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Preface

e
s

Expert Panel Report: Guidelines for the Diagnosis
and Management of Asthma— Update on
Selected Topics 2002 (EPR—Update 2002)
provides timely information on several
selected priority asthma topics. It updates
recommendations of the Expert Panel Report

2: Guidelines for the Diagnosis and Management
of Asthma (EPR-2).

The current update was developed using

a new approach that will make the asthma
guidelines a dynamic and timely guide for
practicing clinicians. The National Asthma
Education and Prevention Program (NAEPP)
Science Base Committee regularly reviews the
scientific literature as an ongoing process to
identify topics that warrant a more in-depth
and systernatic review. For this update, the
Committee has focused on a few of the more
pressing asthma issues rather than updating
all topics at once. This approach should pro-
vide more expeditious updates in the future,
thus adding to the value of the guidelines as
a living docurnent.

The Committee recommends to the NAEPP
Coordinating Committee when a review is
warranted and, upon concurrence by the CC,
an expert panel is convened. Expert panel
members are independent thinkers who rep-
resent a multidisciplinary group. of clinicians
and scientists possessing expertise in clinical
management. They make recommendations
based on their interpretation of the best and
most current evidence available.

The 2002 update to the asthma guidelines
has been developed under the able leadership
of Dr. William Busse, Panel Chair. The
National Heart, Lung, and Blood Institute
sincerely appreciates the work of Dr. Busse
and all members of the Expert Panel in

developing this report. Sincere appreciation -
also goes to the 40 organizations (professional
societies, voluntary organizations, Federal
agencies) that comprise the NAEPP-CC for
their thoughtful review and comments in
approving content of this report.

Ultimately, broad change in clinical practice
depends on the influence of local physicians
and other health professionals who not only
provide state-of-the-art care to their patients,
but also communicate to their peers the
importance of doing the same. We are opti-
mistic that over the next several years, the
joint efforts of the NAEPP, its CC member
organizations, and committed professionals
at the local level will result in extensive
implementation of the recommendations in
the EPR—Update 2002 and EPR-2. We ask
for the assistance of every reader in reaching
our ultimate goal: improving asthma care
and the quality of life for every patient with
asthma and their farnilies.

Publications from the NAEPP can be ordered
through the National Heart, Lung, and Blood
Institute Information Center, PO. Box 30105,
Bethesda, MD 20924-0105. Publications are
also available through the Internet at
hr.tptl'/mvw‘nhlbi‘g()v,nhlbi/nhlbi,htm.

C- boaA vt
Claude Lenfant, M.D.

Director

National Heart, Lung, and Blood Institute
Chair, National Asthma Education and
Prevention Program Coordinating Committes
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Introduction

e
e

Asthma is a chronic inflammatory disease
of the airways that has created a significant
public health burden. In the United States,
more than 11 million people reported
having an asthma attack in the year 2000,
and more than 5 percent of all children
younger than age 18 reported having
asthma attacks. In 1999, asthma was
responsible for 2 million emergency depart-
ment visits, 478,000 hospitalization with
asthma as a’primary diagnosis, and 4,426
deaths. The rates of hospitalization have
remained the same or lower since 1980 for

all age groups, except children younger than

age 15. Mortality rates have declined overall
since 1995, but a disparity among ethnic
groups remains; Asthma mortality is nearly
3 times higher in black males than in white
males and 2.5 times higher in black females
than in white females (Centers for Disease
Control and Prevention).

Scientific advances over the last 15 years have
led to a greater understanding of the mecha-
nisms of asthma and the development of
therapeutic approaches that can reduce
morbidity and improve the quality of life
among persons with asthma, To help health
care professionals bridge the gap between cur-
rent knowledge and practice, the National
Heart, Lung, and Blood Institute’s (NHLBI's)
NAEPP has convened expert panels to pre-
pare clinical practice guidelines for the
diagnosis and management of asthma. The
NAEPP Coordinating Committee, under the
leadership of Claude Lenfant, M.D., director
of the NHLBI, convened the first Expert
Panel in 1989. The Panel was charged with
developing a report that would provide a gen-
eral approach to diagnosing and managing
asthma based on current science. The NAEPP
Expert Panel Report: Guidelines for the Diagnosis

- and Management of Asthma (NAEPP 1991)

was published in 1991. Recommendations
for the treatment of asthma were organized
around the following four components of
effective asthma management:

w  Use of objective meéasures of lung func-
tion to assess the severity of asthma and
to monitor the course of therapy

» Environmental control measures to avoid
or eliminate factors that contribute to -
asthma severity

s Comprehensive pharmacologic therapy -
for long-term management designed to
reverse and prevent the airway inflamma-
tion characteristic of asthma, as well as -
pharmacologic therapy to manage asthma
exacerbations

m Patient education that fosters a partner-
ship among the patient, his or her family,
and clinicians.

The NAEPP convened a second Expert
Panel in 1995 to review the entire 1991
report and update it, if necessary, based
on review of the literature published since

1991 and on clinical experience with imple-

mentation of the report’s recommendations
for clinical practice. The NAEPP FExpert
Panel Report 2: Guidelines for the Diagnosis.
and Management of Asthma (EPR-2) was
published in 1997.

The NAEPP recognizes that the value of
clinical practice guidelines lies in their pre-
sentation of recommendations based on the
best and most current evidence available.
However, high-quality research on all areas
of asthma management is not available, and
scientific examination and discovery often is
focused on only a few areas at any given
time. The NAEPP concluded that an effi-
cient approach to updating the clinical
practice guidelines would be to identify
selected questions that warrant intensive
review and possible update, based on either
the level of research activity reflected in the
published literature or the level of concern
or controversy in clinical practice. Position
statements on these topics would be’
published as NAEPP Expert Panel Report
Updates, and would be incorporated into the

(o
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Web-based version of EPR-2. Thus, the NAEPP.
Expert Panel Report is a dynamic document that will
be updated continuously with position statements
on topics of interest to the community of patients,
clinicians, and organizations dedicated to improving
asthma care.

The NAEPP charged its Science Base Committee with
the responsibility for monitoring the scientific litera-
ture, identifying topics for review, determining the
need for changes in the EPR-2, and preparing appro-
priate updates. The Science Base Committee is a
multidisciplinary group of clinicians and scientists with
expertise in asthma management. The group includes
health professionals in the areas of general medicine,
family practice, pediatrics, emergency and critical care,
allergy, pulmonary medicine, pharmacy, and health
education. The Science Base Committee reports to the
NAEPP Coordinating Committee, which comprises
representatives from 40 professional societies, voluntary
organizations, and Federal agencies.

This report, the NAEPP Expert Panel Report: Guidelines
for the Diagnosis and Management of Asthma— Update on
Selected Topics 2002 (EPR—Update 2002), presents

hnt

recommendations for tho management of asthme
will help clinicians and patients make appropriate
decisions about asthma care on the following topics:

m Medications
* Long-term management of asthma in children:
~ Effectiveness of inhaled corticosteroids for -
children with mild or moderate persistent
asthma compared with other medications
— Safety of long-term use of inhaled
corticosteroids .
* Combination Therapy: The addition of other
-long-term-control medications to inhaled
corticosteroids
* The effect of antibiotics on acute asthma
exacerbations

= Monitoring
* Written asthma management plans compared
to medical management alone
* Peak flow-based compared to symptom-based
written action plans

m Prevention ,
¢ Effects of early treatment on the progression
of asthma.

The appendices to this report contain updated step-
wise and dosage charts and a list of abbreviations
and acronyms.

This report revises the EPR-2 Stepwise Approach for
Managing Asthma to incorporate findings from the
review of the scientific evidence. These guidelines are
intended to inform, not replace, clinical judgment.
Of course, the clinician and patient need to develop
individual treatment plans that are tailored to the
specific needs and circumstances of the patient.

This report is not an official regulatory document

of any Government agency.

Methods Used To Develop This Report

The NAEPP Science Base Committee met in April
1999 to identify priority areas for review and possible
update of recommendations in EPR-2. The Committee
used a modified Delphi technigue to rank all major
EPR.2 clinical recommendstions according
whether major new studies had been published in that
area or the area was of considerable clinical interest
but lacking in consistent evidence at the time EPR-2
was developed. At the same time, the Agency for
Healthcare Research and Quality (AHRQ), through

-its own routine process.of soliciting questions from

the medical community for the development of
evidence reports, received questions on asthma from
the American Academy of Pediatrics and the
American Academy of Family Physicians. Several of
the topics were comparable to those identified by
INAEPP Science Base Committee, so the NHLBI
worked with the AHRQ to develop a contract with an
AHRQ Evidence-Based Practice Center. An AHRQ
contract was awarded to the Blue Cross Blue Shield
Association Technology Evaluation Center to conduct
a systematic review of the evidence (SRE) on the
topics listed earlier.

In August 1999, the AHRQ Evidence-Based Practice

Center began to perform comprehensive review of the

literature on each of the selected topics; to prepare T
evidence tables depicting study design, research
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variables, and reported outcomes; and to sunimarize the
literature findings in a narrative report. This report,
however, was not intended to make judgments about
the implications of the findings for clinical practice.
The Evidence-Based Practice Center's methods for
conducting the SRE are described in detail elsewhere
(Blue Cross and Blue Shield Association Technology.
Evaluation Center) and are summarized here.

m The Evidence-Based Practice Center formed a
Technical Advisory Group composed of asthima
specialists and primary care physicians, including -
several members of the NAEPP Science Base
Committee. The literature search included full-
length reports published in peer-reviewed medical
journals and articles in English or published in
foreign languages with English abstracts. Studies
that did not include control groups in the research
design were excluded from review (except for those
that dealt with the topic of adverse effects of inhaled
corticqsteroids), and most of the included trials were
randomized. Specific criteria that defined patient
populations of interest, outcomes of interest, types
of interventions, and study design were established
for each topic. A comprehensive literature search was
performed using key text words and MeSH terms
{Medical Subject Heading) to identify all relevant
controlled clinical trials. (Key words included, for
example, all long-term-control asthma medications,
antibiotics in asthma, peak expiratory flow rate meter,
action plan, and self-care monitoring.) Both the
MEDLINE and EMBASE databases were searched for
all articles published from 1980 through August
2000. In addition, the search included potentially
relevant studies published before 1980 but referenced
in the post-1980 literature,

w The search retrieved 4,235 English and 343
non-English language references. One member of
the Evidence-Based Practice Center’s study team
reviewed abstracts; a-second team member
reviewed any excluded abstracts. On the basis of
this abstract review, 668 full-length journal arti-
cles were retrieved and rated independently by
two study team members against study selection
criteria. Eighty-seven articles met the study selec-
tion criteria to be incliided in the SRE. Data from
these 87 articles were abstracted for evidence
tables by two reviewers and were recorded in

Introduction

an electronic database. Data elements included cat-
egories such as study design and methods, patient
characteristics, lung function outcomes, symptom
outcomes, medication outcomes, utilization
outcomes, and adverse events.

» A quality assessment of the studies was performed
to enable sensitivity analysis comparing the results
and conclusions reached from all included studies
with the results and conclusions of a subgroup of
higher quality studies. Quality was assessed on
three domains: concealment of treatment allocation
during randomization, double-blinding, and han-
dling of withdrawals and exclusions. Quality also
was assessed on domains deemed pertinent to »
asthma research, such as establishing reversibility of
airway obstruction, controlling for other medication
use, reporting compliance, addressing seasonality,
and a priori reporting of power calculations.

» A meta-analysis was performed to assess the benefits
of adding long-acting inhaled beta, agonist medica-
tion to inhaled corticosteroids as treatment of
moderate persistent asthma.

In February 2001, the Evidence-Based Practice Center
submitted a draft report of the SRE to the AHRQ.
The NAEPP Science Base Committee, serving as an
Expert Panel, met in March to review the Evidence-
Based Practice Center’s report and to interpret the
implications for clinical practice and the recommenda-
tions included in EPR-2. The Expert Panel reached
consensus on whether the evidence supported the
recommendations made in EPR-2 or indicated a need
for revision. The Expert Panel then assigned writing
comrmnittees to develop position statements on each of
the topics. Fach Panel member was assigned to one of
the writing committees. The Expert Panel noted that,
for some topics, significant studies had been published
in the 7-month period between the Evidence-Based
Practice Center's search of the literature and the sub-
mission of its report. The Expert Panel agreed that the
writing committees would include their own review of
additional literature published since August 2000 and
use MEDLINE searches as appropriate. The distinc-
tion between the two literature reviews is noted in the
position statements by separating discussion of the
Evidence-Based Practice Center's SRE and the Expert
Panel's Additional Literature or Information. Further, the
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source and level of the evidence used to justify Panel rec-
ommendations for sustaining or revising EPR-2 are noted
in parentheses following the recommendation. (That is, the
level of evidence is categorized A, B, C, or D according to
the description below. If the source of the evidence is from
the SRE, the category is preceded by the notation “SRE”;
if the source is the Expert Panel’s additional literature,
there is no prefix.) The system used to describe the level
of evidence is as follows (Jadad et al. 2000):

s Evidence Category A: Randomized controlled
trials (RCTs), rich body of data. Evidence is from
end points of well-designed RCTs that provide a
consistent pattern of findings in the population for
which the recommendation is made. Category A
requires substantial numbers of studies involving
substantial numbers of participants.

m Evidence Category B: RCTs, limited body of
data. Evidence is from end points of intervention
studies that include only a limited number of
patients, post hoc or subgroup analysis of RCTs,
or meta-analysis of RCTs. In general, Category B
pertains when few randomized trials exist, they are
small in size, they were undertaken in a population

L

SR

mendation, or the results are somewhat inconsistent.

# Evidence Category C: Nonrandomized trials
and observational studies. Evidence is from out-
comes of unicontrolled or nonrandomized trials or
from observational studies.

# Evidence Category D: Panel consensus
judgment. This category is used only in cases
where the provision of some guidance was deemed
valuable, but the clinical literature addressing the
subject was insufficient to justify placement in one
of the other categories. The Panel consensus is based
on clinical experience or knowledge that does not
meet the criteria for categories A through C.

As the Expert Panel members reviewed the scientific
evidence and considered revisions to EPR-2, they iden-
tified areas that require further investigation to either

(%

fill important gaps found in the data or to pursue

oy

promising areas of research revealed by study findings.
Each position statement includes recommendations for
further research.

The Expert Panel prepared draft position statements in
its respective writing committees during summer and
fall 2001, and the drafts were edited during the winter.
A series of drafts were discussed in three telephone
conference calls (June 2001, October 2001, and
February 2002) among the full Panel membership.
Final agreement on each position statement was
reached during these calls, including the specific
recommengdations within the position statements to
either retain or revise EPR-2. A vote confirmed the
unanimous agreement of the Panel. In March 2002,

a draft was mailed to the NAEPP Coordinating
Committee members for their review, comment, and
approval. In April 2002, the Expert Panel reviewed the
Coordinating Committee’s suggested edits by e-mail
and by telephone conference call and incorporated sug-
gestions. that were within the scope of the Coordinating
Committee's approval. Expert Panel members’ agree-
ment on the final text was unanimous. The NAEPP
EPR—Update 2002 was released in June 2002. h

This report was funded by the NHLBI, National
Institutes of Health. Expert Panel members disclosed
relevant financial interests to each other prior to their
deliberations. Expert Panel members and reviewers
participated as volunteers and were compensated only
for travel expenses related to the Expert Panel meeting.

In summary, the NAEPP Expert Panel Report: Guidelines
for the Diagnosis and Management of Asthma— Update on
Selected Topics 2002 represents the NAEPP's ongoing
effort to keep recommendations for clinical practice up
to date and based on systematic review and considera-
tion of the best available scientific evidence, as well as
on the collective expertise of the Expert Panel and
Coordinating Committee members in asthma manage-
ment. The NAEPP hopes that this report will assist
clinicians and patients as they work together to achieve
asthma control.
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Overview of the
Pathogenesis
of Asthma

s
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An overview of current insights into

the pathophysiology of asthma is pre-
sented here in order to provide a context
in which recommendations regarding
asthma treatment were made for the

EPR—Update 2002.

The working definition of asthma, as

proposed in the EPR-2 in 1997 (page 3)—‘ :

Asthma is a chronic inflammatory disorder of
the airways in which many cells and cellular
elements play a role, in particular, mast cells,
eosinophils, T lymphocytes, neutrophils, and
epithelial cells. In susceptible individuals,
this inflammation causes recurrent episodes

of wheezing, breathlessness, chest tightness,
and cough, particularly at night and in the
early morning. These episodes are usually
associated with widespread but variable air-
flow obstruction that is often reversible either
spontaneously or with treatment. The inflam-
mation also causes an associated increase in
the existing bronchial hyperresponsiveness to

a variety of stimuli (NHLBI 1997).

—continues to capture the features of
asthma and underscores the importance

of airway inflammation to the pathogenesis,

pathophysiology, and treatment of this
disease. Important additions to this defini-
tion include recent observations that
reversibility may be incomplete in some
patients with asthma, and other individ-
uals with features of chronic bronchitis

may manifest some degree of reversibility =~

in airflow obstruction (Bousquet J. et al.
2000). Nonetheless, the study of asthma
pathogenesis and its treatment continues
to focus on inflammation as a target to
control and regulate airflow obstruction

- and the resulting symptoms.

Recent studies Have begun to categorize
airway inflammation into phases, which
although somewhat arbitrary in demarca-
tion, provide insights into the possible
progression of the disease as well as its
management., Acute symptoms of asthma

usually arise from bronchospasm and
require and respond- to bronchodilator
therapy. Acute and chronic inflammation
can affect not only the airway caliber and :
airflow but also-underlying bronchial
hyperresponsiveness, which results in
susceptibility to bronchospasm. Treatment
with anti-inflammatory drugs can, to a large
extent, reverse some of these processes; how-
ever, the successful response to therapy often
requires weeks to achieve and, in some situ-
ations, may be incomplete. Finally, some
patients may have persistent airflow limita-

tions for which no current therapy has been

found to be effective. Therefore, the para-
digm of asthma has been expanded from
bronchospasm and airway inflammation - '
to include airway remodeling in some :
patients. The concept that asthma may be a
continuum of these processes that can lead
to moderate and severe persistent disease is
of critical importance to understanding this
disease’s pathogenesis and pathophysiology.
As these questions undergo a constant eval-
uation, current treatment recommendations
also must be reassessed.

Inflammation of Asthma

Airway inflammation in asthrma is found in
patients with mild, moderate, and severe :.
disease. Although there are some universal
features of this inflammatory response in
the airway, the specifics of the bronchial
reaction show variations, which are depen-
dent upon the disease’s severity, treatment,
and duration. Infiltration of the airway by
inflammatory cells such as activated lympho-
cytes and eosinophils, denudation of the
epithelium, deposition of collagen in the
subbasement membrane area, and mast cell
degraﬁulation are often, but not always, fea-
tures of mild or moderate persistent asthma.
In fatal disease and severe persistent asthma,
other conditions occur, such as occlusion of
the bronchial lumen by mucus, hyperplasia
and hypertrophy of the bronchial smooth
muscle, and goblet cell hyperplasia.

]
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The cellular profile of inflammation in asthma pro-
vides evidence for the nature of the immune reaction
of injury and remodeling or repair, the potential
mechanisms by which such responses occur, the
resulting alteration in physiology, and the possible
therapeutic targets necessary to regulate, reverse, or
prevent such events. IgE antibodies have been found
to have a relationship to the severity of asthma and
the airway's early response to allergens. The ability to
synthesize IgE antibodies to environmental allergens
(i.e., atopy) remains a major risk factor in asthma
pathogenesis. Synthesized IgE binds to mast: cells and
basophils via high-affinity IgE receptors, and the
bridging of these attached molecules signals the cells
to release preformed and newly generated mediators,
including histamine and cysteinyl leukotrienes, to
rapidly contract airway smooth muscle. In addition,
the mast cell can produce a variety of cytokines,
including interleukin (IL)-1, -2, -3, -4, and -5 along
with granulocyte-macrophage colony-stimulating
factor, interferon (IFN)-y, and tumor necrosis factor-t.
The generation of these pro-inflammatory proteins
suggests that mast cells can contribute to both acute
and chronic inflammation.

SHORIHITORTS srion of s sirvae romnrs a
consistent feature of acute inflammation and also is
found in mucosal airway tissue from many patients
with chronic, persistent asthma. The granule proteins
of the mature eosinophil are sources of inflammatory
mediators, including major basic protein, which can
injure airway epithelium, enhance bronchial respon-
siveness, and affect the regulation of acetylcholine-
release, In addition, the eosinophil can release
cysteinyl leukotrienes, such as C,, to contract airway
smooth muscle. The production of eosinophils and
their release from the bone marrow are regulated by
IL-5. Migration of these cells to the airway involves
an interaction of eosinophil surface-bound integrins,
B, and B,, with endothelial cell and matrix tissue
counterligands. Finally, recently identified families
of chemokines (RANTES) eotaxin, and macrophage
inflammatory protein-10., participate in the migra-
tion of these cells to the airway. Although the
eosinophil is a feature of asthma pathology that

is known to be affected by anti-inflammatory
therapy in a manner that improves airway physi-
ology, its precise role in the pathophysiology of
asthma is still under investigation.

An Imbalance Between Tht and Th2 in the - N
Origins of Asthma ’

The role of lymphocytes in the inception and pro-
gression of asthma continues to be of considerable
importance. Since the 1997 EPR-2, there has been
interest in the idea that an imbalance in T-helper
(Th) 1 and Th2 cytokines may help explain and even
predict the subsequent development of asthma.
Airway inflammation in asthma may represent a loss
of normal balance between two “opposing” popula-
tions of Th lymphocytes. Two types of Th
lymphocytes have been characterized: Thl and Th2.
Thl cells produce IL-2 and IFN-y, which are critical
in cellular defense mechanisms in response to infec-
tion. Th2, in contrast, generates a family of cytokines
(IL-4, -5, -6, -9, and -13) that can mediate allergic
inflammation. The current “hygiene hypothesis” of
asthma illustrates how this cytokine imbalance may
explain some of the dramatic increases in asthma
prevalence in Westernized countries. This hypothesis
is based on the assumption that the immune system
of the newly born is skewed towards Th2 cytokine
generation. Following birth, environmental stimuli BN

such as infections will activate Thl responses and
te ThI/TR? v

ai o an o

balance. There is evidence that the incidence of
asthma is reduced in association with certain infec-
tions (M. tuberculosis, measles, or hepatitis A);
exposure to other children (e.g., presence of older
siblings and early enrollment in childcare); and less
frequent use of antibiotics. Furthermore, the
absence of these lifestyle events is associated with
the persistence of a Th2 cytokine pattern. Under
these conditions, the genetic background of the
child, with a cytokine imbalance toward Th2, will
set the stage to promote the production of IgE
antibody to key environmental antigens, such as
house dust mite, cockroach, Alternaria, and
possibly cat. Therefore, a gene-by-environment
interaction occurs in which the susceptible host is
exposed to environmental factors that are capable of
generating IgE, and sensitization occurs. Precisely
why the airways of some individuals are susceptible
to these allergic events is not established.

