thYe Forging a unified 2019‘4067
P ey emicommuiv pyplished on The YODA Project (https:/yoda.yale.edu)

Principal Investigator

First Name: Florence

Last Name: Bourgeois

Degree: MD

Primary Affiliation: Harvard Medical School
E-mail: Florence.Bourgeois@childrens.harvard.edu
Phone number:

Address:

25 Shattuck St.

City: Boston

State or Province: MA

Zip or Postal Code: 02115

Country: United States

General Information

Key Personnel (in addition to PI):
First Name: Tianxi

Last name: Cai

Degree: ScD

Primary Affiliation: Harvard

First Name: Xinzhou
Last name: Guo
Degree: PhD
Primary Affiliation: Harvard

Are external grants or funds being used to support this research?: No external grants or funds are being used
to support this research.
How did you learn about the YODA Project?: Colleague

Conflict of Interest

https: //yoda yale. edu/system/ﬁles/yodapro ectmormorataeguestors xg.pdf

https.//voda.vale.edu/svstem/flIes/voda_oro|ect_co|_form_for_data_requestors_2019—fb. pdf

Certification

Certification: All information is complete; | (Pl) am responsible for the research; data will not be used to support
litigious/commercial aims.

Data Use Agreement Training: As the Principal Investigator of this study, | certify that | have completed the YODA
Project Data Use Agreement Training

1. NCT00036374 - C0168T32 - A Randomized, Double-Blind Trial of Anti-TNF Chimeric Monoclonal Antibody
(Infliximab) in Combination With Methotrexate for the Treatment of Patients With Polyarticular Juvenile
Rheumatoid Arthritis

2. NCT00036439 - C0168T37 - A Randomized, Placebo-controlled, Double-blind Trial to Evaluate the Safety
and Efficacy of Infliximab in Patients With Active Ulcerative Colitis

3. NCT00096655 - C0168T46 - A Randomized, Placebo-controlled, Double-blind Trial to Evaluate the Safety
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and Efficacy of Infliximab in Patients With Active Ulcerative Colitis

. NCT00207675 - C0168T47 - A Randomized, Multicenter, Open-label Study to Evaluate the Safety and

Efficacy of Anti-TNF a Chimeric Monoclonal Antibody (Infliximab, REMICADE) in Pediatric Subjects With
Moderate to Severe CROHN'S Disease

. NCT00094458 - C0168T67 - Multicenter, Randomized, Double-Blind, Active Controlled Trial Comparing

REMICADE® (infliximab) and REMICADE plus Azathioprine to Azathioprine in the Treatment of Patients

with Crohn’s Disease Naive to both Immunomodulators and Biologic Therapy (Study of Biologic and
Immunomodulator Naive Patients in Crohn’s Disease)

. NCT00336492 - C0168T72 - A Phase 3, Randomized, Open-label, Parallel-group, Multicenter Trial to

Evaluate the Safety and Efficacy of Infliximab (REMICADE) in Pediatric Subjects With Moderately to
Severely Active Ulcerative Colitis

. NCT00264537 - C0524T05 - A Multicenter, Randomized, Double-blind, Placebo-controlled Trial of

Golimumab, a Fully Human Anti-TNFa Monoclonal Antibody, Administered Subcutaneously, in
Methotrexate-naive Subjects with Active Rheumatoid Arthritis

. NCT00264550 - C0524T06 - A Multicenter, Randomized, Double-blind, Placebo-controlled Trial of

Golimumab, a Fully Human Anti-TNFa Monoclonal Antibody, Administered Subcutaneously, in Subjects
with Active Rheumatoid Arthritis Despite Methotrexate Therapy

. NCT00299546 - C0524T11 - A Multicenter, Randomized, Double-blind, Placebo-controlled Trial of

Golimumab, a Fully Human Anti-TNFa Monoclonal Antibody, Administered Subcutaneously in Subjects with
Active Rheumatoid Arthritis and Previously Treated with Biologic Anti TNFa Agent(s)

