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ABSTRACT

Introduction: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with a
diverse clinical presentation that involves multiple organ systems and may lead to organ damage
and increased risk of mortality. SLE is associated with a high burden of disease that can include
loss of productivity and employment and reduced health-related quality of life. The current
standard of care for SLE is primarily based on immunosuppression and glucocorticoids, is
associated with risk of toxicities and poor tolerability. Anifrolumab, a human monoclonal
antibody to type I interferon receptor subunit 1, was recently approved as a new treatment for

patients with moderate to severe SLE.

Methods and analysis: Here, we report the study design of the ongoing, multinational
Anifrolumab Study for Treatment Effectiveness in the Real World (ASTER; NCT05637112) that
includes 3 years of follow-up beginning with the first infusion of anifrolumab and 1 year of
retrospective baseline data. ASTER is targeting an enrollment of 500 adult patients receiving
anifrolumab for SLE in Europe and North America. The key study objective is to describe the
real-world effectiveness of anifrolumab in routine clinical practice, including clinician-reported
disease activity and patient-reported outcomes collected via mobile application. This mobile
application also includes a medication diary wherein patients report their prescription and
nonprescription medication use for SLE on a weekly basis; these data will lend insights on

treatment patterns for the study population.

Ethics and dissemination: The design of the ASTER study was informed through consultations
with patients with SLE who provided important insights to help maximize patient engagement,
retention, and the collection of key, patient-relevant endpoints. ASTER enrollment began in

February 2023 and the study is expected to finish in 2029.

Registration details: Clinicaltrials.gov registration: NCT05637112.

Strengths and limitations of this study:

Strengths
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that predominantly affects
females 30 to 50 years of age, with the highest rates occurring within Black, Hispanic, and Asian
populations.! The clinical presentation of SLE is heterogeneous and can involve multiple organ
systems including skin, kidneys, joints, and cardiovascular and central nervous systems; sequelae
include premature cardiovascular disease, malignancies, and infection.? The course of SLE
typically includes alternating periods of disease activity and remission, defined as Clinical
SLEDAI = 0; evaluator’s global assessment <0.5 (0-3); prednisone <5 mg/day; and stable
antimalarials, immunosuppressives, and biologics,® with nearly half of patients incurring some
form of organ damage and increased risk of mortality within 10 years of diagnosis.*¢ The high
burden of disease for SLE includes reduced life expectancy, poor health-related quality of life
(HRQoL), reduced productivity and/or loss of employment, and high direct and indirect

healthcare costs.o"13

Treatment for SLE should aim to increase life expectancy, prevent organ damage, and optimize
HRQoL.'* Standard-of-care (SoC) therapy for SLE is conventional immunosuppressive agents,
typically beginning with hydroxychloroquine or other antimalarials, then proceeding to
immunosuppressive drugs such as methotrexate, azathioprine, and/or systemic corticosteroids on
the basis of symptom severity and treatment response.* !> However, this approach has limited
effectiveness and chronic immunosuppressant use can have negative effects on physical health,
including the risk of further organ damage with corticosteroid use.'®!7 Targeted therapies for
SLE were introduced over 10 years ago, but have remained limited to belimumab (approved in
2011 and currently indicated for patients with active SLE receiving standard therapy), which
inhibits B cell survival by selectively binding to the B lymphocyte stimulator protein,'® and
rituximab, which depletes circulating B cells by targeting the CD20 surface antigen!® and is not
yet approved but recommended for off-label use under certain conditions by clinical practice

guidelines.* 1520

The role of type I interferon (IFN-1) in SLE pathogenesis is well characterized?!?* and has been
the target of recent investigational drugs.?> In 2021, anifrolumab, a fully human immunoglobulin

G1 monoclonal antibody to type I interferon receptor subunit 1, became the first targeted type |
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index date. Patients are expected to be followed for 3 years from anifrolumab initiation unless
there is withdrawal of consent, loss to follow-up, or death. If patients discontinue anifrolumab
before the study end date, relevant clinical and patient-reported data will continue to be collected
unless the patient withdraws consent. ASTER has no control group or specific treatment
assignment other than the qualifying anifrolumab infusion, and data collection is intended to take

place in a manner that does not affect patient care.

The planned enrollment is 500 patients from Canada and Europe, with feasibility studies ongoing
to determine the participation of individual countries. Enrollment began in February 2023, and
the study is expected to remain ongoing through 18 months after the commercial launch of
anifrolumab in each participating country, though it may be extended to reach enrollment targets.

Study completion is anticipated for 2029.
Site and investigator selection

Study sites include academic, community, and hospital outpatient settings in each country,
intended to recruit a study population that is highly representative of the SLE patient population
at large. Enrollment will vary by country based on feasibility. Specific study sites were identified
from lists of known clinical trial sites, previous study investigators, and key external experts,
with input from payer networks when available. Nonacademic sites are being selected based on
affiliations with local clinical networks and the availability of anifrolumab infusions. The
investigator selection also considered prior experience with data collection for research studies

and potential training to perform the clinical assessments required for ASTER.
Study participants

Patients eligible for ASTER are adults (=18 years) who meet the 2019 EULAR/ACR criteria for
SLE3** and have received their first prescription of anifrolumab for the treatment of SLE
according to the label and any local authorization requirements. Patients are not eligible if they
have previously received any dose of anifrolumab, are currently enrolled in an interventional
trial, or have a diagnosis of severe or rapidly progressive class III or IV glomerulonephritis
requiring induction therapy, isolated class V lupus nephritis, active severe or unstable
neuropsychiatric lupus, or any other condition that may limit a patient’s ability to provide

informed consent or perform study assessments. Patients without >12 months of medical records
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1

2

2 160  for baseline data at the study may still enroll, provided that records can be requested from the
5 161  previous healthcare facility.

6

; 162  Data collection

?O 163 Study data for ASTER are being collected from both patients and clinicians. Patient-reported

1T 164  outcomes are being collected electronically using the MyReco® mobile application (AliraHealth,
13 165  Framingham, MA), which includes questionnaires and diaries to assess symptoms, HRQoL,

15 166 work productivity, medication use, and perceived health status. During enrollment, each patient
16 167  downloads the MyReco® app on their personal device(s) and receives an activation code and

18 168  setup instructions. The app will be used to complete all patient-reported outcomes assessments,
20 169 including instruments and diaries, within prespecified window of availability. The user interface
5> 170 for the app includes an artificial intelligence virtual assistant that supports patients by providing
23 171  notifications, reminders, and milestone badges at key time points to encourage completion of

25 172 questionnaires and diary entries. Use of the virtual assistant was informed by prior research

27 173 suggesting that virtual conversation agents have a positive effect on task and goal completion
174  and that users find them less burdensome than data entry forms.33 3¢ App design and features,

30 175  such as study updates, milestone badges, thank you notes, and personal data monitoring over

32 176 time were informed by key insights obtained from patients with SLE in the AstraZeneca Patient

34 177  Partnership Program who were consulted during study design and emphasized the importance of
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35 178  ease of use, personalization, and acknowledgment/recognition for the time required to use the
37 179  app (eg, thank you cards). The app is also integrated with the study network, allowing
39 180 investigators to track patient compliance with data entry and data storage by a digital vendor

181  until a transfer to the study database at prespecified intervals.

43 182  Electronic case report forms (eCRFs) for clinical data collection by clinicians are accessed by
183  designated, trained personnel or the study coordinator, through secure web-based portals that can
46 184  be accessed via username and password. The eCRF guides the user through patient registration,

48 185  data collection from medical records, and study management, to ensure data consistency between
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5o 186  providers and study sites. Most data entered into the eCRF originate from routine health
>l 187  assessments, with the exception of COVID-19 vaccination data, which are collected directly into

53 188  the eCRF. The data fields chosen for selection on the eCRF, such as medical/treatment history,

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

189
190
191
192
193
194

195

196
197
198
199
200
201

202
203
204
205
206
207
208
209
210
211
212
213
214
215
216

BMJ Open

laboratory results, clinical assessments, adverse events and/or drug reactions, and medical events
of interest, were guided by clinical practice guidelines for the management of SLE.37-38
Immediately upon entry into the eCRF, data are saved to a secure central database and any
changes are tracked to provide an auditable record. After data entry has been completed and
reviewed, the eCRF will be signed electronically and dated and locked by the authorized

personnel at the study site to prevent further editing.
Objectives and outcomes

ASTER study objectives and related measures are detailed in table 1 and figure 1. The primary
objective is to describe the clinical effectiveness and duration of effect of anifrolumab over time
in routine clinical practice on the basis of the Physician’s Global Assessment (PGA), the SLE
Disease Activity Index 2000 (SLEDAI-2K), and the composite endpoint of lupus low disease
activity state ate (LLDAS).3° Secondary objectives include describing disease activity, treatment

patterns, HRQoL, and healthcare resource utilization as detailed in table 1.

