Accepted Manuscript

°
o3
Harmonized Outcome Measures for Use in Asthma Patient Registries and Clinical 5
Practice o
viny

Richard E. Gliklich, MD, Mario Castro, MD, MPH, Michelle B. Leavy, MPH, Valerie
G. Press, MD, MPH, Amisha Barochia, MBBS, MHS, Christopher L. Carroll, MD,
MS, Julie Harris, MBA, Sarah S. Rittner, MA, Robert Freishtat, MD, MPH, Reynold A.
Panettieri, Jr., MD, Giselle S. Mosnaim, MD, MS

PII: S0091-6749(19)30342-2
DOI: https://doi.org/10.1016/j.jaci.2019.02.025
Reference: YMAI 13918

To appearin:  Journal of Allergy and Clinical Immunology

Received Date: 17 August 2018
Revised Date: 11 February 2019
Accepted Date: 15 February 2019

Please cite this article as: Gliklich RE, Castro M, Leavy MB, Press VG, Barochia A, Carroll CL, Harris
J, Rittner SS, Freishtat R, Panettieri Jr RA, Mosnaim GS, Harmonized Outcome Measures for Use in
Asthma Patient Registries and Clinical Practice, Journal of Allergy and Clinical Immunology (2019), doi:
https://doi.org/10.1016/j.jaci.2019.02.025.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jaci.2019.02.025
https://doi.org/10.1016/j.jaci.2019.02.025

Title Harmonized Outcome Measures for Use in AsthmaRaRegistries and Clinical Practice

Authors:

Richard E. Gliklich, M3 ?
Mario Castro, MD, MPE
Michelle B. Leavy, MPH
Valerie G. Press, MD, MPH
Amisha Barochia, MBBS, MHS
Christopher L. Carroll, MD, M3
Julie Harris, MBA

Sarah S. Rittner, MA

Robert Freishtat, MD, MPH
Reynold A. Panettieri, Jr, M9
Giselle S. Mosnaim, MD, M'$

‘om1, Inc.

?Harvard Medical School

3Washington University School of Medicine
“University of Chicago

°National Heart, Lung, and Blood Institute
®Connecticut Children's Medical Center
’Children’s Health Foundation

8alliance Chicago

°Children’s Research Institute

%Rutgers University

"Northshore University Health System

Corresponding Author:

Richard E. Gliklich, MD

800 Boylston Street, Suite 1410
Boston, MA 02199

Office: 1- 857-320-3690

Mobile: 1-617-216-6323

Fax: 1-857-998-6288

Email: rglikich@oml.com

Disclosures: Dr. Castro reports grants from NIH, ALA during tbenduct of the study; personal
fees from Astra-Zeneca, Aviragen, Boehringer-Inggit) Boston Scientific, Elsevier,

Genentech, 4D Pharma, Mallinckrodt, Neutronic, Ntayal eva, Theravance and VIDA; grants
from Boehringer-Ingelheim, Chiesi, Genentech, NtosaBanofi-Aventis, Vectura; all outside

the submitted work. Dr. Panettieri receives redegrant support from AstraZeneca,
Medimmune, Sanofi/Regeneron, Genentech, RIFM, Troghix, Vertex, Bristol Myers Squibb,
Gilead, Oncoarendi; and serves as a speaker, tansahd/or member of a scientific advisory
board for AstraZeneca, Medimmune, Teva, NovarteeBinger-Ingelheim, Sanofi/Regeneron,
Genentech, and RIFM. Dr. Mosnaim receives resegraht support from GlaxoSmithKline and
Propeller Health; owns stock options in Electrocarel serves as a consultant and/or member of

Page 1 of 33



46
47
48
49
50
51
52
53
54
55
56

a scientific advisory board for Electrocore, Glaro®Kline, Teva, Novartis, Astra Zeneca,
Boehringer Ingelheim and Propeller Health. The iemg authors have nothing to disclose.

Funding: This project was funded under Contract HHSA29@®@QD04C from the Agency for
Healthcare Research and Quality (AHRQ), U.S. Depant of Health and Human Services
(HHS). The authors of this manuscript are respéo@d$dy its content. Statements in the
manuscript do not necessarily represent the offiegvs of or imply endorsement by AHRQ or
HHS. This work was supported by the Office of tleer@tary Patient-Centered Outcomes
Research Trust Fund under Interagency AgreemenbB8&R-16. This research was supported in
part by the Intramural Research Program of the MIHLBI.

Page 2 of 33



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

Abstract:

Background: Asthma, a common chronic airway disgratéects an estimated 25 million people
in the United States and 330 million people worldsviAlthough many asthma patient registries
exist, the ability to link and compare data acreggstries is hindered by a lack of harmonization
in the outcome measures collected by each registry.

Objectives: The purpose of this project was to tgva minimum set of patient and provider
relevant standardized outcome measures that ceutdltected in asthma patient registries and
clinical practice.

Methods: Asthma registries were identified thronghitiple sources and invited to join the
workgroup and submit outcome measures. Additioredsuares were identified through literature
searches and reviews of quality measures and camsstatements. Outcome measures were
categorized using the Agency for Healthcare Rekemmnd Quality’s supported Outcome
Measures Framework (OMF). A minimum set of broadlgvant measures was identified.
Measure definitions were harmonized through in-peEnd virtual meetings.

Results:Forty-six outcome measures, including those idiexatifrom 13 registries, were curated
and harmonized into a minimum set of 21 measuréssif©MF categories of survival, clinical
response, events of interest, patient-reportecoowts, resource utilization, and experience of
care. The harmonized definitions build on existilogsensus statements and are appropriate for
adult and pediatric patients.

ConclusionsThe harmonized measures represent a minimum settodmes that are relevant in
asthma research and clinical practice. Routinecangistent collection of these measures in
registries and in other systems would support treatf a national research infrastructure to

efficiently address new questions and improve patisanagement and outcomes.
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Key M essages:

o0 Asthma patient registries collect a wealth of dataasthma treatment patterns and
outcomes, but the ability to compare, link, andraggte data across registries and other
systems is hindered by variability in the selectiowl definition of outcome measures.

o Consistent and routine collection of a minimumafe21 standardized outcome measures
that are relevant to asthma patients, provideidoéimer stakeholders would create the
foundation for a national research infrastructineg tould efficiently address new

guestions and improve patient management and oetom

Capsule Summary:
A minimum set of patient outcome measures was deeel through a consensus-based process
for use in asthma research and clinical practieasure definitions were mapped to

standardized terminologies to support implementaticelectronic health records.