NCT00361335 - C0524T12 - A Multicenter, Randomized, Double-blind, Placebo-controlled Trial of
Golimumab, a Fully Human Anti-TNFa Monoclonal Antibody, Administered Intravenously, in Subjects with
Active Rheumatoid Arthritis Despite Methotrexate Therapy

NCT01248780 - C0524T28 - A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Study
Evaluating the Efficacy and Safety of Golimumab in the Treatment of Chinese Subjects with Active
Rheumatoid Arthritis Despite Methotrexate Therapy

NCT00207662 - C0168T21 - ACCENT | - A Randomized, Double-blind, Placebo-controlled Trial of Anti-
TNFa Chimeric Monoclonal Antibody (Infliximab, Remicade) in the Long-term Treatment of Patients With
Moderately to Severely Active Crohn's Disease

NCT00207766 - C0168T26 - ACCENT Il - A Randomized, Double-blind, Placebo-controlled Trial of Anti-
TNFE Chimeric Monoclonal Antibody (Infliximab, Remicade) in the Long Term Treatment of Patients With
Fistulizing CROHN'S Disease

NCTO00004941 - C0168T20 - A Placebo-controlled, Repeated-dose Study of Anti-TNF Chimeric Monoclonal
Antibody (cA2) in the Treatment of Patients with Enterocutaneous Fistulae as a Complication of Crohn’s
Disease

NCT00269867 - C0168T22 - A Placebo-Controlled, Double-Blinded, Randomized Clinical Trial of Anti-TNF
Chimeric Monoclonal Antibody (cA2) in Patients With Active Rheumatoid Arthritis Despite Methotrexate
Treatment

NCT00236028 - C0168T29 - A Randomized, Double-blind, Trial of Anti-TNFa Chimeric Monoclonal
Antibody (Infliximab) in Combination With Methotrexate Compared With Methotrexate Alone for the

Treatment of Patients With Early Rheumatoid Arthritis

NCT00537316 - P04807 - Efficacy & Safety of Infliximab Monotherapy Vs Combination Therapy Vs AZA
Monotherapy in Ulcerative Colitis (Part 1) Maintenance Vs Intermittent Therapy for Maintaining Remission
(Part 2)

NCT01009086 - CNTO1275PSA3001 /// PSUMMIT 1 - A Study of the Safety and Effectiveness of
Ustekinumab in Patients With Psoriatic Arthritis

NCT01077362 - CNTO1275PSA3002 /// PSUMMIT Il - A Study of the Safety and Efficacy of Ustekinumab
in Patients With Psoriatic Arthritis With and Without Prior Exposure to Anti-TNF Agents

NCT01551290 - CR018769 - A Phase 3, Multicenter, Randomized, Double-Blind, Placebo-Controlled Study
Evaluating the Efficacy and Safety of Infliximab in Chinese Subjects With Active Ulcerative Colitis
NCT01190839 - REMICADECRD3001 - Prospective, Multicenter, Randomized, Double-Blind, Placebo-
Controlled Trial Comparing REMICADE (Infliximab) and Placebo in the Prevention of Recurrence in Crohn's

Disease Patients Undergoing Surgical Resection Who Are at Increased Risk of Recurrence

NCT00269854 - C0168T16 - A Placebo-Controlled, Dose-Ranging Study Followed by a Placebo-Controlled,
Repeated-Dose Extension of Anti-TNF Chimeric Monoclonal Antibody (cA2) in the Treatment of Patients

With Active Crohn's Disease

C0168T16 - Efficacy and safety of retreatment with anti-tumor necrosis factor antibody (infliximab) to
maintain remission in Crohn's disease.