The secondary endpoint of SLE-related treatment patterns will be on the basis of medication data
from pharmacy records and clinicians collected at baseline and every 6 months during the study,
which will be supplemented by weekly reporting in medication diaries reported by the patients
(figure 1). Related outcomes will include patterns of anifrolumab treatment, including adherence
(defined as infusion intervals between 18-38 days on the basis of expected infusion every 4
weeks £ 10 days), persistence (proportion of expected infusions received), and discontinuation if
applicable. Patterns of antimalarial, immunosuppressant, biologic, nonsteroidal anti-
inflammatory drug, and corticosteroid usage will be reported for the baseline period on the basis
of available records and tracked on an ongoing basis during and after (if applicable) anifrolumab
treatment. Clinicians will report on eCRFs the number and type of treatments prescribed during
the study, including dates of initiation and discontinuation, dosage, number of doses, and reasons
for medication change when known. Patients will report (via medication diaries) usage patterns
of prescribed corticosteroids and any over-the-counter medications to treat pain, inflammation,
skin rashes, or insomnia. An exploratory endpoint is also included to examine potential

differences in patient characteristics by the calendar year of anifrolumab initiation.
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1

2

2 217  The selection of endpoints during study design was informed by consultation with patients in the
5 218  AstraZeneca Patient Partnership Program (1 patient from Canada and 3 from the US). Key

6

7 219  insights from the consultations included the importance of including endpoints that assess pain,
S 220  fatigue, and sleep (figure 1), on the basis of the patients’ experiences of these symptoms

10 221  persisting even when disease activity measures and laboratory assessments appear stable.

222  Patient safety is being monitored continuously starting at the index date by recording all serious
14 223 adverse events, adverse drug reactions (serious and nonserious), specific medical events of

16 224  interest, and special situations (eg, exposure during pregnancies or breast-feeding, medication
18 225 errors, overdose, product quality complaints, or any other valid individual case safety reports).
19 226 Investigators are also encouraged to report to regulatory authorities any other safety data or

21 227  adverse events not covered by the study reporting requirements.

22
;i 228  Statistical analyses
;2 229 A sample size of 500 patients is expected to allow for sufficient precision to effectively

27 230  characterize the important endpoints using various analytical techniques on the selected study

29 231 measures.

31 232 Outcomes will be analyzed and presented separately for all patients who initiate anifrolumab
33 233 treatment and for all patients while on anifrolumab treatment. Categorical variables will be

35 234 presented as frequencies and percentages with a 95% CI at different time points, and continuous
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36 235  variables as mean (SD) or median (with minimum, maximum, and/or interquartile range) for

38 236  absolute values and changes between time points with a 95% CI. Graphical data representations
40 237  will be generated where appropriate to visually explore potential trends. Outcomes may be

238  stratified by country, relevant baseline and/or disease characteristics, baseline corticosteroid

43 239  usage, and other variables as deemed necessary; for example, treatment line and prior biologic
45 240  and immunosuppressant usage, time of enrollment, and adherence and persistence with

47 241  anifrolumab will likely be of particular importance for subgroup analyses.
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49 242  The number and percentage of missing data will also be presented for all variables, and multiple
57 243 imputations may be considered (and used as sensitivity analyses) if the percentage of missing
2 244 datain primary and secondary outcomes exceeds a prespecified threshold. Additionally, the

54 245  feasibility of probabilistic matching of participants in ASTER, the Systemic Lupus
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Erythematosus Prospective Observational Cohort Study (SPOCS) study, and patients included in
patient support program datasets will be explored to potentially enrich datasets with additional
time points and variables and to evaluate additional questions about patient disposition, treatment

history, and anifrolumab use.
ETHICS AND DISSEMNATION

ASTER is being conducted in accordance with ethical principles consistent with the Declaration
of Helsinki, International Council for Harmonisation Good Clinical Practice Guidelines,
International Society for Pharmacoepidemiology Guidelines for Good Pharmacoepidemiology
Practices, and applicable legislation on noninterventional studies and/or observational studies.
Study procedures will also adhere to regulations and guidelines governing medical practice and

ethics in each participating country.

Patient participation is voluntary and requires signed and dated informed consent from each
patient before any study procedures can be performed. The decision to prescribe anifrolumab,
which is part of the patient qualifications for enrollment in ASTER, must occur prior to any
study-related discussion. The investigator at each site must also ensure that the patient is
provided full and adequate oral and written information about the nature, purpose, possible risk,
and benefit of the study and has the time and opportunity to consider the information and ask
questions. Patients must also be notified that they are free to discontinue the study at any time

without consequences impacting their routine medical care.

The final version of the protocol, patient informed consent form, and patient-facing materials
(eg, app functionality and questions, advertising for recruitment) have been approved in writing
by an Institutional Review Board/Independent Ethics Committee (IRB/IEC), which will also be

required for any future amendments to these materials.

All patient data are linked with a unique patient identification number, but stored in a pseudo-
anonymized way. A nickname chosen by the patient will remain within the mobile app and will
not be transferred to the study database or retained in the cloud. Minimal patient demographics
will be collected and retained in the study database maintained by the digital vendor. Patients are
required to review the application developer’s terms and conditions, and must select a checkbox

to indicate their agreement with the terms and conditions before using the app.
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275  DISCUSSION

276  Here we have described the design of the observational ASTER study, which is intended to
277  collect critical real-world evidence on the efficacy of adding anifrolumab to SoC therapy for SLE

oNOYTULT D WN =

9 278  inroutine clinical practice. The data to be generated by ASTER are ultimately intended to
11 279  provide a comprehensive, longitudinal, and unique data source that can inform patients,

280  physicians, and payers when making treatment decisions.

15 281  The observational design of ASTER is also important for providing real-world data to help
16282 inform future comparative effectiveness research, while also providing important context for

18 283  findings from past and future controlled trials. A general advantage of real-world observational
20 284  research is that enrollment criteria typically permit inclusion of most, if not all, patients eligible
5> 285 for the investigational treatment, who may otherwise be excluded by the more stringent entry
23 286 criteria used in clinical trials; this key aspect of study eligibility is critical for anchoring clinical
25 287 trial results to relevant effectiveness outcomes in routine clinical practice. Moreover, recruitment
27 288  oflarge, multinational patient cohorts, like the population intended for ASTER, can contribute
289  greatly to our understanding of the natural history and burden of disease and the range of

30 290 possible treatment outcomes. This is particularly important for a disease like SLE, which varies
32 291 by factors like ethnicity, geography, environmental exposure, and socioeconomic status, among

34 292 others.]3
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36 293  Strengths of the ASTER design include the 3-year analysis period following a 12-month baseline
3g 294  period to provide detailed, long-term data on disease progression and the risks and benefits of

39 295  anifrolumab treatment in clinical practice. Moreover, this is the first real-world, multinational

41 296  study in which both patient-reported and clinician-reported outcomes contribute to the collection
43 297  of medication usage data. This provides a distinct advantage over relying exclusively on data
298  from prescription records or clinician reporting that occurs only during patient encounters. The
46 299  weekly reporting of medication usage by patients will provide an opportunity to capture the

48 300 patient’s voice regarding medication usage and, from a data standpoint, a high-resolution picture
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5o 301  of treatment adherence, corticosteroid usage/exposure, and supplementation of the prescribed
>1 302 regimen with nonprescription medications that may be used to manage daily symptoms and

53 303 flares previously outside the clinician’s knowledge. These data will be useful for cluster analyses

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

304
305

306
307
308
309
310
311

312
313
314
315
316
317
318
319
320
321
322
323
324
325

326
327
328
329
330
331

BMJ Open

and/or rich data visualizations to improve our understanding of how treatment patterns affect

patient outcomes in routine clinical practice.

Another strength of ASTER is that patients were involved in the study design, including the
endpoint selection and data collection processes and advising on the development of the patient-
facing app to ensure ease of use and a feeling of personalization akin to speaking with a peer
with first-hand experience with SLE instead of a scientist or researcher. This is of particular
importance in SLE, which is associated with a substantial “invisible” burden that can include

fatigue, pain, negative body image, and detrimental effects on emotional health.” 404!

ASTER also has some limitations that must be considered. First, enrollment requires treatment
with anifrolumab, which limits the patient population to those with moderate to severe SLE (on
the basis of the labeling indication) and those with access to anifrolumab, which may be limited
by local treatment policies and/or availability of reimbursement. Second, the 3-year follow-up
period allows for a substantial risk of patients withdrawing consent or becoming lost to follow-
up during the study, which would affect the completeness of data, especially at later time points.
However, during the study design process, the patient consultants noted that feelings of being
heard and understood were key components for patient retention in a study of this length, which
was considered during endpoint selection and design of the patient app. For example, there was
an emphasis on components of “invisible” SLE burden (eg, fatigue and sleep disturbance) when
selecting endpoints and app features intended to maximize engagement (eg, notifications,
reminders, milestone badges, and study updates). Finally, the observational, single-arm study
design does not allow for inferences into drug effectiveness per se and can only provide

information on how outcomes change among patients who initiate treatment.

ASTER is currently ongoing and is expected to provide data that will improve our understanding
of SLE natural history, disease activity, and treatment outcomes, including the real-world effects
of anifrolumab as well as typical usage of other prescription and nonprescription medications
that have yet to be systematically collected and analyzed for this patient population. The
expected findings from ASTER are likely to be important for informing treatment decisions,

clinical practice, and perhaps future guideline recommendations.
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TABLES & FIGURES
Table 1. Summary of objectives and related endpoints in ASTER

BMJ Open

Objective

Endpoints and definitions

Primary

Clinical effectiveness over time and duration of effect of anifrolumab in routine clinical practice on the basis
of disease activity in individual patients according to PGA and SLEDAI-2K score; the proportion of patients
attaining LLDAS?