Keywords:

asthma, patient registry, outcome measure, patigisbme, data standard, common data

element, harmonization

Abbreviations:

ACQ Asthma Control Questionnaire
ACT Asthma Control Test
AHRQ Agency for Healthcare Research and Quality
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103 ATAQ Asthma Therapy Assessment Questionnaire

104 C-ACT Childhood Asthma Control Test
105 ED Emergency department

106 EHRs Electronic health records

107 FEV Forced expiratory volume

108 FDA Food and Drug Administration
109 FVC Forced vital capacity

110 NIH National Institutes of Health
111 OMF Outcome Measures Framework
112 PRO Patient reported outcome

113 ROPR Registry of Patient Registries
114 SABAs Short-acting beta agonists

115 TRACK Test of Respiratory and Asthma Control in id
116  WPAI Work Productivity and Activity Impairment Quigsnnaire

117
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Introduction

Asthma is a common chronic airway disorder tha&ff an estimated 25 million people,
including 6 million children, in the United Statesd 330 million people worldwidé® In 2015,
1.7 million emergency department (ED) visits andillion physician office visits listed asthma
as the primary diagnostsAsthma can be fatal in some ca$@$e economic burden of asthma,
including absenteeism and mortality, is estimate$Ba billion per year in the United Stafes.

While asthma cannot be cured, effective treatmargsvailable to control symptoms
and reduce the risk of future exacerbations. lemegears, new treatments have become
available for severe asthfand specific asthma phenotyfemd new tools such as electronic
inhaled medication sensors and digital health mamagt programs are available to support
medication adherence and patient self-managefifamith these advances have come new
guestions about how to personalize asthma treattoemprove individual patient outcomes
across disease phenotyp@Questions also remain about the long-term effetcavailable
treatments and the most effective methods for addrg racial, ethnic, and socioeconomic
disparities in asthma outcom&s:

To address these questions and improve patienvimet, it is critical to build a robust
infrastructure to consistently and efficiently emlt high-quality data on outcome measures that
are relevant to patients and clinicians as parbofine clinical practice. Longitudinal
observational studies such as patient registrieady capture a wealth of data on asthma
treatment patterns and outcomes and could semfedsundation of this infrastructure. A
patient registry is defined as ‘an organized systahuses observational study methods to
collect uniform data (clinical and other) to evadtiapecified outcomes for a population defined

by a particular disease, condition, or exposurethatiserves one or more pre-determined
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scientific, clinical, or policy purpose$”’As observational studies, patient registries aapdata
that reflect routine clinical practice.

Linkage of data across registries and related dataction efforts would offer the
opportunity to address new research questiondegitlg, drawing on large populations of
diverse patients. However, because each effortihiggie objectives and methodologies, they
often focus on different outcome measures. Evemvtiie same outcome is captured (e.g.,
exacerbation), different definitions of the measuy be used, reflecting the lack of
harmonization of outcome measure definitions acposessional societies and research funding
agencies. These variations make linkages and casoparacross data sources challenging, thus
reducing the utility of these resources for ansmgeriew research questions.

To address these issues, the U.S. Department dihHee&luman Services, led by the
Agency for Healthcare Research and Quality (AHRGQ) i collaboration with the Food &

Drug Administration (FDA) and the National Libraoy Medicine, has supported the
development of the Outcome Measures Framework (OWVHg OMF is a conceptual model for
classifying outcomes that are relevant to patiantsproviders across most conditidhhe
OMF is designed to serve as a content model foeldping harmonized outcome measures in
specific disease areas; the framework was develaftednput from over 400 stakeholders and
refined through analyses of outcome measures nsexisting registries.

Our goal was to develop a minimum set of standartoutcome measures for use in
asthma patient registries and in clinical praciicthe United States. The objectives were to 1)
test the utility of the OMF for categorizing asthm#tcomes and for supporting harmonization of
outcomes across treatment pathways; 2) identifynanmam set of outcome measures that could

be captured in asthma patient registries and diactice; 3) agree on harmonized definitions

Page 7 of 33



164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

for each outcome in the minimum measure set; amdag) the harmonized definitions to
standardized terminologies to support consisteptamentation and collection of the outcome

measures within electronic health records (EHR$aatsof routine clinical practice.

M ethods

Existing asthma registries and asthma-related adtection efforts were identified
through a multi-step process including searchek@Registry of Patient Registries (RoPR)
and ClinicalTrials.goV reviews of the Qualified Clinical Data Registrlas maintained by the
Centers for Medicare and Medicaid Services, Pogstkbtang Commitment studies listed on the
FDA website, and projects funded by the Patientt€ed Outcomes Research Institute
(PCORI); and searches of the published medicahttiee using PubMed and Google Scholar
and the ‘gray literature’ including conference tadss.

All identified registries meeting definitional cgiia for a patient outcomes-focused
registry* and collecting data in the United States wereténivio participate as voluntary
members of the registry workgroup. In additiontaksholder group, including clinicians,
researchers, and representatives from medicalapeassociations, health systems, community
health centers, regulatory agencies, funding agsnpayers, patient advocacy organizations,
measure developers, and measure endorsement @tjamsz was formed.

Outcome measure specifications were obtained fhenparticipating registries, the
published literature, and additional resources siscthe COMET (Core Outcome Measures in
Effectiveness Trials) Initiative databa$and the National Quality Forum databa%&he
registry workgroup met virtually and in-person fithmes over a six-month period to develop the

harmonized measures. First, the group categoritétkatified measures using the OMF
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categories of survival, clinical response, evemisterest, patient-reported, resource utilization,
and experience of care. Within each category, nteasepresenting similar concepts were
identified and grouped accordingly. Workgroup merslyated the priority of each measure
concept, and the workgroup used the weighted aeeshthe ratings as a basis for the
development of the minimum measure set. The mimimrmeasure set is intended for use as a
core set of outcomes that will be collected irfatiire asthma registries and would also be
suitable for use in clinical practice; some studies/ collect additional outcomes using other
definitions to meet specific purposes. For eachsuee in the minimum set, definitions were
reviewed, and detailed comparisons highlightinfedénces in definitions were prepared.
Through iterative meetings, the workgroup discugkectlinical significance of the differences,
reasons for the differences, and possible apprgaochgarmonization (e.g., recommending use
of an existing definition, modifying an existingfagtion to incorporate concepts from other
definitions) until consensus was reached.