NCT00732875 - P05645 - A Placebo-controlled, Double-blinded, Randomized Clinical Trial of Anti-TNF
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Chimeric Monoclonal Antibody (cA2) in Korean Patients With Active Rheumatoid Arthritis Despite
Methotrexate Treatment (Open-label Extension Part)

NCT00973479 - CNTO148ART3001 - A Multicenter, Randomized, Double-blind, Placebo-controlled Trial of
Golimumab, an Anti-TNFalpha Monoclonal Antibody, Administered Intravenously, in Patients With Active

Rheumatoid Arthritis Despite Methotrexate Therapy
NCT00267969 - C0743T08 - A Phase 3, Multicenter, Randomized, Double-blind, Placebo Controlled Trial

Evaluating the Efficacy and Safety of Ustekinumab (CNTO 1275) in the Treatment of Subjects With
Moderate to Severe Plague-type Psoriasis

NCT00307437 - C0743T09 - A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Trial
Evaluating the Efficacy and Safety of CNTO 1275 in the Treatment of Subjects With Moderate to Severe
Plaque-type Psoriasis

NCT00207714 - C0524T02 - A Randomized, Double-blind, Dose-ranging Trial of CNTO 148 Subcutaneous
Injection Compared With Placebo in Subjects With Active Rheumatoid Arthritis Despite Treatment With
Methotrexate

NCT00202852 - P04280 - A Placebo-Controlled, Double-Blinded, Randomized Clinical Trial of Anti-TNF
Chimeric Monoclonal Antibody (cA2) in Korean Patients With Active Rheumatoid Arthritis Despite
Methotrexate

C0168T14 - Therapeutic efficacy of multiple intravenous infusions of anti-tumor necrosis factor alpha

monoclonal antibody combined with low-dose weekly methotrexate in rheumatoid arthritis
NCT01550744 - CNTO1275PS03009 - A Phase 3b, Randomized, Double-blind, Active-controlled,

Multicenter Study to Evaluate a "Subject-tailored" Maintenance Dosing Approach in Subjects With Moderate-
to-Severe Plague Psoriasis

NCT02203032 - CNTO1959PS03003 - A Phase 3, Multicenter, Randomized, Double-blind Study to
Evaluate the Efficacy and Safety of Guselkumab for the Treatment of Subjects With Moderate to Severe
Plague-type Psoriasis and an Inadequate Response to Ustekinumab

NCT00723528 - INS009-JPN-02 - A Placebo-Controlled Double-Blind Comparative Study of CNTO1275 in
Patients With Plaque Type Psoriasis

NCT00320216 - C0379T04 - A Phase Il, Randomized, Double-blind, Placebo-controlled, Parallel Study of

Single and Multiple Dose Regimens With Subcutaneous CNTO 1275 (Human Monoclonal Antibody to
IL-12) in Subjects With Moderate to Severe Psoriasis

NCT00454584 - C0743T12 - A Phase 3, Multicenter, Randomized Study Comparing CNTO 1275 and
Etanercept for the Treatment of Moderate to Severe Plague Psoriasis

NCT00747344 - CO743T25 - A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Study
Evaluating the Efficacy and Safety of Ustekinumab in the Treatment of Korean and Taiwanese Subjects
With Moderate to Severe Plague-type Psoriasis

NCT01008995 - C0743T23 - A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Study
Evaluating the Efficacy and Safety of Ustekinumab in the Treatment of Chinese Subjects With Moderate to
Severe Plague-type Psoriasis

NCT01059773 - CNTO1275PS04004 - An Exploratory Trial to Assess Naturalistic Safety and Efficacy
Qutcomes in Patients With Moderate to Severe Plaque Psoriasis Transitiioned to Ustekinumab From
Previous Methotrexate Therapy (TRANSIT

NCT01090427 - CNTO1275PS03006 - A Phase 3 Multicenter, Randomized, Double-blind, Placebo-
controlled Study Evaluating the of Efficacy and Safety of Ustekinumab in the Treatment of Adolescent
Subjects With Moderate to Severe Plague-type Psoriasis (CADMUS)

NCT01230827 - CNTO148JIA3001 - A Study of the Safety and Efficacy of CNTO 148 (Golimumab) in
Children With Juvenile Idiopathic Arthritis (JIA) and Multiple Joint Involvement Who Have Poor Response to
Methotrexate (GO KIDS)