Secondary

1.

2.

. Changes in patient-reported HRQoL, symptoms, and impairments on the basis of FACIT-Fatigue, Lupus

. SLE-related HCRU after anifrolumab initiation comprising outpatient hospital and emergency room visits

Clinical SLE manifestations over time in routine clinical practice on the basis of intensity, frequency, and
rate of flares per rSFI and proportion of patients with irreversible organ damage per SDI

SLE treatment patterns prior to, concomitant with, and after anifrolumab, including use of antimalarials,
immunosuppressants, biologics, NSAIDS, and/or corticosteroids; and adherence, persistence, and
discontinuation of anifrolumab

QolL, PtGA, EQ-5D-5L, WPAI:Lupus, and pain NRS
and procedures; hospital admissions and inpatient hospital procedures (including reason and duration of

stay, stratified by ICU vs non-ICU admission); rheumatologist visits and procedure (including laboratory
tests); and dialysis

Exploratory

—_

5.

. Extent of skin manifestations over time per (CLASI) in a subset of participating sites
. Changes in patient-reported medication use, pain, fatigue, and sleep quality during the first year after

. Potential differences in patient characteristics by calendar year of anifrolumab initiation
. Prevalence and/or incidence of anaphylaxis following anifrolumab treatment, herpes zoster (and

anifrolumab initiation

vaccination), serious infections, COVID-19 infection (and vaccination), MACE, malignancies, and
pregnancy
Proportion and characteristics of patients who reach clinical remission®

aDefined as: SLEDAI-2K <4 with no activity in major organ systems and no hemolytic anemia or gastrointestinal activity; no new lupus disease activity
since the previous assessment; PGA <1; current prednisone-equivalent dose <7.5mg/day; and standard maintenance dose of immunosuppressive
drugs and biologics (if any) being well tolerated.

bDefined as: Clinical SLEDAI=0, Physician Global Assessment <0.5 (0-3), patients may be on antimalarials, low-dose glucocorticoids (prednisolone <5
mg/day), and/or stable immunosuppressives, including biologics.3

CLASI, Cutaneous Lupus Disease Area and Severity Index; EQ-5D-5L, EuroQol 5-Dimension Health Questionnaire 5 Level; FACIT, Functional
Assessment of Chronic lliness Therapy; HRQoL, health-related quality of life; ICU, intensive care unit; LLDAS, lupus low disease activity state; MACE,
major adverse cardiovascular events; NRS, numerical rating scale; NSAIDS, nonsteroidal anti-inflammatory drugs; PGA, Physician Global Assessment;
PtGA, Patient Global Assessment; rSFl, revised SELENA-SLEDAI flare index on the basis of SLEDAI-2K assessment; SDI, Systemic Lupus
International Collaborating Clinics/American College of Rheumatology SLE damage index; SELENA, Safety of Estrogens in Lupus National
Assessment; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000; WPAI, Work Productivity and Activity Impairment.
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Figure 1. ASTER study design and outcomes
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464 3 %
445 2Anifrolumab is administered according to country-specific labeling; the first dose defines the study index date for each patient. If anifrolumab is discontinued, data coll&tion ©ntinues through year 3 unless the patient
withdraws consent. "Baseline data are obtained from medical records covering 12 months prior to the index date and from clinician and patient-reported disease assessmets atihe final standard-of-care visit prior to the index
4%7 date. °Clinical laboratory tests performed during routine clinical management may include hematology, clinical chemistry, urinalysis assessments, anti-dsDNA antlbodleahs— P, and serum component (C3 or C4). ‘Patient-
reported data are collected at the final standard-of-care visit before the index date, after which patient reporting occurs via the mobile app. *Medical events of interest 1ncgde amaphylaxis following anifrolumab treatment,

herpes zoster (and vaccination), serious infections, COVID-19 infection (and date(s) and type(s) of vaccination), major adverse cardiovascular events (including [cardiov@sculgn] death, nonfatal myocardial infarction, nonfatal
stroke, hospitalization for unstable angina, hospitalization for heart failure, transient ischemic attack, coronary revascularization procedures, urgent cerebrovascular revag_ularg'atlon arrhythmia [not associated with
1 ischemia], peripheral arterial event, venous thromboembolic event, and other nonfatal cardiovascular events), malignancies, and pregnancy. S
22 ADR, adverse drug reaction; CLASI, Cutaneous Lupus Erythematosus Disease Area and Severity Index; eCRF, electronic case report form; EQ-5D-5L, EuroQol 5- Dlmﬁswﬂ\Health Questionnaire 5 Level; FACIT-Fatigue,
3 Functional Assessment of Chronic Illness Therapy—Fatigue Scale; hs-CRP, high-sensitivity C-reactive protein; LupusQOL, Lupus Quality of Life; NRS, numerical ratmgcal PGA Physician Global Assessment; PtGA,
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ABSTRACT

Introduction: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with a
diverse clinical presentation that involves multiple organ systems and may lead to organ damage
and increased risk of mortality. SLE is associated with a high burden of disease that can include
loss of productivity and employment and reduced health-related quality of life. The current
standard of care for SLE is primarily based on immunosuppression and glucocorticoids, is
associated with risk of toxicities and poor tolerability. Anifrolumab, a human monoclonal
antibody to type I interferon receptor subunit 1, was recently approved as a new treatment for

patients with moderate to severe SLE.

Methods and analysis: Here, we report the study design of the ongoing, multinational
Anifrolumab Study for Treatment Effectiveness in the Real World (ASTER; NCT05637112) that
includes 3 years of follow-up beginning with the first infusion of anifrolumab and 1 year of
retrospective baseline data. ASTER is targeting an enrollment of 500 adult patients receiving
anifrolumab for SLE in Europe and Canada. The key study objective is to describe the real-world
effectiveness of anifrolumab in routine clinical practice, including clinician-reported disease
activity and patient-reported outcomes collected via mobile application. This mobile application
also includes a medication diary wherein patients report their prescription and nonprescription
medication use for SLE on a weekly basis; these data will lend insights on treatment patterns for

the study population.

Ethics and dissemination: The design of the ASTER study was informed through consultations
with patients with SLE who provided important insights to help maximize patient engagement,
retention, and the collection of key, patient-relevant endpoints. ASTER enrollment began in

February 2023 and the study is expected to finish in 2029.

Registration details: Clinicaltrials.gov registration: NCT05637112.

Strengths and limitations of this study:

e The ASTER study employs clinical assessments and patient-reported outcome data to
obtain long-term information on SLE disease progression and risks and benefits of

treatment with anifrolumab in clinical practice
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that predominantly affects
females 30 to 50 years of age, with the highest rates occurring within Black, Hispanic, and Asian
populations.! The clinical presentation of SLE is heterogeneous and can involve multiple organ
systems including skin, kidneys, joints, and cardiovascular and central nervous systems; sequelae
include premature cardiovascular disease, malignancies, and infection.? The course of SLE
typically includes alternating periods of disease activity and quiescence. However, quiescence
does not necessarily equate to remission as defined by Definitions of Remission in SLE (DORIS)
criteria (Clinical SLEDAI = 0; evaluator’s global assessment <0.5 (0-3); prednisone <5 mg/day;
and stable antimalarials, immunosuppressives, and biologics);> some patients may achieve low
disease activity but may not meet the stringent requirements for DORIS remission. Nearly half of
patients incur some form of organ damage and increased risk of mortality within 10 years of
diagnosis.*® The high burden of disease for SLE includes reduced life expectancy, poor health-
related quality of life (HRQoL), reduced productivity and/or loss of employment, and high direct

and indirect healthcare costs.o"13

Treatment for SLE should aim to increase life expectancy, prevent organ damage, and optimize
HRQoL.'* Standard-of-care (SoC) therapy for SLE is conventional immunosuppressive agents,
typically beginning with hydroxychloroquine or other antimalarials, then proceeding to
immunosuppressive drugs such as methotrexate, azathioprine, and/or systemic corticosteroids on
the basis of symptom severity and treatment response.* 1> However, this approach has limited
effectiveness and chronic immunosuppressant use can have negative effects on physical health,
including the risk of further organ damage with corticosteroid use.'®!” Targeted therapies for
SLE were introduced over 10 years ago, but have remained limited to belimumab, which inhibits
B cell survival by selectively binding to the B lymphocyte stimulator protein,'® and rituximab,
which depletes circulating B cells by targeting the CD20 surface antigen.!® Since its approval in
2011, belimumab has become an important component of SoC therapy; however, rituximab is
not yet approved but recommended for off-label use under certain conditions by clinical practice

guidelines.* 1520

The role of type I interferon (IFN-1) in SLE pathogenesis is well characterized?!->* and has been

the target of recent investigational drugs.?® In 2021, anifrolumab, a fully human immunoglobulin

4
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to be followed for 3 years from anifrolumab initiation unless there is withdrawal of consent, loss
to follow-up, or death. If patients discontinue anifrolumab before the study end date, relevant
clinical and patient-reported data will continue to be collected unless the patient withdraws
consent. ASTER has no control group or specific treatment assignment other than the qualifying
anifrolumab infusion, and data collection is intended to take place in a manner that does not

affect patient care.