The combined registry workgroup and stakeholdeugmet to reach consensus on the
minimum measure set and harmonized narrative diefrs. Clinical informaticists mapped these
narrative definitions to standardized terminolodsmarily ICD-10 and SNOMED) to produce
a library of common data definitions suitable f@plementation within EHRs. For each
measure, the recommended reporting period, ibaulation for measurement, outcome-
focused population, and data criteria and value wete defined. Where possible, existing
common data elements and value sets were usechaftaive definitions and standardized
definitions were posted for public comment. Follogypublic comment, the measure set was

finalized.
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210 Resaults

211 Twenty-one registries were identified, and 13 regisponsors agreed to participate.
212 Participating registries represented multiple psg patient populations, and care settings
213 (Table I). Five participating registries focus @vere asthma, while the others capture data on
214 patients with mild, moderate, or severe asthmaed participating registries enroll pediatric
215 patients only, five enroll adults only, and threeadl adults and children. Appendix A describes
216 registries that declined to participate. The registthat declined are similar to the participating
217 registries in terms of number of patients enrolfgtjent populations, and areas of focus.

218 Thirteen stakeholders participated, representinigpeadvocacy organizations (Asthma
219 and Allergy Foundation of America, COPD Foundatialergy & Asthma Network),

220 professional societies (American Thoracic Socityperican Academy of Allergy, Asthma, and
221 Immunology, American College of Chest Physiciamgjustry (Propeller Health), health

222 systems (Montefiore), the National Institute ofeklly and Infectious Diseases, the National
223 Library of Medicine, and the National Quality Forum

224 Forty-six outcome measures were identified fromsteigs and other sources and curated
225 according to the OMF. Of these, 17 (37%) were aategd as resource utilization, such as
226 asthma-related ED visits or hospitalizations. Témaining measures were categorized as patient
227 reported (30%), clinical response (20%), eventsiteirest (7%), survival (4%), and experience
228 of care (2%). The project team identified ten coisss statements with relevant outcome

229 measure definitions for asthrita’

230 Twenty-one measures are included in the minimumsonesset. The minimum measure
231 setis intended to be feasible to collect in ajisies, so burden of collection and reporting are

232 important considerations. These measures are Ruftatuse in both adult and pediatric patients
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with asthma. Measure definitions and sources atediin Table II; the rationale for selection of
the measures and definitions is described beldus important to note that these measures are
intended to track patient outcomes over time tgetpatient management, inform clinical
decision-making, and facilitate clinical reseandhile it is possible that these measures could
be adapted for use in quality measurement progrémasneasures presented here are not
intended for use as measures of quality. In addisome measures appear in multiple categories
to reflect the importance of the measure in difié@ntexts. For example, hospitalization is
included in the ‘events of interest’ category besgait is a significant event from a patient
perspective and in the ‘resource utilization’ catgdgoecause of the cost implication. The
inclusion of a measure in multiple categories do#smply duplicate data collection, but rather
a different way of viewing the same data.
Survival

Asthma-related death, the single survival measwieided, is relatively rare and may be
difficult to capture in some circumstances, suckvlsn a registry patient is lost to follow-up or
when the cause of death cannot be ascertainedit®#sgse difficulties, the workgroup
recommends capturing asthma-related deaths whefeagble, in concordance with the
National Institutes of Health (NIH) consensus staats on asthma outconi®s.
Clinical Response

Six clinical response measures are included inrtimmum set. Exacerbation was
identified as an important outcome, but multiplérdgons have been developed through

consensus-based effort$?t 42

and by individual registries. Of note, the defonis use different
criteria to identify treatments that are indicatofean exacerbation (e.g., any change in

treatment; any use of systemic corticosteroidsndnarease in maintenance dose or use for at
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least three days). The harmonized definition idekiprescribed systemic steroids (defined as
two or more days of oral steroids or a steroidatifg) or an increase in a maintenance dose of
steroids to reflect potential variability in praipatterns. Treatment-seeking behavior, such as
hospitalizations, visits to the ED or urgent cagaters, or unscheduled office visits resulting in a
prescription for systemic corticosteroids are atgticative of an exacerbation and are included
in the harmonized definition. Lastly, the workgraapluded ‘documentation by a provider of
acute asthma exacerbation’ to capture exacerbatiabsre managed through contact with the
provider but that do not result in a new presooiptior systemic corticosteroids (e.g., an
exacerbation in a pediatric patient that is managgilg a SABA).

Similar to exacerbations, measurement of asthmtxalas central to understanding
clinical response in asthma. Validated asthma obmtstruments are widely used in research,
guality improvement efforts, and clinical practie®d have established cutoff values for asthma
control and minimal clinically important differer&eBuilding on existing quality measuféand
consensus statemeritehe workgroup recommended capturing improving,seomg, and
stable levels of asthma control for adults usirggAlsthma Control Test (ACT), Asthma Control
Questionnaire (ACQ), or Asthma Therapy Assessmemts@onnaire (ATAQ). For children
under age 12, the workgroup recommends the Te&dspiratory and Asthma Control in Kids
(TRACK), Childhood Asthma Control Test (C-ACT), Asta Therapy Assessment
Questionnaire (ATAQ), or Asthma Control QuestiomedACQ). Other instruments were
considered but not included because they lackedatatl cutoffs or minimal clinically
important differences, or because the necessageusas would pose a burden to registries.

Lung function, as measured by pre-bronchodilatocqr predicted forced expiratory

volume in 1 second (FEW%), forced vital capacity (FVC%), and the FERVC ratio, was
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included in the minimum measure set. Most registcapture this as a secondary outcome
measure, and workgroup participants noted chalereygging from the difficulty of measuring
lung function in young children to the lack of daaility of equipment and trained personnel at
some community health centers. However, the grogphasized that lung function is important
to measure for patient treatment and managemepoges. The measure is included in the
minimum set, but additional work is needed to ustderd variability in measuring this outcome
and to identify resource and training-related leasrthat should be addressed to improve
measurement.