NCT02181673 - CNTO148PSA3001 - A Study of Golimumab in Participants With Active Psoriatic Arthritis
NCT01004432 - CNTO148ART3002 - Golimumab in Rheumatoid Arthritis Participants With an Inadequate
Response to Etanercept (ENBREL) or Adalimumab (HUMIRA)

NCT01962974 - CNTO148ART3003 - A Golimumab Phase 3b, Multicenter, Assessment of Intravenous
Efficacy in Rheumatoid Arthritis Subjects Who Have Diminished Disease Control Despite Treatment With

Infliximab (REMICADE®)
NCT00036387 - C0168T41 - A Randomized, Double-blind Trial of the Safety of Anti-TNF Chimeric
Monoclonal Antibody (Infliximab) in Combination With Methotrexate Compared to Methotrexate Alone in

Patients With Rheumatoid Arthritis on Standard Disease-modifying Anti-Rheumatic Drug
NCT00975130 - P06129 - An Open-Label Study Assessing the Addition of Subcutaneous Golimumab
(GLM) to Conventional Disease-Modifying Antirheumatic Drug (DMARD) Therapy in Biologic-Naive
Subjects With Rheumatoid Arthritis (Part 1), Followed by a Randomized Study Assessing the Value of

Page 3 of 7



“vo Forging a unified 2019'4067
PR Loy eicommay pyplished on The YODA Project (https://lyoda.yale.edu)

Combined Intravenous and Subcutaneous GLM Administration Aimed at Inducing and Maintaining
Remission

What type of data are you looking for?: Individual Participant-Level Data, which includes Full CSR and all
supporting documentation

Research Proposal

Project Title

Evidence-generation for biologics in pediatric studies
Narrative Summary:

The project aims to develop new statistical tools to support evaluations of the efficacy of biologics in pediatric
patients and make evidence-generation in pediatric studies more efficient and feasible.

Scientific Abstract:

Background: With the emergence of biologics over the past 15 years, substantial advances have been made in the
treatment of a number of pediatric diseases. However, evidence-generation for these new therapies is challenging
due to issues in conducting randomized clinical trials (RCT) in children. New statistical tools to improve the
efficiency and feasibility of evidence-generation in pediatric studies are needed.

Objective: The project aims to develop new statistical tools to evaluate the efficacy of biologics in pediatric
populations by leveraging both RCT and observational data.

Study Design: We will use data from requested RCTs and electronic health record (EHR) data from local clinical
institutions to develop and validate new methods. Specifically, we will develop new statistical tools to (i) identify and
evaluate early treatment endpoints supporting shorter duration of RCTs in pediatric populations; (ii) project
treatment effects on pediatric populations based on the relevant EHR data and RCTs conducted in adults.
Participants: All enrolled patients in the requested trials.

Main Outcome Measures: For each requested pediatric study, we will report (i) the identified early treatment
endpoint and the proportion of treatment effect the identified early treatment endpoint can explain; (ii) the treatment
effect in children projected from the relevant EHR data and RCTs conducted in adults.

Statistical Analysis: We will develop new statistical methods for evidence-generation in pediatric studies, and apply
and validate the proposed methods using the requested studies.

Brief Project Background and Statement of Project Significance:

The impact of pediatric drug therapies has dramatically changed over the past 15 years with the emergence of
biologics. For example, there is a growing interest in the development and use of anti-tumor necrosis factor (anti-
TNF) therapy in children (McCluggage, 2011). Whereas treatment used to aim for reduction of symptoms in certain
conditions such as inflammatory bowel disease, anti-TNF therapy can help heal the mucosa, eliminate symptoms,
and modify the natural course of the disease. Anti-TNF therapy is of potential benefit in many pediatric diseases. In
2014, the U.S. Food and Drug Administration (FDA) approved adalimumab, an anti-TNF agent, for the treatment of
pediatric patients with Crohn’s disease after the initial approval of adult patients in 2007 based on follow-up clinical
studies confirming the safety and efficacy of adalimumab in pediatric patients in 2012 (Patel et al., 2016). In
general, many substantial advances have been made in pharmacological therapy in pediatric populations and Rose
(2019) showed that FDA reviewed 130 pediatric drug therapies from 2007 to 2011.