The planned enrollment is 500 patients from Canada and Europe, with feasibility studies ongoing
to determine the participation of individual countries. Enrollment began in February 2023, and
the study is expected to remain ongoing through 18 months after the commercial launch of
anifrolumab in each participating country, though it may be extended to reach enrollment targets.
Study completion is anticipated for 2029. At the time of publication, the study has enrolled 271
patients from Austria, Belgium, Canada, Denmark, France, Germany, Israel, Italy, Sweden, and

the United Arab Emirates.
Site and investigator selection

Study sites include academic, community, and hospital outpatient settings in each country,
intended to recruit a study population that is highly representative of the SLE patient population
at large. Enrollment will vary by country based on feasibility. Specific study sites were identified
from lists of known clinical trial sites, previous study investigators, and key external experts,
with input from payer networks when available. Nonacademic sites are being selected based on
affiliations with local clinical networks and the availability of anifrolumab infusions. The
investigator selection also considered prior experience with data collection for research studies

and potential training to perform the clinical assessments required for ASTER.
Study participants

Patients eligible for ASTER are adults (>18 years) who meet the 2019 EULAR/ACR criteria for
SLE** and have received their first prescription of anifrolumab for the treatment of SLE
according to the approved country-specific label and any local authorization requirements.
Patients are not eligible if they have previously received any dose of anifrolumab, are currently
enrolled in an interventional trial, or have a diagnosis of severe or rapidly progressive class I1I or

IV glomerulonephritis requiring induction therapy, isolated class V lupus nephritis, active severe
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1

2

2 161  or unstable neuropsychiatric lupus, or any other condition that may limit a patient’s ability to

5 162  provide informed consent or perform study assessments. Patients without >12 months of medical
6

7 163 records for baseline data at the study may still enroll, provided that records can be requested

g 164  from the previous healthcare facility.

10

11 165  Data collection

12

13 166  Study data for ASTER are being collected from both patients and clinicians. Patient-reported

15 167  outcomes are being collected electronically using the MyReco® mobile application (AliraHealth,
16 168 Framingham, MA), which includes questionnaires and diaries to assess symptoms, HRQoL,

18 169  work productivity, medication use, and perceived health status. Patients who do not have a

20 170  smartphone or who are not willing to download the mobile application may still participate in the
5> 171 study without patient-reported outcome collection. During enrollment, each patient downloads
23 172 the MyReco® app on their personal device(s) and receives an activation code and in-app setup

25 173  instructions for how to use the application. The app will be used to complete all patient-reported
27 174 outcomes assessments, including instruments and diaries, within prespecified window of

175 availability. The user interface for the app includes an artificial intelligence virtual assistant that
30 176  supports patients by providing notifications, reminders, and milestone badges at key time points
32 177  to encourage completion of questionnaires and diary entries. Use of the virtual assistant was

34 178  informed by prior research suggesting that virtual conversation agents have a positive effect on
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3> 179 taskand goal completion and that users find them less burdensome than data entry forms.3> 36

37 180  App design and features, such as study updates, milestone badges, thank you notes, and personal
39 181  data monitoring over time were informed by key insights obtained from patients with SLE in the
182  AstraZeneca Patient Partnership Program who were consulted during study design and

42 183  emphasized the importance of ease of use, personalization, and acknowledgment/recognition for
44 184  the time required to use the app (eg, thank you cards). The app is also integrated with the study
46 185  network, allowing investigators to track patient compliance with data entry and data storage by a

186  digital vendor until a transfer to the study database at prespecified intervals.
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so 187  Electronic case report forms (¢CRFs) for clinical data collection by clinicians are accessed by
o1 188 designated, trained personnel or the study coordinator, through secure web-based portals that can
53 189  be accessed via username and password. The eCRF guides the user through patient registration,

55 190  data collection from medical records, and study management, to ensure data consistency between
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providers and study sites. Most data entered into the eCRF originate from routine health
assessments, with the exception of COVID-19 vaccination data, which are collected directly into
the eCRF. The data fields chosen for selection on the eCRF, such as medical/treatment history,
laboratory results, clinical assessments, adverse events and/or drug reactions, and medical events
of interest, were guided by clinical practice guidelines for the management of SLE.37-38
Immediately upon entry into the eCRF, data are saved to a secure central database and any
changes are tracked to provide an auditable record. After data entry has been completed and
reviewed, the eCRF will be signed electronically and dated and locked by the authorized
personnel at the study site to prevent further editing.

Objectives and outcomes

ASTER study objectives and related measures are detailed in table 1 and figure 1. The primary
objective is to describe the clinical effectiveness and duration of effect of anifrolumab over time
in routine clinical practice on the basis of the Physician’s Global Assessment (PGA), the SLE
Disease Activity Index 2000 (SLEDAI-2K), and the composite endpoint of lupus low disease
activity state ate (LLDAS).?° Secondary objectives include describing disease activity, treatment

patterns, HRQoL, and healthcare resource utilization as detailed in table 1.

The secondary endpoint of SLE-related treatment patterns will be on the basis of medication data
from pharmacy records and clinicians collected at baseline and every 6 months during the study,
which will be supplemented by weekly reporting in medication diaries reported by the patients
(figure 1). Related outcomes will include patterns of anifrolumab treatment, including adherence
(defined as infusion intervals between 18-38 days on the basis of expected infusion every 4
weeks + 10 days), persistence (proportion of expected infusions received), and discontinuation if
applicable. Patterns of antimalarial, immunosuppressant, biologic, nonsteroidal anti-
inflammatory drug, and corticosteroid usage will be reported for the baseline period on the basis
of available records and tracked on an ongoing basis during and after (if applicable) anifrolumab
treatment. Clinicians will report on eCRFs the number and type of treatments prescribed during
the study, including dates of initiation and discontinuation, dosage, number of doses, and reasons
for medication change when known. Patients will report (via medication diaries) usage patterns

of prescribed corticosteroids and any over-the-counter medications to treat pain, inflammation,
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220  skin rashes, or insomnia. An exploratory endpoint is also included to examine potential

221  differences in patient characteristics by the calendar year of anifrolumab initiation.

222 The selection of endpoints during study design was informed by consultation with patients in the

oNOYTULT D WN =

9 223 AstraZeneca Patient Partnership Program (1 patient from Canada and 3 from the US). Key
11 224  insights from the consultations included the importance of including endpoints that assess pain,
225  fatigue, and sleep (figure 1), on the basis of the patients’ experiences of these symptoms

14 226  persisting even when disease activity measures and laboratory assessments appear stable.

16227  Patient safety is being monitored continuously starting at the index date by recording all serious
18 228  adverse events, adverse drug reactions (serious and nonserious), specific medical events of

20 229 interest, and special situations (eg, exposure during pregnancies or breast-feeding, medication
5> 230 errors, overdose, product quality complaints, or any other valid individual case safety reports).
23 231  Investigators are also encouraged to report to regulatory authorities any other safety data or

25 232 adverse events not covered by the study reporting requirements.

26
;; 233  Statistical analyses
gg 234 A sample size of 500 patients is expected to allow for sufficient precision to effectively

31 235  characterize the important endpoints using various analytical techniques on the selected study

33 236  measures.
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35 237  Outcomes will be analyzed and presented separately for all patients who initiate anifrolumab

37 238  treatment and for all patients while on anifrolumab treatment. Categorical variables will be

39 239  presented as frequencies and percentages with a 95% CI at different time points, and continuous
40 240  variables as mean (SD) or median (with minimum, maximum, and/or interquartile range) for

42 241  absolute values and changes between time points with a 95% CI. Graphical data representations
44 242 will be generated where appropriate to visually explore potential trends. Outcomes may be

243  stratified by country, relevant baseline and/or disease characteristics, baseline corticosteroid

47 244  usage, and other variables as deemed necessary; for example, treatment line and prior biologic
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49 245  and immunosuppressant usage, time of enrollment, and adherence and persistence with

51 246  anifrolumab will likely be of particular importance for subgroup analyses.

53 247  The number and percentage of missing data will also be presented for all variables, and multiple

55 248  imputations may be considered (and used as sensitivity analyses) if the percentage of missing
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data in primary and secondary outcomes exceeds a prespecified threshold. Additionally, the
feasibility of probabilistic matching of participants in ASTER, the Systemic Lupus
Erythematosus Prospective Observational Cohort Study (SPOCS) study, and patients included in
patient support program datasets will be explored to potentially enrich datasets with additional
time points and variables and to evaluate additional questions about patient disposition, treatment

history, and anifrolumab use.
Patient and public involvement

Patients with SLE were involved in the study design, including endpoint selection, data

collection, and advising on the development of the patient-facing mobile application.
ETHICS AND DISSEMINATION

ASTER is being conducted in accordance with ethical principles consistent with the Declaration
of Helsinki, International Council for Harmonisation Good Clinical Practice Guidelines,
International Society for Pharmacoepidemiology Guidelines for Good Pharmacoepidemiology
Practices, and applicable legislation on noninterventional studies and/or observational studies.
Study procedures will also adhere to regulations and guidelines governing medical practice and
ethics in each participating country. Trial results will be published in peer-reviewed journals and

presented at national and international congresses.

