5-17 month follow-up period.

Steroid Resistance

Patients who require higher doses of CS for control
of asthma may have CS-resistant asthma (CRA). Severe
asthma and CRA are not interchangeable terms. CRA
as defined by Ito et al.** is a <15% increase in baseline
FEV, after a 14-day course of 40 mg/day oral predni-
sone. CDA is defined as daily oral CS treatment re-
quired for control of asthma.

Noncompliance, misdiagnosis of asthma, allergen
sensitivity, concomitant conditions (gastroesophageal
reflux, severe rhinosinusitis), psychiatric issues, drug
interactions, and substance abuse should be considered
before diagnosing CRA. Glucocorticoid resistance can
be more frequently seen in patients with asthma and
with a current or past history of smoking,” reduced
glucocorticoid receptor binding,*® and African Ameri-
cans.”” Possible treatments available that may reduce
glucocorticoid resistance include cessation of smoking,
adding a low-dose theophylline,® macrolides, treat-
ing infection, and anti-immunoglobulin E therapy.***!

The optimal strategy is to give the lowest effective
dose of systemic CS. The most effective dosage regi-
men is a divided daily dosage; however, this is also the
most toxic regimen. In terms of CS toxicity, a single
A.M. dose is preferable to divided doses, and an alter-
nate day dosing is better than daily dose. The optimal
starting dose, duration of therapy, and route of admin-
istration remain controversial.

Although patients with CRA may appear refractory
to CS, other routes of administration and different
formulations of steroids may improve asthma control.
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It may be useful to use different routes (IM or IV) of
administration in CRA to determine if a particle route
in more effective. For example, prednisolone may be
preferable to prednisone in the treatment of patients
with asthma and with impaired liver function. These
patients may be unable to transform prednisone to
prednisolone in the liver.*?

BIOMARKERS FOR STEROID RESPONSIVENESS

In addition to traditional spirometric measures to
determine response to SCT, other tests are used to
predict response to CS. Serum eosinophilia and spu-
tum eosinophilia have been used indicators of re-
sponse to SCT. The role of serum and sputum eosino-
phils as a marker of steroid response has not been well
defined due to variability and limited data. The Amer-
ican Thoracic Society clinical practice guidelines rec-
ommends measuring exhaled nitric oxide (FeNO) to
determine steroid responsiveness.”> These promising
biomarkers of asthma severity and steroid responsive-
ness were evaluated by a 2010 meta-analysis that ad-
dressed tailoring therapy based on sputum eosinophils
and FeNO.>* This analysis showed that tailoring
asthma treatment based on sputum eosinophils is ef-
fective in decreasing asthma exacerbations; however,
FeNO-guided therapy failed to show improvement.
The studies analyzed in this meta-analyisis revealed a
heterogeneity in the definition of asthma control,
asthma exacerbations, duration of the study, and cutoff
levels for sputum eosinophils and FeNO. More re-
search is needed to validate the role of these biomark-
ers.

Pathologic features of airway remodeling were
found in one study of 68 patients with severe asthma
who had a poor response to a short-term CST (<15%
FEV, improvement after 10 days of 1 mg/kg per day of
methylprednisolone.” Patients had bronchial biopsy
before the administration of the steroid, and a reticular
basement membrane of =7 um was a good predictor of
steroid resistance. Airway remodeling from prolonged
and severe asthma increases the likelihood of steroid
resistance. Analysis of the data indicated that, although
inhaled CS therapy is effective in controlling asthma
symptoms, inhaled CS therapy does not prevent sub-
sequent airway function deficit.*®

ETIOLOGY OF ACUTE ASTHMA
EXACERBATION

Noncompliance

Infection. There are no data that show how steroid
dose effects recovery from infection. A study of five
asthma deaths showed that three resulted from unde-
ruse of CS and two from infectious complications of
SCT.*” The signs of infection can be masked by the

