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Risk Indicators of Sarcoidosis
Evolution-Unified Protocol (RISE-UP):
protocol for a multi-centre, longitudinal,
observational study to identify clinical
features that are predictive of
sarcoidosis progression

Wonder P Drake,'? Connie Hsia,® Lobelia Samavati,* Michelle Yu,®

Jessica Cardenas,® Fabiola G Gianella,® John Boscardin,® Laura L Koth

ABSTRACT

Introduction Sarcoidosis is a pulmonary and systemic
granulomatous disease with a wide range of potential
outcomes, from spontaneous resolution to end-stage
organ damage and death. Currently, clinicians have no
easy-to-use risk stratification tools for important clinical
outcomes in sarcoidosis, such as progressive lung disease.
This study will address two clinical practice needs: (1)
development of a risk calculator that provides an estimate
of the likelihood of pulmonary progression in sarcoidosis
patients during the follow-up period and (2) determine the
optimal interval for serial clinical monitoring (eg, 6, 12, 18
months) using these risk prediction tools.

Methods and analysis The Risk Indicators of Sarcoidosis
Evolution-Unified Protocol study is a National Institutes

of Health-sponsored, longitudinal observational study of
adults with pulmonary sarcoidosis who will be enrolled

at five US tertiary care centres. Participants will be
evaluated at approximately 6-month intervals for up to

60 months with collection of lung function, blood samples
and clinical data. The target sample size is 557 and the
primary objective is to determine which clinical features
measured during a routine clinic visit carry the most
prognostic information for predicting clinical progression
of pulmonary sarcoidosis over the follow-up period.

The primary outcome measure will be quantified by a
clinically meaningful change in forced vital capacity,
forced expiratory volume in 1 s or diffusing capacity of the
lung for carbon monoxide. The secondary objective is to
determine if blood biomarkers measured during a routine
clinic visit can improve the risk assessment modelling for
progression of pulmonary sarcoidosis over the follow-up
period.

Ethics and dissemination The study protocol has been
approved by the Institutional Review Boards at each centre
and the reliance Institutional Review Board overseeing the
study (WCG, Protocol #20222400). Participants will provide
informed consent prior to enrolment. Results will be
disseminated via publication in a relevant peer-reviewed
journal.

Trial registration number NCT05567133.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= One of the largest, concerted efforts to develop a
risk calculator for sarcoidosis outcomes in the USA.

= Incorporation of biomarker discovery to test novel
blood-based targets that could be developed for
clinical practice.

= Development and testing of composite clinical out-
comes in sarcoidosis that mirror clinical decision-
making in outpatient practice.

= A potential limitation to external generalisability
is the enrolment of patients through tertiary care
centres.

INTRODUCTION

A major obstacle for clinicians who care for
patients with sarcoidosis is the lack of reli-
able prognostic tools to inform clinical care
decisions about which patients will have
progressive disease that will require medical
intervention. Because of the lack of prog-
nostic tools, there are different approaches
for managing patients. For example, some
providers initiate systemic immune suppres-
sion early after diagnosis, even though the
severity of inflammation may not warrant
treatment. Others may wait to initiate
immune suppression given the possibility
of spontaneous resolution in many patients
or the concern about increasing medical
complications in patients with pre-existing
conditions like diabetes, obesity and chronic
infections. This approach of initiating treat-
ment later in the course of disease may be
reinforced given the increasing evidence
that show that immunosuppressed individ-
uals carry the highest risk for severe disease
after COVID-19 infection." Both of these
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treatment strategies, starting early versus late, carry real
negative consequences. On one hand, treating a patient
who does not need treatment exposes them to potential
drug toxicities with no actual benefit. On the other hand,
waiting to see if treatment is necessary for someone who
will need treatment could lead to organ damage that
may not be fully reversible. In whom and when to initiate
systemic immune suppression are only two of the major
clinical practice problems that would greatly benefit from
improved risk stratification tools, but there are many
others as well (eg, determining the optimal interval for
longitudinal testing and clinical follow-up, and improved
power in clinical trials by enrolment of ‘high risk’ patients
are two additional clinical practice problems).

The lack of prognostic tools is not due to a lack of scien-
tific effort to discover them. On this point, there have
been innumerable clinical studies focusing on the iden-
tification of risk factors and biomarkers for severe disease
and mortality (reviewed in the References section®?).
A major barrier to translation of these discoveries to the
clinics lies in the paucity of long-term follow-up studies
that are designed to test the power or accuracy of these
risk factors to predict future clinical outcomes. The Risk
Indicators of Sarcoidosis Evolution-Unified Protocol
(RISE-UP) study was designed to address the unmet need
of risk assessment tools in the clinical practice of pulmo-
nary sarcoidosis by organising five independent cohorts
of sarcoidosis patients that represent geographic and
racial diversity in the USA to develop and test prediction
models for pulmonary outcomes. Ultimately, improved
longitudinal care depends on better prognostication of
the types of outcomes currently used in the outpatient
clinics across our hospital systems.