There also appears to be a reciprocal interaction .
between the two subpopulations in which Thl
cytokines can inhibit Th2 generation and vice versa.
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Allergic inflammation may be the result of an
excessive expression of Th2 cytokines. Alternately,
the possibility that the loss of normal immune bal-
ance arises from a cytokine dysregulation in which
Th1 activity in asthma is diminished has been
suggested in recent studies. The focus and actions

of cytokines and chemokines to regulate and activate
the inflammatory profile in asthma has provided
ongoing and new insight into the pattern of airway
injury that may lead to new therapeutic targets.

Because of the importance of IgE to the pathogen-
esis of allergic diseases and inflammation, the
development of humanized monoclonal antibodies
has become a possible treatment. Early studies in
asthma have indicated that this approach can
reduce serum IgE, inhibit the immediate and late
airway response to inhaled antigen, and allow for
a withdrawal of inhaled corticosteroids without
deterioration in lung function or precipitation of
an asthma exacerbation. The findings of anti-IgE
monoclonal antibody therapy support the impor-
tance of IgE-mediated responses in asthma and
suggest that IgE-regulated processes may encom-
pass processes that influence inflammation other
than mast-cell-dependent responses.

In addition, monoclonal antibodies against IL-5
recently have been tested in asthma. Anti-IL-5 has
reduced circulating concentrations of eosinophils and
their presence in sputum. However, despite the
reduction (but not elimination) of eosinophils, there
was no change in the development of the late-phase
response to an inhaled antigen. These preliminary
studies have raised questions about the specific role of
IL-5 in mechanisms of airflow obstruction and of
eosinophils in the pathophysiology of asthma. It
appears to be an omnipresent cell in asthma, but how
it participates in the disease process is not yet clear.

Qverview of the Pathogenesis of Asthma

A soluble TL-4 receptor (IL-4R) has been developed
for inhaled administration. This molecule acts as a
decoy and is capable of binding to IL-4 and thus
acting as an antagonist for that molecule. Although
early studies that administered nebulized IL-4R
showed that inhaled corticosteroid doses can be
reduced without a loss of asthma control or lung
function, subsequent trials with this molecule have
failed to demonstrate effectiveness in asthma control.

A number of lessons can be learned from these early
studies directed toward a single cytokine. Although
modification of features of allergic inflammation can
be seen in animals with genes that have “knocked
out” selected cytokines, similar benefits have not nec-
essarily been seen in human asthma. These findings
underscore the relevancy of multiple factors regu-
lating inflammation in asthma and the redundancy
of these processes. Moreover, these clinical studies in
human asthma also serve to indicate that phenotypes
of asthma exist and that these phenotypes may have
very specific patterns of inflammation. Nonetheless,
as more clinical trials with modifiers of inflamma-
tion in asthma are performed, it is likely that a more
comprehensive insight into the mechanisms of this
cdlisease will occur.

In summary, recent evidence continues to underscore
the importance of immune factors in the development
of asthma and resulting inflammation processes.
Insight into the mechanisms of these processes will
be important for future therapy. In the meantime,
asthma therapy continues to focus on controlling
underlying airway inflammation.
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1. Medications

AY

Several clinical questions were considered
by the NAEPP Expert Panel regarding
medications used in asthma therapy,
including questions about the effectiveness
of inhaled corticosteroids compared to other
long-term-control medicaticns- in the man-
agement of asthma in children, the safety of
long-term use of inhaled corticosteroids in
children, the use of combination therapy
in treating moderate persistent asthma,
and the use of antibiotics in treating acute
exacerbations of asthma. This section on
medications will pi‘esent each clinical
question separately, and each discussion
will include a statement of the specific
question; a summary answer to the ques-
tion; the rationale for the:question; a
summary of the SRE, as well as additional
literature considered by the Expert Panel
after the systematic review was completed;
recommendations for updating the EPR-2
and recommeridations for future research.

Long-Term Manaqemeht

{ of Asthma in Children:
Effectiveness of Inhaled

Corticosteroids Compared
to Other Medications

Question

Does chronic use of inhaled cortico~
steroids improve long-term outcomes
for children with mild or moderate
persistent asthma, in comparison

to the following treatments?

“As-needed” beta,-agonists? -
Long-acting beta,-agonists?
Theophyiiine?
Cromolyn/nedocromil?
Combinations of above drugs?

Leukotriene modifiers (leukotriene
receptor antagonists [LTRAs] and
5-lipoxygenase inhibitors) were not
included in the SRE because no published
data meeting minimal inclusion criteria

for children were available to compare this
class of compounds directly to any other
long-term-control medications, including
inhaled corticosteroids. Studies on LTRAs
in children that were published subse-
quent to the SRE were considered by the
Expert Panel as additional information and
included in the comprehensive review of
the question.

Summary Answer to the Question

Strong evidence establishes that inhaled
corticosteroids improve long-term outcomes
for children of all ages with mild or mod-~
erate persistent asthma, compared to
as-needed beta,-agonists, as measured by
prebronchodilator forced expiratory
volume in 1 second (FEV ), reduced
hyperresponsiveness, improvements in
symptom scores, fewer courses of oral
corticosteroids, and fewer urgent care visits
or hospitalizations (SRE-Evidence A).
Studies comparing inhaled corticosteroids to
cromolyn. nedocromil, theophylline, or
LTRAs are limited, but available evidence
shows that none of these long-term-control
medications is as effective as inhaled

- corticosteroids in improving asthma out-

comes (SRE-Evidence B; Evidence B, C).
{See Appendix A, Stepwise Approach for
Managing Asthma, for the definition of
asthma severity classifications.) A revision
to the EPR-2 stepwise approach to therapy
is recommended. The Expert Panel recom-
mends the following therapy for children
with mild persistent asthma:

w For children older than 5 years of age,
the preferred therapy is inhaled corti-
costeroids (low dose) (SRE-Evidence A).
Alternative therapies (listed alphabeti-
cally because there are insufficient data
to enable ranking) include cromolyn,
LTRAEs, nedocromil, or sustained-
release theophylline (SRE-Evidence A,
B; Evidence A, B).
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w For children 5 years of age and younger, no studies
compare inhaled corticosteroids to other long-term-
control medications. Therefore, recommendations
are based on extrapolations of studies in older chil-
dren. The preferred therapy is low-dose inhaled
corticosteroids, with nebulizer, dry powder inhaler
(DPI), or metered-dose inhaler (MDI) with holding
chamnber, with or without a face mask. Alternative
therapies (listed alphabetically) include cromolyn or
LTRA (SRE-Evidence B).

Rationale for the Question

The NAEPP recognizes the need for continual
appraisal of the benefits and potential risks of asthma
medications in children. The EPR-2 recommends
inhaled ‘corticosteroids, cromolyn, and nedocromil

as preferred treatment, with acknowledgement of a
potential but small risk of adverse events with the use
of inhaled corticosteroids. The NAEPP considers it
important to update information regarding the effec-
tiveness and safety of inhaled corticosteroids in
children. A review of evidence on the safety of inhaled

corticosteroids is presented in another section. To enrich

Ve

the owv wr of offcotivenes SN
literature for studies comparing the effectiveness of
inhaled corticosteroids used as monotherapy to short-
acting beta,-agonists taken as needed, and to other
long-term-control medications used as monotherapy
in children with mild or moderate persistent asthma.
Such a review enables the NAEPP to consider the
most appropriate position of various medications in
the stepwise approach to asthma management, based
on the current evidence. At the time that the EPR-2
was published, the following long-term-control med-
ications were available for treatment in children:
inhaled corticosteroids, long-acting inhaled beta,-ago-
nists (salmeterol), theophylline, cromolyn,
nedocromil, and leukotriene modifiers (zafirlukast and
zileuton); not all were approved for use in children
younger than 5 years of age. Since the publication of
the EPR-2, a third leukotriene modifier, montelukast,
has become available for children 2 years of age and
older, and a nebulized form of inhaled corticosteroids
has become available for children as young as 1 year
of age. The DPI forms of salmeterol and fluticasone,
available for older children, also were approved down
to 4 years of age.

8

Systemaﬁc Review of the Evidence

The following description of the SRE is an adapta-
tion of the evidence report, including direct

_excerpts, submitted by the Blue Cross Blue Shield

Association Evidence-Based Practice Center. (See
Introduction, Methods.)

I Methods of Literature Search

This question addresses long-term outcomes of treat-
ment for children with mild or moderate persistent
asthma. Outcomes of primary interest are those that
indicate the progression of underlying disease;
short-term measures of symptom control cannot
adequately address this question. Of the available
measures, longitudinal determination of postbron-
chodilator FEV| provides the best available measure

of lung growth (CAMP Research Group 2000).
Epidemiologic studies often use prebronchodilator
FEV,, which has been one of the strongest correlates
with long-term outcomes. Peak expiratory flow
(PEF) also can indicate long-term progression; both
prebronchodilator FEV, and PEF are more subject to

short-term changes in control and, of the two, PEF
Oty o

.

stires, such as symptoms, medication use, and
utilization measures, also are likely to correlate with
long-term progression of disease over time, but are
highly subject to changes in short-term control of
bronchospasm.

In addition to the eligibility criteria for selecting
studies related to all topics in the SRE (described in
the Introduction), the following criteria were used to
select studies for this question:

a Study design is a comparative or crossover clinical
efficacy trial, with a concurrent control group.

m Study compares the use of inhaled corticosteroids
vs. placebo; OR compares inhaled corticosteroids
vs. no treatment control; OR compares inhaled
corticosteroids vs. alternative medication for mild
asthma (as-needed betay-agonists, theophylline,
cromolyn, nedocromil, or combinations of these
medications); OR compares the addition of inhaled
corticosteroids to other medication for mild asthma
(as-needed beta,-agonists, theophylline, cromotyn,
nedocromil, or combinations of these medications).
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Includes at least 10 evaluable, similarly treated
patients per study arm or crossover phase with
mild or moderate persistent asthma, with the
following defined limits:
» FEV| more than 60 percent of predicted; PEF
variability more than 20 percent
OR.
* Symptoms more than 2 times a week to daily
OR ,
* Nocturnal symptoms more than 2 times
a month '

OR

- » Population cannot be classified into the above

categories but appears to include primarily
persons with mild or moderate persistent
asthma

OR |

* Population is mixed, but the majority appears
to consist of persons with mild or moderate
persistent asthma. '

Study duration is of at least 12 weeks.

At least 90 percent of included patients have not
been treated with other long-term-control medica-
tions (LTRAs, long-acting inhaled beta,-agonists,
inhaled corticosteroids) for at least 4 weeks before
beginning to take inhaled corticosteroids.

Enrolls only patients younger than 18 years of age
or stratifies outcomes for patients younger than

18 years of age.

Study addresses relevant outcomes.

I Summary of Findings

Studies

Ten studies enrolling 2,210 patients.met the inclusion
criteria for this question. Three of the studies were
based in the Netherlands (Hoekstra et al. 1996; Van
Essen-Zandvliet et al. 1992; Verberne et al. 1997);
two were from Scandinavia {Jonasson et al. 1998;
Agertoft and Pedersen 1994); two from the United
Kingdom (Storr et al. 1986; Connett et al. 1993);
two from the United States (CAMP 2000;
Tinkelman 1993); and one from Canada (Simons
1997). Nine of the 10 studies were randomized,
double-blind, parallel-group trials. The most robust

Medications: Effectiveness in Children

of these, the Childhood Asthma Management
Program (CAMP) Research Group (CAMP 2000),

is a three-arm trial enrolling 1,041 patients followed
for 4 to 6 years that compared inhaled corticosteroids
to nedocromil and with placebo. At present, the
CAMP trial is the “largest, longest, and most com-
prehensive multicenter treatment trial for asthma .
ever attempted in the United States” (CAMP 2000).
The remaining eight randomized trials are consider-
ably smaller in size (range: 14 to 102 patients per
study arm) and duration of followup (range: 1 to 2
years). The tenth trial.(Agertoft and Pedersen 1994)
was not randomized. (See the key evidence tables in
this section for a summary description.of the 10
studies that met the eligibility criteria for evalua~
tion.) Publications comparing the use of LTRA in
children to other long-term-control medications were
not available at the time of the SRE.

Results of Studies
Inhaled Corticosteroids Compared to
As-Needed Beta,-Agonists

Children Older than & Years of Age

The evidence of the efficacy of inhaled cortico-
steroids in children older than 5 years of age was
obtained from six trials, five of which were
placebo controlled and randomized, These six -
trials enrolled a total of 790 patients treated with
inhaled corticosteroids and 652 controls. The most
robust evidence is from the CAMP trial, which
contributed 40 percent (311) of the total inhaled
corticosteroid patients and 64 percent (418) of the
total controls, documented the longest duration
of treatment (4 years), used the most complete
outcome measures, and reported in the greatest
detail the study design and statistical analysis.

Overall, these studies demonstrate that inhaled
corticosteroids-improve asthma control compared
to as-needed beta,-agonists without any other
long-term-control medication. Inhaled cortico-
steroid-treated patients with mild or moderate
persistent asthma demonstrate improvements in
prebronchodilator FEV, reduced airway hyper-
responsiveness, symptom scores and symptom
frequency, less supplemental beta,-agonist use,
fewer courses of oral corticosteroids, and lower
hospitalization utilization. The evidence does not
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suggest, however, that inhaled corticosteroid use is
associated with improved long-term postbron-
chodilator FEV, which is a surrogate measure of
lung growth. The CAMP trial reported no differ-
ence in the change in postbronchodilator FEV,
after 4 years of treatment (CAMP 2000). No study
reported any statistically significant result that
favored the as-needed betay-agonist control group.

Children 5 Years of Age or Younger

Two small trials (69 participants, combined)
compared inhaled corticosteroid treatment to
placebo in children younger than 5 years of age.
The available evidence is scant, but the results
reported appear to be consistent with those
reported for children older than 5 years of age:
that inhaled corticosteroids improve short-term
control of asthma. No studies that examine the
long-term impact of inhaled corticosteroids on
lung function in this age group are available.

Inhaled Corticosteroids Compared to
Alternative Long-Term-Control Medications
No comparison studies are available for children
younger than 5 years of age.

Long-Acting Inhaled Beta,-Agonist (Salmeterol)

The available evidence is inadequate to make
definitive conclusions about relative effectiveness
of inhaled corticosteroids and salmeterol in chil-
dren with mild or moderate persistent asthma.
Two randomized and double-blinded trials
enrolled 116 (99 evaluable) children treated with
inhaled corticosteroids, 112 (83 evaluable)
children treated with salmeterol, and 80 (55
evaluable) children treated with placebo. One of
these is a three-arm trial in which most compar-
isons were indirect and reported as inhaled
corticosteroids vs. placebo and salmeterol vs.
placebo. Of the statistically significant results
reported, most were significant in only one of
the two trials; however, all results clearly favored
inhaled corticosteroids over salmeterol as
monotherapy. In one of the trials, measurements
of FEV, deteriorated over time in those children
receiving monotherapy with salmeterol (Verberne

et al. 1997).

20

Theophylline
One trial compared the effectiveness of 1 year of
treatment with theophylline or low-dose inhaled
corticosteroids in 747 patients, 185 of whom were
children (Reed 1998). Although conclusions are
limited because of the large numbers of withdrawals
and the absence of additional trials, the data from
this study support the superior effectiveness for
low-dose inhaled corticosteroids compared to

v theophylline. The inhaled corticosteroids were
significantly more effective in reducing sympfoms,
supplemental bronchodilators and systemic corti-
costeroid doses, bronchial hyperresponsiveness, and
eosinophilia. No outcomes were significantly
superior with theophylline, which caused more
headaches, nervousness, insomnia, and gastroin-
testinal distress; and more patients discontinued
treatment because of side effects that occurred
while they were taking theophylline.

Nedocromil

The CAMP trial found no differences between
nedocromil and placebo in lung function or
symptom outcomes, although courses of oral
corticosteroids and urgent care visits were reduced
(CAMP 2000}, The ryanatvsis in this study
compares two medications—nedocromil and
inhaled corticosteroids—to placebo, rather than
to each other. However, the magnitude of the
effect of inhaled corticosteroids on all clinical
outcomes, along with the marginal effect of
nedocromil on just two, supports the conclusion

that inhaled corticosteroids are more effective than .

nedocromil in reducing the frequency and severity
of symptoms, supplemental beta,-agonist use, and
the frequency of hospitalizations due to asthma.

Additional Literature/Information

Additional data were reviewed to include informa-
tion that was published since the SRE was
performed and to consider leukotriene modifiers.

Inhaled Corticosteroids

A recent study confirmed the effectiveness of
inhaled corticosteroids in improving symptoms,
airway hyperresponsiveness, and lung function
in children 2 to 5 years of age (Nielsen and

Bisgaard 2000).
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Cromolyn and Nedocromil ,

A consideration of the precise relationship of
cromolyn and nedocromil among other long-term-
control medications in the treatment of persistent
asthma continues to be difficult based on the

few available comparison studies. These two
medications have distinct properties but similar
mechanisms of action. They have been shown to
provide symptom control greater than placebo in
some clinical trials (Konig 1997; Petty et al. 1989)
and to confer protection against exacerbations of
asthma leading to hospitalization, particularly in
children (Donahue et al. 1997) and emergency
department visits (Adams et al. 2001). These
results, along with the excellent safety profile,
Jjustify consideration of these medications as treat-
ment options. However, when data regarding the
efficacy of cromolyn recently were systematically
reviewed (Tasche et al. 2000), the authors
concluded that insufficient evidence existed to
conclude that cromolyn had a beneficial effect on
maintenance treatment of childhood asthma.
Compared to placebo, nedocromil reduces urgent
care visits as well as the need for prednisone,
which are meaningful dinical outcomes. However,
nedocromil is no different than placebo on all
other outcome measures (CAMP 2000). Overall,
nedocromil is significantly less effective in
improving outcome measures than inhaled
corticosteroids (CAMP 2000). Nedocromil has not
been adequately studied in children younger than
5 years of age. ‘

As a result of these disparate findings on cromolyn
and nedocromil (i.e., some, but limited effective-
ness and strong safety profile), the Expert Panel’s
opinion is that cromolyn for children of all ages
and nedocromil for children older than 5 years of
age could be considered in the treatment of persis-

tent asthma, but they are not preferred therapies
(SRE-Evidence A; Evidence B, C).

Leukotriene Modifiers

Leukotriene modifiers comprise two pharmacologic

classes of compounds: 5-lipoxygenase pathway
inhibitors (e.g., zileuton), and LTRAs (e.g., zafir-
lukast and montelukast). Only zafirlukast (for
children as young as 7 years of age) (Pearlman et
al. 2000; Weinberger 2000) and montelukast (for

Medications: Effectiveness in Children

children as young as 2 years of age) (Knorr et al.
1998; Knorr et al. 2001) are approved for use in
children. Zileuton has been demonstrated to con-
trol asthma more effectively than placebo. (Israel
et al. 1996) and comparably to theophylline
(Schwartz et al. 1998) in adult patients with .
persistent symptoms; studies in children have not
been reported yet.

The LTRAs have been demonstrated to provide
statistically significant but modest improvement
in lung function when used as monotherapy in
both adults and children as young as 6 years of age
and in asthma control outcomes other than lung
function in patients as young as 2 years of age
(Pearlman et al. 2000; Knorr et al. 1998; Knorr et
al. 2001; Israel et al. 1996; Schwartz et al. 1998;
Altman et al. 1998; Busse et al. 2001; Kemp et al.
1998; Nathan et al. 1998; Tashkin et al. 1999;
Bleecker et al. 2000; DuBuske et al. 1997). In
general, these studies included patients with either
mild or moderate persistent asthma, although the
classification of severity was not always clear in the
studies, nor consistently applied. When com-
paring overall efficacy of LTRAs to inhaled
corticosteroids in adult patients with persistent
asthma, most outcome measures significantly and
clearly favored inhaled corticosteroids {Busse et al.
2001). Therefore, based on the available data
comparing LTRAs to inhaled corticosteroids, the
Expert Panel concludes that inhaled corticosteroids
should be the preferred treatment option for mild
persistent asthma in adults and, by extrapolation
until published comparison data become available,
for children {Evidence B, C). (See Medications:
Combination Therapy for recommendations on the
use of LTRAs in moderate asthma.) Due to the
lack of randomized controlled trials (RCTs) in
children less than 12 years of age, zileuton cannot
be recommended for use in children.

Long-Acting Inhaled Beta,-Agonists

In a recent study, 164 patients ages 12 through 65
years whose asthma was well controlled on 400 mcg
twice daily of inhaled corticosteroids were randomly
assigned to continue inhaled corticosteroids or
switch to long-acting inhaled beta,-agonists, 42
mcg twice daily. During the 16-week study, clinical
outcomes did not differ significantly. However, those
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on long-acting inhaled beta,-agonists experienced
significantly more treatment failures (24 percent vs.
6 percent) and asthma exacerbations (20 percent vs.
7 percent) than those remaining on inhaled corti-
costeroids (Lazarus et al. 2001). These results,
favoring use of inhaled corticosteroids over long-
acting beta,-agonists as monotherapy, support the

findings of the studies in children that were noted
in the SRE.

Specifically, the Expert Panel recommends that the
text of EPR-2 be revised to read as follows in the
EPR-2 sections: The Medications and the Stepwise
Approach for Managing Asthma; the blue text
indicates new text. -

Recommended changes to The Medications
(pages 59 through 67 in EPR-2)
Key Points: The Medications (page 59 in EPR-2):

# Cromolyn and nedocromil: Used as alternative,

Recommendations for EPR Update
The Expert Panel recommends revising EPR-2, based
on review of the SRE and additional data and clinical

experience. The following key changes are described:

m Based on the SRE, inhaled corticosteroids are

but not preferred, medications for the treatment
of mild persistent asthma (Evidence A, B). Can
also be used as preventive treatment prior to exer-
cise or unavoidable exposure to known allergens.

Long-acting inhaled betay-agonists: Long-
acting bronchodilator used concomitantly with

the preferred treatment for initiating therapy in
children of all ages with persistent asthma (SRE-
Evidence A, B). Thus, the Expert Panel no longer
recommends consideration of an initial thera-
peutic trial with cromolyn or nedocromil.
Current scientific evidence demonstrates the
superiority of inhaled corticosteroids.

LTRAs are available for children as young as

2 years of age, and studies have demonstrated
improved outcomes (Evidence B). LTRAs are an
alternative—although not preferred—treatment
(Evidence B) and are considered if patient
circumstances regarding administration of
inhaled corticosteroids warrants selection of oral
treatment (Evidence D).

Based on epidemiologic study of wheezing in
early childhood, it is the opinion of the Expert
Panel that the initiation of long-term-control
therapy should be considered strongly for infants
and young children who in the past year have had
more than three episodes of wheezing that lasted
more than 1 day and affected sleep, and who in
addition have identifiable risk factors for the
development of asthma (Evidence D). This is in

" addition to previously recommended indications
for initiating long-term-control therapy (i.e., chil-
dren requiring symptomatic treatment more than
2 times a week or experiencing severe exacerba-
tions less than 6 weeks apart).
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inhaled corticosteroids is the preferred combina-
tion therapy for long-term control and prevention
of symptoms in modérate and severe persistent
asthma {(Evidence A, B}. Also prevents exercise-
induced bronchospasm (EIB).

s Leukotriene modifiers: The leukotriene recepior
I P L
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years of age) and zafirtukast (for patients 2 7 years
of age}, or the 5-lipoxygenase inhibitor zileuton
{for patients 212 vears of age}, are alternative, but
not preferred, therapies for the treatment of mild

persistent asthma (Fvidence B}. Leukotriene modi-

fiers also may be used with inhaled corticosteroids
as combination therapy in the treatment of mod-
erate persistent asthima (Evidence B}.