Two clinical response measures are included td& thanges in medication use over
time as correlates for asthma control. Changetimae controller medication use and change in
quick-relief medication use should be tracked hbyepd/caregiver self-reports (average daily use
over the past 2 weeks), physician reports, presenifills or electronic monitoring. Each of
these sources of information has strengths anddiions, and the selection of the most
appropriate method(s) will depend on the purposkedmsign of the registry or other data
collection effort. Further work is needed to deyetovalidated, reliable method for obtaining
average daily use over the past 2 weeks.

Events of I nterest

Five events of interest are captured in the mininmi@asure set: systemic corticosteroids
for asthma, ED visit for asthma; hospitalization dsthma; near fatal asthma exacerbations; and
asthma medication-related adverse events. White ieesome overlap between the events of
interest and other categories (clinical resporesxurce utilization), the workgroup identified
these as important events to track individuallyause of their impact on patients. The

definitions for these measures were taken fromqpating registries, with one exception. After
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extensive discussion and two virtual activitieg workgroup agreed to modify the definition of
near fatal asthma from the Severe Asthma Reseaogndm to reduce the complexity of the
definition and to clarify how to apply the defimiti in pediatric populations. The harmonized
definition for near fatal asthma is, ‘an asthmacexbation associated with severe respiratory
compromise requiring intubation or noninvasive pesipressure ventilation (to prevent it from
progressing to a fatal asthma exacerbation). Nste of high flow nasal cannula in pediatrics is
not considered ‘positive pressure ventilation’tfoe purposes of defining near fatal asthma.’
Patient-Reported Outcomes

Asthma is a lifelong, chronic disease, and patieported outcomes (PROs) are
important to help understand the impact of asthma patient’s quality of life and the patient’s
experience with treatment. The registry workgrong stakeholders both expressed strong
interest in capturing PROs, but failed to idenéfyalidated instrument that is publicly available,
sensitive to change over time, and sufficientlgbto allow for routine use in clinical practice.
Identifying an instrument that would be relevantogs patient populations and registries was
also noted as a challenge. Further work is neeu#ug area to develop, validate, and implement
asthma-specific PROs that are meaningful to clmsiand patients.

To facilitate comparisons of burden across disedsesvorkgroup recommended
measuring general quality of life using a validatsammonly used instrument, such as PROMIS
Global 10 or the VR-12.

The workgroup included a measure of asthma coimtrible patient-reported category,
reflecting the fact that asthma control instrumentslargely based on patient-reported data. In
comparison to the ‘change in asthma control’ measgwluded in the clinical response category,

this measure captures patients who have maintaisiéna control through the measurement
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period, as indicated by achieving a well-controkedre on the most recent asthma control
instrument result and having fewer than two ED anbbspitalizations in the last 12 months.
This measure is already captured by some partinipatgistries as a quality meastte.

Lastly, the workgroup included medication adheeeincthe patient-reported category.
Medication adherence is not a direct patient outsdmt adherence affects key patient
outcomes. Tracking adherence over time and attegpai understand the factors that influence
adherence for an individual patient are importaniricreasing adherence and improving patient
outcomes.

Resource Utilization

Resource utilization measures capture the costref for a specific condition and are
typically calculated using existing data sourcedREdata, claims data). In asthma, cost drivers
include hospitalizations, ED visits, urgent cargitgi office visits, and medications. Absenteeism
from school and work are also important factors mbensidering the overall economic burden
of asthma. The workgroup recommends measuring astkrated unscheduled visits to the
primary care provider’s office, urgent care cend, or hospital. To capture the burden of
medications and regular visits with a care provitie workgroup recommends measuring all
resource utilization related to treatment or manag# of asthma. These measures focus on
individual health resource consumption. Family s@t an important issue in asthma and could
be captured as a supplemental measure. It is iantdd note that these measures are intended to
track resource utilization; they are not intendeduse as indicators of quality.

In addition to treatment-related utilization, thenkgroup recommends measuring missed
school days and/or missed work days for patiendsf@ncaregivers of a patient with asthma.

The Work Productivity and Activity Impairment Questnaire (WPAI) is recommended as a
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validated tool for measuring absenteeism from wel&ted to a health problem. However,
further work is needed to develop a corollary feolmeasuring missed school days.

Lastly, the workgroup recommends measuring thearastmedication ratio, calculated as
the number of canisters of asthma controller meidicalispensed during the measurement year
divided by the number of canisters of total astimealications dispensed (controllers plus
relievers) during the measurement y¥&arhe workgroup cautioned that this measure is most
useful in patients with persistent asthma (as opgds patients with intermittent asthma) and
may be problematic in pediatric patients, wheretiplel quick-reliever medication prescriptions
may be filled for use in different locations (elgome, school, camp, daycare).

Experience of Care

Experience of care measures, unlike the outcomesunesdiscussed above, do not
capture the disease-related outcomes of treatraeanfindividual patient. Instead, these
measures capture the patient’s perspective onrtdeegs of receiving treatment. These measures
may be useful for helping providers understandassancountered by patients during treatment,
such as communication challenges. Asthma is a choomdition that affects a diverse patient
population, and patients express different neegisrdeng the education and support necessary to
manage their asthma appropriat&ynderstanding patients’ satisfaction with care relp
providers build stronger partnerships with patierli®wever, more work is needed to develop a
validated, publicly available instrument that isanmgful to patients and clinicians and could be
recommended for broad use in registries and incelipractice.

Characteristics
In addition to defining the minimum measure set, wWorkgroup identified asthma-

specific characteristics of the participant, diseasd provider for which there is published
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evidence showing a correlation with patient outcsifiégure 1); these characteristics are
important to consider for risk adjustment when raeiag asthma outcomes. Further work is
needed to recommend specific approaches for riglsguent for each outcome measure
included in the minimum measure set.

Standardized Library

Narrative definitions were translated into standaed terminologies to facilitate
implementation within EHRs. Some challenges wemeantered in translating the text
definitions produced by the workgroup into standaed definitions and value sets. Of note,
several outcome measures focus on change overduok,as change in medication dosage or
change in pulmonary function over a 12-month peridtese measures require multiple
measurements in the data representations. The veaxgecommended using the first and last
measurement within the parameter of “interval eéiast” (generally 12 months).