How to efficiently evaluate the safety and efficacy of new therapies such as biologics in pediatric patients is a
critical question with substantial impacts on the drug development and regulatory process for children. Most
biologic therapies used in pediatric populations, including adalimumab, are initially studied in adults, and often lack
sufficient evidence to support their efficacy in pediatric patients. For example, infliximab, another anti-TNF therapy,
was FDA-approved for use in adult patients with rheumatoid arthritis in 1999. Since then, despite some evidence
indicating it is efficacious and safe in juvenile rheumatoid arthritis (JRA) patients, infliximab has still not been
approved by the FDA for use in JRA due to a lack of sufficient evidence (Stall and Cron, 2014).

Although randomized controlled trials (RCTs) remain the gold standard for drug evidence-generation, solely relying
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on RCTs to evaluate drug safety and efficacy is often not feasible for pediatric populations due to a number of
disincentives and ethical challenges (McMahon and Dal Pan (2018)). Barriers to conducting pediatric trials include
small patient populations with slow and costly trial accrual, liability and complex ethical issues related to testing
products in vulnerable patient populations, practical challenges in obtaining consent and conducting trials in

children (e.g. need for pediatric drug formulations), and lack of validated pediatric assessment tools and clinical end-
points. In addition, in children, long-term follow-up is often required to assess treatment effects across multiple
stages of development and to measure adverse events related to growth and development. This type of follow up is
often impractical and costly. As a result, there are substantial gaps in evidence on the safety and efficacy of many
newly developed biologic drugs in children as in the example of infliximab.

Specific Aims of the Project:

The specific aims of the project are:

(i) to identify early treatment endpoints supporting shorter duration of RCTs in pediatric populations and quantify
the extent to which these endpoints can approximate gold standard long-term endpoints

(ii) to evaluate the feasibility of projecting treatment effects on pediatric populations based on EHR data and RCTs
conducted in adult populations.

The overarching goal is to develop new statistical tools to make evidence-generation for biologics in pediatric
populations more efficient and feasible and validate the proposed tools using the RCT data requested through
YODA and EHR data from Boston Children’s Hospital (BCH).

What is the purpose of the analysis being proposed? Please select all that apply.

New research question to examine treatment effectiveness on secondary endpoints and/or within subgroup
populations

Confirm or validate previously conducted research on treatment effectiveness

Develop or refine statistical methods

Research on clinical trial methods

Research Methods

Data Source and Inclusion/Exclusion Criteria to be used to define the patient sample for your study:

We will request pediatric RCTs studying biologics and the relevant adult RCTs through YODA. For each RCT we
request, we aim to use individual-level participant data (IPD) with demographic and clinical baseline information,
treatment information as well as clinical outcomes including treatment response. For example, we wish to collect all
the subcomponents of American College of Rheumatology (ACR) score in the requested JRA studies so that we
can easily change from ACR score to other outcome measures used in JRA, such as Juvenile Arithmetic Disease
Activity Scores (JADAS), in our study if necessary.

In our study, we will also include EHR data for the observational pediatric cohort relevant to the pediatric
populations studied in the requested RCTs and treated at Boston Children’s Hospital (BCH). These data will be
obtained separately through our local institutions.

The YODA data and the EHR data may be stored in their own respective servers. To integrate information from the
two data sources, we will derive summary-level data from YODA such as regression coefficients and predicted
treatment response curve given a propensity score of response as detailed in the statistical plan.