Corticosteroids (page 60 in EPR-2)

Insert after the third sentence.

The evidence of the efficacy of inhaled corticosteroids
in children older than 5 years of age was obtained
from six trials, five of which were placebo controlled
and randomized (see EPR Update-2002 for complete
references). Overall, these studies demonstrate that
inhaled corticosteroids improve asthina control com-
pared to as-needed betay-agonists without any other
long-term-control medication (Evidence A}, Inhaled
corticosteroid-treated patients with mild or moderate
persistent asthima demonstrate improvements in pre-
bronchodilator FEV|, reduced airway
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hyperresponsiveness, symptom scores and symptom
frequency, less supplemental betas-agonist use, fewer
courses of oral corticosteroids, and lower hospitaliza-
tion utilization. The evidence does not suggest,
however, that inhaled corticosteroid use is associated
with improved long-term postbronchodilator FEV;,
which is a surrogate measure of lung growth.

No study reported any statistically significant result

that favored the as-needed betag-agonist control
group. Studies comparing inhaled corticostercids to
cromolyn, nedocromil. theophylline, or LTRAs are
limdted, but available evidence shows that none of
these long-term-control medications appear to be as
effective as inhaled corticosteroids in improving
asthima outcomes (Fvidence A, B).

Cromolyn Sodium and Nedocromil
(page 60 in EPR-2)
Replace the third paragraph of text with the following.

Cromol v sodium and nedocromil have been shown
to provide symptom control greater than placebo in
somne clinical trials (Konig 1997; Petty et al. 1989)
and to confer protection against exacerbations of
ast. hmd leading te hospitalization. particularly in
31 {0 et al, 1997) and

departmient visits {Adams et al. /(}U i) 1§seso msuks,

along with the excellent safety profile, justify consid-
eration of these medications as treatment options.
However, when data regarding the efficacy of cro-
molyn recently were systematically reviewed (Tasche
et al. 2000), the authors concluded that insufficient
evidence existed to conclude that cromolyn had a
beneficial effect on maintenance treatrnent of
childhood asthma. Compared to placebo, nedocromil
reduces urgent care visits as well as the need for
prednisone, which are meaningful clinical outcornes,
However, nedocromil is no different than placebo on
all other outcome measures {CAMP 2000). Overail,
nedecromil is significantly less effective in improving
outcomes measures than inhaled corticosteroids
(CAMP 2000}. Nedocromil has not been adequately
studied in children younger than 3 vears of age.
As a result of these disparate findings on
cromolyn and nedocromil {i..e.‘ some, but Hmited
effectiveness and strong safety profile), the Expert
Panel’s opinion is that cromolyn for children of all
ages and nedocromil for children older than 5 years
of age could be considered in the treatment of persis-

Medications: Effectiveness in Children

tent asthima, but they are not preferred therapies

{Bvidence A, B, C).

Leukotriene Modifiers (page 65 in EPR-2)
Replace the second paragraph of text with
the following.

Three leukotriene modifiers——montelukast,
zafirlukast and zileuton——are available as oral tablets
for the treatment of asthma. Leukotriene rodifiers
comprise two pharmacologic classes of compounds:
5-Hpoxygenase pathway inhibitors (e.g., zileuton),
and LTRAs {e.g., montelukast and zafirlukast). Only
zafirlukast (for children as young as 7 years of age)

“and montelukast {for children as young as 2 years of

age} are approved for use in children. Zileuton has
been demonstrated to control asthma more effec--
tively than placeba (Israel et al. 1996) and
comparably to theophylline {Schwartz et al. 1998}
in adult patients with persistent symptoms; studies
in children have not been reported vet,

The LTRAs have been demonstrated to provide
statistically significant but modest improvement in
fung function when used as mongtherapv in both

adudig and o age and in

asthma cont rol outcomes oL hor than Iung, function in
patients as young as 2 vears of age (Pearlman et al.
2000; Knorr et al. 1998; Knorr et al. 2001; Israel et
al. 1996; Schwartz et al. 1998; Aluman et al. 1998;
Busse et al. 2001; Kemp et al. 1998; Nathan et al.
1998; Tashkin et al. 1999; Bleecker et al. 2000,
DuBuske et al. 1997). In general, these studies
included patients with either mild or moderate
persistent asthima, although the classification of
severity was not always clear in the studies, nor corn-
sistently applied. When comparing overall efficacy
of LTRAs to inhaled corticosteroids in adult patients
with persistent asthima, most outcome Measures sig-
nificantly and clearly favored inhaled corticosteroids

{Busse et al, 2001).
Insert as the final paragraph.

Therefore, based on the available data comparing
LTRAs to inhaled corticosteroids, the Expert Panel
concludes that inhaled corticosteroids should be the
preferred treatment option for mild persistent asthma
in adults. and by extrapolation until published com-
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parison data become available, for children (Evidence
B, C). Five published studies evaluated the addition
of leukotriene modifiers to fixed doses of inhaled
corticosteroids; none compared the combination to
increasing the dose of inhaled corticosteroids.
Limitations of these studies preclude definitive
conclusions, but they reveal a trend showing
improvement in lung function and, in some, symp-
toms from the combination of leukotriene modifiers
and inhaled corticosteroids compared with a fixed
dose of inhaled corticosteroids alone.

Figure 3-1. Long-Term-Control Medications
(page 63 in EPR-2)

Long-Acting Inhaled Beta,-Agonists. Add in
“Therapeutic Issues” column: Treatment of choice in
combination with inhaled corticosteroids for treat-
ment of moderate persistent asthma in adults and
children over 5 vears of age. .

Leukotriene Modifiers. Add: Montelukast tablets:
long-term congtrol and prevention of symptorns in
mild persistent asthuma for patients 22 vears of age.

May also be used with inhaled corticostersids as com-

Zafirlukast: Change age zafirlukast to 27 vears of age.

And add: May also be used with inhaled cortico-
steroids as combination therapy in moderate
persistent asthma. Zileuton: add: May also be used
with inhaled corticosteroids as combination therapy
in moderate persistent asthima.

Figure 3-2. Quick-Relief Medications
(page 64 in EPR-2)

Short-Acting Inhaled Beta,-Agonists. Add:
Levatbuterol

Recommended changes to The Stepwise
Approach to Managing Asthma; mild persistent
asthma (step 2 care) (pages 85 through 97

in EPR-2).

Revisions of EPR-2 on moderate persistent asthma
(step 3 care) are presented in the section
“Medications: Combination Therapy.”
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Figure 3-4b. Stepwise Approach for Managing
Asthma in Adults and Children Older than
5 Years of Age: Treatment (page 85 in EPR-2)

Step 2
Mild Persistent
One daily leng-term-control medication
Preferred treatment:
Inhaled corticosteroids {fow dose)
Alternative treatment (listed alphabetically):
Cromolyn
OR
Leukotriene modifier {only LTRAs are
recornmended for use in children)
OR
Nedocromil
OR
Sustained release theophylline to serum
concentrations of 515 pg/ml..

Step 3 and Step 4
Please refer to the Medications: Combination
Therapy on page 56 of this report.

Key Recommendations box for managing
N .y

Taoie FEUTIUR S ST N

wevam i1 bz
TG AT ROGD

G)age 97 in EPR-

2)
# Pulmonary function testing should use appro-

priate reference populations. Adolescents compare
better to childhood than to adult predicted norms.

a  When initiating daily long-term-control therapy
for mild or moderate persistent asthma, the choice
of medication includes consideration of treatment
effectiveness, the individual patient’s history of
previous response to therapies, the ability of the
patient and family to correctly use the medication,
and anticipated patient and family adherence with
the treatment regime {Fvidence D).

# Adolescents (and younger children when appro-
priate) should be directly involved in establishing
goals for therapy and developing their asthma
management plans.

m Active participation in physical activities, exer-
cise, and sports should be promoted.

-
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m A written asthma management plan should be
prepared for the student’s school and should .
include plans to ensure reliable, prompt access to
medications. Either encourage parents to take a
copy o the child’s school or obtain pa;rfent:ai per-
mission and send a copy to the school nurse or

* designee (Evidence D).

Figure 3-6. Stepwise Approach for Managing
Infants and Young Children (5 Years of Age and
Younger) With Acute or Chronic Asthma
Symptoms {page 96 in EPR-2)

Step 2

Mild Persistent

One daily long-term-control medication

Preferred treatment;

Low-dose inhaled corticosteroids (with nebu-
tizer OR MDI with holding chamber with or
without a face mask OR DPI)

Alternative treatment {listed in alphabetical order):
Cromolyn {nebulizer is prcieﬂcd or MDI with
holding chamber}

OR

Leukotriene receptor antagorist.

Step 3

- Moderate Persistent

Preferred treatments!
Low-dose inhaled corticostersids and long-
acting inhaled betaj-agonists
OR ‘
Medium-dose inhaled corticostercids
Alternative treatment:
Low-dose inhaled corticostercids and either
LTRA or theophylline.

If needed {particularly in patients with recusring .
severe exacs-‘rbat"inm)' o
Preferred treatment:
Medium-dose inhaled corticosteroids and
long-acting betay-agonists.
Alternative treatment;
Medium-dose inhaled corticosteroids and either
LTRA or theophylline.

Medications: Effectiveness in Children

Special considerations for managing asthma
in different groups:. infants and young children
(5 years of age and younger), key recommenda-

tions (pages 94 through 97 in EPR-2)

a Diagnosing asthma in infants is often difficult,
yet underdiagnosis and undertreatment are key
problems in this age group. Thus, a diagnostic
trial of inhaled bronchodilators and anti-
inflammatory medications may be helpful.

w Treatment for infants and voung children with
asthma has not been adequately studied,
Recommendations for treatment are based on
extrapolations from studies in older children and
aclults,

n The initiation of long-term-control therapy -
should be strongly considered in the following
circumstances, in the opinion of the Expert Panel

{Evidence DJ:

* Infants and voung children who had more
than three episodes of wheezing in the past.
year that lasted more than 1 day and affected

AND who have a high risk of developing

slipney

persistent asthma as indicated by either {a) a
physician diagnosis of atopic dermatitis or a
parental history of asthma OR {b) two of the
following conditions! physician-diagnosed
allergic rhinitis, greater than 4 percent periph-
eral blood eosinophilia, or wheezing apart from
colds (Martinez et al. 1995; Martinez 1995;
Castro-Rodriguez 2000).

* Infants and young children consistently
requiring symptomatic treatment more than
2 times per week should be given daily long-
term-control therapy.

* Infants and young children who have severe
exacerbations (requiring inhaled betay-agonist
more frequently than every 4 hours over 24
hours) that occur less than 6 weeks apart.
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a When initiating daily long-term-control therapy,
inhaled corticosteroids are the preferred tfeatment
SRE-Evidence B}. Alternative treatment options
{listec] here in alphabetical order because there are
insufficient data to enable ranking) include cro-
motyn and LTRA {montelukast) (Evidence B).
The initial choice of long-term-control medication
includes consideration of treatiment effeciiveness,
the individual patient’s history of previous
response to therapies, the ability of the patient
and farnily to correctly use the medicstion, and
anticipated patient and family acherence to the
treatment regimen (Evidence D).

w Response to therapy should be carefully moni-
tored. Once control of asthma symptoms is
established and sustained, a careful step down in
therapy should be attempted. If clear benefit is not
observed within 4 to § weeks, alternative therapies
or diagnoses should be considered {Evidence D).

Diagnosis

Several studies show that as many as 50 to 80
percent of childrén with asthma develop symptoms
before their fifth birthdays. Diagnosis can be difficult

$1.t

S eyl b T e . st

On the one hand, asthma in early childhood is
frequently underdiagnosed (receiving such labels

as chronic bronchitis, wheezy bronchitis, recurrent
pneumonia, gastroesophageal reflux, and recurrent
upper respiratory tract infections), and thus many
infants and young children do not receive adequate
therapy. On the other hand, not all wheezes and
coughs are caused by asthma, and caution is needed
to avoid giving infants and young children inappro-
priately prolonged asthma therapy. Episodic or
chronic wheezing, coughing, and breathlessness also
may be seen in other less common conditions,
including cystic fibrosis, vascular ring, tracheoma-
lacia, primary immunodeficiency, congenital heart
disease, parasitic disease, and foreign body aspiration.

Among children 5 years of age and younger, the
most common cause of asthma-like symptoms is
viral respiratory infection. At present, the relative
contributions of airway inflammation, bronchial
smooth-muscle abnormalities, or other structural
factors in producing wheeze with acute viral upper
respiratory infections are unknown. There appear to
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be two general patterns of illness in infants:and chil-
dren who wheeze with acute viral upper respiratory
infections. a remission of symptoms in the preschool
years and persistence of asthma throughout child-
hood. No clear markers are available to predict the
prognosis of an individual child! however, in infants
and young children under 5 years of age with fre-
quent wheezing (for example, more than three
episodes in the past year that lasted more than 1 day
and affected sleep}, risk factors significantly associ-
ated with persistent asthma at § years of age include
having either {a) parental asthma history or a physi-
cian diagnosis of atopic dermatitis or {b) two of the
following conditions: physician-diagnosed allergic
rhinitis, peripheral blood eosinophilia, or wheezing
apart from cold (Evidence C} {Castro-Rodriguez et
al. 2000; Martinez 1995). Although currently not
established, it is conceivable that early recognition
and treatment of these high-risk children could
result in secondary prevention of childhood asthma.

Diagnosis is complicated by the difficulty in

obtaining objective measurements of lung function
in this age group. Essential elements in the evatua-
tion include the history, symptoms, physical

A therapeutic trial with medications listed in figure
3-5d also will aid in the diagnosis.

Treatment

Figure 3-6 illustrates the Expert Panel’s recommen-
dations for a stepwise approach to managing acute
and chronic asthma symptoms, regardless of the
prognosis for the wheezing infant or young child.

It is the opinion of the Expert Panel that, in
general, daily long-term-control therapy should
be initiated in infants and young children con-
sistently requiring symptomatic treatment more
than 2 times per week and in infants and young
children who experience severe exacerbations
{requiring inhaled beta,-agonist more frequently
than every 4 hours over 24 hours) that occur -
less than 6 weeks apart. It is the opinion of the
Expert Panel that the initiation of long-term-
control therapy should also be strongly
considered in infants and young children who
had more than three episodes of wheezing in
the past year that lasted more than 1 gday and
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most loss of lung function in early childhood .
asthima appears to occur during the first 3 to 5 years
of life (Martinez et al. 1995). However, it has not
vet been determined whether early recognition of
children at high risk of developing persistent
asthma coupled with early therapeutic intervention
will either prevent the loss of lung function or pre-
vent the development of persistent disease.
Currently, critical prospective studies to address

these issues are in progress.
Recommendations for treating infants and young
children at different steps of care include:

® The patient’s response to therapy should be
monitored carefully. When benefits are sus-
tained for 2 to 4 months, a step down in
therapy should be attempted. If there are no
clear benefits within 4 to 6 weeks, treatment
should be stopped and alternative therapies or
diagnoses should be considered (Evidence D).

® For step 2 care {mild persistent astinna), daily
long-term-control therapy with an inhaled
corticosteroid is the pz eferreci f}ptmn <ro-

. LA TTRA R, )

(§R£ iwcﬁence A, B fwdu}co B} A trial 0{

LTRA in children 2 years of age or older can
be considered in situations in which inhaled

medication delivery is suboptimal due to
poor technique or adherence {Evidence D).

s When inhaled corticosteroids are introduced
in step 2 care, doses should be in the low
range. Inhaled corticostercids are now avail-
able in both MDI and nebulizer preparations.
(See figures 3-5b and 3-5¢ in EPR-2 for dis-
cussion of equivalency among preparations.)

s For step 3 care (moderate persistent asthina), there
are no data available that compare treatments in
step 3 care for infants and young children whose
asthrna is not well controlled on low doses of
inhaled corticosteroids. Recommendations are based
on expert opinion and extrapolation from studies
in older patients. {See Medications: Combination
Therapy,) There are two main choices for step
3 care therapy: adding long-acting inhaled
betas-agonists to low-dose inhaled corticos-
teroids SRE-Evidence B; extrapolation from
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costerolds as monotherapy for moderate

studies in older children) OR increasing the
dose of inhaled corticosteroids within the
medium-dose range (Evidence DJ). Alternative
but not preferred options are adding either a
LTRA or theophyiline {if serum concentrations are

moni.i:ored) to low-to-medium doses of inhaled
> . £ > E
corticosteroids {Evidence D).

Comparative studies in older children and adults
consistently favor combination therapy over
increasing doses of inhaled corticosteroids,
Because studies indicate that the potential for
side effects of inhaled corticosteroids, though
small, appears to be dose related and has been
demonstrated in this age group at the medium-
dose range of inhaled corticosteroids (Bisgaard
2002}, the approach of adding long-acting
inhaled beta-agonists to a lower dose of inhaled
corticosteroids is one preferred option (Evidez‘scte
B-extrapolating from adult studies}. On the other
hand, there are no data on long-acting beta,-
agonists in children under 4 years of age, and.
studies in infanis and voung children have shown
mecium doses of inhaled corticostereids o be

“

efiecz ive in troatmg moderate and severe asthma
! Lo EEATA LI 1"'}: ! ""(T i) . 1 ”1{ f‘x(\

P\te Isent 2600). The few smciws available in this
age group that have divectly compared different
doses of inhaled corticostersids have shown that
necreasing the dose Is most effective in reducing
asthma exacerbations (Bisgaard 1999) and less
consistently effective in improving other out-
comes (Bisgaard 1999, Baker 1999, Kemp 1999).
These results also have been found in stuclies of
adults. Therefore, it is the opinion of the Expert
Panel that using medium doses of inhaled corti-

another preferred {reatment option,

For all treatments, it is essential to monitor
the child’s response to therapy. If there is no
clear response within 4 to § weeks, the
therapy should be discontinued and alterna-
tive therapies or alternative diagnoses
considered. If there is a clear and positive
response after 2 to 4 months, a step down in
therapy should be undertaken to the lowest
possible doses of medication required to
maintain asthma control {Baker 1999; Kemp,
Skoner, Szefler ot 21, 1889).




w Exacerbations caused by viral respiratory infec-

tions may be intermittent yet severe. Consider
systemic corticosteroids if the exacerbation is
moderate to severe or at the onset of a viral
respiratory infection if the patient has a his~ -
tory of severe exacerbations. '

Consultation with an asthma specialist
should be considered for infants and young

- children requiring step 2 care; consultation
is recommended for those requiring step 3 or
step 4 care. -

Several delivery devices are available for infants
and young children. The dose received may vary
considerably among devices and age groups. (See
figure 3-3 for a summary of therapeutic issues
regarding aerosol delivery devices.) The child's
caregivers must be instructed in the proper use of
appropriately sized face masks, spacers/ holding
chambers with face masks, and spacers/holding
chambers for medication delivery to be effective
and efficient. For children 2 years of age and
younger, nebulizer therapy with mask may be
preferred for administering aerosol medications.
Children between 3 and 5 vears of age may begin
therapy with MDI and spacer/holding chamber
alone, but if the desired therapeutic effects are not
achieved, they may require a nebulizer or an MDI
plus spacer/holding chamber and face mask.,

Medications: Effectiveness in Children

Recommendations for Future Research

How do LTRAs and inhaled corticosteroids com-
pare in safety and efficacy in both the short term.

and long term in the treatmenit of mild persistent

" asthma in children younger than 5 years of age?

Do anticipated differences in adherence to med-

ication regimens (for example, inhalation therapy
vs. oral tablet dose therapy) translate into signifi-
cant clinical differences in overall asthma control?

What is the best form of adjunctive therapy in -
children with moderate persistent asthma who

are not adequately controlled on inhaled cortico-
steroid therapy alone? Long acting beta,-agonists?

LTRAs? Theophylline?

Can response to various long-term-control
medications be predicted prior to initiating
treatment? Phenotype and genotype characteri-
zations and definitions are needed to address
this question.

What is the most effective way of treating
children who have only viral-induced asthma
symptoms?

Is drug delivery using an MDI with spacer
equal in efficacy to nebulizer treatments in
childhood asthma?

Can early recognition and treatment of an infant

or young child at high risk of developing asthma
prevent development of persistent asthma?
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Key Evidence Tables
Table 1-1. Inhaled Cortlcostermds Vs. No Inhaled Cortlcosteroads

’;'Cztatxonlsmd Type

v Chndren o!der than 5 years

Numbef Emol!ed

w’iean Agp - SD

Childhood Asthma Placebo 418 411 9+/-2.2 Mild or Moderate
Management Research
Group 2000a
Randomized, parallel-arm, BUD 311 306 9+/-2.1 Mlld or Moderate
double-blinded,
placebo-controlled trial
Jonasson, Carlsen, Placebo 40 40 9.6 Mild
Blomqvist 1998
Randomized, parallel-arm, BUD l ............... /T R R 40 ........ 102 ........ Mad |
double-blinded, BUD 2 42 42 10.0 Mild
placebo-controlled trial BUD 3 41 41 9.8 Mild
Simons 1997 Placebo 55 52 9.5+/-24 Mild or Moderate
Randomized, parallel-arm, | BDP | gl T T 96+-26  |MidorModerate |
double-blinded,
placebo-controlled trial
Hoekstra, Grol, Placebo 19 15 11+/-18 Mild or Moderate
Hovenga et al. 1998
Randomized, parallel-arm, s 1 25 | 106 +-18 |Midor Moderate | v
double-blinded, .
placebo-controlled trial -
Parailokserm-controtied el BUD e ; 15 NR U 6 2 Mlldorseve,?
van Essen-Zandvliet, Hughes, | Placebo 58 17 10.9 +/-1.9 Mild or Severe
Waalkens et al. 1992
Randomized, parallel-arm; BUD T s 29 | 11 +/- 19 | Mild or S“ever‘e” .
double-blinded,
placebo-controlled trial
] Children younger then 5 years
Storr, Lenney, Lenney 1986 Piacebo 14 13 34+/15 Unable to estimate
Ranuiomized, pocallsasm, BDP ....................................... P R 35+/_1 5ot Ummewesnmate ............................................
double-blinded,
placebo-controlled trial
Connett, Warde, Placebo 20 19 1.9 +/- 05 Unable to estimate
Wooleretal 1993 b b b
Randomizitrolled trial BUD 20 17 1.7 +/-0.6 Unable to estimate
D

Key:

BDP = beclomethasone dipropionate
FP = fluticasone propionate

SD = standard deviation
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BUD = budesonide
NR = not reported
Sx = symptom

peak expiratory flow

X = outcome reported

FEV, = forced expiratory flow volume in 1 second !
PC20 = provocative concentration of bronchoconstrictor that induces a 20% drop in FEV,
PEF =




R

Medications: Effectiveness in Children

:<fMu Comments
224 X X X X X
12 X X X X Not stated how patients with moderate-
severe asthma were excluded
. o 0 % . % . X S e B
12 X X X X
12 X X X X
52 X X X X X
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 52 RYFTRTN X R PO X o X . X X B P PP TOR TP OTAPPRETIN
12 X X X
..... s ) % g 5 e . .