Related to the outcomes occurring outside of tmecall setting (e.g., missed
work/school days), condition specific instrumemsl/ar standard terminology representing the
instruments may not exist. The same challenge eppi patient-reported outcomes and patient-
reported activities (e.g., medication adherenceaddition, while missed work or school days
may be captured within the EHR setting, there isatiable way to assert that the missed days

are due to asthma (as opposed to another condition)

Discussion
This initiative builds on other efforts to harmomiautcomes measurement in astffhda
and expands on those efforts in two important weirst, some efforts have focused on

harmonizing asthma outcomes for use in clinicald¢rand observational research studies, but
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these outcomes do not always reflect the outcohssate meaningful and feasible to capture in
routine clinical practice across a wide range oljier types and practice settifdslhe OMF
standardized outcome measures for asthma are dddignuse in a wide range of routine

clinical practice settings as well as in reseatadiss. These measures acknowledge and, where
possible, address variations in clinical practicess the United States, such as differences in
the duration of systemic corticosteroid use follogvan exacerbation (three days versus two
days) and the challenges related to obtaining sty measurements in some practice settings.
The measure definitions were also modified wherzsgary to apply to pediatric as well as

adult patients.

Second, other harmonization efforts generally hesteaddressed the informatics
components of the definitions, such as how the dai)d be captured in, and extracted from, an
EHR. This is an important and major challenge ®wmegistries and other research projects.
For example, the ability to expand pragmatic chhicials, such as those conducted in PCORnet,
is highly dependent on EHR-derived outcomes widindard definitions. Key goals of
standardization are to reduce duplicate data dale¢and therefore data collection costs) by
harmonizing data requirements across the learreagihicare system and to increase the utility
of registry data for improving patient outcomes é&dlitating shared decision-making. The
OMF effort includes development of standardizedni@ns that could be implemented within
an EHR as a core component. The potential limistiof EHR-derived data were considered
during the measure harmonization process; for el@mpme measures (exacerbation, resource
utilization) group together unscheduled physici#fite visits and urgent care center visits

because of the difficulty of distinguishing betwekase types of visits in some EHR data.
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The clinical implications for use of standardizedamme measures across patient
registries and clinical practices are twofold. sEiuse of the harmonized measures provides
clinicians with access to consistently defined measthat are useful for informing clinical
decision-making and important to patients and ¢aeeg. A major barrier to providing optimal
multidisciplinary team-based care for pediatric addlt patients with asthma is a lack of
standardized clinical measures. The use of stdraifimitions and the ability to easily extract
these important clinical data from various sectiohthe EHR (e.g. medication tab for controller,
quick-relief and oral steroid use, encounter tathfispitalizations, ED visits, urgent care,
asthma specialist and primary care visits, reviewsheet for asthma control tool scores,
procedure tab for spirometry results, laboratosy tab for Immunoglobulin E and eosinophil
counts, and letters section for asthma action piats one central location, would allow
primary care physicians and asthma specialistettebcommunicate about and tailor treatment
for individual patients. For difficult to contraind severe asthmatics, it would allow asthma
specialists to more efficiently and accurately assepatient’s asthma phenotype, and in turn,
optimize selection of treatment. The use of a stadided minimum measures set also enables
more efficient identification of high-risk patierasross large health care systems and facilitates
the targeting of additional resources toward tingig.

In addition, standardized measures provide a faimdéor understanding treatment
patterns and outcomes for all asthmatics on a ptipal health scale. Capturing the same
outcomes consistently across health systems ahéhviit different registries would create a
national data infrastructure that could be levedageefficiently monitor patient outcomes,

identify areas for improvement, and address neware questions.
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The minimum measure set has several limitationst, Eonsistent capture of the
minimum measure set across providers, patientscargdsettings will be challenging. For some
of the measures, necessary data are not curregtyred as part of routine clinical care in all
care settings. For example, a registry may belertaldetermine if a patient’s death was due to
asthma. Lung function may not be measured in smare settings, and many providers do not
capture quality of life measures (either generalisease-specific) as part of routine care for
asthma patients. Even when a measure is captouéidely (e.g., exacerbation), it is difficult to
consistently extract the same data from differgatesns. The development of standardized
measure definitions is intended to help addreds types of practical limitations by making it
easier for providers to codify these data elemeittsin the EHR to capture the data, and to
facilitate automated extraction of the data fortiplé uses (e.g., quality reporting, clinical
research, population management). The utility ahdardized measurement at the population
level for benchmarking, quality improvement, anghplation management is well-established in
health care. The minimum measure set describexlthelds on that foundation with a set of
measures that are useful at both the populaticel Bes/well as the individual patient level.

While implementing the measure set in new registsieould reduce burden, a major
barrier to use in existing registries is mappingtaxg data to the new measures and updating
registry infrastructure. This requires substangaburces, and, in some cases, mapping existing
data to the new measures may not be feasible loAipiplementation of the measure set would
be valuable to demonstrate the feasibility of captuthe measures consistently across care
settings and the utility of the measures in terin@ducing data collection burden and providing
useful information to inform clinical decision-makj. In addition, asthma is a heterogeneous

disease, and the measures here do not cover eiabpecumstances (e.g., cardiovascular
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support for anaphylactic shock). These measuees@nded to cover the most broadly relevant
patient outcomes, and discussion of all specialiaistances in asthma care are beyond the
scope of this measure set.

Additional work is also needed to determine howt be#ncorporate PROs into asthma
research and practice. While some registries cagtimformation on asthma-related quality of
life, the workgroup did not identify a tool that sveonsidered appropriate for use in routine
clinical practice across care settings and papepulations. Consistent collection of PROs
within registries would provide important informai on quality of life as it relates to asthma
management and treatment.

Lastly, effective governance is necessary for sushdlity of the minimum measure set.
Regular review and updates are necessary to etiairthe measures continue to reflect current
clinical practice. A transparent governance stiects also needed to develop processes for
monitoring implementation of the measure set amtithgeand monitoring benchmarks for
success.