Main Outcome Measure and how it will be categorized/defined for your study:

For each pediatric study of biologics we request, the main outcome measures will be:

1. the identified early treatment endpoint and the proportion of treatment effect on the gold standard long-term
endpoint the identified early treatment endpoint can explain (PTE);

2. the projected treatment effect based on the relevant EHR data and potentially RCTs conducted in adults.
Main Predictor/Independent Variable and how it will be categorized/defined for your study:

None

Other Variables of Interest that will be used in your analysis and how they will be categorized/defined for
your study:
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None
Statistical Analysis Plan:

We will develop statistical methods to make evidence-generation of biologics in pediatric studies more feasible and
efficient.

Objective 1. To identify and evaluate early treatment endpoints supporting shorter duration of pediatric RCTs, we
will develop robust model-free statistical methods to identify surrogate endpoints and quantify its degree of
surrogacy. Surrogate endpoints to be considered include both qualitative measurements of treatment response and
event time outcomes such as progression free survival at an earlier time (Wang et al., 2019). Candidate surrogate
endpoints will be selected in collaboration with a pediatric rheumatologist. We will develop methods that allow us to
estimate the degree of surrogacy using EHR data, and validate the proposed methods using the long-term
endpoints in RCT data for the pediatric studies of biologics we are requesting.

The proposed analysis does not require individual-level data transportation across servers where RCT data and
EHR data are stored. In particular, we will only use EHR data to identify the surrogate endpoint, and only use RCT
data for validation.

Objective 2. To evaluate the feasibility of projecting treatment effects on pediatric populations based on EHR data
and RCTs conducted in adults, we will develop transfer learning methods to predict causal treatment effects for
pediatric populations. In particular, we aim to first use observational EHR data to derive a model for predicting how
patient characteristics such as age, gender, disease severity measures as well as comorbidities affect the
treatment effect. We will use the model to derive a scoring system that assigns patients into different subgroups
with potentially different levels of treatment benefit. Then we will develop a robust causal inference procedure to
infer about causal treatment effects for each subgroup using EHR data by modeling how covariates affect both the
propensity score and the outcome within each subgroup. The same scoring system will be applied to the adult RCT
data to estimate the subgroup specific causal treatment effect. The estimated subgroup specific treatment effects
from EHR and from RCT will be combined to produce a final estimate of the treatment effect for a target pediatric
population with a specific distribution of the baseline characteristics (Zhang et al., 2016; Elze et al., 2017). We will
validate the proposed estimate via data integration and transfer learning by assessing the consistency between the
projected treatment effect from our method and the treatment effect estimated from the gold standard RCTs for the
pediatric studies we request.

The above proposed analysis does not require sharing individual-level data between RCTs and EHR. The model
development of the scoring system only uses EHR data and the estimated model coefficients will be uploaded to
the platform where RCT data are stored. The subgroup specific treatment effect estimate takes a form of a
univariate function that maps a univariate score to an estimated treatment effect. This estimated function, which is
a summary-level result, will be derived from RCT and then sent to the EHR data site. Similarly, for the final
validation analyses, only estimated functions and model parameters will be transported between platforms.
Software Used:

R

Project Timeline:

The project is expected to be completed in a year:

1. Months 1-4: data collection

2. Months 5-18: data analysis and method development

3. Months 9-24: Manuscript preparation and publication (2-3 anticipated publications)

We will share all manuscripts generated using YODA data at the time of submission with the YODA project team.

Dissemination Plan:

Our work will be disseminated through 2-3 scientific publications in statistics and medicine, such as the Journal of
the American Statistical Association and JAMA Pediatrics. We will also present the work at national conferences,
such as the Joint Statistical Meeting. Statistical software for implementing the proposed methodologies will also be
distributed to the research community. In addition, we plan on engaging with a number of stakeholders in pediatric
studies throughout the project, including pharmaceutical companies, regulatory agencies, and patient stakeholders
to both inform our work and develop work products addressing the needs of these specific groups. For example, in
collaboration with the FDA, our methods could contribute to regulatory guidance on how to accelerate drug
development for pediatric populations with the proposed more efficient and feasible evidence-generation
procedure.
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