: 27004 {inean) X X Control patiers svere those patients who
declined recommendation to take inhaled
corticosteroids.

Inhaled corticosteroid-free period after
diagnosis is referred to as the run-in period,
equal to at least 1 year.
Lo (mean) e e
-95.3 (median) . X X X
95.3 (median) X X X X Pharmaceutxcal company supphed study ‘.

medication.

Study took place over an 18-month period
in an attempt to eliminate sea.sonal bias.

26 X X Patients treated for up to 6 months, included
in analysis if treated at least b weeks.

26 X X Study medication adjusted to 200-400 mcg
2x/day budesonide or 1-2 puffs 2x/day
placebo depending on clinical need.

Source:

Blue Cross and Blue Shield Association Technology Evaluation Center. -Management of Chronic Asthma:
Evidence Report/Technology Assessment Number 44. AHRQ Publication No. 01-EO44. Rockville, MD:
Agency for Healthcare Research and Quality. September 2001.
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AN

Table 1-2a. Inhaled Corticosteroids vs. Long-Acting Inhaled Beta,-Agonists

Citation/Study Type i Nufnbey Enmlvlé'd Mean Age +/-SD

Verberne, Frost, Salmeterol 35 25 106 +/-29 Mild or Moderate
Roorda et al. 1997

Randomized, parallel-arm, BDP 35 32 105 +/-2.3 Mild or Moderate
double-blinded,
controlled trial

Simons 1997 BDP 81 67 9.6+/-26 Mild or Moderate

Randomized, parallel-arm, Salmetero 80 58 8.8 +/-2.1 Mild or Moderate |
double-blinded,
placebo-controlled trial

Table 1-2b. Inhaled Corticosteroids vs. Theophylline

11.9+/-2.8 Mild or Severe
et al. 1993
Randomized, parallel-arm, sop | w2 1w 119 -;/— 2.7 - Mild o;: Sevére B -
deuble-hlindnd, ! H t :
i placebo-conuulled wial i l i i l
Childhood Asthma
Ma_nagemenr_ Progra[n Placebo 418 411 Q+/-22 Mild or Moderate
Research Group 2000a ‘ .
Randomized, parallel-arm, BUD 311 306 9+4/-2.1 Mild or Moderate
double-blinded,
placebo-controlled trial
Y
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e
,fm\,
D o 0
P20
48 X X X
SRRV POOSUTPIIPRURE: [SPOUTOTOTOn 4 3 .............. X” o X .............. X v B
52 X X X X
52 X X X X

Source:
Bhie Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technoiogy Assessment Number 44.
AHRQ Publication No. 01-E044. Rockville, MD: 'Agency for Healthcare Research and Quality. September 2001

Comments

Source:
Biue Cross and Blue Shield Assoctation Technology Evaluation Center. - Management. of Chronic Asthma: Evidence Report/Technology Assessment Number 44.
AHRQ Publication No. 01-EQ44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001

Study Duration _ g5 Comments

{weeks)
224 X X X X X
224 .................... X ............... X .............. X X RUUTREUR X BT PP PUP PP UTOPPRROPPPI
Source:

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technoiogy Assessmerit Number 44.
AHRQ Publication No. 01-EQ44. Rockville, MD:" Agency for Healthcare Research and Quality. September 2001.

33



34

References

MedicationsEffectiveness in Children
s

Adams RJ, Fuhlbrigge A, Finkelstein JA, Lozano P, Livingston JM, Weiss KB, Weiss ST. Impact of
inhaled anti-inflammatory therapy on hospitalization and emergency department visits for children

with asthma. Pediatrics 2001;107(4):706-11.

Agertoft L, Pedersen S. Effects of long-term treatment with inhaled budesonide on adult height in, .
children with asthma. N Eng] J Mea 2000; 343(1 5) 1064-69.

- Agertoft L, Pedersen S. Effects of long-term treatment with an inhaled corticosteroid on growth and

pulmonary function in asthmatic children. Respir Med 1994;88(5):373-81.

Altman LC, Munk Z, Seltzer J, Noonan N, Shingo S, Zhang ], Reiss TE. A placebo-controlled, dose-
ranging study of montelukast, a cysteinyl leukotriene-receptor antagonist. Montelukast Asthma
Study Group. J Allergy Clin Immunol 1998;102(1):50-6.

Baker JW, Mellon M, Wald J, Welsh M, Cruz-Rivera M, Walon-Bowen K. A multiple-dosing,
placebo-controlled study of budesonide inhalation suspension given once or twice daily for
treatment of persistent asthma in young children and infants, Pediatrics 1999;103;414-21.

Bisgaard H. Future options for aerosol delivery to children. Allergy 1999;54 Suppl 49:97-103.

Bieecker ER, Welch MJ, Weinstein SF, Kalberg C, Johnson M, Edwards L, Rickard KA. Low-dose
inhaled fluticasone propionate versus oral zafirlukast in the treatment of persistent asthma.
J Allergy Clin Immunol 2000;105(6 Pt 1):1123-9.

Biue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma:
Evidence Report/ Technology Assessment Number 44. AHRQ Publication No. 01~EO44. Rockville, MD:
Agency for Healthcare Research and Quahty Septernber 2001 '

Busse W, Raphael GD, Gatarit S, Kalberg C Goode-Sellers S Srebro S Edwards L Rickard K. »
Low-dose fluticasone propionate compared with montelukast for first-line treatrnent of persistent
asthma: A randomized clinical trial, J Allergy Clin Immunol 2001;107(3):461-8.

Charrp-Rod il of auttyeg

21 incdny bo ol

nr IA TT P 07 WALene AT Mopripgs TN A

in young duldren with recurrent wheezing, Am J Kespxr Crit Care lvfea 2000;162{(4 Pt 1):1403-6.

Childhood Asthma Management Program (CAMP) Research Group. Long-term effects of budesonide
or nedocromil in children with asthma. N Engl J Med 2000;343(15):1054~63.

Connett GJ, Warde C, Wooler E, Lenney W. Use of budesonide in severe asthmatics aged 1-3 years.
Arch Dis Chila 1993;69(3):351-5.

de Blic J, Delacourt C, Le Bourgeois M, Mahut B, Ostinelli J, Caswell C; Schéinthann P Efficacy of
nebulized budesonide in treatment of sévere infantile asthma: a double-blind study J Allezgy Clin
Trimunol 1996; 198(1):14-20.

Donahue JG, Weiss ST, Livingston JM, Goetsch MA, Greineder DK, Platt R. Inhaled steroids and
the risk of hospitalization for asthma. JAMA 1997;277(11):887-91.

DuBuske LM, Grossman J, Dube LM, Swanson L], Lancaster JF. Randomized trial of zileuton in
patients with moderate asthrna: effect of reduced dosing frequency and amounts on pulrnonary
function and asthma symptoms. Zileuton Study Group. Am J Manag Care 1997,3(4):633-40.

Hoekstra MO, Grol MH, Bouman K, Stijnen T, Koeter GH, Kauffman HF, Gerritsen J. Fluticasone
propionate in children with moderate asthmma. Am J Respir Crit Care Med 1996;154(4 Pt 1):1039-44.

Hoekstra MO, Grol MH, Hovenga H, Bouman K, Stijnen T, Koeter GH, Gerritsen J, Kauffman HE.
Eosinophil and mast cell parameters in children with stable moderate asthma. Pediatr Allergy
Immunot 1998;9(3):143-9.




# Medications: Effectiveness in Children

Israel E, Cohn J, Dube L, Drazen JM. Effect of tréatment with zileuton, a 5-lipoxygenase inhibitor,
in patiénts with asthma. A randomized controlled trial. Zileuton Clinical Trial Group. JAMA
1996;275(12):931-6.

Jonasson G, Carlsen KH, Blomgquist P. Clinical efficacy of low-dose inhaled budesonide once or twice daily
in children with mild asthma not previously treated with steroids. Fur Respir J 1998;12(5):1099-104.

Kerp JP, Dockhorn R], Shapiro GG, Nguyen HH, Reiss TF, Seidenberg BC, Knorr B. Montelukast
once daily inhibits exercise-induced bronchoconstriction in 6- to 14-year-old children with asthma.

J Pediatr 1998;133(3):424-8.

Kemp JP, Skoner DP, Szefter SJ, Walton-Brown K, Cruz-Rivera M, Smith JA. Once-daily budesonide
inhalation suspension for the treatment of persistent asthma in infants and young children. Ann

Allergy Asthma Immuncl 1999;83(3):231-9..

Knorr B, Franchi LM, Bisgaard H, Vermeulen JH, LeSouef O, Santaneilo N; Michele TM, Reiss TF,
- Nguyen HH, Bratton DL. Montelukast, a leukotriene receptor antagonist, for the treatment of
persistent asthma in children aged 2 to 5 years. Pediatrics 2001;108(3):E48.

Knorr B, Matz J, Bernstein JA, Nguyen H, Seidenberg BC, Reiss TF, Becker A. Montelukast for
chronic asthma in 6- to 14-year old children: a randomized double-blind trial, Pediatric
Montetukast Study Group. JAMA 1998;279(15):1181-6. '

Konig P. Evidence for benefits of early intervention with non-steroidal drugs in asthma. Pediatr

Pulinonol Supp! 1997:15:34~9.

Lazarus SC, Boushey HA, Fahy JV, Chinchilli VM, Lemanske RF Jr, Sorkness CA, Kraft M, Fish JE,
Peters SP, Craig T, et al. Asthma Clinical Research Network for the National Heart, Lung, and
Blood Institute. Long-acting betaz-agonist monotherapy vs. continued therapy with inhaled corti-
costeroids in patients with persistent asthma: a randomized controlled trial. JAMA

2001;285{20):2583-93.

Martinez FD. Viral infections and the development of asthma. Am J Resp Crit Care Mea
1995:151(5): 16447,

Martinez FD, Wright AL, Taussig LM, Holberg CJ; Halonen M, Morgan WJ. The Group Health Medical
Associates. Asthrna and wheezing in the first six years of life. N Engl J Med 1995;332(3):133~8.

Nathan RA, Bemstein JA, Bielory L, Bonuccelli CM, Cathoun W], Galant SP, Hanby LA, Kemp JP,
Kylstra JW, Nayak AS, O'Connor JP, Schwartz HJ, Southern DL, Spector SL, Williams PV.
Zafirlukast improves asthma symptoms and quality of life in patients with moderate reversible air-
flow obstruction. J Allergy Clin Immunol 1998;102(6 Pt 1):935-42.

Nielsen KG, Bisgaard H. The effect of inhaled budesonide on symptoms, lung function, and cold air
and miethacholine responsiveness in 2-5 year old asthmatic children. Am J Resp Crit Care Mea
2000;162:1500--6.

Peariman DS, Lampt KL, Dowling PJ Jr., Miller CJ, Bonuccelli CM. Effectiveness and tolerability of
zafirlukast for the treatment of asthma in children. Clin Ther 2000;22(6):732-47.

Petty TL, Rollins. DR, Christopher K, Good JT, Oakley R. Cromolyn sodium is effective in adult
chronic asthmatics. Am Rev Respir Dis 1989;139(3):694-701.

Reed CE, Offord KP, Nelson HS, Li JT, Tinkelman DG. Aerosol beclomethasone dipropionate spray
compared with theophylline as primary treatment for chronic mild or moderate persistent asthma.

J Allergy Clin Immunot 1998;101:14-23.
Schwartz HJ, Petty T, Dube LM, Swanson L], Lancaster JF. A randomized controlled trial comparing

zileuton with theophylline in moderate asthma. The Zileuton Study Group. Arch Intern Med
1098;158(2):141-8.

35



36

MedicstionsyEffectiveness in Children
s

Storr J, Lenney CA, Lermey W. Nebulized beclomethasone dipropionate in preschool asthma. Arch Dis
Child 1986;61(3):270-3.

Tasche MJ, Uijen JH, Bernsen RM, de Jongste JC, van der Wouden JC. Inhaled disodium cromogly-
cate (DSCG) as maintenance therapy in children with asthma: a systematic review. Thorax

2000;55(11):913-20.

Tashkin DP, Nathan RA, Howland WC, Minkwitz MC, Simonson SG, Bonuccelli CM. An evaluation
of zafirlukast in the treatment of asthma with exploratory subset analyses. J Allergy Clin Immunol
1999;103(2 Pt 1):246-54.

Tinkelman DG, Reed CE, Nelson HS, Offord KP. Aerosol beclomethasone dipropionate compared
with theophylline as primary treatment of chronic, mild to moderately severe asthma in children,

Pediatrics 1993;92(1):64-77.

van Essen-Zandvliet EE, Hughes MD, Waalkens HJ, Duiverman EJ, Pocock SJ, Kerrebijn KF. Effects
of 22 months of treatment with inhaled corticosteroids and/or beta-2-agonists on lung function,
airway responsiveness, and symptoms in children with asthma. The Dutch Chronic Non-specific

Lung Disease Study Group. Am Rev Respir Dis 1992;146(3):547-54.

Verberne AA, Frost C, Roorda R, van der Laag H, Kerrebijn KE One year treatment with salmeterol
compared with beclomethasone in children with asthrma. The Dutch Paediatric Asthma Study
Group. Am J Respir Crit Care Mea 1897;156(3 Pt 1):688--95.

Weinberger M. Zafirlukast and cromolyn are effective first-line therapies for child asthma. Ann Allergy
Asthma Immunol 2000;84(6):638-9.

W‘/




| Long-Term Management of Asthma
in Children: Safety of Inhaled
i Corticosteroids

Question

What are the long-term adi(erkse effects
of chronic inhaled corticosteroid use in children
on the following outcomes?

Vertical growth?

Bone mineral density (BMD)?

Ocular toxicity?

Suppression of adrenal/pituitary axis?

Summary Answer to the Quéstion

Strong evidence from clinical trials following
children for up to 6 years suggests that the use of
inhaled corticosteroids at recommended doses does
not have long-term, clinically significant, or-irre-
versible effects on any of the outcomes reviewed.
Inhaled corticesteroids do improve health outcomes
for children with mild or moderate persistent
asthma, and the potential but small risk of delaved
growth is well balanced by their effectiveness (SRE-
Evidence A, B). Updated text is recommended for
the EPR-2 incorporating the results of the SRE, but
this update does not change the EPR-2 statements.

Rationale for the Question
Inhaled corticosteroids have been proven to be beneficial

in the treatment of mild or moderate persistent asthma
in children. Because this class of compounds has the

. potential for producing adverse side effects, however,

a SRE on the potential long-term adverse effects would
help guide consideration of potential risks and benefits
in the therapeutic decisionmaking process.

Medications: Safety of inhaled Corticosteroids in Children

-Systematic Review of the Evidence

The following description of the SRE is an
adaptation.of the evidence report, including direct
excerpts, submitted by the Blue Cross Blue Shield
Association Evidence-Based Practice Center. (See
Introduction, Methods.)

I Methods of Literature Search

To be eligible for consideration in the SRE, each
study was required to meet the following criteria:

» ]t reported on inhaled corticosteroid treatment,

s The treatment duration/observation was at least
1 year.

» For prospective studies:
* Enrolled only patients younger than 18 years
of age.
OR
* Stratified outcomes for patients younger than
18 years of age and reported baseline demo-
graphics for the stratified subgroup.

m For retrospective studies:

* Enrolled children and/or young adults younger
than 40 years of age and indicated that a sub-
stantial proportion of the exposure to inhaled .
corticosteroids had been during childhood.

* Study design was a comparative clinical trial,
cohort study, case control study, or cross-
sectional study.

» Reported on a group of at least 25 evaluable,

similarly treated asthma patients per study arm.

m For growth outcomes:

* Studies of short-term growth were restricted
to randomized clinical trials.

* Studies of long-term growth were restricted to
studies that assessed final attained adult height
and controlled for confounding variables.

*. For bone density, studies were restricted to
controlled trials.

* For subcapsular cataract, clinical series studies
were also included.
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* For hypothalamic-pituitary-adrenal (HPA) axis
function, studies also were included that used
a pre-post single-arm design, where baseline
HPA axis function was measured before initia-
tion of inhaled corticosteroids.

I Summary of Findings

Studies

The SRE addressed the long-term adverse effects of
chronic inhaled corticosteroid use in children on four
outcomes: vertical growth; bone mineral density;
ocular toxicity, including posterior subcapsular
cataract and glaucoma; and suppression of adrenal/
pituitary axis. {See the key evidence tables in this
section for a description of the studies reviewed for
vertical growth [three retrospective cohort/studies
on final height]; bone-mineral density [two cross-
sectional studies and one randomized controlled .
trial}; and HPA axis function [six studies, including
three randomized controlled trials]). The difficulties of
systematically assessing adverse effects are well known.
Most clinical trials are not designed to specifically
address adverse effects and thus may be statistically
underpowered and of insufficient duration to detect

o Ppte, Ty neldtitian the st of

Iore $open : !
this evidence review do not apply to adults. For the
adult population, particularly elderly adults, adverse
effects may differ qualitatively and quantitatively. For
example, although effects on vertical growth are not a
concern for adults, ocular toxicity is likely to occur
more frequently as age increases.

Results of Studies

The available evidence suggests that the use of
inhaled corticosteroids at recommended doses

does not have frequent, clinically significant, or
irreversible effects on any of the outcomes reviewed.
It is possible that chronic use of inhaled cortico~
steroids initiated in childhood and continued through
adulthood might have cumulative effects that increase
the relative risk of certain conditions—such as osteo-
porosis, cataracts, or glaucoma—in later life.
However, none of the available studies had sufficient
followup duration or numbers of patients to assess
this possibility definitively. It is also likely that the
probability of adverse effects is related to inhaled
corticosteroids dosage. No studies identified in the
published literature, however, were designed to test
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the dose-response relationship of inhaled cortico-
steroids to adverse effects.

Vertical Growth

The long-term prospective studies on growth
involved budesonide, and the retrospective analyses
included studies on beclomethasone, but the results

~ have been generalized to all inhaled corticosteroid

preparations. Although different preparations and
delivery services may have a systemic effect at
different doses, all short-term studies of numerous
preparations suggest that the effect of inhaled
corticosteroids on growth is a drug class effect.

Evidence addressing three measures of vertical
growth in children was found: short-term growth
velocity measured over a period of 1 year or less,
growth velocity and change in height measured
over longer duration (4t 6 years), and final
attained adult height. The evidence on short-term
growth velocity is from a published meta-analysis,
which pooled data from 5 randomized controlled
trials representing 855 subjects, with a mean age
of 9.5 years (Sharek and Bergman 2000). Evidence

on growth velocity and height over a longer
mevierd af timn s Sy the CAMD vein} eaneraring
inhaled corticosteroids (budesonide), nedocromil,
and placebo in 1,041 children with mild or mod-
erate persistent asthma, who were followed for 4
to 6 years (CAMP 2000). For final attained adult
height, evidence is from three retrospective cohort
studies that adjusted for the potential confounding
factor of parental height (Agertoft and Pedersen
2000; Silverstein et al. 1997; Van Bever et al.
1999). Together, these three studies included a
total of 243 patients with asthma treated with
inhaled corticosteroids, 154 asthmatic patients
who had not been treated with inhaled cortico-

steroids, and 204 nonasthmatic controls.

Evidence on growth velocity when evaluated
during the first year of therapy is consistent in
showing a difference in height averaging approxi-
mately 1 cm between children treated with
inhaled corticosteroids and controls. The magni-
tude of this change in height (=0.5—>1.5 cm) has
varied between studies using different inhaled
corticosteroid preparations, indicating that either
the study design or specific steroid preparation/
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dose may be important considerations (Doull et al.
1995; Allen et al. 1998; Verberne et al. 1997). In
the only trial extending beyond 1 year (CAMP
2000), a difference consistent with this magnitude
also occurred during the first year of the study.
However, in subsequent long-term followup, the
difference in growth velocity was not maintained;
all groups had similar growth velocity at the end
of treatment. At the end of the 4- to 6-year treat-
ment period, there was still an approximately 1
cm difference in cumulative growth between the
study groups, but a slight difference in bone age
suggests the potential for catchup for the inhaled
corticosteroid group.

The evidence on final adult height appears to be
fairly consistent as well. However, this evidence

is based on cohort studies that are subject to selec-
tion bias and the confounding effects of severity
of asthma cannot be adjusted. Some comparisons
in these studies also were limited by small sample
size. Of the three studies, two showed no differ-
ence, and one showed a difference in final attained
adult height between inhaled corticosteroid users
and nonusers. However, the difference was much
less than would be expected if a 1 cm/year growth
velocity difference noted in the 1-year studies were
maintained over several years.

Bone Mineral Density ,

The CAMP study followed children with mild or
moderate persistent asthma and a mean age of
approximately 9 years who were treated for 4 to 6
years with inhaled corticosteroids. This study, with
large numbers, randomization, and assessment of
longitudinal changes, provides strong evidence
that there is no effect of inhaled corticosteroids on
bone mineral density (BMD) in the doses given
and in the duration in the study (CAMP 2002).
One retrospective study of 30 young adults found
a significant correlation between BMD and dose
of inhaled corticosteroids among female patients

(Ip et al. 1994). Such studies are subject to potential
confounding because of unmeasured differences
between groups that are risk factors for low BMD.
In addition, the clinical significance of any observed
differences in BMD are unknown. Subtle differ-
ences in BMD would not have a clinical impact
until they were added to other risk factors such as

Medications: Safety of Inhaled Corticosteroids in Children

aging, and it is uncertain whether differences
observed during young adulthood would persist
into old age.

Posterior Subcapsular Cataract and Glaucoma
Studies that report on the occurrence of posterior
subcapsular cataracts consist mostly of small
cohorts and cross-sectional studies (Allen et al.
1998; Tinkelman et al. 1993; Agertoft et al. 1998;
Simons et al. 1993; Nassif et al. 1987; Abuekteish
et al. 1995), with the exception of the CAMP
study. The expected incidence rate of subcapsular
cataract in any population of normal young
children and adults is none. These studies are
sufficient to rule out a large effect of inhaled
corticosteroids on the short-term incidence of
cataract, but they are not capable of detecting a:
small increase in risk of an event that has a base-
line risk of essentially zero. In addition, several of
the clinical trials that evaluated development of
cataracts were of relatively short duration.

Two of these studies also reported on measurements
of ocular pressure (Tinkelman et al. 1993; Nassif et
al. 1987). The limited data available show no rela-
tionship between glaucoma or increased intraocular
pressure and inhaled corticosteroids.

Effect on Hypothalamic-Pituitary-Adrenal
Axis Function _ .