The 21 harmonized measures represent a minimuaf satcomes that are relevant in
asthma research and multiple clinical practicarsgst Consistent collection of these measures in
registries and in other systems would support treatf a national research infrastructure to

efficiently address new questions and improve patisanagement and outcomes.
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612 Tablel: Participating Registries

Registry Name Sponsoring Primary Purpose Patient Population
Organization
Longitudinal National Heart, To compare severe asthmatics with mild &atients ages 18 or olde

Observational Stud
of Severe Asthnfd

y Lung, and Blood
Institute (NHLBI)

moderate asthmatics, and healthy
volunteers, to study the progression ang
outcomes bthe disease and to gain a be
understanding of pathogenic mechanisn
that differentiate severe asthma from m
to moderate asthma.

with severe, moderate,
mild asthma and health
volunteers. Estimated
nenrollment is 600
Icparticipants.

The Genetics of
Severe Asthma in

Connecticut
Children's Medical

To examine whether a child's ADR
genotype is associated with the

Patients ages 4 to 18
years with asthma who

Uy

Childrerf* Center development of a near fatal asthma are admitted to the
exacerbation. hospital with an
exacerbation owho have
not been admitted to the
hospital with an
exacerbation; andealthy]
controls.
Washington Washington To better understand the basis of airway Patients ages 6 years a
University Severe | University School | remodeling in severe asthma and how | older with severe asthm
Asthma Research | of Medicine remodeling changes over time using a | well-controlled asthma,
Program IIf? well-characterized cohort of adult and | and healthy controls.
pediatric subjects with severe asthma.
CAPriCORN Chicago Area To determine how people are affected hyChildren and adults with
Asthma Surve¥ Patient-Centered | asthma and other health conditions. asthma identified from
Outcomes electronic health record
Research Network from 10 institutions
(CAPriCORN) participating the networ
Vitamin D, Steroids| Children's To examine the contribution of vitamin D Patients ages 6 to 20

and Asthma in
African American
Youth (AsthMaP 2

Research Institute

to disparities in the chronic control and
acute severity of asthma. The overall ga
of this study is to provide critical
epidemiological/molecular information tk
will inform the interpretation of ongoing
and impending randomized clinical trials
of vitamin D supplementation in asthma|
especially with regard to urban African-
American youth with asthma.

years with physician-
atliagnosed asthma.

CSP #5095 -
Pulmonary Health
and Deployment to

Southwest Asia and

Afghanistaf®

Veterans' Affairs

To assess the association obaidd
exposures encountered during deploym

with current measures of respiratory healthaq and Afghanistan.

among United States military Veterans
who served in Iraq (Mar. 2003 — Dec.
2011) and Afghanistan (Oct. 2001-curre

United States military
eMeterans who served in

nt).
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613

Registry Name

Sponsoring
Organization

Primary Purpose

Patient Population

AAAAI Allergy,
Asthma and
Immunology Quality
Clinical Data
Registry®

The American
Academy of
Allergy, Asthma &
Immunology
(AAAAI)

To provide a practice improvement tool
and a CMS approved registry option for
the Merit Based Incentive Payment

Schedule (MIPS) reporting program underoutine clinical care.

the Medicare Access and CHIP
Reauthorization Act (MACRA).

Patients seen by
physicians specializing
allergy/immunology for

Mechanisms of

Response to Diese
Exhaust in Subjects
With Asthm&’

University of
Pennsylvania

Rutgers University

To determine the acute effect of diesel
exhaust inhalation on airway inflammati
and hyperresponsiveness (AHR) in
subjects with mild to moderate stable
asthma, using non-invasive measures.

Adults ages 18 to 55
pryears old with a history
of mild/moderate asthmg.

MN Community

MN Community

To accelerate the improvement of healtl

Children and adults seen

Measuremerit Measurement publicly reporting health care information by physicians in
including information about asthma in | Minnesota for routine
children and adults, from health care clinical care for asthma.
providers in Minnesota.

A Longitudinal AstraZeneca To describe the epidemiology and medicahdults with severe

Prospective
Observational Stud
of the
Characteristics,
Treatment Patterns
and Health
Outcomes of
Individuals with
Severe Asthnfd

Duke University

management of United States adults withasthma who did not

severe asthma who have not achieved
control with high-dose inhaled
corticosteroids therapy and additional
controllers.

achieve control with
high-dose inhaled
corticosteroid therapy
with additional
controllers and/or requif
systemic corticosteroid
monoclonal antibody
therapy.

[¢)

Immune Interaction
in Severe Asthm3

University of
Pittsburgh

To obtain human lung samples by
bronchoscopy from a range of asthmati
and healthy controls to address questio
related to the mechanisms for the
development of the complex immune
processes observed in the lungs.

Individuals with severe
rsasthma, mild/moderate
nsasthma, and healthy
controls.

Pediatric Asthma | Children's Health | To identify children with asthma, assign|{a@hildren with asthma

Registry* Foundation asthma severity classification per NHLBI treated by pediatricians
guidelines, and enter encounter-based | who participate in the
updates on key clinical actions and Children’s Health
measures to support improved patient | Foundation collaboratiop.
management and outcomes.

Bronchial Boston Scientific | To demonstrate durability of the treatmgnPatients 18 years and

Thermoplasty in
Severe Persistent
Asthma (PASZY

Corporation

effect and to evaluate the short-term an
longer-term safety profile of the Alair
System in the United States in the inten
use population (patients 18 years and o
with severe persistent asthma).

d older with severe
persistent asthma
deelceiving bronchial
dérermoplasty treatment,

614 Tablell. Asthma minimum measure set and har monized definitions
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OMF Category

Outcome M easure

Definition

Survival

Death (asthma-
related)

Death due to asthma, reported in 12-month intervals

Clinical Response

Exacerbation

Exacerbations of asthma are episodes charactdrizad increase in
symptoms of shortness of breath, cough, wheezimfest tightness,
and decrease in lung function, i.e. they repreaaiitange from the
patient’s usual status that is sufficient to regurchange in
treatment. An exacerbation includes any of theofeihg:

a) Prescribed systemic steroids (defined as 2 or miays of oral
steroids or a steroid injection) or increasingdha steroid dose
from baseline dose.

b) An asthma-related hospitalization, ED visit, urgesute center
visit, or unscheduled office visit requiring preption of
systemic corticosteroids.