METHODS AND ANALYSIS

Study design

The study is an observational longitudinal study that will
enrol and monitor adults with pulmonary sarcoidosis at
five academic universities with established clinical centres
in sarcoidosis care and research: UT Southwestern
Medical Center in Dallas, Texas, Vanderbilt University
Medical Center in Nashville, Tennessee, Wayne State
University in Detroit, Michigan, University of Maryland
in Baltimore, Maryland and University of California, San
Francisco (UCSF) in San Francisco, California. The total
target sample size is 557 with enrolment across all sites

Table 1
Clinical centre

Proposed sample size, stratified by clinical centre

Target sample size

University of California, San Francisco 136

(table 1). The study proposal was reviewed by the Center
for Scientific Review at the National Institutes of Health
in October of 2021 and was funded in April 2022. Longi-
tudinal follow-up visits are anticipated to be completed
by January 2026. Some cohorts had completed prospec-
tive enrolment at the time of federal funding and so the
National Clinical Trial registry information specifies the
remaining study population to be enrolled.

Eligibility criteria

Adults diagnosed with pulmonary sarcoidosis according
to criteria endorsed by the American Thoracic Society
(ATS) are eligible for this study.” Because the goal of this
study is to develop prediction tools that can be translated
to clinical care, the eligibility criteria were intentionally
broad to mimic the population of patients evaluated in
the US clinics. For example, concurrent use of immuno-
suppressive therapy is allowed given the prevalence of
treatment in this patient population. Additional eligibility
criteria for enrolment are presented in box 1.

Study procedures and data collection

The Standard Operating Procedures (SOP) manual for
the RISE-UP study details the protocols for performing the
clinical procedures and data collection methods. A list of
procedures to be performed at study visits are presented
in box 2. Deidentified clinical data will be entered and
stored in a UCSF-hosted REDCap database (https://www.
projectredcap.org) that was created for the RISE-UP
study. Data instruments include demographic informa-
tion, organ involvement using a modified organ assess-
ment t001,23 medical history, social history, medications,
questionnaire responses, pulmonary function measure-
ments, complete blood counts and details related to the
blood biospecimen collection. Each centre will follow
recommended ATS/European Respiratory Society guide-
lines for test performance for spirometry** and diffusing
capacity of lung for carbon monoxide (DLCO).* Blood
samples will be processed for serum using methods and
collection tubes detailed in the SOP. The clinical data
will be included as predictor variables in the statistical
modelling.

Sample assays

Sera will be used to measure clinically and non-clinically
available protein markers. For clinically available protein
markers, we will include markers that have been asso-
ciated with disease chronicity, '*F-fluorodeoxyglucose-
avidity on positron emission tomography scan, organ
number and severity of sarcoidosis chest X-ray stage and
lung function values (eg, lymphocyte count, soluble inter-
leukin 2 (IL-2) receptor, lysozyme, vitamin D isoforms, C
reactive protein (CRP).2*% For non-clinically available
protein markers, we will include interferon-inducible
chemokines that have been associated with a shorter
time-to-decline in lung function in patients with pulmo-
nary sarcoidosis (eg, CXCL10, CXCLI11) or a greater
number of organ involvement in patients with systemic

UT Southwestern 100

Vanderbilt 100

Wayne State 121

University of Maryland 100
2
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Box 1 Inclusion and exclusion criteria

Inclusion criteria

A histopathological diagnosis of sarcoidosis according to the American
Thoracic Society/European Respiratory Society sarcoidosis statement
with the exception of Lofgren’s syndrome which are exempt from a
pathological diagnosis.

Any chest X-ray scadding stage (chest X-ray stage 0 would require lung
or thoracic lymph node biopsy confirming granulomatous inflammation
to confirm thoracic involvement of inflammation).

Exclusion criteria

Inability to tolerate study procedures as determined by the PI.

Pregnant or breast feeding.

Concurrent medical diagnoses that would influence the expression of
biomarkers will be considered an exclusion criterion. This includes dis-
eases such as common variable immunodeficiency, present or history
of malignancy, HIV infection or autoimmune diseases.

Concurrent interstitial lung diseases such as hypersensitivity pneumo-
nitis or idiopathic pulmonary fibrosis.

Haematocrit (packed cell volume) <25%.

sarcoidosis (CXCL9).* * The blood marker measure-
ments will be included as predictor variables in the statis-
tical modelling.

Outcomes

The primary outcome will use a binary classification for
a clinically meaningful decline in lung function defined
by a 210% fall in absolute forced vital capacity (FVC) or
forced expiratory volume in 1 s (FEV1) or a 215% fall
in absolute DLCO between two consecutive study visits
occurring between enrolment and the last follow-up
visit for each participant. We used lung function decline
thresholds that have precedent in the interstitial lung
disease literature.*’™ This lung function outcome was
chosen because it is an objective measurement used in
pulmonary clinics as a non-invasive way of monitoring
progressive pulmonary disease.”” Significant declines in
lung function can be one of the clinical triggers to initiate
long-term immunosuppression therapy.