Patient participation is voluntary and requires signed and dated informed consent from each
patient before any study procedures can be performed. The decision to prescribe anifrolumab,
which is part of the patient qualifications for enrollment in ASTER, must occur prior to any
study-related discussion. The investigator at each site must also ensure that the patient is
provided full and adequate oral and written information about the nature, purpose, possible risk,
and benefit of the study and has the time and opportunity to consider the information and ask
questions. Patients must also be notified that they are free to discontinue the study at any time

without consequences impacting their routine medical care.

The final version of the protocol, patient informed consent form, and patient-facing materials
(eg, app functionality and questions, advertising for recruitment) have been approved in writing
by all applicable local Institutional Review Boards/Independent Ethics Committees (IRB/IEC),

which will also be required for any future amendments to these materials.
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1

2

2 278  All patient data are linked with a unique patient identification number, but stored in a pseudo-

5 279  anonymized way. A nickname chosen by the patient will remain within the mobile app and will
? 280  not be transferred to the study database or retained in the cloud. Minimal patient demographics

g 281  will be collected and retained in the study database maintained by the digital vendor. Patients are

10 282  required to review the application developer’s terms and conditions, and must select a checkbox

12 283  to indicate their agreement with the terms and conditions before using the app.
14 284 DISCUSSION

16285  Here we have described the design of the observational ASTER study, which is intended to

18 286  collect critical real-world evidence on the efficacy of adding anifrolumab to SoC therapy for SLE
20 287 inroutine clinical practice. The data to be generated by ASTER are ultimately intended to

5> 288  provide a comprehensive, longitudinal, and unique data source that can inform patients,

23 289  physicians, and payers when making treatment decisions.

290  The observational design of ASTER is also important for providing real-world data to help

27 291  inform future comparative effectiveness research, while also providing important context for
29 292  findings from past and future controlled trials. A general advantage of real-world observational
31 293  research is that enrollment criteria typically permit inclusion of most, if not all, patients eligible
32294 for the investigational treatment, who may otherwise be excluded by the more stringent entry

34 295  criteria used in clinical trials; this key aspect of study eligibility is critical for anchoring clinical
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36 296 trial results to relevant effectiveness outcomes in routine clinical practice. Moreover, recruitment
3g 297  of large, multinational patient cohorts, like the population intended for ASTER, can contribute
39 298  greatly to our understanding of the natural history and burden of disease and the range of

41 299  possible treatment outcomes. This is particularly important for a disease like SLE, which varies
43 300 by factors like ethnicity, geography, environmental exposure, and socioeconomic status, among

301  others.!3

47 302  Strengths of the ASTER design include the 3-year analysis period following a 12-month baseline

48 303 period to provide detailed, long-term data on disease progression and the risks and benefits of
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50 304 anifrolumab treatment in clinical practice. Moreover, this is the first real-world, multinational
52 305  study in which both patient-reported and clinician-reported outcomes contribute to the collection
54 306  of medication usage data. This provides a distinct advantage over relying exclusively on data

> 307 from prescription records or clinician reporting that occurs only during patient encounters. The

57 11
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weekly reporting of medication usage by patients will provide an opportunity to capture the
patient’s voice regarding medication usage and, from a data standpoint, a high-resolution picture
of treatment adherence, corticosteroid usage/exposure, and supplementation of the prescribed
regimen with nonprescription medications that may be used to manage daily symptoms and
flares previously outside the clinician’s knowledge. These data will be useful for cluster analyses
and/or rich data visualizations to improve our understanding of how treatment patterns affect

patient outcomes in routine clinical practice.

Another strength of ASTER is that patients were involved in the study design, including the
endpoint selection and data collection processes and advising on the development of the patient-
facing app to ensure ease of use and a feeling of personalization akin to speaking with a peer
with first-hand experience with SLE instead of a scientist or researcher. This is of particular
importance in SLE, which is associated with a substantial “invisible” burden that can include

fatigue, pain, negative body image, and detrimental effects on emotional health.? 404!

ASTER also has some limitations that must be considered. First, enrollment requires treatment
with anifrolumab, which limits the patient population to those with moderate to severe SLE (on
the basis of the labeling indication) and those with access to anifrolumab, which may be limited
by local treatment policies and/or availability of reimbursement. Additionally, patients must have
a smartphone and be willing to download the mobile application in order to contribute patient-
reported outcomes. Second, the 3-year follow-up period allows for a substantial risk of patients
withdrawing consent or becoming lost to follow-up during the study, which would affect the
completeness of data, especially at later time points. However, during the study design process,
the patient consultants noted that feelings of being heard and understood were key components
for patient retention in a study of this length, which was considered during endpoint selection
and design of the patient app. For example, there was an emphasis on components of “invisible”
SLE burden (eg, fatigue and sleep disturbance) when selecting endpoints and app features
intended to maximize engagement (eg, notifications, reminders, milestone badges, and study
updates). Finally, the observational, single-arm study design does not allow for inferences into
drug effectiveness per se and can only provide information on how outcomes change among

patients who initiate treatment.

12
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1

2

2 337  ASTER is currently ongoing and is expected to provide data that will improve our understanding
5 338  of SLE natural history, disease activity, and treatment outcomes, including the real-world effects
? 339  of anifrolumab as well as typical usage of other prescription and nonprescription medications

g 340 that have yet to be systematically collected and analyzed for this patient population. The

10 341  expected findings from ASTER are likely to be important for informing treatment decisions,

12 342 clinical practice, and perhaps future guideline recommendations.
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TABLES & FIGURES
Table 1. Summary of objectives and related endpoints in ASTER

BMJ Open

Objective Endpoints and definitions
Primary 1. Disease activity assessed by the PGA and SLEDAI-2K
2. Proportion of patients attaining the composite endpoint of LLDAS?
1. Clinical SLE flares assessment per rSFI|
2. Proportion of patients with irreversible organ damage per SDI
3. SLE treatment patterns prior to, concomitant with, and after anifrolumab, including use of antimalarials,
immunosuppressants, biologics, NSAIDS, and/or corticosteroids; and adherence, persistence, and
discontinuation of anifrolumab
Secondary [ 4. Changes in patient-reported HRQoL, symptoms, and impairments on the basis of FACIT-Fatigue, Lupus
QolL, PtGA, EQ-5D-5L, WPAI:Lupus, and pain NRS
5. Number of outpatient hospital and emergency room visits and procedures; hospital admissions and
inpatient hospital procedures (including reason and duration of stay, stratified by ICU vs non-ICU
admission); rheumatologist visits and procedures (including SLE-related laboratory tests); and dialysis
appointments
1. Extent of skin manifestations over time per (CLASI) in a subset of participating sites
2. Changes in patient-reported medication use, pain, fatigue, and sleep quality during the first year after
anifrolumab initiation
E 3. Potential differences in patient characteristics by calendar year of anifrolumab initiation
xploratory

4. Prevalence and/or incidence of anaphylaxis following anifrolumab treatment, herpes zoster (and
vaccination), serious infections, COVID-19 infection (and vaccination), MACE, malignancies, and
pregnancy

5. Proportion and characteristics of patients who reach DORIS remission®

aDefined as: SLEDAI-2K <4 with no activity in major organ systems and no hemolytic anemia or gastrointestinal activity; no new lupus disease activity
since the previous assessment; PGA <1; current prednisone-equivalent dose <7.5mg/day; and standard maintenance dose of immunosuppressive
drugs and biologics (if any) being well tolerated.

®Defined as: Clinical SLEDAI=0, Physician Global Assessment <0.5 (0-3), patients may be on antimalarials, low-dose glucocorticoids (prednisolone <5
mg/day), and/or stable immunosuppressives, including biologics.3

CLASI, Cutaneous Lupus Disease Area and Severity Index; DORIS, Definition of Remission in Systemic Lupus Erythematosus; EQ-5D-5L, EuroQol 5-
Dimension Health Questionnaire 5 Level; FACIT, Functional Assessment of Chronic lliness Therapy; HRQoL, health-related quality of life; ICU,
intensive care unit; LLDAS, lupus low disease activity state; MACE, major adverse cardiovascular events; NRS, numerical rating scale; NSAIDS,
nonsteroidal anti-inflammatory drugs; PGA, Physician Global Assessment; PtGA, Patient Global Assessment; rSFI, revised SELENA-SLEDAI flare
index on the basis of SLEDAI-2K assessment; SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology SLE
damage index; SELENA, Safety of Estrogens in Lupus National Assessment; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000;
WPAI, Work Productivity and Activity Impairment.
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Figure 1. ASTER study design and outcomes
2Anifrolumab is administered according to country-specific labeling; the first dose defines the study index date for each patient. If anifrolumab is discontinued, data coll&tlon ©ntinues through year 3 unless the patient
withdraws consent. "Baseline data are obtained from medical records covering 12 months prior to the index date and from clinician and patient-reported disease assessmets atihe final standard-of-care visit prior to the index
date. °Clinical laboratory tests performed during routine clinical management may include hematology, clinical chemistry, urinalysis assessments, anti-dsDNA antlbodleahs— P, and serum component (C3 or C4). ‘Patient-
reported data are collected at the final standard-of-care visit before the index date, after which patient reporting occurs via the mobile app. *Medical events of interest 1ncgde amaphylaxis following anifrolumab treatment,
herpes zoster (and vaccination), serious infections, COVID-19 infection (and date(s) and type(s) of vaccination), major adverse cardiovascular events (including [cardiov@sculgn] death, nonfatal myocardial infarction, nonfatal
stroke, hospitalization for unstable angina, hospitalization for heart failure, transient ischemic attack, coronary revascularization procedures, urgent cerebrovascular revag_ularg'atlon arrhythmia [not associated with
ischemia], peripheral arterial event, venous thromboembolic event, and other nonfatal cardiovascular events), malignancies, and pregnancy. S