¢) Documentation by provider of acute asthma exacienat

Clinical Response

Change in asthma
control (adults — age
12 and older)

D

Measurement Tools
ACT
o0 Not well-controlled:< 19
0 MID: Increase in score 3 points
ACQ
o Not well-controlled> 1.5
0 MID: Decrease in score 0.5 points
ATAQ
o Not well-controlled>1
o MID: Decrease in score 1 point

Improvement in Asthma Control:

Change from not well controlled to controlled OR anbe
representing: minimal important difference (MID) improvement
control.

Worsening of Asthma Control:

Change from controlled to not well controlled ORanbe
representing> minimal important difference (MID) decrease
control.

Stable Level of Asthma Control:

Patient remains stable throughout measurement géciantrolled
or not well-controlled) OR does not demonstratdange in score
representing the minimal important difference (MID).

Reported in 12-month intervals.

Notes: Patient scores (as opposed to ‘controlleduncontrolled’

only) on the selected measurement instrument shieutdcorded to
permit future analyses. Where multiple measuresnam available,
the first and last measurement in the 12-month oreasent period

should be used.
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OMF Category

Outcome M easure

Definition

Clinical Response

Change in asthma
control (pediatrics -
under age 12)

Measurement Tools
TRACK
o0 Not well-controlled:< 79
o0 MID: Increase of> 10 points
C-ACT
o Not well-controlled:< 19
o MID: Increase of 2 points
ATAQ
o Not well-controlled> 0
ACQ
o Not well-controlled> 1.5
o MID: Decrease of 0.5 points

Improvement in Asthma Control:

Change from not well controlled to controlled OR anbe
representing minimal important difference (MID) impement in
control.

Worsening in Asthma Control:

Change from controlled to not well controlled OR anbge
representing minimal important difference (MID) degse in
control.

Stable Level of Asthma Control:

Patient remains stable throughout measurement gpéciantrolled
or not well-controlled) OR does not demonstratéange in score
representing the minimal important difference (MID)

Reported in 12-month intervals.

Notes: Patient scores (as opposed to ‘controllesl’ ‘uncontrolled’
only) on the selected measurement instrument shmulagcorded tg
permit future analyses. Where multiple measuresnarg available,
the first and last measurement in the 12-month oreasent period
should be used.

Clinical Response

Pre-bronchodilator
Indices (Pre-
bronchodilator
FEV:% & FVC% &
FEV./FVC ratio)

Change in measurements over 12-month period.

The goal is to have 2 measurements in a 12-momtbch&dwo
measurements within a 24-month period is also dabég if two
measurements within 12 months are not available.

Notes: Recommended for patients ages 5 and alidse first and
last measurement if more than 2 measurements aiable in 12-
month period.

Clinical Response

Change in asthma
controller medication
use

Measured by patient/caregiver self-report, physiceport,
prescription fill, or electronic medication moniiag.

Preferred asthma controller medications are inhatedticosteroids.
While long-acting bronchodilators alone are notpdaination
inhaled corticosteroid and long-acting beta agomstdications are
considered controller medications. Additional catfigr medications
include leukotriene madifiers, long-acting muscariantagonists,
and immunomodulators.
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OMF Category

Outcome M easure

Definition

Clinical Response

Change in quick-
relief asthma
medication use

Measured by patient/caregiver self-report, physiceport,
prescription fill, or electronic monitoring.

Preferred asthma quick-relief medications are stamting beta-
agonists (SABAs), e.g., albuterol. An additionatkrelief
medication includes ipratropium bromide.

Events of Interest

Systemic
corticosteroids for
asthma

Defined as a prescription for systemic steroidediwithin 7 days of
a healthcare visit for asthma (i.e., with an ICDeb@le associated
with asthma). Counted as number of events perrgatiea 12-month
reporting period.

Events of Interest

Asthma-specific ED
visits

Defined as the number of ED visits per patienhig 12-month
reporting period.

Events of Interest

Asthma-specific
hospital admission

Defined as the number of hospital admissions dwstioma per
patient in the 12-month reporting period.

Events of Interest

Near fatal asthma

An asthma exacerbation associated with severeradspi
compromise requiring intubation or noninvasive pesipressure
ventilation (to prevent it from progressing to tafasthma
exacerbation).

Note: use of high flow nasal cannula in pediatigsot considered
‘positive pressure ventilation’ for the purposedefining near fatal
asthma.

Events of Interest

Medication adverse
events

Adverse events related to asthma medications.

Patient Reported

Asthma control

Patient who had a diagnosis of asthma and whobkenastvas
optimally controlled during the measurement pedsdiefined by
achieving BOTH of the following:

e Asthma well-controlled as defined by the most ré@sthma
control tool result available during the measureimagriod,
and

e Patient not at elevated risk of exacerbation amddfby fewer
than two emergency department visits and/or hdggteoons
due to asthma in the last 12 months.

Patient Reported

Medication
adherence

Measured by patient/caregiver self-report, physiceport,
prescription fill, or electronic medication moniiag.

Patient Reported

Asthma-specific
quality of life

Asthma-specific quality of life should be measuusthg a brief,
validated, publicly available instrument that ipegpriate for the
population of interest.

Patient Reported

General quality of
life

General quality of life should be measured usingality of life
instrument that is validated and commonly used (€BOMIS
Global 10, VR-12).
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OMF Category Outcome M easure Definition
Resource Missed school Missed school days:
Utilization gays/m|ssed work e Patient has had one or more missed school daysodethma
ays .
in the past 12 months, or

e Number of days missed from school (preferably dayssed

due to asthma).
Missed work days:

e Caregiver has had one or more missed days of woektd
child's asthma in the past 12 months, or patiestrhiased ong
or more days of work due to his/her own asthma.

e Use Work Productivity and Activity Impairment Quiestnaire
(WPAI) to count work absence days.