Box 2 List of visit procedures and forms

Study procedures and forms

Informed consent/assent.

Collection of demographic information.

Collection of medical and social history.

Symptom questionnaires.

Review of medical history by study physician.

Blood draw.

Height and weight.

Spirometry.

Diffusing capacity.

Completion of clinical and organ assessment by study physician.
Collection of results from any chest imaging performed as part of clin-
ical care.

Clinical and laboratory predictors

We propose to examine the following clinical predictors
in the models: age, sex, race, smoking history (pack-
years), CXR stage 0—4, lung function (FVC%, FEV1%,
DLCO%), sarcoidosis severity scores, number and type
of organ involvement, months since biopsy (duration
of sarcoid), use of immune-suppressant medications,
comorbid illnesses (such as asthma, Chronic Obstruc-
tive Pulmonary Disease, pulmonary hypertension, heart
failure or diabetes), education level and access to medical
insurance. Many of these variables have been associated
with disease severity or chronicity and therefore, could
be risk factors for progressive lung disease. We propose
to also examine the following laboratory measures as
predictors in the models: soluble IL-2 receptor, lysozyme,
vitamin D isoforms (25-OH vitamin D and 1,25-DOH
vitamin D), CRP, and WBC and per cent of lympho-
cytes, serum CXCL10 and CXCL11, and RNA transcripts
CXCL9, and CD28, ITK and LEF1. These measures may
reflect sarcoidal inflammation and may contribute addi-
tional prognostic information to the models.

Data management

The data analyst will perform data validation in accor-
dance with the study-wide SOP specifications. Quarterly
data check programmes will be run to identify discrep-
ancies in entered data. Study sites will be notified about
data discrepancies and subsequent query resolution will
be performed. Discrepancies to be flagged will include
inconsistent data, missing data, range checks and devia-
tions from the protocol. There will be a final data valida-
tion check of the study-wide dataset and the database will
be locked after approval from all investigators.

Statistical analysis plan

The primary objective is to build a model consisting of
the most prognostic clinical predictors. To accomplish this
objective, we will implement Least Absolute Shrinkage
and Selection Operator (LASSO)-penalised Cox propor-
tional hazards regression analysis on the set of all clin-
ical predictors listed above. We will optimise the LASSO
tuning parameter, A, using 10-fold cross-validation to
choose the tuning parameter with the smallest cross-
validation error. The resulting covariates with non-zero
coefficient estimates represent the covariates to be
included in the clinical prediction model. Next, we will
add the set of laboratory predictors listed above to the
already identified clinical model by use of double-LASSO
methods.** Our modelling approach will mimic the
use of the prediction model in the clinic setting which
would get updated with new clinical data each time there
was a clinic visit. Specifically, we will include data from
multiple visits for each subject in the Cox analysis and use
robust standard errors to account for the intra-subject
correlation. We will perform model checking by assessing
whether proportional hazards assumptions hold using
the Schoenfeld residuals method and if not, stratify on
covariates as appropriate.* Internal model validation will
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be accomplished by bootstrapping as recommended by
Steyerberg.*® We will perform a temporal validation using
the data collected at the end of study period and refit all
data to the final models. For both internal and temporal
validation, we will examine metrics appropriate to survival
models for discrimination (eg, Harrell’s c-statistic, time-
varying area under the Receiver Operating Characteristic
curve (AUC)47) and calibration (eg, graphical calibration
plots and the integrated calibration index*®).

Power analysis and sample size

For sample size considerations, we follow the recent
recommendations of the TRIPOD author group,*
which for a target AUC, number of model predictors
and outcome prevalence, computes 2 minimum sample
size needed to achieve (1) acceptably low overfitting
of model coefficients, (2) acceptably low optimism in
model discrimination indices and (3) high precision in
predicted risk levels. With an anticipated c-statistic of 0.8
and an outcome prevalence of ~30% our sample size is
more than adequate to fit prognostic models with at least
15 predictors. We will gain additional power through
inclusion of multiple events per subject as described
above.

Patient and public involvement

The study design was motivated by clinical experience
and expert opinion reports that emphasise the need for
better prognostication tools. Patients and the public have
not been involved in the study design.

ETHICS AND DISSEMINATION

This multi-centre study is being conducted in accor-
dance with globally accepted standards of good practice,
in agreement with the Declaration of Helsinki and with
local regulations. The study protocol has been approved
by the Institutional Review Boards at each centre and by
the single reliance Institutional Review Board overseeing
the study (WCG, Protocol #20222400). Eligible partici-
pants will provide informed consent prior to enrolment.
The study’s findings will be published in a relevant peer-
reviewed journal. Additional dissemination of results will
occur at national and international conferences, newslet-
ters to research participants, patient advocacy organisa-
tions and through the study website.
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