ADR, adverse drug reaction; CLASI, Cutaneous Lupus Erythematosus Disease Area and Severity Index; eCRF, electronic case report form; EQ-5D-5L, EuroQol 5- Dlm@swﬂ\Health Questionnaire 5 Level; FACIT-Fatigue,
Functional Assessment of Chronic Illness Therapy—Fatigue Scale; hs-CRP, high-sensitivity C-reactive protein; LupusQOL, Lupus Quality of Life; NRS, numerical ratmgcal PGA Physician Global Assessment; PtGA,
Patient Global Assessment; rSFI, revised Safety of Estrogens in Lupus National Assessment-SLEDAI flare index; SAE, serious adverse event; SDI, Systemic Lupus IntegnatioBal Collaborating Clinics/American College of
Rheumatology Damage Index; SLE, Systemic lupus erythematosus; SLEDAI-2K, SLE Disease Activity Index 2000; WPAI:Lupus, Work Productivity and Activity Imp%h‘gé Lupus.
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ABSTRACT

Introduction: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with a
diverse clinical presentation that involves multiple organ systems and may lead to organ damage
and increased risk of mortality. SLE is associated with a high burden of disease that can include
loss of productivity and employment and reduced health-related quality of life. The current
standard of care for SLE is primarily based on immunosuppression and glucocorticoids, is
associated with risk of toxicities and poor tolerability. Anifrolumab, a human monoclonal
antibody to type I interferon receptor subunit 1, was recently approved as a new treatment for

patients with moderate to severe SLE.

Methods and analysis: Here, we report the study design of the ongoing, multinational
Anifrolumab Study for Treatment Effectiveness in the Real World (ASTER; NCT05637112) that
includes 3 years of follow-up beginning with the first infusion of anifrolumab and 1 year of
retrospective baseline data. ASTER is targeting an enrollment of 500 adult patients receiving
anifrolumab for SLE in Europe and Canada. The key study objective is to describe the real-world
effectiveness of anifrolumab in routine clinical practice, including clinician-reported disease
activity and patient-reported outcomes collected via mobile application. This mobile application
also includes a medication diary wherein patients report their prescription and nonprescription
medication use for SLE on a weekly basis; these data will lend insights on treatment patterns for

the study population.

Ethics and dissemination: The design of the ASTER study was informed through consultations
with patients with SLE who provided important insights to help maximize patient engagement,
retention, and the collection of key, patient-relevant endpoints. ASTER enrollment began in

February 2023 and the study is expected to finish in 2029.

Registration details: Clinicaltrials.gov registration: NCT05637112.

Strengths and limitations of this study:

e The ASTER study employs clinical assessments and patient-reported outcome data to
obtain long-term information on SLE disease progression and risks and benefits of

treatment with anifrolumab in clinical practice
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that predominantly affects
females 30 to 50 years of age, with the highest rates occurring within Black, Hispanic, and Asian
populations.! The clinical presentation of SLE is heterogeneous and can involve multiple organ
systems including skin, kidneys, joints, and cardiovascular and central nervous systems; sequelae
include premature cardiovascular disease, malignancies, and infection.? The course of SLE
typically includes alternating periods of disease activity and quiescence. However, quiescence
does not necessarily equate to remission as defined by Definitions of Remission in SLE (DORIS)
criteria (Clinical SLEDAI = 0; evaluator’s global assessment <0.5 (0-3); prednisone <5 mg/day;
and stable antimalarials, immunosuppressives, and biologics);> some patients may achieve low
disease activity but may not meet the stringent requirements for DORIS remission. Nearly half of
patients incur some form of organ damage and increased risk of mortality within 10 years of
diagnosis.*® The high burden of disease for SLE includes reduced life expectancy, poor health-
related quality of life (HRQoL), reduced productivity and/or loss of employment, and high direct

and indirect healthcare costs.o"13

Treatment for SLE should aim to increase life expectancy, prevent organ damage, and optimize
HRQoL.'* Standard-of-care (SoC) therapy for SLE is conventional immunosuppressive agents,
typically beginning with hydroxychloroquine or other antimalarials, then proceeding to
immunosuppressive drugs such as methotrexate, azathioprine, and/or systemic corticosteroids on
the basis of symptom severity and treatment response.* 1> However, this approach has limited
effectiveness and chronic immunosuppressant use can have negative effects on physical health,
including the risk of further organ damage with corticosteroid use.'®!” Targeted therapies for
SLE were introduced over 10 years ago, but have remained limited to belimumab, which inhibits
B cell survival by selectively binding to the B lymphocyte stimulator protein,'® and rituximab,
which depletes circulating B cells by targeting the CD20 surface antigen.!® Since its approval in
2011, belimumab has become an important component of SoC therapy; however, rituximab is
not yet approved but recommended for off-label use under certain conditions by clinical practice

guidelines.* 1520

The role of type I interferon (IFN-1) in SLE pathogenesis is well characterized?!?# and has been

the target of recent investigational drugs.?® In 2021, anifrolumab, a fully human immunoglobulin

4
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to be followed for 3 years from anifrolumab initiation unless there is withdrawal of consent, loss
to follow-up, or death. If patients discontinue anifrolumab before the study end date, relevant
clinical and patient-reported data will continue to be collected unless the patient withdraws
consent. ASTER has no control group or specific treatment assignment other than the qualifying
anifrolumab infusion, and data collection is intended to take place in a manner that does not

affect patient care.

The planned enrollment is 500 patients from Canada and Europe, with feasibility studies ongoing
to determine the participation of individual countries. Enrollment began in February 2023, and
the study is expected to remain ongoing through 18 months after the commercial launch of
anifrolumab in each participating country, though it may be extended to reach enrollment targets.
Study completion is anticipated for 2029. At the time of publication, the study has enrolled 271
patients from Austria, Belgium, Canada, Denmark, France, Germany, Israel, Italy, Sweden, and

the United Arab Emirates.
Site and investigator selection

Study sites include academic, community, and hospital outpatient settings in each country,
intended to recruit a study population that is highly representative of the SLE patient population
at large. Enrollment will vary by country based on feasibility. Specific study sites were identified
from lists of known clinical trial sites, previous study investigators, and key external experts,
with input from payer networks when available. Nonacademic sites are being selected based on
affiliations with local clinical networks and the availability of anifrolumab infusions. The
investigator selection also considered prior experience with data collection for research studies

and potential training to perform the clinical assessments required for ASTER.
Study participants

Patients eligible for ASTER are adults (>18 years) who meet the 2019 EULAR/ACR criteria for
SLE** and have received their first prescription of anifrolumab for the treatment of SLE
according to the approved country-specific label and any local authorization requirements.
Patients are not eligible if they have previously received any dose of anifrolumab, are currently
enrolled in an interventional trial, or have a diagnosis of severe or rapidly progressive class III or

IV glomerulonephritis requiring induction therapy, isolated class V lupus nephritis, active severe
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1

2

2 161  or unstable neuropsychiatric lupus, or any other condition that may limit a patient’s ability to

5 162  provide informed consent or perform study assessments. Patients without >12 months of medical
6

7 163 records for baseline data at the study may still enroll, provided that records can be requested

g 164  from the previous healthcare facility.

10

11 165  Data collection

12

13 166  Study data for ASTER are being collected from both patients and clinicians. Patient-reported

15 167  outcomes are being collected electronically using the MyReco® mobile application (AliraHealth,
16 168 Framingham, MA), which includes questionnaires and diaries to assess symptoms, HRQoL,

18 169  work productivity, medication use, and perceived health status. Patients who do not have a

20 170  smartphone or who are not willing to download the mobile application may still participate in the
5> 171 study without patient-reported outcome collection. During enrollment, each patient downloads
23 172 the MyReco® app on their personal device(s) and receives an activation code and in-app setup

25 173  instructions for how to use the application. The app will be used to complete all patient-reported
27 174 outcomes assessments, including instruments and diaries, within prespecified window of

175 availability. The user interface for the app includes an artificial intelligence virtual assistant that
30 176  supports patients by providing notifications, reminders, and milestone badges at key time points
32 177  to encourage completion of questionnaires and diary entries. Use of the virtual assistant was

34 178  informed by prior research suggesting that virtual conversation agents have a positive effect on
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3> 179 taskand goal completion and that users find them less burdensome than data entry forms.3> 3¢

37 180  App design and features, such as study updates, milestone badges, thank you notes, and personal
39 181  data monitoring over time were informed by key insights obtained from patients with SLE in the
182  AstraZeneca Patient Partnership Program who were consulted during study design and

42 183  emphasized the importance of ease of use, personalization, and acknowledgment/recognition for
44 184  the time required to use the app (eg, thank you cards). The app is also integrated with the study
46 185  network, allowing investigators to track patient compliance with data entry and data storage by a

186  digital vendor until a transfer to the study database at prespecified intervals.
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so 187  Electronic case report forms (¢CRFs) for clinical data collection by clinicians are accessed by
o1 188 designated, trained personnel or the study coordinator, through secure web-based portals that can
53 189  be accessed via username and password. The eCRF guides the user through patient registration,

55 190  data collection from medical records, and study management, to ensure data consistency between

57 7
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providers and study sites. Most data entered into the eCRF originate from routine health
assessments, with the exception of COVID-19 vaccination data, which are collected directly into
the eCRF. The data fields chosen for selection on the eCRF, such as medical/treatment history,
laboratory results, clinical assessments, adverse events and/or drug reactions, and medical events
of interest, were guided by clinical practice guidelines for the management of SLE.37-38
Immediately upon entry into the eCRF, data are saved to a secure central database and any
changes are tracked to provide an auditable record. After data entry has been completed and
reviewed, the eCRF will be signed electronically and dated and locked by the authorized
personnel at the study site to prevent further editing.

