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Objectives

1. Review the different FDA approval processes for 

pediatric indications

2. Evaluate the literature for recent FDA approvals of 

medications for pediatric rheumatic conditions



Key Abbreviations

• bDMARD = biologic DMARD

• CANDLE = Chronic atypical neutrophilic dermatosis with 

lipodystrophy and elevated temperature

• jPsA = Juvenile psoriatic arthritis

• PsO = Plaque psoriasis

• SAVI = STING-associated vasculopathy with onset in infancy

• TAK = Takayasu’s Arteritis



Current State of Drug Development

•  $83 billion has been spent in R&D by the pharmaceutical industry

• From 2010-2019, there was a 60% in drug approvals compared to the 

previous decade

https://www.cbo.gov



Overview of the Drug Development Process

https://www.fda.gov



Best Pharmaceuticals for Children Act (BPCA)

• Became federal law in 2002 and was recently renewed in 2022

• Role: To improve the efficacy and safety of drug use and dosage in 

pediatric patients

• Goals of legislation

1. Encourage the pharmaceutical industry to conduct additional studies in 

the pediatric population to improve patent labeling and be awarded an 

additional 6 months of patent exclusivity

2. Allow the NIH to determine which therapeutic areas should be prioritized 

sponsoring of clinical trials of medications currently used off-label

• Example: Abatacept (Orencia)

https://www.nichd.nih.gov

https://www.fda.gov/drugs/development-resources 



Pediatric Research Equity Act (PREA)

• Became federal law in 2003 and reauthorized in 2017

• Role: Authorizes FDA to require additional clinical studies for certain 

drugs and biological products submitted for application

• Goals of legislation

1. Evaluate the efficacy and safety of the product for the claimed indications in the 

pediatric population

2. Provide adequate dosing and administration capability for each pediatric 

subpopulation

3. Addresses integration of pediatric evaluation of molecularly targeted agents

• Examples: belimumab (Benlysta®), golimumab (Simponi®), 

secukinumab (Cosentyx®)

https://www.fda.gov/drugs/development-resources



A Closer Look at Pediatric Clinical Studies

Current State

• Off-label use of medications in 

pediatric population

– Non-neonates: 40%

– Neonates:  90%

• Barriers to clinical pediatric 

studies

– Limited number of patients 

– Physiological changes in pediatric 

population 

– Ethical considerations

Solution: Extrapolation

• Assumes diseases and 

treatment responses are 

similar in the population 

in question

• 3 types

JAMA. 2012; 307:1914–1915.

Ther Innov Regul Sci. 2017;2017:1-7.

Paediatr Drugs. 2022 Nov;24(6):699-714.



The Concept of “Extrapolation of Efficacy”

Type of 

Extrapolation from 

Adult Data

Assumptions Purpose of 

Pediatric Study

Supportive Evidence 

Requested from Pediatric 

Studies

No extrapolation Disease/condition and/or 

treatment response to 

intervention are not similar

Demonstrate efficacy and 

safety in target population

• 2 well-controlled, efficacy and 

safety trials                  AND

• PK data

Partial extrapolation Disease/condition and/or 

treatment response to 

intervention are similar, but 

there is uncertainty in 

strength of assumption

Confirmation of efficacy and 

assessment of safety

• 1 well-controlled efficacy and 

safety trial + PK data

• 1 controlled or un-controlled 

efficacy and safety trial + PK data

• Single exposure – response trial + 

PK data

Complete 

extrapolation

Disease/condition and/or 

treatment response to 

intervention are similar with 

a high degree of certainty of 

assumption

Exposure data to confirm 

age-appropriate dose and 

assessment of safety

Safety and/or PK data

Pediatrics. 2011 Nov;128(5):e1242-9. 



Extrapolation of Efficacy in Pediatric 

Rheumatology

• PREA requires bDMARDs approved for RA to be studied 

in JIA

• FDA issued waivers for studies in jPsA after previous 

approval in adult PsA

– Assumptions made:

• Underlying mechanisms, comorbidities, and clinical 

presentations of PsA overlap with RA and PsO

• Data from pc-JIA, RA, adult and pediatric PsO, and adult PsA 

can be extrapolated to jPsA without a PK study

https://www.fda.gov



Case Study: Stelara (Ustekinumab)

PSTELLAR

CADMUS

CADMUS 
Jr

PSUMMIT I

PSUMMIT 
II

Adult and pediatric PsO Adult PsA

https://www.fda.gov



Ustekinumab PK Data for jPsA

4 pediatric patients with PsO and jPsA + 91 patients with PsO without jPsA

CONCLUSION: Serum concentrations comparable between 

pediatric patients with PsO with OR without jPsA

Paediatr Drugs. 2022 Nov;24(6):699-714. 