Two types of evidence on the effects of inhaled
corticosteroids on HPA axis function have been
reported: three case reports of iatrogenic Cushing
syndrome that were possibly related to inhaled-
corticosteroids (Zimmerman et al. 1998; Taylor et
al, 1999; Priftis et al. 1991; Hollman and Allen
1988) and six controlled clinical trials regarding -
HPA axis function (Tinkelman et al. 1993; Nassif
etal. 1987; Scott and Skoner 1999; Ribeiro 1993;
Price et al. 1997; Gonzalez Perez-Yarza et al. 1996).
Fach study evaluated from one to three different
measures of HPA axis function, with followup for
at least 1 year after initiation of treatment.

The case reports show that systemic effects can
occur in clinically detectable ways, with a strong
case for causality indicated in the case studies by
the accompanying laboratory tests and response
when inhaled corticosteroids were withdrawn.

39



Medications: Safety of Inhaled Corticosteroids in Children
. e

In the controlled clinical studies, four studies

of serum control values identified no differences.
However, three other studies used more sensitive
tests of cortisol, such as 24-hour urinary cortisol,
and two showed a statistically significant effect
of inhaled corticosteroids. It should be noted that
these statistically significant results occur as
comparisons of mean values between groups. Few
or no patients in most studies produce laboratory
values out of the normal range. However, the clin-
ical significance of these more sensitive indicators
of adrenal function is unknown.

The results of the case reports appear to be
causally attributable to inhaled corticosteroids
based on clinical presentation, consistency with
laboratory findings, and clinical response to reduc-
tion or withdrawal of treatment. Although the
studies show that, on average, persons may only
have clinically insignificant effects of inhaled corti-
costeroids on the HPA axis, some individuals may
be acutely susceptible to their effects.

Additional Literature/Information

Since the release of the EPR-2, a FDA-based com-
mittee convened to review the safety of inhaled
corticosteroid therapy, with particular emphasis on
growth effects. The FDA committee recommended
inserting the following cautionary wording in
package inserts for all (both nasal and oral) inhaled
corticosteroid medications: “A reduction in growth
velocity in children or teenagers may occur as a
result of inadequate control of chronic diseases such
as asthma or from use of corticosteroids for treat-
ment. Physicians should follow closely the growth
of adolescents taking corticosteroids by any route
and weigh the benefits of corticosteroid therapy and
asthma control against the possibility of growth
suppression if an adolescent's growth appears slowed
(http:/fwww.fda.gov).”

Two additional studies on the effect of inhaled
corticosteroids were completed after the SRE; the
studies involved primarily adults but included some
children and thus were considered by the Expert
Panel. One report pertaining to the risk of cataract
formation among patients 3 to 90 years of age was
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based on a large retrospective cohort study in the
United Kingdom-based General Practice Research
Database population, with a nested case-control
analysis-among users of inhaled corticosteroids and
patients without previous steroid use who were
younger than 90 years of age. All users of inhaled
corticosteroids were at a marginally increased risk
of cataract formation (risk ratio = 1.3) compared
to patients who did not use corticosteroids.
Among individuals 40 years of age or older, the
risk ratio increased as numbers of inhaled cortico-
steroid prescriptions increased after controlling for
other variables. These trends were not evident for
those individuals younger than 40 years of age

(Jick et al. 2001).

A prospective cohort study on bone loss in women
18 to 45 years of age reported that bone-density loss
at the total hip and the trochanter—but not at the
femoral neck or spine—increased with the number
of puffs per day of an inhaled corticosteroid (Israel
et al. 2001). However, the clinical significance of
these findings is uncertain because the rate of loss
reported was small, any association of this small loss

with increased risk of bone fracture has not been
s : : S
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taking the inhaled corticosteroids.
Recommendations for EPR Update

Based on this information from the SRE and
additional studies, the Expert Panel recommends
the following text {the blue text indicates new text)
as an update to pages 71 through: 73 of EPR-2
(The Medications, Special Issues on Safety, Systemic
Adverse Effects). This text updates—but does not
change—the EPR-Z recommendations.

Linear Growth

A reduction in growth velocity in children or adoles-
cents may occur as a result of inadequate control

of chronic diseases such as asthima or from the use

of corticosteroids for treatment. Overall, however,
the available cumulative data in children suggest
that, although low-to-medium doses of inhaled
corticostercids may have the potential of decreasing
growth velocity, the effects ave small, nomprogres-

tence A, B, C).

"

ds

sive, and may be reversible (SRE-Evic
3 3




The long-term prospective stucies on growth
involved budesonide, and the retrospective analyses
included studies on beclomethasone, but the results
have been generalized to include all inhaled cortico-
steroid preparations. Although different preparations
and déiiif‘e.ry devices may have a systemic effect at
different doses, all short-term studies on numerous
corticosteroids on growth is a drug-class effect. When
high doses of inhaled corticosteroids are necessary to
achieve satisfactory asthima control, the use of adjunc-
tive long-term-control therapy should be initiated in
order to reduce the dose of inhaled corticosteroids
aryd thus minimize possible dose-related long-term
effects on growth. Physicians should monitor the
growth of children and adolescents taking cortico-
steroids by any route and weigh the benefits of
corticosterid therapy and asthma control against the
possibitity of growth suppression or delay if a child’s
or an acolescent’s growth appears slowed. ‘

Bone Mineral Density
Low-to-medium doses of inhaled corticosteroids
appear to have no serious adverse effects on BMD

RE-Bvidence A) {CAMP 2000},

iy

dope

be associated with frihaled corticosteroid use in
patients older than 18 years of age SRE-Evidence

C; Evidence B} Up et al. 1994; Israel et al. 2001}, but
the clinical significance of these 'E:’i.x‘;diugs is not clear.
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Cataracts :

In children, low-to-medium dose inhaled cortico-
steroid therapy has no significant effects on the
incidence of subcapsular cataracts or glaucorna
(SRE-Evidence A, C) (CAMP 2000; Jick et al..
2001). High (greater than 2000 mg) cumulative
lifetime doses of inhaled corticosteroids may increase
slightly the prevalence of cataracts as suggested

i two retrospective studies of adult and eiderly
patients {SRE-Evidence C; Evidence C) (Cumming
et al. 1997; Jick et al. 2001}

Hypothalamic-Pituitary-Adrenal Axis Function
The available evidence indicates that, on average,
children may experience only clirdcally insignificant,
if any, effects of low-to-medium dose irhaled
corticosteroids on the FIPA axis (SRE-Evidence A,
C). Rare individuals, however, may be more suscep-
tible to their effects even at conventional doses.

Recommendations for Future Research

m What are the long-term effects of inhaled corti-
costeroid therapy on BMD and cataract formation
if it {s initiated at a young age and continued for
prolonged periods of time?

® Are potential growth effects of inhaled cortico-
steroid therapy more pronounced during certain
developmental periods (e.g., first 3 years of life,
preadolescence)?
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Key Evidence Tables
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Table l 3. leferences in Adult Target Height in Cohort Studies

Reed et al. 1997

Silverstein, Yunginger,

Inhaled cortlcostermd users (n = 18) vs. never used corticosteroids (n 95)

D]fference n tAdu ‘
- Target) Henght Lcm}*

Van Bever, Desager,
Lijssens et al. 1999

All inhaled corticosteroid users {n = 43) vs. never used corticosteroids (n = 42}

Males: Inhaled corticosteroid users

Females: Inhaled comcosteroxd users (n = 20) vs. never used cortxcosterolds (n=16)
Agertoft and Pedersen 2000 All inhaled corticosteroid users (n = 142) vs. noncorticosteroid using
asthmatics (n = 18} +0.5
"All inhaled corticosteroid users (n = 142) vs. healthy sibling conteol |
group (n =51} -0.6
Males: All inhaled corticosteroid users {n = 86) vs. healthy sibling
controt group {n = 24) -0.6
Fernales: All inhaled corticosteroid users (n = 56} vs. healthy sibling
-0.8

controt group {n = 27)

1 A negative number indicates that corticosteroid users had lower attained adult height than the comparison group. controlling for parental height.

2 p< S

Source:

Blue Cross and Blue Shield Assocxatxon Technotogy Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number
44, AHRQ Publication No. 01-EO44, Rockville, MD: Agency for Healthcare Research and Quality. September 2001.
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Table 1-4. Effects of Iﬁhal_ed Corticosteroids on Bone Mineral Density

Citation

Agertoft,
Larsen, and
Pedersen 1998

Budesonide
504 mcg per day

Nonsteroid
asthma therapies

Number
Envolled

157

reatment
vration (years

3.0 {minimum)

Total body
BMD:
0.92 gfem?

Total body
BMD:
0.92 g/em?

No significant difference
between groups or
between boys and girls in
bone mineral capacity or
total bone calcium

Mean treatment time 4.4
(3-6) years

Ip, Lam, Yam,
et al, 1994

Beclomethasone
or budesonide

Normal control

subjects, matched
by sex, age, BMIL,
menopausal status

30

30

33

Spine:
0.944

0.769

0.676

0.724

Triangle:
0.729

Stratified by sex, all dif-
ferences significant for
fernales but not for males

Childhood

- Asthma
Management
Program
Research

Group 2000a

Budesonide

400 mcg/day

Nedocromil
16 mg/day

Placebo

...................

Change in
spine BMD:
0.17 gfem?

Change in
spine BMD:
0.17 g/cm2

0.18 g/em? .

0.53 vs.
placebo

Source:

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number
44. AHRQ Publication No. 01-EQ44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001.
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Table 1-5. Effects of Inhaled C‘(.)rticosteroids on HPA Function

' Citation :
Randomized Clinical Trials - -

Measure of HPA Axis Function

Scott and Skoner 1999

BUD

500 mcg/day (n = 132)

vs.

conventienal treatment (n = 57)

Serum cortisol at baseline and 12 mo.

ACTH-stimulated cortisol at bascline
and 12 mo,

Percentage of patients from norroal
1o abnormal stirnulation test between
baseline and 12 mo.

Price, Russell, Hindmarsh et at. 1997

FP

50 meg/day (n = 36)
vs.

cromolyn

20 mg/day (n = 27}

Urinary cortiso! geometric mean
ratio between patient groups at 6 and

12 mo.

Tinkelman, Reed, Nelson et al. 1993

Cross-Section Studies

BDP

84 meg/day {n = 102)
vs.

theophyiline (n = 93)

Serum cortisol at baseline, 6 ard
12 mo.

s

ACTH-stimulated cortisol at baseline,
6 and 12 mo.

Gonzales Perez-Yarza, Mintegui,
Carmendia et al. 1996

Budesonide or beclomethasone

mean dose 676 +/- 280 meg/day {range,
226--1800) {n = 250)

vs.

normiad controls (n = 108)

Urinary cortisol

Nurnber of abnorroal ACTH stirnulation
tests in subset with urinary cortisols
below 1 standard deviation

Nassif, Weinberger, Shermnan et al. 1987

Beclomethasone 358 megfday (o= 17)

vs. :

Beclomethasone 726 meg/day {(n = 14)

vs.

asthmatic control group (n = 20} and normal
control groups (n = 21)

Serurn cortisol

Urinary cortisol

Single Arm Pre-Post Study

Ribiero 1993

Budesonide
200 meg/day (n= 47}

Serum cortisol at baseline and 12 mo.

ACTH-stimulated cortisol at baseline and
12 mo.
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BUD (0, 12 mo): 320, 300
Conventional (0, 12 mo): 250, 315
BUD 0, 12 mo)): 695, 655
Conventional (0, 12 mo.): 690, 720
BUD: 24%
Conventional: 21%

“No significant differences”

“No significant differences”

“Not different”

Subset of full trial

Subset of full trial

Ratio of urinary cortisol at 6 mo.: - 0.85

Ratio of urinary cortisol at 12 mo.: 0.96

NS: 95% Cl includes 1
NS: 95% CI includes 1

BDP 336 mcg/day Not stated: “similar”
(0, 6, 12 mo.): 328, 306, 309
Theophyltine ,
{0, 86,12 mo}): 309, 322, 334
BDP 336 mcg/day Not stated: “almost identical”
{baseline): 726 (6. 12 mo. NA)
Theophylline

P {baseline): 723 (6, 12 mo. NA)
BUD/BDP: 58.69 nmol/my/day p <0.05
Control: " 81.98 nrol/my/day
BUD/BDP group: 2 abnormal tests (3.1%) | Not applicable One of the two patients with abnormal
Control group: Not done test had chronic oral corticosteroids.
BDP <450 mcg/day: 403 Not specifically stated: presumed NOT
BDP >450 mcg/day: 353 statistically significant
Asthmatic controls; 353
Normal controls: 367
BDP <450 meg/day: 22 meg/g creatinine | Text: )
BDP >450 mcg/day: 16.5 meg/g creatinine | “Statistically significant” from controls
Asthmatic controls: 43 meg/g creatinine
Normal controls: 29.5 mog/g creatinine
Basal cortisol Not stated, presumed not statistically
{. 12 mo.): 497, 497 significant
4-hr. stimulated cortisol p = 0.02 for increase from baseline,
0, 12 mo.): 1104, 1131 both tests
5-hr. stimulated cortisol
{0, 12 mo.): 1242, 1380
Source:

Biue Cross and Blue Shield Association Technology Evaluation Center.. Management of Chronic Asthma: Evidence Report/Technology Assessment Number
A 44. AHRQ Publication No. 01-EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001.

45



46

References

MedicationsSafety of Inhaled Corticosteroids in Children
- .

Abuekteish F, Kirkpatrick JN, Russell G. Posterior subcapsular cataract and inhaled corticosteroid
therapy. Thorax 1995;50(6).674-6.

Agertoft L, Larsen FE, Pedersen S. Posterior subcapsular cataracts, bruises and hoarseness in children with
asthma receiving long-term treatment with inhaled budesonide. Eur Respir j 1998;12(1):130-5.

Agertoft 1, Pedersen S. Effect of Jong-term treatment with inhaled birdesonide on adult height in
children with asthma. N Engl J Med 2000;343(15):1064-9.

Allen DB, Bronsky EA, LaForce CF, Nathan RA, Tinkelman DG, Vandewatker ML, Konig P. Growth
in asthmatic children treated with fluticasone propionate. Fluticasone Propionate Asthma Study

Group. [ Pediatr 1998;132(3 Pt 1):472-7.

Bilue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma:
FEvidence Report/Technology Assessment Number 44. AHRQ Publication No. 01-EO44, Rockville, MD:
Agency for Healthcare Research and Quality. September 2001.

Childhood Asthma Management Program (CAMP) Research Group. Long-term effects of budesonide
or nedocromil in children with asthma. N Engl J Mea 2000;343(15):1054-63.

Cumming RG, Mitchell P, Leeder SR. Use of inhaled corticosteroids and the risk of cataracts. N Engl J
Med 1997;337(1):8-14,

Dout IJ, Freezer NJ, Holgate ST. Growth of prepubertal children with mild asthma treated with
inhaled beclomethasone dipropionate. Am J Respir Crit Care Med 1995;151(6):1715-19.

Gonzalez Perez-Yarza E, Mintegui J, Garmendia A, Callen M, Reguiton MJ, Garrido A, Emparanza
J1. The excretion of free cortisol in the urine in healthy children and in asthmatics treated with
long-term inhaled glucocorticoids. An Esp Pediatr 1996;44(6):531-6.

Holtman GA, Allen DB. Overt glucocorticoid excess due to inhaled corticosteroid therapy. Pediatrics
1988;81(3):452-5.

ip i, Lan KN, Yam o, nang A, Nyg v Decressed bune mineral density in preneiopausal asthna
patients receiving long-term inhaled steroids. Chest 1994;105(6):1722-7.

Israel E, Banerjee TR, Fitzmaurice GM, Kottov TV, LaHive K, LeBoff MS. Effects of inhaled glucocor-
ticoids on bone density in premenopausal women. IV Fngl J Med 2001;345{13):941-7. i

Jick SS, Vasilakis-Scaramozza C, Maier WC. The risk of cataract among users of inhaled steroids.
Epidemiology 2001;12(2):229-34.

Nassif E, Weinberger M, Sherman B, Brown K. Extrapulmonary effects of maintenance corticosteroid
therapy with alternate-day prednisone and inhaled beclomethasone in children with chronic

asthma. J Allergy Clin Immuno! 1987;80(4):518-29.

b




Z Medications: Safety of Inhaled Corticosteroids in Children

Price JF, Russell G, Hindmarsh PC, Welter P, Heaf DP, Wiltiams J. Growth during one year of
treatmént with fluticasone propionate or sodium cromoglycate in children with asthma, Pediatr

Pulmenol 1997;24(3):178-86.

Priftis K, Everard ML, Milner AD. Unexpected side-effects of inhaled steroids: a case report. fur J
Pediatr 1991:150(6):448--9.

Ribeiro LB. Budesonide: safety and efficacy aspects of its long-term use in children. Pediatr Allergy
Immunol 1993;4(2):73-8.

Scott MB, Skoner DP. Short-term and long-term safety of budesonide inhalation suspension in infants
and young children with persistent asthma. J Allergy Clin Immunol 1999;104{4 Pt 2):200-9.

Sharek PJ, Bergman DA. The effect of inhaled steroids on the linear growth of children with asthma:
a meta-analysis. Pediatrics 2000;106(1):ES8.

Sitverstein MD, Yunginger JW, Reed CE, Petterson T, Zimmerman D, Li JT, O’Falion WM. Attained
adult height after childhood asthma: effect of glucocorticoid therapy. J Allergy Clin Immunol
1997;99(4):466-74.

Simons FE, Persaud MP, Gillespie CA, Cheang M, Shuckett EP. Absence of posterior subcapsular
cataracts in young patients treated with inhaled glucocorticoids. Lancet 1993;342(8874).776-8.

Taylor DA, Jerisen MW, Kanabar 'V, Engelstatter R, Steinijans VW, Basnes PJ, O’Connor BJ.
A dose-dependent effect of the novel inhaled corticosteroid ciclesonide on airway responsiveness
to adenosine-5"-monophosphate in asthmatic patients. Am J Respir Crit Care Med
1999;160(1):237-43.

Tinkelman DG, Reed CE, Nelson HS, Offord KP. Aerosol beclomethasone dipropionate compared
with theophylline as primary treatment of chronic, mild to moderately severe asthma in children.

Pediatrics 1993,92(1):64-77.

Van Bever HP; Desager KN, Liissens N, Weyler JJ. Du Caju MV. Does treatment of asthmatic children

with inhaled corticosteroids alfect their adult height? Pedianr Puimonul 1999,27{6):369-75.

Verberne AA, Frost C, Roorda RJ, van der Laag H, Kerrebijn KE. One year treatment with salmeterol
compared with beclomethasone in children with asthma. The Dutch Paediatric Asthma Study
Group. Am J Respir Crit Care Med 1997(3 Pt 1);156:688-95.

Zimmerman B, Gold M, Wherrett D, Hanna AK. Adrenal suppression in two patients with asthma

treated with low doses of the inhaled steroid fluticasone propionate. J Allergy Clin Immunol
1998;101(3):425-6.

47



W

‘ v




AN

i Combination Therapy: .

Addition of Other Long-Term-Control

i Medications to Inhaled Corticosteroids

Question

in patients with moderate persistent asthma
who are receiving inhaled corticosteroids, does
addition of another fong-term-control agent
improve outcomes?

Summary Answer to the Ouéstion

Strong evidence consistently indicates that
long-acting inhaled beta,-agonists added to low-
to-medium-dose inhaled corticosteroids improve
outcomes (SRE-Evidence A). Adding a leukotriene
modifier or theophylline to inhaled corticosteroids
or doubling the dose of inhaled corticosteroids also
improves outcomes, but the evidence is not as
substantial (SRE-Evidence B). The EPR-2 recommen-
dations for moderate persistent asthma have been
revised: The preferred treatment for adults and chil-
dren older than 5 years of age is the addition of
long-acting inhaled betay-agonists to low-to-medium-
doses of inhaled corticosteroids. Adjunctive therapy
combinations have not been studied in children
younger than 5 years of age. For this age group, it is
the opinion of the Expert Panel that there are two
preferred options for treating moderate asthma either
the addition of long-acting inhaled betay-agonists to
a low dose of inhaled corticosteroids or medium-dose
inhaled corticosteroids as monotherapy.

Rationale for the Question

There are an increased number of studies evaluating
combination therapy primarily as a result of the
development of fixed-dose combinations of the
long-acting inhaled beta,-agonists and inhaled
corticosteroids (salmeterol plus fluticasone propri-
onate, now FDA-approved, and formoterol plus
budesonide, under development). The ongoing
preference to minimize the dose of corticosteroids,
especially for patients taking high doses, and to
reduce the possibility of adverse side effects, has stim-
ulated studies of adjunctive therapies. The question

Medications: Combination Therapy

of interest is whether, for patients requiring more
than low doses of inhaled corticosteroids, equal or
better asthma control could be achieved by adding an
additional medication rather than by increasing the
dose of inhaled corticosteroids. An extensive body of
literature addressing the question of adjunctive
therapy has become available since the publication of
EPR-2 and has thus warranted Expert Panel Review.

Systematic Review of the Evidence

The following description of the SRE is an-adapta-
tion of the evidence report, including direct excerpts,
submitted by the Blue Cross Blue Shield Association
Evidence-Based Practice Center. {See Introduction,
Methods.)

/

§ Methods of Literature Search

The SRE divided the studies into three study design
categories.

1. The addition of a long-term-control medication

to a fixed dose of inhaled corticosteroids compared
with the same dose of inhaled corticostercids alone.
This design simply assesses whether combination
therapy is better than monotherapy with inhaled
corticosteroids. The potential bias from this study
design is seen when patients can be controlled on
inhaled corticosteroids alone, resulting in a nega-
tive study because of the inability to improve.

2. The addition of a long-term-control medication to
inhaled corticosteroids with subsequent downward
titration of the dose of inhaled corticosteroids to the
lowest dose that maintains control. This design is
even more problematic because it may be raising
a fundamentally different question—i.e., “Can the
other long-term-control medication act as a sub-
stitute for the inhaled corticosteroids following
initial control of the asthma?” However, if the
goal is simply to lower the dose of inhaled corti-
costeroids by some increment (usually half), then
the study design addresses the primary question
more directly.

49



Medications: Combination Therapy ya
e

3. The addition of the long-term-control medication
compared with increasing the dose of inhaled
corticosteroids to improve asthma control. This
design most directly addresses the question,
because eligible patients first demonstrated a-lack
of adequate control during an open run-in period
on inhaled corticosteroids. 1he definition of inad-
equate control varied among studies, however,
and this variance could introduce some bias.

In addition to the eligibility criteria for selecting
studies related to all topics in the SRE {described

in the Introduction), the criteria for selecting studies
for this question were as follows:

w Study comparisons included:

* Inhaled corticosteroids alone compared to
inhaled corticosteroids plus leukotriene modi-
fiers, or long-acting beta,-agonists, or
theophylline

OR

* Two different long-term-control medications
in patients using inhaled corticosteroids '

OR

¢ The addition of an alternative medication to

sy fnereneesd chagn af feheTerl st it e le S

patients already on inhaled corticosteroids.
w Ireatment duration was at least 4 weeks.