Resource Asthma medication | Calculated as the number of canisters of asthmaaitar medication
Utilization ratio dispensed during the measurement year dividedéymber of
canisters of total asthma medications dispenseaur@ters plus
relievers) during the measurement year.
Resource Unscheduled visits t0 ynscheduled visits to primary care physician/vigitsrgent care
Utilization primary care center/ED visits/hospital admission for asthmanted as number of
physician/ visits to | yjsits per patient in the 12-month reporting period
urgent care center/
ED visits/hospital
admission for asthma
Resource Treatment-related | Al resource utilization (as measured by cost)tegldo treatment or
Utilization resource utilization

management of asthma, including hospitalizatiomsyisits, urgent
care center visits, office visits, medications, affter costs.

Experience of care

Patient satisfaction
with care

Patients with high care satisfaction, as measuyeallirief, validated,
publicly available instrument.

Abbreviations: ACQ = Asthma Control Questionnaire; ACT = Asthman@ol Test; ATAQ =

Asthma Therapy Assessment Questionnaire; C-ACTilI@od Asthma Control Test; ED =

Emergency department; FEV = Forced expiratory vaduiVC = Forced vital capacity; SABAs

= Short-acting beta agonists; TRACK = Test of Retpry and Asthma Control in Kids; WPAI

= Work Productivity and Activity Impairment Questiaire.
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Figure 1: Outcome M easures Framework, as completed for asthma characteristics and
outcomes

Figure Legend: The Outcome Measures Framework (Ddépicts the minimum set of outcome
measures recommended by the workgroup (right coluasnwell as the key characteristics of
the participant, disease, and provider that shdugdcaptured to support risk adjustment (left
column). Treatments of interest are listed ind¢bater column.

Abbreviations: ED = emergency department; FEV = ¢ext expiratory volume; FVC = Forced

vital capacity; GERD = Gastroesophageal reflux dise; ICU = intensive care unit.
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Characteristics

Participant

- Age

- Race

Ethnicity

Insurance type/Health care
coverage
Gender/Gender-identity

Disease

- Asthma risk, as measured by history
of near fatal attack, prior ICU
stay/mechanical ventilation

. Age of onset of symptoms

- Comorbidities (e.g., depression,
anxiety, GERD, rhinosinusitis, and
obesity)

- Pre-bronchodilator FEV, &
bronchodilator responsiveness

- Asthma severity classification
(intermittent, mild- moderate- and
severe-persistent)

Provider

Primary care (e.g., internal medicine,
family medicine, pediatrics and
medicine/pediatrics) and asthma
specialists (e.qg., allergists and
immunologists and pulmonologists)

fill, or electronic monitoring

daycare, etc.

Type
- Quick-relief medications

« Long-term control
medications

« Immunotherapy

» Immunomodulators

Intent
- Management

"Measured by patient/caregiver self-report, physician report, prescription

2 In pediatrics, consider the possibility of multiple medications for school,

Survival
- Death (asthma-related)

Clinical Response

- Exacerbations

- Change in asthma control (adults)

- Change in asthma control (pediatrics)

- Pre-bronchodilator Indices (FEV %, FVC%,
and FEV /FVC ratio)

- Change in asthma controller medication use'

. Change in quick-relief asthma medication use'

Events of Interest

. Systemic corticosteroids for asthma
- Asthma-specific ED visits

- Asthma-specific hospital admissions
- Near fatal asthma

- Medication adverse events

Patient Reported

« Asthma control

- Medication adherence'

- Asthma-specific quality of life
- Generic quality of life

Resource Utilization

- Missed school days / Missed work days due
to child’s asthma / Missed work days as an
adult

- Asthma Medication Ratio?

- Unscheduled visits to primary care physician/
visits to urgent care center/ ED visits/hospital
admission for asthma

- Treatment-related resource utilization

Experience of Care
- Patient satisfaction with care



Appendix A: Invited Registriesthat Declined to Participate

Registry Name

Sponsoring
Organization

Primary Purpose

Reason for Declining to
Participate

Characterization of Adults
for Asthma Microbiome
Research Studies (CAARS

University of
Michigan

To characterize adult subjects
regarding their history of
allergy and asthma, clinical
manifestations of asthma, an
exposures and conditions tha|
may influence asthma severit
and control.

5 Registry outcomes are not

clinically focused.

American Lung Association

American Lung

Network of clinical research

Did not respond to invitations

Airways Clinical Research | Association centers dedicated to asthma
Centers and chronic obstructive
pulmonary disease (COPD)
treatment research.
Tri State Physician Hospital Tri State To improve the quality of care Time commitment.
Organization Asthma Physician and outcomes for children
Improvement Initiative and | Hospital with asthma in the region

Outcomes

Organization

through collaboration among
community-based physicians
hospital-based physicians an
Cincinnati Children’s Hospital
Medical Center.

Pediatric Physicians'
Organization at Children's
(PPOC) Asthma Program

Pediatric
Physicians'
Organization at
Children's

To improve patient outcomes
and quality of care in children
with persistent asthma.

Scheduling conflicts.

Characterizing Asthma
Sputum Elasticity in the
UCSF Severe Asthma
Research Program
(CAESAR)

University of
California, San
Francisco

To characterize subjects in
terms of their sputum
phenotype. The purpose of th
study is to learn more about
the impact of having
abnormally elastic sputum on

asthma severity by comparing
subjects with severe as well as

mild/moderate asthma to
healthy controls.

is

Does not capture clinical
patient outcomes.

Severe Asthma Research
Program - University of
Virginia (SARP3)

University of
Virginia
National Heart,
Lung, and Blood
Institute

To better understand the bas

asthma and how remodeling
changes overtime by studying
a well characterized cohort of]

sTime commitment; in
of airway remodeling in severgaddition, the SARP3 project i$
represented by another registry

in the workgroup.

D

(NHLBI) individuals with severe asthma
using a multidisciplinary stater
of-the-art-approach.
Observational Study of AstraZeneca To investigate patient Time commitments and stage

Obstructive Lung Disease
(NOVELTY)

characteristics, treatment,
burden of illness, and
underlying disease

mechanisms in people with

of registry (had not started
recruitment yet at time of
invitation).




asthma and/or chronic
obstructive pulmonary diseas
(COPD) using a multi-county,
multi-center, prospective,
longitudinal study design.

[¢]

Colorado Pediatric
Collaborative Asthma
Patient Registry

Colorado
Pediatric
Collaborative

To track, monitor, and
improve the health of asthma
patients.

Time commitment and chang
in registry personnel.
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