194

anti-inflammatory effect of CS. It is essential to treat
severe asthma exacerbations with effective dosages of
CS but to monitor patients closely for infections. Re-
sults of one study indicated the infectious complication
rate was not increased in patients given a daily dose of
<10 mg daily or a cumulative dose of <700 mg of
prednisone.”® The infection rate was shown to decrease
with the alternative day regimen in chronic steroid—
dependent asthma.* IgG subclass deficiency has been
noted in patients with CDA and seems to be secondary
to long-term low-dose CS therapy.***! The association
of low IgG subclasses, severe asthma, and recurrent
infections has been reported, which indicates that IgG
therapy may have a role in this asthma cohort.** High-
dose IV methylprednisolone therapy decreases immu-
noglobulin E in severe asthma.*

Smoking Cigarettes. Patients with asthma who had a
history of >10 pack-years had fewer eosinophils in
their sputum. These patients were also shown to have
an increased sputum neutrophil count, which may be
partly responsible for CS resistance.** Noneosinophilic
asthma seems to be a phenotype that increases steroid
resistance.*” Smoking cessation may restore CS sensi-
tivity. Ex-smokers who had quit smoking for at least 1
year had a better response to oral prednisolone than
did current smokers.”

African American. In a 2005 cross-sectional study,
African American patients with asthma had de-
creased steroid responsiveness compared with white
counterparts.*® In a retrospective study by Chan et
al.*” more African American patients with asthma
who were hospitalized were CS resistant. In a 2006
study,*® patients with an admission diagnosis of
asthma were reviewed for mortality, length of stay,
and total hospital charges. The higher overall risk of
death from asthma in black patients compared is
attributed to factors that preceded hospitalization.
Black patients with asthma are more likely to die of
asthma exacerbations outside of the hospital than are
white patients with asthma. The researchers indicate
that inadequate access to health care, nonadherence
to medical regimen, and delay in seeking medical
attention are potential explanations.

Stress and Psychiatric Issues. Chronic psychosocial
stress increases the severity of asthma and a number of
exacerbations. Patients with asthma respond with in-
creased bronchial tone to stressful situations. Mice
studies showed that exposure to stress (psychological
stress and allergens) decreased the inhibitory action of
endogenous CS by diminishing function and expres-
sion of the glucocorticoid receptor (GR).* Analysis of
human data demonstrated that reduced CS binding to
GR may result in an impaired response to CS. De-
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creased GR binding affinity and steroid responsiveness
were observed in patients with atopic asthma exposed
to allergens.”

Obesity. In 2008, in a cross-sectional study of patients
who were obese, a positive relationship between obe-
sity and airway hyperresponsiveness was observed.”'
Obesity is a risk factor for asthma in all demographic
groups. Asthma in patients who are obese may repre-
sent a unique phenotype of asthma with more severe
disease.”> Weight gain is a common complication of
SCT, and treatment of the patient who is obese and
with asthma leads to worsening obesity.>

Vitamin D Deficiency

Vitamin D deficiency and asthma are two common
conditions that share risk factors such as African
American ethnicity, inner-city residence, and obesity.
An association has been identified in these two disor-
ders, and results of recent studies indicate a beneficial
effect of vitamin D on asthma by preventing the
morbidity of viral infections and enhancing steroid
responsiveness.”® In a cross-sectional study™ of
adult patients from the National Jewish Health Cen-
ter, nonsmoking patients with asthma improved
lung functions with higher vitamin D levels. Patients
with vitamin D deficiency showed increased airway
responsiveness.

Age. Elderly patients with asthma have immuno-
globulin E-dependent mechanisms.”® Aging is corre-
lated with an increased neutrophil count and de-
creased eosinophilia in sputum, which may lead to
more severe asthma. In a 2004 study, sputum samples
were taken from healthy nonsmoking subjects in the
age range of 18-74 years. Sputum neutrophil counts
correlated significantly with age.”” From the U.S. Cen-
ters for Disease Control and Prevention statistical data,
patients with asthma and who were >65 years old had
the highest mortality rate.