# At least 90 percent of patients in the study were
on inhaled corticosteroids, or the subgroup of .
patients on inhaled corticosteroids was analyzed
separately, and this subgroup otherwise met the
eligibility criteria for this question.

s No more than 10 percent of the patients in the
population or in a subgroup were on oral corti-
- costeroids.

f Summary of Findings

Studies

The majority of the studies reviewed by the SRE fit
into study design categories 1 and 3. Thirty-nine
studies involving 45 comparisons and a total of
9,020 patients were selected for the SRE. (See the
key evidence tables in this section.) Overall, 34 of
the 45 comparisons evaluated the addition of a
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long-acting beta,-agonist to inhaled corticosteroids. TN
All but one of the studies were randomized trials.
The following comparisons were made: T

u Twenty-six compared the addition of a drug to a
fixed dose of inhaled corticosteroids (18 [3,163
patients) compared long-acting inhaled betay-
agonists; 4 [234 patients] compared theophylline;
and 4 [885 patients] compared LTRAs).

m Four compared a titrated dose of inhaled cortico-
steroids after the addition of a drug (3 [268
patients] compared long-acting inhaled beta,-
agonists; 1 [226 patients] compared LTRA).

w Fifteen compared a low-to-moderate dose of
inhaled corticosteroids with an additional drug
to high-dose inhaled corticosteroids (13 {4,285
patients] compared long-acting inhaled beta,-
agonists and 2 [252 patients] compared
theophyiline).

® No studies were found that compared long-acting
oral beta,-agonists.
N eotiog meetine SRE avality eoiterin veers
found that compared the addition of cromolyn
or nedocromil.

Resuits of Studies
Addition of long-acting inhaled beta,-agonists
A sufficient number of quality studies in both
design categories 1 and 3 were completed to enable
meta-analyses of lung function and as-needed
short-acting beta,-agonist use outcomes in each
category. (See the key evidence tables in this sec-
tion for a description of eligible studies.) Both the
systematic review and meta-analyses confirmed the
superiority of combination therapy to inhaled
corticosteroids monotherapy. In particular, the
findings of the meta-analysis for the addition of
long-acting-inhaled betas-agonist compared with
increasing the inhaled corticosteroid dosage were
consistent with a previously reported meta-analysis
(Shrewsbury et al. 2000). In addition to similar
findings on lung function, Shrewsbury and col-
leagues had access to the original data and were .
able to assess the rate of asthma exacerbations, A
reporting a positive benefit of the combination '




therapy. The data are robust and convincing that
the addition of long-acting inhaled betaz—agonists;
to inhaled corticosteroids improves lung function
and asthma control in patients inadequately
controlled with low-to-medium doses of inhaled
corticoste\roids.“

Of note is the paucity of pediatric trials in the
database. One pediatric study by Verberne et al.
(1998) was completed in older children (mean

11 years of age). Following a 6-week run-in, 120
patients were randomized to either low-dose inhaled
corticosteroid—beclomethasone dipropionate (BDP)
{400 mcg/day), medium-dose BDP (800 mcg/day),
or low-dose BDP plus the long-acting inhaled
beta,-agonist salmeterol for 1 year. No significant
difference was found among any of the three arms
in postbronchodilator FEV, or PC20 FEV| metha-
choline provocation. These results sﬁggest that the
children’s asthma was adequately controlled with
low-dose inhaled corticosteroids and that the addi-
tion of the long-acting inhaled beta,-agonist neither
improved nor worsened airway responsiveness.
Thus, due to the design, this study cannot refute
the potential benefit of the drug combination for
those children inadequately controlled on low-dose
inhaled corticosteroids alone.

A multicenter double-blind trial of salmeterol

as added therapy for children who were not well
controlled with inhaled cotticosteroids (mean dose
of 750 meg/day) demonstrated significant
improvement- in morning PEF and symptom-free
days in the long-acting inhaled beta,-agonist plus
inhaled corticosteroid group, compared to the
placebo plus inhaled corticosteroid group (Russell
1995). Although this study did not compare the
addition of a long-acting inhaled beta,-agonist to
an increased dose of inhaled corticosteroids, the
patients were already receiving doses of inhaled
corticosteroids ranging from 400 to 2,400 mcg a
day. Thus, this study established a need for further
asthma control in children already receiving
inhaled corticosteroids; it also-more directly
addresses the question posed by the SRE.

Addition of long-acting oral beta,-agonists
No studies were found.
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Addition of cromolyn/nedocromil

No studies meeting the quality criteria of the SRE
were found. No new studies since the publication
of the EPR-2 were found.

Addition of theophylline

Six studies evaluated the addition of theophylline,
including two more recent studies that compared
the addition to increased inhaled corticosteroid
dosage. The results indicate that the combination
of drugs and the increased dose of the inhaled
corticosteroids result in equivalent outcomes,
suggesting that theophylline has only a modest
steroid-sparing effect. None of the four studies
(two in children 6 to 19 years of age) comparing
the addition of theophylline to a fixed dose of
inhaled corticosteroids met the quality criteria of
the SRE, because all had study-design and statis-
tical problems. No studies were found that
included children younger than 6 years of age.

Addition of leukotriene modifiers v
Five published studies evaluated the addition

of leukotriene modifiers to fixed doses of inhaled
corticosteroids; none compared the combination to
increasing the dose of inhaled corticosteroids. Two
of these studies used pranlukast, an LTRA unavail-
able in the United States, and one used zafirlukast
in a dose four times the dosage recommended on
the package label. None of the studies included
children younger than 12 years of age. The most
relevant of the five studies (Laviolette et al. 1999),
which contributed the most patients and had the
longest duration, failed to meet the definition of
high quality for the SRE because it met only one
of the quality indicators (double blinding).
Limitations of these studies preclude definitive
conclusions, but they reveal a trend showing
improvement. in lung function and, in some,
symptoms from the combination of leukotriene
modifiers and inhaled corticosteroids compared .
with a fixed dose of inhaled corticosteroids alone.

Addition of an adjunctive agent and down
titration of the inhaled corticosterocids

This group of studies is discussed separately,

as some of the trials were designed to ask a
fundamentally different question (i.e., could the
adjunctive therapy ultimately replace inhaled
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corticosteroid therapy?). An example is the study
that attempted to wean patients from the inhaled
corticosteroids after beginning a long-acting
inhaled beta,-agonist until they had an exacerba-
tion or the inhaled corticosteroid therapy was
discontinued (Mclvor et al. 1998). Ten of the 13
patients in the long-acting inhaled betaj-agonist
arm experienced an exacerbation only after discon-
tinuing their inhaled corticosteroids, providing
further evidence that the long-acting inhaled
beta,-agonist should not be used as a substitute for
anti-inflammatory therapy. One trial attempted to
wean patients from the inhaled corticosteroids
after addition of the LTRA montelukast, with the
goal of maintaining adequate asthma control
(Lofdahl et al. 1999). The mean percentage reduc-
tion in the dose of inhaled corticosteroids was 47
percent—a 17 percent increase over placebo—and
40 percent of patients were able to discontinue
their inhaled corticosteroids compared with 29
percent in the placebo arm, which was not statisti-
cally significant. Thus, data are inconclusive about
the “steroid sparing” effect of adjunctive therapy, and
data show that patients cannot be entirely weaned
from inhaled corticosteroids. In addition, data from
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tive “steroid-sparing” effect of the various adjunctive
therapies. Finally, none of the studies included
children younger than 5 years of age.

Additional Literature/Information

In addition to reviewing studies published after the
SRE, the Expert Panel considered four other issues
relevant to the question of the use of combination
therapy for the treatment of persistent asthma: the
effect of the different combinations on the rate of
exacerbations of asthma; the comparison of different
combinations to determine relative effectiveness; the
use of combination therapy in children 5 years of age
and younger; and the use of combination therapy in

severe persistent asthma.
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Studies Published After the SRE

The addition of montelukast to inhaled cortico-
steroids was evaluated in 279 children 6 to 14
years of age with moderate asthma whose symp-
toms were not completely controlled on 400 mcg

budesonide daily (Simons et al. 2001). This study
was -a double-blinded, randomized, placebo-
controlled, crossover trial with a 4-week open-label
run-in period to establish the need for adjunctive
therapy. Each treatment period also consisted of 4
weeks. The trial had sufficient power (95 percent)
to detect a 4.4-percent difference between the
placebo and the active drug in the primary end
point, FEV| percent predicted. In the intention-
to-treat analysis, no significant difference was
found between the placebo and montelukast for
the primary end point (1.3 percent difference).

A post hoc censure of the data revealed a statisti-
cally significant 1.9 percent difference between

the active drug and the placebo. Other significant
differences reported in favor-of montelukast were a
decrease in beta,-agonist usage (.33 puffs/day
difference) and exacerbation days that also were
defined by beta,-agonist usage—an improvement
in morning and evening PEFs (9.7 L/min and 10.7
L/min, respectively). It was not indicated whether
these were intention-to-treat analyses. Qutcomes
found to be the same at the end of the study
included worsening asthina, global evaluations,
number of asthma attacks requiring intervention,

TRV -0 Y

Another study compared the addition of theoph-
ylline to low-dose BDP {400 mcg daily) with
increasing the dose of BDP to 1,000 mcg daily or
maintaining patients on the low-dose BDP alone
for 7 months (Lim et al. 2000). The study found
no difference between the high-dose inhaled
corticosteroids and the theophylline group for any
outcome, thus confirming the SRE findings.

Effect of Combination Theraf)y on the Rate

‘of Exacerbations of Asthma

Reduction in the rate of asthma exacerbations has
been suggested as a surrogate for an anti-inflamma-
tory effect. Compared with placebos, leukotriene
modifiers have been reported to reduce the
number of exacerbations treated with prednisone
(zileuton, zafirlukast, and montelukast package
inserts). Both of the long-acting inhaled beta,-
agonists—formoterol and salmeterol-—have been
reported to reduce exacerbations of asthma when
administered in conjunction with inhaled cortico-
steroids (Pauwels et al. 1997; Shrewsbury et al.
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2000). In one study, the addition of formoterol

to either low-dose (100 mcg bid) or high-dose
(400 mcg bid) budesonide significantly reduced
both mild and severe exacerbations. Further, fewer
exacerbations occurred in the high-dose inhaled
corticosteroid group compared with the lower dose
group, though statistical analysis was not done
(Pauwels et al. 1997). A meta-analysis of studies in
which the addition of salmeterol to a lower dose of
inhaled corticosteroids was compared with a higher
dose of inhaled corticosteroids demonstrated that
exacerbations were significantly lower with the
combination therapy (Shrewsbury et al. 2000).

It has been suggested that this reduction in
exacerbations may be attributed to an enhanced
corticosteroid effect due to priming of the gluco-
corticoid receptor by the long-acting inhaled
beta,-agonist (Bickelberg et al. 1999). Two
recently published studies (Lazarus et al. 2001;
Lemanske et al. 2001) also are pertinent to the
issue of using asthma exacerbation as an outcome.
In the first trial, those patients adequately con-
trolled on low-dose inhaled corticosteroids were
left on the inhaled corticosteroids, switched to the
long-acting beta;-agonist salmeterol, or switched
to placebo. Although the conventional outcomes
(morning and evening PEFs) for the salmeterol
and inhaled corticosteroid arms were not different,
the salmeterol group had a significantly greater
number of exacerbations and treatment failures—
again demonstrating that the long-acting inhaled
beta,-agonists cannot substitute for inhaled corti-
costeroids (Lazarus et al. 2001). The companion
study evaluated the ability to reduce the dose of
inhaled corticosteroids following the introduction
of a long-acting inhaled beta,-agonist in those
patients initially suboptimally controlled on the
inhaled corticosteroids (Lemanske et al. 2001). In
this group, the dose of inhaled corticosteroids was
reduced by one-half in those pétients responding
to the addition without any significant change in
asthma control, yet a significant treatment failure
rate was noted when the inhaled corticosteroids
were stopped. ‘

Although clinical studies in the SRE suggest that
the addition of a long-acting inhaled betay-agonist
to a low-to-medium dose of inhaled corticosteroids
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is the most effective treatment for moderate persis-
tent asthma (step 3 care), there may be situations
where both the addition of a long-acting inhaled
beta,-agonist and an increase in the dose of
inhaled corticosteroids are indicated. The studies
of Sont et al. (1999) and Pauwels et al. (1997)
support the added benefit of a higher dose of
inhaled corticosteroids in reducing asthma exacer-
bations. Thus, for patients considered to be at
higher risk for exacerbations (suggested by a his-
tory of repeated short courses of prednisone,
emergency department visits, or hospitalizations),
both the addition of a long-acting inhaled beta,-
agonist'and an increase in the dose of inhaled
corticosteroids may be indicated.

Comparison of Combinations To Determine
Relative Effectiveness

Not included in the SRE were direct comparative
studies of the effectiveness of the various drugs
used as adjuncts to inhaled corticosteroids. Studies
comparing the long-acting inhaled beta,-agonist
to sustained-release theophylline are numerous
(Davies et al. 1998), and generally involve patients
receiving inhaled corticosteroids. A meta-analysis
of these studies {Davies et al. 1998) demonstrated
that both pulmonary function and asthma symp-
toms showed more improvement with the
long-acting inhaled beta,-agonist as adjunctive
therapy than with theophylline. In the three
published studies included in the meta-analysis,
between 50 percent and 97 percent of the subjects
were receiving regular inhaled corticosteroid
therapy (Fjellbirkeland et al. 1994; Muir et al.
1992; Paggiaro et al. 1996). o

A comparison of the addition of the long-acting
beta,-agonist salmeterol to the addition of the
LTRA zafirlukast {Busse et al. 1999) also examined
a mixed population; however, this study was not
included in the SRE because more than 80 percent
of the patients in both arms were using inhaled
corticosteroids, rather than 90 percent required by
the SRE selection criteria. The study otherwise met
the criteria for a high-quality study and should be
considered. The results indicate that salmeterol
improved both pulmonary function and asthma
symptoms significantly more than did zafirlukast.

>
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Another direct comparison of long-acting inhaled
beta,-agonists and a leukotriene modifier as comn-
bination therapy was published after the SRE
(Nelson et al. 2000). This study also met the SRE
criteria for high quality and should be considered.
The investigators evaluated patients who were still
symptomatic on low-dose inhaled corticosteroids
(fluticasone 88 mcg bid), before and after the
addition of the long-acting beta,-agonist sal-
meterol or the LTRA montelukast over 3 months.
Those patients receiving salmeterol plus flutica-
sone, compared with those on montelukast and
fluticasone, had greater improvement in pul-
monary function and in some asthma symptoms,
and experienced significantly fewer exacerbations.

Although the addition of sustained-release the-
ophylline or a leukotriene modifier to treatment
with inhaled corticostercids generally is not as
effective as the addition of a long-acting inhaled
beta,~agonist, there may be circumstances when
these combinations would be indicated for selected
patients. Among the considerations favoring one
of these alternative combinations would be the
patient’s intolerance of the side effects of the long-

actine inhaled heta-poonict. markod nreference for

oral therapy, demonstration of superior responsive-
ness to the alternate class of drug, as well as
financial considerations (theophylline is the least
expensive). Finally, although the recently mar-
keted fixed-dose combination of fluticasone
propionate and salmeterol in a DPI may provide
an advantage in terms of ease of use {one inhaler
instead of two), there is no evidence of superiority
of this particular combination over that of other
inhaled corticosteroids and long-acting inhaled
beta,-agonists.

Combination Therapy in Children 5 Years of
Age and Younger

None of the adjunctive therapy combinations have
been adequately studied in children 5 years of age
and younger. Indeed, only one study, a study
adding the long-acting inhaled beta,-agonist
salmeterol to inhaled corticosteroids, included
patients as young as 4 years of age {Russell 1995).
The lower age limit of all other combination
therapy studies in children is 6 years of age

{Simons et al. 2001; Meltzer et al. 1992; Nassif
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et al. 1981). The data are thus inadequate to pro-
vide definitive recommendations on combination
therapy in young children, and recommendations
must be extrapolated from studies in older chil-
dren and adults, which support the combination
of inhaled corticosteroids and long-acting inhaled
beta,-agonists. Because patients in this age range
may be at greater risk for systemic effects from
high doses of inhaled corticosteroids, the use of
combination therapy seems prudent when goals
of therapy are not attained with low or.the lower
range of medium doses of inhaled corticosteroids.
Howrever, as noted in the section on effectiveness
of long-term-control medications, there are no data
available on the use of long-acting inhaled beta,-
agonists in infants and young children, whereas
studies of medium doses of inhaled corticosteroids
demonstrate effectiveness in this age group.

The following medications have been FDA-
approved for young children: the inhaled
corticosteroids budesonide nebulizer solution
approved for children 1 to 8 years of age and flu-
ticasone DPI approved for children 4 years of age
and older; the long-acting inhaled beta;-agonist
salmeterol DPT apnroved for children 4 voors of
age and older; and, based on safety data rather
than efficacy data, the LTRA montelukast 4 mg
chewable approved for children 2 to 6 years of age.

Combination Therapy in Patients With Severe
Persistent Asthma

.Current recommendations for treatment include

adding oral systemic corticosteroids if a patient
cannot achieve and maintain control with high
doses of inhaled corticosteroids and long-acting
bronchodilators. An alternative approach may be

to add a third long-term-control medication to a
combination of medium-to-high-dose cortico-
steroids and long-acting inhaled beta,-agonists in
severe persistent asthma. However, few trials
regarding this approach and of sufficient quality are
available. A double-blind, crossover trial of LTRA
(10 mg montelukast or placebo) in 72 adults with
severe persistent asthma found no benefit from the
addition of montelukast to other medication
(Robinson et al. 2001). In this study, the concur-
rent medication varied among the patients: All
patients received medium-to-high-dose inhaled

y
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corticosteroids; 89 percent also received either
theophylline, a long-acting inhaled beta,-agonist,
or both; and 47 percent also received oral systemic
corticosteroids. No attempt was made to eliminate
the oral corticosteroids. The treatment period of
14 days for LTRA and 14 days for placebo was
relatively short, although leukotriene modifiers
usually produce a rapid response. This study
indicates that there is no additional benefit to.
adding LTRA as a third medication. Similar
controlled clinical trials have not been conducted
to evaluate other long-term-control medications
added to the combination of medium-to-high
doses of inhaled corticosteroids and long-acting
inhaled beta,-agonists in severe persistent asthma.
Until more research is conducted, recommenda-
tions for managing severe persistent asthma are
based on extrapolations from studies of the
combination of inhaled corticosteroids and one
other long-term-control medication in treating
moderate persistent asthma.

Recommendations for EPR Update

Rased upon the assessment of evidence provided by
the SRE and the additional evidence considered by
the Expert Panel, the following changes to step 3
care in EPR-2 are recommended:

@ The preferred treatment for those adults and chil-
dren older than 5 years of age whose asthma is
inadequately controlled on low-dose inhaled
corticosteroids is combination therapy: the addi-
tion of a long-acting inhaled beta,-agonist
(SRE-Evidence A) to a low-to-medium dose of
inhaled corticosteroids. Scientific evidence from

-studies of children older than 12 years of age and
adults indicates that patients with moderate per-
sistent asthma benefit from two different types of
daily medication in order to achieve and maintain
optimal control of their asthma: (1) medication
aimed at suppressing underlying airway inflam-
mation and (2) a medication whose primary action
is bronchodilation. This approach is preferred to
increasing the dose of inhaled corticosteroids.

The exception is indicated for those patients who
experience recurring severe exacerbations that
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require oral prednisone, emergency department.
visits, or hospitalizations. For these patients,
increasing the dose of inhaled corticosteroids along
with the addition of a‘long—acting inhaled beta,-
agonist should be considered (SRE-Evidence B).

For children 5 years of age or younger, combina-
tion therapy has not been adequately studied.
Therefore, recommendations for step 3 care for
this age group are based on extrapolations of data
from older children and adults, as well as expert
opinion. For children 5 years of age and younger
with moderate persistent asthma, there are two
equally preferred options: low-dose inhaled corti-
costeroids and a long-acting betay-agonist
(Evidence B, extrapolation from studies in older
children and adults) OR inhaled corticosteroids as
monotherapy with an increase of the dose within
the medium-dose range (Evidence D).

» Alternative—but not preferred—approaches that
may be considered include doubling the dose of
inhaled corticosteroids within the medium-dose
range {this is an alternative but not preferred
option for older children and adults; for children
5 vears of age and younger, increasing the
inhaled corticosteroid dose is an equally preferred
option); adding sustained-release theophylline; or
adding a leukotriene modifier (SRE-Evidence B).
Leukotriene modifiers or theophylline may be
considered if the patient displays intolerance of
long-acting inhaled beta,-agonists, has a marked
preference for oral therapy, and demonstrates
superior responsiveness to the alternative class
of drug through a therapeutic trial. Other issues
may include financial considerations (theophylline
is the least expensive).

a The recommendations for the use of nedocromil
and long-acting oral betay-agonists as alternatives
to increasing the dose of inhaled corticosteroids
are untenable at this time due to lack of data and
should be removed as therapeutic options.

Specifically, the Expert Panel recommends that step
3 in figure 3-4b, Stepwise Approach for Managing

Asthma in Aduilts and Children Older Than 5 Years
of Age, be revised as follows with the revision noted
in blue text.
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Figure 3-6. Stepwise Approach for Managing
Infants and Young Children (5 Years of Age and
Younger) With Acute or Chronic Asthma. (See
Medications: Effectiveness in Children on page 25
of this report for revisions to step 3.)

Figure 3-4b. Stepwise Approach for Managing
Asthma in Adults and Children Older Than

5 Years of Age: Treatment (pages 84 through 85
in EPR-2)

Step 3: Moderate Persistent

Daily Medication:

Preferred treatment!
Low-to-medimm-dose inhaled corticosteroids
and long-acting inhaled betay-agonists

Alternative treatment (listed alphabetically):
Inerease inhaled corticosteroids within
medium-dose range
OR
Low-to-medium-dose inhaled corticosteroids and
either a leukotriene modifier OR theophylline

1 needed {particularly in patients with recurring

severe exacerbations)

:{)‘.\; £ PSRRI RLE S
Increase inhaled corticosteroids within
medium-dose range and add a long-acting
betay,-agonist

Alternative treatment:
Increase inhaled corticostercids within medivum-
dose range and add either a leukotriene modifier
OR
Theophylline

Step 4: Severe Persistent
Daily Medication:
Preferred treatment:
High-dose inhaled corticosteroids

AND
Long-acting inhaled betay-agonists

AND, if needed

Corticosteroid tablets or syrup long term (1 to 2
mg/kg/day; generally do not exceed 60 mg/day).
(Make repeat attempts to reduce systemic cortico-
steroids and maintain control with high-dose
inhaled corticosteroids.)

56

The text in EPR-2 on pages 93 and 94 regarding
step 3 and step 4 care for adults and children older
than 5 years of age should be revised as follows, with
the blue text indicating new text. (See Medications:
Effectiveness in Children on page 25 for revisions to
step 3 for children 5 years of age and younger.)

Step 3: Moderate Persistent Asthma
Consultation with an asthma specialist may be
considered because the therapeutic options at this
Jjuncture pose a number of challenging risk-benefit
outcomes. Before increasing therapy, however, the
clinician should review the patient’s inhaler tech-
nigue and adherence, as well as determine whether
environmental factors are coniributing to the
patient’s worsening asthma. If a step-up in therapy
is required, there are at least four options for infti-
ating step 3 therapy.