Objectives and outcomes

ASTER study objectives and related measures are detailed in table 1 and figure 1. The primary
objective is to describe the clinical effectiveness and duration of effect of anifrolumab over time
in routine clinical practice on the basis of the Physician’s Global Assessment (PGA), the SLE
Disease Activity Index 2000 (SLEDAI-2K), and the composite endpoint of lupus low disease
activity state ate (LLDAS).?° Secondary objectives include describing disease activity, treatment

patterns, HRQoL, and healthcare resource utilization as detailed in table 1.

The secondary endpoint of SLE-related treatment patterns will be on the basis of medication data
from pharmacy records and clinicians collected at baseline and every 6 months during the study,
which will be supplemented by weekly reporting in medication diaries reported by the patients
(figure 1). Related outcomes will include patterns of anifrolumab treatment, including adherence
(defined as infusion intervals between 18-38 days on the basis of expected infusion every 4
weeks + 10 days), persistence (proportion of expected infusions received), and discontinuation if
applicable. Patterns of antimalarial, immunosuppressant, biologic, nonsteroidal anti-
inflammatory drug, and corticosteroid usage will be reported for the baseline period on the basis
of available records and tracked on an ongoing basis during and after (if applicable) anifrolumab
treatment. Clinicians will report on eCRFs the number and type of treatments prescribed during
the study, including dates of initiation and discontinuation, dosage, number of doses, and reasons
for medication change when known. Patients will report (via medication diaries) usage patterns

of prescribed corticosteroids and any over-the-counter medications to treat pain, inflammation,
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220  skin rashes, or insomnia. An exploratory endpoint is also included to examine potential

221  differences in patient characteristics by the calendar year of anifrolumab initiation.

222 The selection of endpoints during study design was informed by consultation with patients in the

oNOYTULT D WN =

9 223 AstraZeneca Patient Partnership Program (1 patient from Canada and 3 from the US). Key
11 224  insights from the consultations included the importance of including endpoints that assess pain,
225  fatigue, and sleep (figure 1), on the basis of the patients’ experiences of these symptoms

14 226  persisting even when disease activity measures and laboratory assessments appear stable.

16227  Patient safety is being monitored continuously starting at the index date by recording all serious
18 228  adverse events, adverse drug reactions (serious and nonserious), specific medical events of

20 229 interest, and special situations (eg, exposure during pregnancies or breast-feeding, medication
5> 230 errors, overdose, product quality complaints, or any other valid individual case safety reports).
23 231  Investigators are also encouraged to report to regulatory authorities any other safety data or

25 232 adverse events not covered by the study reporting requirements.

26
;; 233  Statistical analyses
gg 234 A sample size of 500 patients is expected to allow for sufficient precision to effectively

31 235  characterize the important endpoints using various analytical techniques on the selected study

33 236  measures.
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35 237  Outcomes will be analyzed and presented separately for all patients who initiate anifrolumab

37 238  treatment and for all patients while on anifrolumab treatment. Categorical variables will be

39 239  presented as frequencies and percentages with a 95% CI at different time points, and continuous
40 240  variables as mean (SD) or median (with minimum, maximum, and/or interquartile range) for

42 241  absolute values and changes between time points with a 95% CI. Graphical data representations
44 242 will be generated where appropriate to visually explore potential trends. Outcomes may be

243  stratified by country, relevant baseline and/or disease characteristics, baseline corticosteroid

47 244  usage, and other variables as deemed necessary; for example, treatment line and prior biologic
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49 245  and immunosuppressant usage, time of enrollment, and adherence and persistence with

51 246  anifrolumab will likely be of particular importance for subgroup analyses.

53 247  The number and percentage of missing data will also be presented for all variables, and multiple

55 248  imputations may be considered (and used as sensitivity analyses) if the percentage of missing
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data in primary and secondary outcomes exceeds a prespecified threshold. Additionally, the
feasibility of probabilistic matching of participants in ASTER, the Systemic Lupus
Erythematosus Prospective Observational Cohort Study (SPOCS) study, and patients included in
patient support program datasets will be explored to potentially enrich datasets with additional
time points and variables and to evaluate additional questions about patient disposition, treatment

history, and anifrolumab use.
Patient and public involvement

Patients with SLE were involved in the study design, including endpoint selection, data

collection, and advising on the development of the patient-facing mobile application.
ETHICS AND DISSEMINATION

ASTER is being conducted in accordance with ethical principles consistent with the Declaration
of Helsinki, International Council for Harmonisation Good Clinical Practice Guidelines,
International Society for Pharmacoepidemiology Guidelines for Good Pharmacoepidemiology
Practices, and applicable legislation on noninterventional studies and/or observational studies.
Study procedures will also adhere to regulations and guidelines governing medical practice and
ethics in each participating country. Trial results will be published in peer-reviewed journals and

presented at national and international congresses.

Patient participation is voluntary and requires signed and dated informed consent from each
patient before any study procedures can be performed. The decision to prescribe anifrolumab,
which is part of the patient qualifications for enrollment in ASTER, must occur prior to any
study-related discussion. The investigator at each site must also ensure that the patient is
provided full and adequate oral and written information about the nature, purpose, possible risk,
and benefit of the study and has the time and opportunity to consider the information and ask
questions. Patients must also be notified that they are free to discontinue the study at any time

without consequences impacting their routine medical care.

The final version of the protocol, patient informed consent form, and patient-facing materials
(eg, app functionality and questions, advertising for recruitment) have been approved in writing
by all applicable local Institutional Review Boards/Independent Ethics Committees (IRB/IEC),

which will also be required for any future amendments to these materials.
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1

2

2 278  All patient data are linked with a unique patient identification number, but stored in a pseudo-

5 279  anonymized way. A nickname chosen by the patient will remain within the mobile app and will
? 280  not be transferred to the study database or retained in the cloud. Minimal patient demographics

g 281  will be collected and retained in the study database maintained by the digital vendor. Patients are

10 282  required to review the application developer’s terms and conditions, and must select a checkbox

12 283  to indicate their agreement with the terms and conditions before using the app.
14 284 DISCUSSION

16285  Here we have described the design of the observational ASTER study, which is intended to

18 286  collect critical real-world evidence on the efficacy of adding anifrolumab to SoC therapy for SLE
20 287 inroutine clinical practice. The data to be generated by ASTER are ultimately intended to

5> 288  provide a comprehensive, longitudinal, and unique data source that can inform patients,

23 289  physicians, and payers when making treatment decisions.

290  The observational design of ASTER is also important for providing real-world data to help

27 291  inform future comparative effectiveness research, while also providing important context for
29 292  findings from past and future controlled trials. A general advantage of real-world observational
31 293  research is that enrollment criteria typically permit inclusion of most, if not all, patients eligible
32294 for the investigational treatment, who may otherwise be excluded by the more stringent entry

34 295  criteria used in clinical trials; this key aspect of study eligibility is critical for anchoring clinical
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36 296 trial results to relevant effectiveness outcomes in routine clinical practice. Moreover, recruitment
3g 297  of large, multinational patient cohorts, like the population intended for ASTER, can contribute
39 298  greatly to our understanding of the natural history and burden of disease and the range of

41 299  possible treatment outcomes. This is particularly important for a disease like SLE, which varies
43 300 by factors like ethnicity, geography, environmental exposure, and socioeconomic status, among

301  others.!3

47 302  Strengths of the ASTER design include the 3-year analysis period following a 12-month baseline

48 303 period to provide detailed, long-term data on disease progression and the risks and benefits of
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50 304 anifrolumab treatment in clinical practice. Moreover, this is the first real-world, multinational
52 305  study in which both patient-reported and clinician-reported outcomes contribute to the collection
54 306  of medication usage data. This provides a distinct advantage over relying exclusively on data

> 307 from prescription records or clinician reporting that occurs only during patient encounters. The

57 11
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weekly reporting of medication usage by patients will provide an opportunity to capture the
patient’s voice regarding medication usage and, from a data standpoint, a high-resolution picture
of treatment adherence, corticosteroid usage/exposure, and supplementation of the prescribed
regimen with nonprescription medications that may be used to manage daily symptoms and
flares previously outside the clinician’s knowledge. These data will be useful for cluster analyses
and/or rich data visualizations to improve our understanding of how treatment patterns affect

patient outcomes in routine clinical practice.

Another strength of ASTER is that patients were involved in the study design, including the
endpoint selection and data collection processes and advising on the development of the patient-
facing app to ensure ease of use and a feeling of personalization akin to speaking with a peer
with first-hand experience with SLE instead of a scientist or researcher. This is of particular
importance in SLE, which is associated with a substantial “invisible” burden that can include

fatigue, pain, negative body image, and detrimental effects on emotional health.? 404!