Hormonal Factors. Exacerbations of asthma increase
in frequency during the premenstrual period. A 1997
study compared airway hyperreactivity in 18 female
subjects with asthma and with natural menstrual cy-
cles versus 9 female subjects on an oral contraceptive
pill.>® The study showed that patients with asthma and
on oral contraceptive pills have a cyclical change in
airway reactivity that showed an association between
hormonal cycling and increased airway hyperreactiv-
ity.”” One study showed an increased risk of develop-
ing adult onset asthma in postmenopausal women
who used hormone replacement therapy.®’ The rela-
tionship between CS steroid resistance relating to vita-
min D and hormonal factors is variable and poorly
understood.
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DOSE, ROUTE, AND WHICH SCS TO USE

Dose

In a Cochrane Review of nine randomized controlled
trials of hospitalized patients with acute asthma, three
different doses, low-dose prednisone (=80 mg), me-
dium dose (>80 and =360 mg), and high-dose (>360
mg) were compared.®’ There appeared to be no differ-
ence among the different doses of CS. In a study by
Britton et al.®?, 26 hospitalized patients with asthma
were divided to three different doses of CS. After
PEFR, there was no advantage of the higher doses.

Adult patients in status asthmaticus were random-
ized to a controlled, double-blind prospective trial of
20 mg versus 125 mg IV methylprednisolone every 6
hours for 7 days.®® Individual responses were variable,
but magnitude and spirometric improvement were not
significantly different. The study revealed no advan-
tage in using the higher dose.®® In conclusion, 80 to 100
mg/day equivalent dose of prednisone worked for the
majority of patients with acute asthma, and higher
dosages are of no advantage and may increase toxic-
ity.!*

Route

Rodrigo and Rodrigo® reviewed four studies that
compared IV and oral CS in the emergency department
for patients with acute asthma. They concluded that IV
and oral CS appeared to have equivalent effects on
pulmonary function improvement at 24 hours. A study
by Ratto et al.*® compared IV methylprednisolone and
an equivalent dose of oral methylprednisolone. There
was no significant difference in FEV,, days of hospital-
ization, or adverse effects. Rowe et al.®° reviewed seven
randomized controlled trials, two studies used IM CS
and five studies used oral CS. Both oral and IM steroid
decreased the 7-10 day relapse rate, with no difference
between the two treatments.

Which SCS To Use

Sue et al.”” randomized patients with acute asthma
to a low equivalent dose of IV hydrocortisone (100
mg IV every 6 hours), methylprednisolone (20 mg IV
every 6 hours), dexamethasone (3.75 mg IV every 6
hours) for 72 hours and then the steroid was tapered
over 3 days. All the patients had significant improve-
ment in FEV, after 9 hours. There was no significant
difference in FEV, among the three groups at 72
hours. Aggarwal et al.®® randomized 94 patients to
two groups. Group A was given hydrocortisone 200
mg IV every 6 hours until discharge from the emer-
gency department, followed by oral prednisolone
0.75 mg/kg daily for 2 weeks. Group B was given
methylprednisolone 125 mg IV bolus, then 40 mg IV
every 6 hours until discharge, followed by oral meth-
ylprednisolone 0.6 mg/kg daily for 2 weeks. Group
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B had significant improvement over group A in
PEFR, FEV, and asthma score at a 2-week follow-up.

Discharge after Emergency Department Visit or
Hospitalization, Outpatient-Duration, Tapering

O'Driscoll et al.** in a double-blind study after 10
days of 40 mg prednisolone daily compared active
versus placebo taper. There was no significant differ-
ence or need for tapering. In a study of 35 patients
admitted with acute asthma and treated with oral
prednisolone 40 mg daily until full recovery (stable
PEF within 15% of their previous best PEF or predicted
PEF over 48 hours). 7 The patients were randomized to
a 14-day taper dose of prednisolone (5 mg every other
day) or placebo on discharge.”” The pulmonary func-
tion obtained at 14 and 28 days (the mean over 7-14
days and 21-28 days in the case of PEF) were com-
pared with baseline value on discharge.”’ The values
were compared between the two groups. There was no
further change in PEF, FEV,, FVC, or total lung capac-
ity at 14 or 28 days after discharge, and there was no
difference between the two groups.” Recovery of ad-
renal function after a short course of SCT of up to 3
weeks seems to be rapid, and tapering is unneces-
sary.”!