# Add a long-acting inhaled betay,-agonist to
a low~to-medium-dose of inhaled cortico-
steroids SRE-Evidence A, B). This is the
preferred treatment. Farly inv

stigations suggested
that the addition of a long-acting inhaled betay~

o
|

agonist 1o a low {Greening et al. 1994} or

bR LY

corticosterolds resulted in greater improvement in
ung function arxd overall asthma control than
doubling the dose of inhaled corticosteroids. Since
that tirme, munerous studies have confirmed the
superiority of combination therapy over
increasing the dose of fnhaled corticosteroids,

even for reducing severe asthma exacerbations
(SRE 2001, Shrewsbury et al. 2000). Use of com-
bination therapy has not been shown to mask
worsening of inflammation: and asthma. Indeed,
the combination has consistently been shown to
reduce the number of severe asthma éxacerbations
{Pauwels et al. 1997, Shrewsbury st al. 2000},
This approach has proved so successful that it has
spawned the development of two fixed-dose com-
binations of long-acting inhaled betay-agonists
and inhaled corticostercids in one inhaler, one cur-
rently marketed. The fixed-dose combination may
be easier {o use and hence facilitate adherence to
the regimen, but there is no evidence of clinical
superiority over using the inhaled corticosteroids
and long-acting inbaled betay-agonists in separate j 3
inhalers. '

OR
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beta,-agonist use (.33 puffs/day} in favor of LTRA
was found. No difference was found for worsening
asthina, asthrna attacks, or quality of life Simons et
al. 2001). Studies of the addition of theophylline to
inhaled corticosteroids in children § to 19 years of
age showed both a benefit (Nassif et al. 1981) and
no benefit (Meltzer et al. 1992). Neither of these
theophvlline studies is of high enough quality to
generate a recommendation. Finally, there is only
one study on adjunctive therapy that included chil-
dren as young as 4 years of age, and there e no
studies in children younger than 4 vears of age.

Step 4: Severe Persistent Asthma

Patients with severe persistent asthma require
high doses of inhaled corticosteroids and a long-
acting inhaled betay-agonist and, if needed, an
oral corticosteroid {Evidence B}, It is the
opinion of the Expert Panel that consultation
with an asthma specialist is recommended for
patients with severe persistent asthma. Evidence
to date does not support using a thivd long-term-
control medication added to inhaled cordcosteroids
and long-acting inhaled betazagonists in order to
avoid using systemic corticostercid therapy

addition of an LTRA to high doses of inhaled
corticosteroids and, for most patients in the study,
another medication (either theophylline, a long-
acting betas-agonist, oral corticosteroid, or a
combination} (Robinson et al. 2001}, Similar studies
of other long-term-control redications added to the
combination of medium-to-high doses of inhaled
corticosteroids and long-acting inhaled beta,-
agonists in severe persistent asthima are not available.

Patients whose asthma is not controlled on high
doses of inhaled corticosteroids and the addition of
long-acting inhaled beta,-agonists also will need oral
systemic corticosteroids on a regularly scheduled,
long-term basis. For patients who require long-term
systemic corticosteroids:

# Use the lowest possible dose (single dose daily or,
preferably, on alternate days).

® Monitor patients closely for corticosteroid adverse
side effects {see component 3-Medications).
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# When control of asthma is achieved, make persis-
tent attempts to reduce systemic corticosteroids.
High doses of inhaled corticosteroids are prefer-
able to systemic corticosteroids because inhaled
corticosteroids have fewer systemic effects.

m Recommend consultation with an asthma
specialist.

Recommendations for Future Research

The Panel recommends the following research to
clarify treatment options:

m Long-term studies to examine the effect of
adjunctive therapy on possible loss in pulmonary
function and the natural history of asthma-—
hospitalization, exacerbations, and decline in
pulmonary function.-

a Studies of noninvasive markers that would give
a composite picture of both disease activity g,
inflammation) and disease control. These could
be used as surrogate markers for overall asthma
control to guide therapy. Ideally, such markers

i :

syt
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response to therapy following a relatively long
therapeutic trial.

m Long-term studies to examine the importance of
the greater suppression of inflammation achievable
with higher doses of inhaled corticosteroids com-
pared with adjunctive therapy. Low doses of
inhaled corticosteroids usually are sufficient for
improvement in lung function and control of
asthma symptoms but may not suppress inflam-
mation to the same extent as higher doses. Studies
to assess the value of maximum suppression of
inflammation vis-a-vis therapeutic control will
contribute to understanding the appropriate use
of inhaled corticosteroids and adjunctive therapy.

s Pvaluations of adjunctive therapies in children
younger than 12 years of age.
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Key Evidence Tables

Table 1-6. Meta—AnaIysis: Lung Function Outcomes for Studies
Comparing the Addition of Long-Acting Beta,-Agonists toa
Fixed Dose of _Inhaled Cor_ticosteroids :

Meta-Analysis Effec 95% Ci ‘ » Treatment
: Gen Effect
Estimate

FEV;: Combined Studies (n=14) =~ - - : 0.241,0428 4 -0’ C017L - f 012,022
. 3.71% pred | 2.67,4.75

FEV: Sensitivity analysis by quality: ; 0.319 0.139, 0.499 0.14 0.17L 0.07, 0.26
Studlies that meet all generic quality : ' 3.43% pred | 1.54, 5.54
criteria except allocation concealment and meet most
(>4) asthma-specific criteria (n = 3)

FEV,: Sensitivity analysis by quality: 0.368 0.257, 0.478 0.20 0.19L 0.13,0.25
Studies that meet all generic quality criteria except 4.08% pred | 2.85, 5.30
allocation concealment (N = 11) . :
PEF: Combined studies (n = 9) 0581 | 0417,0745 | 00034 | 2468 Limin | 17.70,3165 |
7.26% pred | 5.21,9.31
PEF: Sensitivity analysis by quality: 0.643 0.460, 0.826 0.17 27.33 Limin | 19.55, 35.10
Studies that meet all generic quality criteria except 8.04% pred | 5.75, 10.32

allocation concealment and meet most (>4) asthma-specific
criteria (n = 4)

PEF: Sensitivity analysis by quality: 0.630 0.478, 0.781 0.06 26.77 L/min } 20.32, 33.19
Studies that meet all generic quality criteria except 7.88% pred. | 5.98, 9.76
allocation concealment {n = 8)

Source:
Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number
44. AHRQ PublicationNo.- 01-EQ44." Rockville, MD: Agency for Healthcare Research and Quality. -September 2001,

Table 1-7. Meta-Analysis: Medication Use Outcomes for Studies
Comparing the Addition of Long-Acting Beta,-Agonists to a

Fixed Dose of Inhaled Corticosteroids

- Meta-Analysis

Puffs/day: Combined studies {n = 6) -1.56, -0.80

Puffs/day: Sensitivity analysis by quality: -1.34 -1.87,-0.84 0.20
Studies that meet all generic quality criteria except
allocation concealment and meet most (>4) asthma-specific
criteria (n = 3)

Puffs/day: Sensitivity analysis by quality: -1.00 -1.34, -0.66 0.14
Studies meet all generic quality criteria except allocation
concealment (n = 5)

Source:
Blue Cross and Biue Shield Association Technolegy Evaluation Center. Managernent of Chronic Asthma: Evidence Report/Technology Assessment Number
44. AHRQ Publication No. 01-EQ44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001.
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Table 1-8. Meta-Analysis: Lung Function Outcomes for Studies
Comparing a Lower Dose of Inhaled Corticosteroids Plus Long-Acting
Inhaled Betaz—Agomsts vs. an Increased Dose of Inhaled Corticosteroids

f Mf,ta Amtyﬁss B ' v % Treatment
! LAl ‘ L Effect
‘ , - , , v Estimate
» FEV,;: Combined Studies (n = 8} 0.209 0.133,0.285 0.93 011L 0.07,0.15
. 2.32% pred | 1.48-3.16
FEV,: Sensitivity analysis by quality: 0.203 0.107, 0.299 0.94 0.11L . 0.06, 0.16
Studies that that meet all generic quality criteria except . 2.25% pred { 1.19,3.32

allocation concealment and meet most (>4) asthma-specific
criteria (n=14)

FEV,: Sensitivity analysis by quality: 0.212 0.134, 0.290 0.88 0.11L 0.07,0.15

Studies that meet all generic quality criteria except 2.35% pred | 1.49,3.22

allocation concealment {n = 7)

PEF: Combined studies (n = 10} - 0310 0.192, 0.429 0.0002 11.6 /min | 5.2-180
3.4% pred 1.5-5.3

PEF: Sensitivity analysis by quality: 0.300 0.030,0.569 | 0.000007 12.75 U/min | 1.28, 24.18

Studlies that meet all generic quality criteria except . 3.75% pred | 0.38,7.11

allocation concealment and meet most (>4) asthma-specific
criteria {n = 4)

PEF: Sensitivity analysis by quality: 0.296 0.143, 0.449 0.00005 12.58 L/min | 6.08, 19.08
Studies that meet all generic quality criteria except 3.7% pred 1.79, 5.61
allocation concealment (n = 7)

Source:
Blue Cross and Blue Shueld Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessmerit Number
44. AHRQ Publication No. 01-EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001.
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Use of Antibiotics To Treat Asthma
Exacerbations :

Question

Does routinely adding antibiotics to standard
care improve the outcomes of treatment for
acute exacerbation of asthma? Does the addition
of antibiotics to standard care in the following
popuiations improve the outcomes of treatment
for an acute exacerbation of asthma: patients
without signs and symptoms of bacterial infec~
tion; patients with signs and symptoms of a.
bacterial infection; patients with signs and
symptoms of sinusitis? ’

Summary Answer to the Question

The available evidence (two randomized, controlled
clinical trials) suggests no benefit from antibiotic
therapy for asthma exacerbations, whether adminis-
tered routinely or when suspicion of bacterial
infection is low (SRE-Evidence B). No studies
addressed the question of greatest relevance to con-
temporary clinical practice! whether the addition

of antibiotics to standard care when signs and
symptoms suggest the possibility—but do not
clearly indicate the presence—of bacterial infection
improves the outcomes of treatment for acute
asthma exacerbations.

The EPR-2 recommendation has not been changed:
Antibiotics are not recommended for the treatment
of acute-asthma exacerbations except as needed for
comorbid conditions—-e.g., for the patients with
fever and purulent sputum, evidence of pneumonia,
or suspected bacterial sinusitis.

Rationale for the Question

Asthma exacerbations often are associated with
clinical signs of infection, such.as purulence of
expectorated sputﬁm or nasal discharge. Most
asthma exacerbations are associated with infection
by a respiratory virus, especially rhinovirus
{Nicholson et al. 1993; Johnston et al. 1995}, but a
small percentage of exacerbations are associated with

Medications: Use of Antibiotics

infection by an atypical bacterium, like Mycoplasma
pneumoniae or Chlamydia pneumoniae (Freymuth et al.
1999). It is widely believed that coincident bacte-
rial sinusitis contributes to asthrna exacerbations,
and some clinicians have pdstulated that airway
obstruction due to mucus plugging-—common in
asthma—predisposes patients to bacterial infection
of nondraining regions of the lungs.

In the absence of clear signs of bacterial infection
(e.g, lobar pulmonary infiltrate on chest radiog-
raphy distinguishing viral from bacterial infections),
infection is often difficult to manage. Viral infections
commonly resemble bacterial infections in that they
also cause'neutrophilic_'inﬂammation of the upper
and lower airways (Teran et al. 1997; Trigg et al.
1996; Fahy et al. 1995). This difficulty, coupled
even with the remote possibility that bacterial
infection may be associated with an asthma exacer-
bation, may account for the frequency with which
antibiotics are prescribed in addition to inhaled
bronchodilators, inhaled or systemic corticosteroids,
and supplemental oxygen.

Systematic Review of the Evidence

The following description of the SRE is an adapta-
tion of the evidence report, including direct
excerpts, submitted by the Blue Cross Blue

Shield Association Evidence-Based Practice Center.
{See Introduction, Methods.)

I Methods of Literature Search

In addition to the selection criteria for studies
related to all topics in the SRE (described in the
Introduction section), studies for this question were
included in which standard care (asthma medications)
plus antibiotics was compared with standard care
alone in the treatment of acute asthma exacerbations.
Patient populations included patients without signs
and symptoms of bacterial infection, patients with
signs and symptoms of bacterial infection, and
patients with signs and symptoms of sinusitis.
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I Summary of Findings

Studies

Only two randomized, double-blind, placebo-
controlled, parallel-group trials—with a total enroll-
ment of 121 patients—have addressed the question
of whether routinely adding antibiotics to standard
care improves the outcomes of treatment for acute
asthma exacerbations (Shapiro et al. 1974; Graham
et al. 1982). (See the key evidence tables in this
section.) Both trials studied patients hospitalized
for asthma exacerbations. Both used a penicillin
derivative whose activity against atypical bacteria
was unknown. Shapiro and colleagues examined the
effects of hetacillin (an analogue of ampicillin; 100
mg/kg every 24 hours for a minimum of 24 hours,
then 225 mg four times per day for 6 days) in 50
children who did not exhibit clinical evidence of
bacterial infection. Graham and colleagues examined
the effects of amoxicillin (500 mg three times per
day) in 60 adults and adolescents who experienced
a total of 71 hospital admissions. Whereas the pedi-
atric study explicitly excluded patients with clinical
evidence of bacterial infection, the study of adults

and adolescents excluded only patients with evidence
Af e pmnnts o sl cndtinerne e Thise the
populations in these studies consisted primarily of
patients without signs or symptoms of bacterial
illness, including suspected acute sinusitis.

In both trials, all patients received standard care
that included high-dose oral or intravenous cortico-
steroids and regularly scheduled beta,-agonist
treatment. In the pediatric study, all patients

were also treated with intravenous aminophylline
followed by oral theophylline.

The study design and conduct for these two trials did
not meet the SRE criteria for higher quality because
of deficiencies in allocation concealment, subject
withdrawal, and reporting of power calculations.

The outcomes analyzed included change in FEV,
symptom scores, and length of hospital stay.

I Results of Studies

Neither study reported an association—nor a trend
towards an association—between antibiotic treatment
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and greater improvement in any asthma outcome. Ty
Therefore, available evidence suggests no benefit N
from the use of antibiotic treatment for asthma exac-

erbations either routinely or when the suspicion of

bacterial infection is minimal. (See key evidence

tables 1-11 and 1-12.) -

Additional Literature/Information

A related question, for which clinical trials data are
unavailable, should ask whether the use of an antibi-
otic active against Mycoplasma and Chlamydia would
alter outcomes. Some recent studies using polymerase
chain reaction (PCR)-based methods for detecting
specific genomic sequences have suggested that
chronic infection with these organisms may con-
tribute to the severity of chronic asthma (Kraft et al.
1998). These highly sensitive methods have not yet
been applied to the analysis of airway tissue or
secretions obtained from patients suffering acute
exacerbations. Thus, there is a theoretical basis for the
concept that a subgroup of patients with asthma
exacerbations may benefit from treatment with an
antibiotic that is active against these atypical bacteria.

The EPR-2 statement that “the use of antibiotics is
generally reserved for patients with fever and purulent
sputum (discolored because of polymorphonuclear
leukocytes, not eosinophils)” comes under scrutiny
because low-grade fever also may accompany viral
respiratory infections. Furthermore, a recent study
shows that discoloration of sputum by polymor-
phonuclear leukocytes is observed in viral
tracheobronchitis, and the sputum from patients
suffering from uncomplicated asthma exacerba-
tions commonly contains high numbers of
polymorphonuclear leukocytes (Fahy et al. 1995).

Recommendations for EPR Update

No evidence supports changing the EPR-2 recom-
mendation (SRE-Evidence B). The parenthetical
statement on page 116 of EPR-2 ["(discolored
because of polymorphonuclear leukocytes, not
eosinophils)”] should be removed (Evidence C).
The recommendation can otherwise stand and

is as follows:

‘_}*’.,
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Antibiotics are not recommended for the
treatment of acute asthma exacerbations
except as needed for comorbid conditions.
Bacterial, Chlamydia, or Mycoplasma infec-

tions infrequently contribute to exacerbations
of asthma and therefore the use of antibiotics
is generally reserved for patients with fever
and purulent sputum and for patients with
evidence of pneumonia. When the presence
of bacterial sinusitis is suspected, treat with
antibiotics.

Recommendations for Future Research

No studies addressed the question of greatest
relevance to.contemporary clinical practice—
whether the addition of antibiotics to standard care
when signs and symptoms suggest the possibility
but do not clearly indicate the presence of bacterial
infection improves the outcomes of treatment for
acute asthima exacerbations. The two trials reviewed
excluded the patients most likely to be treated with
antibiotics and those with signs or symptoms
suggestive of bacterial infection, including suspected
acute sinusitis. Studies of the efficacy of antibiotic
treatment in this group are needed.

Medications: Use of Antibiotics

Several studies are needed to clarify the role of
antibiotics in the treatment of asthma exacerbations.
Questions for research are as follows:

" What is the efficacy of antibiotic treatment in. .
asthma patients most likely to be treated with
antibiotics, such as those with signs suggestive
of bacterial infection, including suspected acute
sinusitis? The role of sinusitis in acute exacerba-
tions of asthma has not been truly defined.

»  What is the role of sinusitis in acute exacerba-
tions of asthma or increased asthma severity?

»  What is the efficacy of using an antibiotic active
against atypical bacteria, given the possibility
that such bacteria commonly contribute to
asthma exacerbations?

u  What would be the value of studies applying
modern sensitive methods of detection of atypical
bacteria (e.g., PCR-based methods) to samples of
airway. tissues or secretions obtained at the time
of an asthma exacerbation?

w Do antibiotics such as macrolides have a non-

antibiotic action (e.g., anti-inflammatory) that is
beneficial in asthma patients?
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Key Evidence Tables

: : Citation

Graham, Milton,
Knowles et al. 1982

Table 1-9. Study Characteristics

‘Randomized,

double-blind,
placebo-controlled,
parallel group trial

Country:
United Kingdom

Funding:
Government grant
Tx setting:
University Hospital,
inpatient setting

Study Setting

Stated: Not specified

Estimated: Unable to

estimate

Eligibifity |

Eligibility assessed
on admissionto
hospital with asthma
exacerbation:

* FEV, of 1.5L or less
and/or PEF of 150

Vmin

Reversibility of FEV,
at least 15% sponta-
neously or after
inhalation of betay-
agonist

Exclusions: Evidence of
pneumonia on CXR,

Government grant

Tx setting:
Hospital, inpatient

setting

history of penicillin
allergy
Shapiro, Eggleston, Randomized, Country: Stated: Not specified Eligibility assessed
8| try pe g
Pierson et al. 1974 double-blind, United States on admission to
placebo-controlled, Funding: Esti a: hospital with asthma
parallel group trial unding. timated: exacerbation:
Pharm Industry and Unable to estimate

* Severe bronchospasm,
lack of resporise,
to subcutaneous
epinephrine

Exclusions; Clinical
evidence of bacterial
infection; recent use of
antibiotics

Source:

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number
44. AHRQ Publication No. 01-E044. Rockville, MD: Agency for Healthcare Research and Quality. September 2007,
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Citation

Gmham Milton,
Knowles et al.
1982

Placebo

Antibiotics

Treatment

Placebo tablet 3 times per day

Oral prednisolone (20~60 mg/day) and/or
IV hydrocortisone {100-200 mg every 4 to
6 hours)

Regularly scheduled betay-agonists andfor
phosphodiesterase inhibitors

Chest physiotherapy

Amoxicillin 500 mg 3 times per day

Oral prednisolone (20-60 mg/day) and/or
IV hydrocortisone {100-200 mg every 4 to
6 hours)

Regularly scheduled betay-agonists and/or
phosphodiesterase inhibitors

Chest physiotherapy

60 patients enrolled with 71 exacerbations,
Unit of analysis by exacerbations.

source of infection
found in two patients on admission and two
patients on discharge

Shapiro,
Eggleston,
Pierson et al.

1974

Placebo

Antibiotics

Placebo 4 times per day for 6 days
IV hydrocortisone {7 mg/kg/24 hr) for 24

hours, followed by oral prednisone

IV aminophylline (15 mg/kg/24 he) for 24
hours, followed by oral theophylline

Mebuiized betay-agonists 430 min x 4,
then as needed i
Hetacillin {100 mg/kg/24 hr) for at least 24
hours, followed by oral hetacillin 225 mg

4 times per day for 6 days

IV hydrocortisone (7 mg/kg/24 hr) for 24
hours, followed by oral prednisone

IV aminophylitine (15 mgfkg/24 hr) for 24
hours, followed by oral theophylline

Nebulized betay-agonists q30 min x 4,
then as needed

37 patients enrolled with 44 exacerbations,
unit of analysis by exacerbation

Source:

Blue Cross-and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number
44. AHRQ Publication No. 01-EQ44. Rockville, MD: Agency for Healthcare Research and Quality.  September 2001.
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Key Evidence Tables

AN

Table 1-11. Lung Function Outcome

Citation

Number
Enrolled o o

Study Duration (days)
{medianfrange}

68

Graham, Milton, | Placebo 71* 32* 8 20.8
Knowles {(3-16) {(<7.3-63)
et al. 1982 ettt b e b e e s e ettt e e e
Antibiotics 71* 37* 7 23.1
(3-25) (<7.3-45.5)
Shapiro, Placebo 50* 24* 29 26.5
Eggleston, SD 1.4 {SD 15)
Piersonetal. 1074 Lo b e
Antibiotics 50* 20* 25 283
D 0.8) SD 1)
B
Table 1-12. Symptoms/Utilization Outcomes o
Graham, Milton, Knowles Placebo 34 32 8
et al. 1982 (3-16)
Antibi.o qu ..... 3,’.7 ............... 3,7 ........... 7 . . .
{3-25)
Shapiro, Eggleston, Pierson Piacebo 24 24 2.9
etal. 1974 (SD 1.4)
Antibiotics 20 20 2.5
SD 0.9)
N
A
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PEF Baseline (mean/range)

65.6 : : 238 72.8
(31.5-108.5) {<9.4-83.9 (32.8-108.1)
52.3 0 039 238 59 0.052
{10-92.9) (<9.4-47.3 {16.7-95)

49 NR NR

D 17)

............................. 61. e, s NR . s NR c — NR s
D 19)

*Unit of analysis was admission. Number enrolled represented total admissions in both groups, information not provided by group. Number evaluated
represents total number of admissions included in analysis.

Source:
Blue Cross and Blue Shield Association Technology Evaluation Center. - Management of Chronic Asthma: Evidence Report/Technology Assessment Number

44. AHRQ Publication No. ‘01-EO44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001,

7.1 (mean) 2.5 2.9
(SD 2.2) SD 2.0) SD1.4)

7.1 {mean} 2.0 NR 2.4
(SD 1.8) SD 2.0) {SD 0.8)

Source:
Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessiment Number 44.