ASTER also has some limitations that must be considered. First, enrollment requires treatment
with anifrolumab, which limits the patient population to those with moderate to severe SLE (on
the basis of the labeling indication) and those with access to anifrolumab, which may be limited
by local treatment policies and/or availability of reimbursement. Additionally, patients must have
a smartphone and be willing to download the mobile application in order to contribute patient-
reported outcomes. Second, the 3-year follow-up period allows for a substantial risk of patients
withdrawing consent or becoming lost to follow-up during the study, which would affect the
completeness of data, especially at later time points. However, during the study design process,
the patient consultants noted that feelings of being heard and understood were key components
for patient retention in a study of this length, which was considered during endpoint selection
and design of the patient app. For example, there was an emphasis on components of “invisible”
SLE burden (eg, fatigue and sleep disturbance) when selecting endpoints and app features
intended to maximize engagement (eg, notifications, reminders, milestone badges, and study
updates). Finally, the observational, single-arm study design does not allow for inferences into
drug effectiveness per se and can only provide information on how outcomes change among

patients who initiate treatment.

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 30 of 37

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig soushy 1e Gzoz ‘2 sunr uo /wod fwg uadolway/:dny wolj psapeojumod 20z J8qWSAON TZ U0 §50980-7202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

Page 31 of 37 BMJ Open

1

2

2 337  ASTER is currently ongoing and is expected to provide data that will improve our understanding
5 338  of SLE natural history, disease activity, and treatment outcomes, including the real-world effects
? 339  of anifrolumab as well as typical usage of other prescription and nonprescription medications

g 340 that have yet to be systematically collected and analyzed for this patient population. The

10 341  expected findings from ASTER are likely to be important for informing treatment decisions,

12 342 clinical practice, and perhaps future guideline recommendations.
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TABLES & FIGURES
Table 1. Summary of objectives and related endpoints in ASTER

BMJ Open

Objective Endpoints and definitions
Primary 1. Disease activity assessed by the PGA and SLEDAI-2K
2. Proportion of patients attaining the composite endpoint of LLDAS?
1. Clinical SLE flares assessment per rSFI
2. Proportion of patients with irreversible organ damage per SDI
3. SLE treatment patterns prior to, concomitant with, and after anifrolumab, including use of antimalarials,
immunosuppressants, biologics, NSAIDS, and/or corticosteroids; and adherence, persistence, and
discontinuation of anifrolumab
Secondary [ 4. Changes in patient-reported HRQoL, symptoms, and impairments on the basis of FACIT-Fatigue, Lupus
QolL, PtGA, EQ-5D-5L, WPAI:Lupus, and pain NRS
5. Number of outpatient hospital and emergency room visits and procedures; hospital admissions and
inpatient hospital procedures (including reason and duration of stay, stratified by ICU vs non-ICU
admission); rheumatologist visits and procedures (including SLE-related laboratory tests); and dialysis
appointments
1. Extent of skin manifestations over time per (CLASI) in a subset of participating sites
2. Changes in patient-reported medication use, pain, fatigue, and sleep quality during the first year after
anifrolumab initiation
E 3. Potential differences in patient characteristics by calendar year of anifrolumab initiation
xploratory

4. Prevalence and/or incidence of anaphylaxis following anifrolumab treatment, herpes zoster (and
vaccination), serious infections, COVID-19 infection (and vaccination), MACE, malignancies, and
pregnancy

5. Proportion and characteristics of patients who reach DORIS remission®

aDefined as: SLEDAI-2K <4 with no activity in major organ systems and no hemolytic anemia or gastrointestinal activity; no new lupus disease activity
since the previous assessment; PGA <1; current prednisone-equivalent dose <7.5mg/day; and standard maintenance dose of immunosuppressive
drugs and biologics (if any) being well tolerated.

®Defined as: Clinical SLEDAI=0, Physician Global Assessment <0.5 (0-3), patients may be on antimalarials, low-dose glucocorticoids (prednisolone <5
mg/day), and/or stable immunosuppressives, including biologics.3

CLASI, Cutaneous Lupus Disease Area and Severity Index; DORIS, Definition of Remission in Systemic Lupus Erythematosus; EQ-5D-5L, EuroQol 5-
Dimension Health Questionnaire 5 Level; FACIT, Functional Assessment of Chronic lliness Therapy; HRQoL, health-related quality of life; ICU,
intensive care unit; LLDAS, lupus low disease activity state; MACE, major adverse cardiovascular events; NRS, numerical rating scale; NSAIDS,
nonsteroidal anti-inflammatory drugs; PGA, Physician Global Assessment; PtGA, Patient Global Assessment; rSFI, revised SELENA-SLEDAI flare
index on the basis of SLEDAI-2K assessment; SDI, Systemic Lupus International Collaborating Clinics/American College of Rheumatology SLE
damage index; SELENA, Safety of Estrogens in Lupus National Assessment; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000;
WPAI, Work Productivity and Activity Impairment.

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig soushy 1e Gzoz ‘2 sunr uo /wod fwg uadolway/:dny wolj psapeojumod 20z J8qWSAON TZ U0 §50980-7202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg

‘saIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1Xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

B e
REREEE
IR

LLLLLLL&LLL
:\@o: : @\1 @ &Q’ﬁ&? (¢ ﬁ“op‘\o:

12
13
14

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

BMJ Open Page 36 of 37

doo Aq pa1o
-uado[ujq/g

Figure 1. ASTER study design and outcomes
2Anifrolumab is administered according to country-specific labeling; the first dose defines the study index date for each patient. If anifrolumab is discontinued, data coll&tlon ©ntinues through year 3 unless the patient
withdraws consent. "Baseline data are obtained from medical records covering 12 months prior to the index date and from clinician and patient-reported disease assessmets atihe final standard-of-care visit prior to the index
date. °Clinical laboratory tests performed during routine clinical management may include hematology, clinical chemistry, urinalysis assessments, anti-dsDNA antlbodleahs— P, and serum component (C3 or C4). ‘Patient-
reported data are collected at the final standard-of-care visit before the index date, after which patient reporting occurs via the mobile app. *Medical events of interest 1ncgde amaphylaxis following anifrolumab treatment,
herpes zoster (and vaccination), serious infections, COVID-19 infection (and date(s) and type(s) of vaccination), major adverse cardiovascular events (including [cardiov@sculgn] death, nonfatal myocardial infarction, nonfatal
stroke, hospitalization for unstable angina, hospitalization for heart failure, transient ischemic attack, coronary revascularization procedures, urgent cerebrovascular revag_ularg'atlon arrhythmia [not associated with
ischemia], peripheral arterial event, venous thromboembolic event, and other nonfatal cardiovascular events), malignancies, and pregnancy. S

ADR, adverse drug reaction; CLASI, Cutaneous Lupus Erythematosus Disease Area and Severity Index; eCRF, electronic case report form; EQ-5D-5L, EuroQol 5- Dlm@swﬂ\Health Questionnaire 5 Level; FACIT-Fatigue,
Functional Assessment of Chronic Illness Therapy—Fatigue Scale; hs-CRP, high-sensitivity C-reactive protein; LupusQOL, Lupus Quality of Life; NRS, numerical ratmgcal PGA Physician Global Assessment; PtGA,
Patient Global Assessment; rSFI, revised Safety of Estrogens in Lupus National Assessment-SLEDAI flare index; SAE, serious adverse event; SDI, Systemic Lupus IntegnatioBal Collaborating Clinics/American College of
Rheumatology Damage Index; SLE, Systemic lupus erythematosus; SLEDAI-2K, SLE Disease Activity Index 2000; WPAI:Lupus, Work Productivity and Activity Imp%h‘gé Lupus.

* (s3gv) Inaladns juswaublas

"saifojouyoa) Jejiwis pue ‘Bulurel) |y ‘Buiuiw elep pue 1xa] 0] palejal s
| op anbiydeiboljqig 8ousby 1e Gzoz ‘2 dunc uo /wod fwg uadolwqy/:dny woiy papeojumod +z0z 1aquaA NET

18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 37 of 37

BMJ Open

1

2

3

4

5

6

7

8 Year 1

9 Assessments ‘Weekly Quarterly  Bi-annual

10 Patient demographics []

1 sl eebiiiy o

12 e o ° o o

13 G e s o o o

14 ‘é‘ e ki MRoEAGh ) ) ©

15 o o °
2 SLEDANXK (] (] (]

16 = cus [} (-] (-]

17 = ° ° o °

18 Anifrolumab adherence/persistence [-] [~

FACIT-Fatigue () [] []

19 g Lol (] (] (]

20 o & . o o

21 ;—3‘ WPAL:Lupus Q § (-] (-]

22 § e io ° °

23 e o o

24 Sleep quality diary -] (]

25 e e I Continucus

26

27

28 Figure 1

;g 635x416mm (79 x 79 DPI)

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig soushy 1e Gzoz ‘2 sunr uo /wod fwg uadolway/:dny wolj psapeojumod 20z J8qWSAON TZ U0 §50980-7202-uadolwa/oeTT 0T Se paysiignd 1si1) :uadO rINg


http://bmjopen.bmj.com/