Avoidance of Glucocorticoid Adverse Effects

The wide range and severity of adverse effects from
systemic CS therapy are well known in the medical
literature.”> Psychiatric complications of systemic CS
include anxiety, mood disorders, psychoses, delirium,
and dementia.”” Kwong et al.'* observed complications
in 51 patients who received SCT for >1 year. Serious
ocular and skeletal complications (avascular necrosis
in >10% of patients) were directly proportional to the
total lifetime dosage of CS. The frequency of compli-
cations was very high (92%). The lowest lifetime dos-
age associated with serious complications was 6.8 g of
prednisone equivalent. The number of complications
was inversely related to the time (in terms of years)
over which the CS was given, which is for a given total
steroid dose. There were fewer complications if the
administration time was longer. Avascular necrosis has
been observed after 6 weeks of high-dose CS therapy.”
Adverse effects have been observed in doses of pred-
nisone as low as 5 mg/day.” In patients on SCT, it is
important for clinicians to monitor complications con-
tinuously and to track the lifetime total SCT dosage.

A single dose of short-acting steroid compared with
an identical agent given in divided doses or an equiv-
alent anti-inflammatory dose of a long-acting agent
decreases adverse effects. A 6:00 to 8:00 A.M. dose
more closely resembles the innate diurnal cortisol cy-
cle,”® which preserves the innate adrenocorticotropic
hormone cortisol cycle.”
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Duration of Action and Cost of Corticosteroids

The duration of action and average wholesale cost of
CS (provided by West Los Angeles VA Medical Center
Hospital Pharmacy, January 4, 2016) are as follows:

e Oral prednisone: duration of action, 18 to 36 hours.
Cost: 5-mg tablets, $0.20/tablet; 10-mg tablets,
$0.22/tablet; 20-mg tablets, $0.26/tablet.

e QOral dexamethasone: Duration of action, 36 to 72
hours. Cost: 0.5-mg tablets, $0.21/tablet; 1-mg tab-
lets, $0.39/tablet; 4-mg tablets, $0.64/tablet.

e Methylprednisolone injection. Cost: 40-mg vial,
$5.38/vial; 125-mg vial, $8.68/vial.

¢ Inhaled Beclomethasone HFA (QVAR). Cost: 40-mcg
inhaler, 120 doses/inhaler, $167.40; 80-mcg inhaler,
120 doses/inhaler, $224.14.

e Mometasone Twisthaler. Cost: 220-mcg, 30-dose in-
haler, $200.46 (for 1 puff daily dosing); 110-mcg,
30-dose inhaler, $185.68 (for 1 puff daily dosing);
220-mcg, 60-dose inhaler, $235.56 (for 1 puff twice a
day dosing); 220-mcg, 120-dose inhaler, $337.58 (for
2 puff twice a day dosing).

e Mometasone HFA Inhaler. Cost: 220-mcg, 120-dose
inhaler, $235.56; 100-mcg, 120-dose inhaler, $200.46.

CONCLUSION

In this review, we considered various aspects of CST
in severe asthma. Asthma is a disease characterized by
variability both in etiology and response to therapy.
This review focused on the consistent pattern of re-
sponse observed in individual patients, which allowed
tailoring of treatment based on individual characteris-
tics in these patients with severe disease. Until the
basic mechanisms that underlie the actions of gluco-
corticoids are better understood, clinicians await effec-
tive new CS drugs or new effective CS sparing agents
with fewer adverse effects. In the interim, physicians
are dependent on the currently available systemic glu-
cocorticoids for treatment of this important subgroup
of patients with severe asthma.
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