AHRQ Publication-No. 01-EO44. Rockville, MD: "Agency for Healthcare Research and Quiality. September 2001.
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2. Monitoring

Two distinct questions have been raised
regarding the-use of written action plans
in the management of asthma. First, does
the use of written action plans make a dif-
ference in patient outcomes beyond those
accomplished by appropriate medical/
pharmacologic management? Second,

is there a difference in patiént outcomes
between action plans based on symptom
monitoring and those based on peak flow
monitoring? This section of the EPR
Update considers both questions.

Written Action Plans Compared
to Medical Management Alone
Question

Compared to medical management
alone, does the use of a written asthma
action plan improve outcomes?
Summary Answer to the Question
Data are insufficient to support or refute

the benefits of using written asthma action
plans compared to medical management

alone (SRE-Evidence B). Seven studies

compared medical managerhent with
written action plans to medical manage-
ment without action plans. Beyond

~including instructions on the action plan

to the intervention groups, four of these .
studies did not include asthma education
for either the intervention or control
groups, three of the studies included similar
but limited asthma education for both
intervention and conitrol groups. Only one
study included children. Significant limi-
tations in study designs and methods in
these studies preclude conclusions. For

example; the studies showing no benefits of

written action plans did not have sufficient
power for comparisons between treatment
and control groups, and the two studies
reporting significant improvements with
action plans had potential biases in patient

Monitoring: Written Action Plans

selection, withdrawals, data collection,
or analysis.

However, a Cochrane review of 25 studies
comparing asthma self-management educa-
tion interventions for adults to medical
care without such education also contrasted
those studies with self-management
interventions that included written action
plans to those that did not. The self-
management interventions that included
written action plans had the greatest
benefits, including reduced emergency
department visits and hospitalizations

and improved lung function.

The EPR-2 recommendations have not
been changed: It is the opinion of the
Expert Panel that use of written action
plans as part of an overall effort to educate

patients in self-management is recom-

mended, especially for patients with
moderate or severe persistent asthma and
paﬁents with a history of severe exacerba-
tions {Evidence B, C}.

Rationale for the Question

- The use of written action plans is recom-

mended in the EPR-2 and is widely
accepted as good practice. Generally,

the use of written action plans has been
studied as.part of self-management
education (Gibson et al. 2000). In busy
practices, however, physicians often
provide their patients with action plans
independent of other asthma education
efforts. This question was posed in order
to identify data that describe the effects of
using written action plans, independent
of other components of asthma education.
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Systematic Review of the Evidence

The following description of the SRE is an adapta-
tion of the evidence report, including direct excerpts,
submitted by the Blue Cross Blue Shield Association
Evidence-Based Practice Center. (See Introduction,
Methods.)

I Methods of Literature Search

For the purpose of the SRE, an action plan is a
written algorithm that identifies specific clinical
indicators that should alert patients to make
adjustments in their medications and provides
specific instructions on how to make these adjust-
ments. EPR-2 recommends the use of both a daily
self-management plan and an action plan for exacer-
bations. Generally, studies included in the SRE
involved the use of one plan that combined the
objectives of both. Typically, the plans divided steps
for patient actions into different zones, in which
recommended actions are correlated with differing
acute signs and symptoms of worsening asthma.
Most of the plans in the available studies used
four-zone plans, some were three-zone plans that did

P R g
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before seeking emergency care.

The evidence review examined studies in which the
intervention used an action plan as defined above
and, if asthma education was given to both treatment
and control groups, the treatment group had no
more than 1 additional hour of education for the
action plan. The treatment/observation duration was
at least 12 weeks, and the intervention and control
groups received the same treatment, except that the
intervention group also received a written action
plan. Studies were excluded if the comparisons were
confounded by additional treatment components in
the intervention group—for example, optimization
of medications in the intervention group only or
education programs of more than 1 hour in the
intervention group only. The literature review
included randomized controlled trials (RCTs) in
which at least 25 evaluable patients (not physicians)
were randomly allocated to the intervention and
control groups.
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1 Summary of Findings

Studies :

Seven studies involving more than 1,400 patients
met SRE inclusion criteria for review; only one of
the studies included children. (See the key evidence

tables in this section,) None of the studies met SRE

standards for high quality; each had significant limi-
tations. None was conducted with sufficient power
(i.e., adequate numbers of subjects in each study

‘arm) to enable comparisons between treatment and

control groups. In one study reporting reduced
emergency department visits, data were unavailable
to control for baseline differences that may have
existed between treatment and control groups, and
the reported effect may be attributed to a subset of
high frequency users. In another study, the design
involved clinicians who both provided plans and
collected assessment data. Moreover, a large number
of subjects were excluded from the analyses.

All seven studies compared medical management
with written action plans to medical management
without written action plans, and all used a peak
flow meter-based plan. Three of the studies also

[P
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both the intervention and control groups, but the
groups still differed as to whether written plans were
used. In two trials, the control group used peak flow
meters but without an action plan.

Results of Studies

Five trials documented no differences in outcomes,
and two trials documented significant benefit of
written action plans, especially in reducing emer-
gency department visits. However, there were notable
limitations to each of these trials, as described earlier.
In summary, SRE study data were insufficient to
support or to refute the advantages of using asthma
action plans independent of self-management
education when compared with medical
management alone.




Additional Literature/information

Evidence supporting the use of written plans as a
component of self-management education is repérted
in a recent Cochrane Collaboration review (Gibson et
al. 2000). The SRE question on action plans provides
a clearer assessment of isolating the advantages of
providing an action plan. The Cochrane review
centered on the benefits of self-management
interventions and regular medical review with the
clinician vs. usual medical care. The Cochrane review,
however, also contrasted those self—management
interventions with written action plans to those
without written action plans. The review included
some of the same studies included in the SRE but
overcame the limitations of study sample sizes by
pooling data. Further, the set of 25 studies in the
Cochrane review was larger than the 7 in the SRE
due to the broader question under review.

In the Cochrane analysis that compared results of
self-management interventions with action plans to
those without, the interventions with written action
plans demonstrated the greatest benefits, inciu.ding
reduced asthma-related hospital admissions (odds
ratio 0.35, 95 percent confidence interval) and
reduced emergency department visits {odds ratio
0.55, 95 percent confidence interval). In addition,
patients who managed their asthma by adjusting
medications according to a written action plan had
better lung function than those whose medications
were adjusted by a doctor during regular care visits.
The review concluded that training in asthma self-’
management that involves self-monitoring by cither
peak flow or symptoms, coupled with regular
medical review and a written action plan, appears

to improve health outcomes for adults with asthma.

Additional evidence supporting written action plans
coupled with regular patient education and medical
review is available from a recent case control study
(Abramson et al. 2001). This study does not fit the
SRE review criteria because studies that qualified

for this review were required to be RCTs allowing
inferences of cause and effect, and they were required

to provide an action plan independent of a multicom-
ponent intervention including education. Although the
Abramson study is not an RCT, it is a well-conducted
study that compared 51 patients who died from asthma
to 202 patients presenting to hospitals with acute
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asthma. The study reported that written action plans
for patients with severe persistent asthma were
associated with a 70 percent reduction in mortality
risk. As such, the study supports the opinion that
providing written action plans as part of asthma -
education is an important element of practice.

Recommendations for EPR Update

No data from the SRE, in which RCTs compared
written action plans to medical management
alone, indicate the need to change the EPR-2
action plan recommendations (SRE-Evidence B).
Additional data from studies on action plans as

a part of self-management education support

the EPR-2 recommendations (Evidence B, C).
The following blue text indicates revisions that
should be incorporated into the text on pages 33

and 123 in EPR-2.

Component 1: Measures of Assessment and
Monitoring; Periodic Assessment and

Monitoring (page 33 in EPR-2)

Whether peak flow monitoring, symptom moni-
toring, or a combination of approaches is used, the
Expert Panel believes that self-monitoring is impor-
tant to the effective self-management of asthma.
The nature and intensity of self-monitoring should
be individualized, based on such factors as asthma
severity, patient’s ability to perceive airflow obstruc-
tion, availability of peak flow meters, and patient
preferences.

It is the opinion of the Expert Panel that,
regardless of the type of monitoring used; -
patients should be given a written action plan
and instructed to use it. (See figure 4-5.) It is
the opinion of the Expert Panel that including
action plans as part of an overall effort to-edu-
cate patienfs in self-management Is the soundest
approach and is especially indicated for patients
with moderate or severe persistent disease or a
history of severe exacerbations (Evidence B, C).
It is the opinion of the Expert Panel that a plan is
important in large part because it enhances clinician-
patient communication. The plan should define a
regimen that meets the medical rieeds of the patient
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and should have a format that facilitetes the patient’s
understanding and ability to take appropriate action
to control the disease. Regardless of format, an effec-
tive plan should include the following!

m Explicit, patient-specific recommendations for
environmental control and other preventive
efforts that may be necessary to avoid or reduce
the impact of exacerbations

&  An algorithm of procedures that clearly describes
how to use long-termi-control and rescue medi-
cines, given a set of specific circumstances and
conditions, and clear instructions on how to make
medicine adjustments when conditions change

m Steps the patient should take when medicines are
ineffective or if an emergency situation arises

u Contacts for securing urgent care, if needed

As emphasized above, it is the opinion of the Expert
Panel that a written action plan is considered part of
ongoing efforts to provide self-management education
arxd support appropriate to the severity of the
circumstances (Evidence B, C}. The clinician should
periodically review the plan, revise it as necessary,
and confirm that the patient knows what to do if his
or her asthma gets worse.

Component 4: Education for a Partnership in

Asthma Care, Key Points (page 123 in EPR-2)

m Patient education should begin at the time of
diagnosis and be integrated into every step of
clinical asthma care.

® It is essential that education be provided by all
mermbers of the health care team. The principal
clinician should introduce the key educational
messages and negotiate agreements with patients;
these messages should be reinforced and expanded
by all members of the health care teamn.

m Teach asthma self-management, tailoring the

approach to the needs of each patient. Maintain
a sensitivity to cultural beliefs and practices.
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= Teach and reinforce at every opportunity: STy
* Basic facts about asthma '
* Roles of medications
» Skills: inhaler/spacer/holding chamber use,
self-monitoring
* Environmental control measures
* When and how to take rescue actions.

& Jointly develop treatment goals.

u To encourage an active partnership, provide all
patients with a written daily self-management
plan and an action plan for exacerbations.

A written action plan is considered part of
ongoing efforts to provide self~management
eclucation and support appropriate to the severity
of the patient’s asthma, the patient’s age, and
related circumstances {(Evidence B, C}. Action
plans are especially important for patients with -
moderate-to-severe asthma and patients with a
history of severe exacerbations. Provide appro-
priate patients with a daily asthma diary.

® Encourage adherence by promoting open
communication; individualizing, reviewing, and

ot b Fey T PO T D g |
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outcomes; and encouraging family involvement.

Recommendations for Future Research

Research that may enhance the quality and effect
of interventions fostering patient self-management
would examine the following questions:

w Are some action plan formats more effective
than others? What characterizes the most
effective format?

#  What alternative action plan formats are effec-
tive, given specific patient needs, including
disease severity, literacy levels, languages spoken,
ages, and unique mahagement problems (e.g.,
comorbidities)?

m How much time and emphasis should be given
to the development of action plans during the
course of clinical counseling? In comprehensive
education programs? In medical revieyv?



et
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- m What are potential means of providing self-

management interventions that include action
planning to patients who are members of under-
served populations (e.g,, reaching them through -
worksites; community centers, or churches)?

Monitoring: Written Action Plans -

How effective are written action plans in treating
children with asthma?

- How, effective are written action plans in-

different caretaker situations (e.g. ;'daycare, -
camps, or school)?
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Key Evidence Tables . : : Y

Table 2-1. Study Characteristics

| Citation. Study Setting

Optimal medical management vs. optimal medical management + peak flow meter (PFM)-based action plan

Jones, Mutlee, Middleton et al. 1995 Randomized; paraliel, controlled Country: United Kingdom
Funding: Pharm. ind. grant

Tx Setting: Primary/specialty
combination, university

Muiticenter

Drummond, Abdalla, Beattie et al. 1994 Randomized; parallel, controlled Country: United Kingdom
GRASSIC
( ) Funding: Academic grant

Tx Setting: Specialty care, nonuniversity

Multicenter

Ayres, Campbell, Follows 1995 Randomized; parallel, controlied Country: United Kingdom
Funding: Pharm. ind. grant
Tx Setting: Unknown

Mutlticenter

Cowie, Revitt, Underwood et al. 1997 Randomized; parallel, controlied Country: Canada

Funding: Hospital

L

Tx Setting: Primary/specialty

cornhination, university

Multicenter

Cote, Cartier, Robichaud et al. 1997 Randomized; parallel, controlled Country: Canada
Funding: Pharm. ind. grant
Tx Setting: Specialty care, nonuniversity

Muiticenter

Optimal medical management + (PFM) use (without action plan} vs. optimal medical management + PFM-based action plan

Ignacio-Garcia and Gonzalez-Santos 1995 Randomized; parallel, controlled Country: Spain
Funding: Not specified

Tx Setting: Specialty care, nonuniversity

Charlton, Antoniou, Atkinson et at. 1994 Randomized; parallel, controlled Country: Australia

Funding: Pharm. ind. and government
and university funding

Tx Setting: Specialty care, nonuniversity
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Patient eligibility based on symptoms only

Included patients using inhaled corticosteroids <1,000 mcg per
day for at least 1 month

Exclusions: Patients on oral steroids or using peak flow meters
at home

Power based on several outcomes (FEV needed 23 patients, sixfold
reduction in night wakening needed 2] per group, eightfold reduc-
tion in days off work or school needed 37 per group).

2-week course of oral steroids given before randomization to
optimize lung function.

Patient eligibility based on lung function and utilization
Inclusion: FEV) reversibility 20% or greater

Exclusion: Patients who already owned a PFM

Power based on the 569 randomized, but n varies for each outcome
and in some cases is not specified as to exact n, just that n was
> = 250; may not be powered for all outcomes.

Patients included had less severe asthma on entry than those who
already owned a PFM and were excluded, especially with regard to
social and physical functioning.

Patient eligibility based on lung function, symptoms, utilization

Inclusions: PEF variability maximum 0.15%; nights/week with
symptoms minimum 3; use of inhaled corticosteroids or sodium
cromoglycate for a minimum of 3 months

Doctor also graded the overall and individual severity of symptoms
as 0 = none and 3 = severe.

Patient eligibility based on symptoms and utilization

Inclusions: Treatment for an exacerbation of asthma in an ER or
attending a university asthma clinic; history of receiving urgent
treatment for asthma in the previous 12 months

Subjects were recruited by contacting those who had been treated
for an exacerbation of asthma in an emergency room or those
attending a university asthma clinic who had a history of having
received urgent treatment for their asthma in the previous 12
months.

Patient eligibility based on lung function and symptoms
FEV, postbronchodilator 85—-100% of predicted

PEF minimum 85% of predicted; PEF variability minimum 0%;
Methacholine

Exclusion; Patients having previously taken part in an asthma
educational program

In discussion “although the control group received more than the
usual care treatment, none received book, none had written action
plan; none had structured education or PFM at home after run-in.”

Run-in = 2-6 wks.; diagnosis of asthma included need to take daily
anti-inflammatory agents; were excluded.

Patient eligibility based on utilization only

Inclusion: Patients from outpatient asthma clinic with asthma for
2 years

One doctor aware of the group assignment was responsible for
assessment of all patients’ condition, but the paper also says “in con-
trol group, the doctor assessing the patient was blinded with regard
to registers of peak flow monitoring until end of study”, random
allocation by order of recruitment.

Patient eligibility based on utilization only

Inclusion: Patients who required admission for asthma or attended
the outpatient department

Randomization was based on age, sex, whether they used asthma
prophylaxis before study.

Source:

Biue Cross and Blue Shield Association Technology Evaluation Center. Management éf Chronic Asthma: Evidence Report/Technology Assessment Nurmber
44. AHRQ Publication No. 01-EQ44. Rockville, MD: Agency for Healthcare Research and Quality. September 2001.
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Table 2-2. Lung Functmn Outcomes. FEV,

: bv Citation 5 i F\umbet Enrolied Treatment Duration

{uweeks)

| Usual care vs. peak flow meter {(PFM)-based action plan

Jones, Mullee, Middletpn Usual care 64 39 26
etal. 1995 ‘ PPM based action | 63 | A 26" e
plan
Drummond, Abdalla, Beattie Usual care 284 260 52
et al. 1994
(CRASSIC) PFM-based action 285 250 52
plan
Ayres, Campbell, Follows 1995 Usual care 64 64 24
PFI\/I-baseddaion 61 ....................................... 31 PV SO 2 4 e
plan
Cowie, Revitt, Underwood Usual care . 48
et al, 1997
PFMbasedamOn e 46 e et e b e
plan .
Al
i r e, ~".:{:’-f-{'_ i [;?
¢ ol 1997 e g e e e
© PEM:-based action 50
plan
Usual care + PFM use alone vs. usual care + PEM-based action plan
Ignacio-Garcia and Gonzalez- Usuat care + PFM use 44 35 28
Santo 1995 i
e g | et T g
based action plan
Charlton, Antoniou, Atkinson Usual care + PFM use 43
et al. 1994 [TV TTTPNOT SOTRTRUPR [RTET R TOPR vt e i JRUT PO IO RTRE T e TP
Usual care + PFM— 48
based action plan
3
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P-Vaiue : weCom Comments

85.4 +/~17.5 % of predicted 81.2 +/- 18.3 % of predicted
T 8704169 % of predicted | 832 +/-18 % of predicted | NS | Absolute valwe, |
Tx vs. Cil

78.1 % of predicted 754 +/- 27.7 % of predicted 95% CI for baseline
FEV is 74.8-81.4.

77.3 % of predictéd 74 6 +/- 27. 8 % of predicted NS - Change, Tx Vs, Cu 95% CI for basehne
FEV is 74.1-80.5.

2 +/- 0.1 L {type predose) 2.2 +/- 0.1 L {type predose} Unclear number of
patients analyzed on
each end point.

2. 3 +/-0.1 L (type predose) 2.3 +/- 0.2 L (type preclose) NS Absolute value, ) Unclear number of

) Tx vs. Cal patients analyzed on
each end point.

78 +/- 21.3 % of predicted Number of subjects
with <60% predicted
was 10

82 +/- 20.5 % of predicted ‘ Number of sul)_]ecfs
with <60% predicted

was 9.

65.34 +/- 16.6 % of predicted 65.48 +/- 24.7 % of predicted

{type predose)

ST URURPIPRRRPPUTNY I 6903+/-240%0fpmdmed ........... 8045-!-/-233%ofpredxcted ......... TR e ey
(type predose) Tx vs. Ctd
Source:

Blue Cross and Blue Sh)eld Association Technology- Evaluation Ceinter. Management of Chronic Asthmna: Evidence Report/Technology Assessment Number
44. AHRQ Publication No. 01-EO44. Rockville, MD:Agency for Healthcare Research and Quality. September 2001,
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Table 2-3. Symptom Score Outcomes
Citation umber Treatrment Duration Final %)ayi‘tihé v
' o ‘ | Enrolied {wveeks) Symptom Score
Usuial care vs. peak flow meter (PFM)-based action plan
Jones, Multee, Usual care 64 45 26 4.95 (median;
Middleton et al. 1995 scale, 0-3)
PFM_based ............. s 39 26 SUURUISRITN o 285(med,an, s
action plan scale, 0-3)
Drummond, Abdalla, Usual care 284 67 52
Beattie et al. 1994
(GRASSIC)
R L S Gl ]
action plan
Ayres, Campbell, Usual care 64 64 24 1.91 +/-0.6 1.39 +/- 1.11,
Foliows 1995 (scale, 0-3) {scate 0-3)
VIR R o R e R T S e B
action plan (scale, 0-3) {scale, 0-3)
Cowie, Revitt, Usual care 48 48 24 a
997
PPM-based ................. P pra R e e e
action plan
Cote, Cartier, Usual care 54
RObiC]-lale et al' 1997 ...................................................................................................................................................................
PFM-based 50
action plan
Usual care + PFM use alone vs. usual care + PFM-based action plen
Ignacio-Garcia and Usual care + 44 35 28
Gongzalez-Santos 1995 | PFM use
G 5 5 R S I
PFM-based -
action plan
Charlton, Antoniou, Usual care + 43 37 52 0.22 (median;
Atkinson et al. 1994 PFM use scale, 0-3)
Usua] care R 48 .............. FP R 5 2 s e 026(med)an e
PFM-based scale, 0-3)
action plan
N
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P-Value

0.75 (median;
scale, 0-3)

0.35 (medxan
scale, 0-3}

Symptom score across study was divided by number of days w/diary data X 28 to give a
monthly rate; sx score day = cough; sx score night = wakening at night; median wheeze =
5.46; shortness of breath 7.88; asthma restricting normal daxly activities = 0.0

Symptom score across study was divided by number of days w/dxary data X 28 to givea
monthly rate; sx score day = cough; sx score night = wakenings at night; median wheeze
= 4.39; shortness of breath = 6.50; asthma restricting normal daily activities = 0.17.

Night and day sx score outcome is only from a subgroup of patients reporting variation in
outcome; 112/246 never reported sleep disturbances; 15/246 reported that their sleep was
disturbed every night.

N1ght and day outcome is only from a subgroup of patients reporting variation in out-
come, controlled for peak flow, FEV,, duration of asthma; 114/239 never reported sleep
disturbances; 14/239 reported that their sleep was disturbed every night,

0.69 +/-0.13,
{scate 0-3)

(scale, 0-3)

Sx score day = overall severity of asthma.
Changes in: sleep disturbance scores 1.89 — 0.69; cough at rest 1.08 —> 0.69; wheeze at
rest was 1.25 — 0.67; difficulty breathing 1.47 — 0.96; cough with activity = 1.75 —

X score day = overall severity of asthma.
Changes in: sleep disturbance scores 1.79 —> 0.67; cough at rest 1.00 — 0.87; wheeze at
rest was 0.97 — 0.74; difficulty breathing 1.41 — 0.85; cough with activity = 1.48 —
1.28. A1l comparisons in sx scores between groups NS.

No significant differences in other indexes of asthma control, including waking with
asthma. beta,-agonist use, or self-rating of asthma severity differed among the groups at
3 months or at 6 months after entry.

No significant dl_f'ferences in other mdexes of asthma control, mcludmg wakmg with
asthma, betay-agonist use, or self-rating of asthma severity among the groups at 3 months
or at-6 months after entry.

Nighttime symptoms = total nighttime awakenings over total study. (Values not reported
by AHRQ)

nghmme symptoms = total mghmme awakemngs over total study

0.25 (median;
scale, 0-3)

""" 015 fmedian;
scale, 0-3)

Sx score day = wheeze day; Sx score night = wheeze night; daily score for activity
restriction was (.13.

Sx score day = wheeze day; Sx score night = wheeze night; daily score for activity restriction
was 0.06, p <0.05 compared to control.

Source:

Blue Cross and Blue Shield Association Technology Evaluation Center. Management of Chronic Asthma: Evidence Report/Technology Assessment Number
44. AHRQ Publication No. 07-E044, Rockville, MD: Agency for Healthcare Research and Quality. September 2001.
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