Ustekinumab Efficacy Data for jPsA

Conclusion:

PASI75 response rate in 

4 pediatric patients with 

PsO and jPsA had 

similar responses to 

adult PsA

Paediatr Drugs. 2022 Nov;24(6):699-714. 



FDA Approval of Ustekinumab for jPsA

https://www.fda.gov/

https://www.accessdata.fda.gov/ 



What’s New Since Last Year?



New FDA Approvals: Intravenous Belimumab for 

Pediatric Lupus Nephritis

• Approval date: July 2022

• Method of data extraction: extrapolation of efficacy

https://www.fda.gov/drugs

https://www.fda.gov/media



Efficacy: Pharmacokinetics 

of Belimumab 10 mg/kg IV

Safety

• 109 pediatric SLE patients 

used to extrapolate safety 

for pediatric LN

• Post-Marketing Surveillance 

from March 2021 – March 

2022: no new safety signals 

or patterns observed seen

https://www.fda.gov/media

Extrapolation of Efficacy: Belimumab



Honorable Mention: Biosimilars

• Biologics Price Competition and Innovation Act (BPCIA) 

of 2009

• Biosimilars Market

2023 2024 2025

Adalimumab
• Q1: Amjevita™

• Q3: Cyltezo®, Hadlima ™, 

Hulio®, Hyrimoz®, Idacio®, 

Yusimry ™, Yuflyma®

• Q4: Abrilada™

Tocilizumab

MSB11456*

CT-P47

BAT1806

Ustekinumab
ABP 654

CT-P43

DMB-3115

BAT2206

AVT04

BMAB-1200

FYB202

SB17

Golimumab

BAT2506

Secukinumab
BAT2306

Etanercept
Erelzi

Eticovo

YLB113

2029

https://www.cardinalhealth.com/



Safety Signal Updates

Medication Package Insert Update

Hydroxychloroquine

Updated 7/27/23 

Suicidal ideation and other neuropsychiatric events 

have occurred within the first month of treatment

Secukinumab (Cosentyx®)

Updated 7/27/23

• Hypersensitivity reaction: anaphylaxis, urticaria

• Post-marketing surveillance: Severe eczematous 

eruptions, such as atopic dermatitis-like 

eruptions, dyshidrotic eczema, and erythroderma

https://www.accessdata.fda.gov



Ongoing Clinical Trials: JIA

Medication Patient Population and Clinical Trial

Abatacept 2 – ≤ 16.5 years old with arthritis ≤ 4 joints

Apremilast 5 – 17 years old with juvenile PsA

Baricitinib 1 – 17 years old with JIA

Camoteskimab 6 – 75 years old with SJIA/AOSD

Certolizumab pegol 2- 17 years old with severe polyarticular JIA and ≥ 10 kg

Etanercept 2 – 65 years old with JIA or RA with BMI ≥ 30 kg/m2

Guselkumab (vs. ustekinumab) 5 – 17 years old with jPsA 

Ixekizumab ≥ 2 years old with active ERA or juvenile PsA and ≥ 10 kg

Sarilumab 1 – 17 years old with SJIA and ≥ 10 kg

Tofacitinib 2 – 17 years old with SJAI

Upadacitinib (vs. tocilizumab IV/SC) 1 – 17 years old with active SJIA and ≥ 10 kg

Upadacitinib 2 – 17 years old with polyarticular JIA

Ustekinumab 5 – 17 years old with jPsA

https://classic.clinicaltrials.gov



Ongoing Clinical Trials: SLE

Medication Patient Population and Clinical Trial

Anifrolumab 5 – 17 years old with SLE

Belimumab SC ≥ 5 -17 years old with active SLE and ≥ 15 kg

Dapirolizumab pegol 

(CDP-7657)
16 years old with active SLE

Ianalumab SC (VAY736) ≥ 12 years old with active SLE and ≥ 35 kg

Telitacicept
≥ 12 years old with moderate – severe SLE and on standard of care 

immunosuppressants

Obinutuzumab 12 – 17 years old with Class III or IV LN + SLE

Voclosporin 12 – 17 years old with active SLE + LN

Autologous SCT 8 – < 25 years old with severe SLE (and systemic sclerosis)

https://classic.clinicaltrials.gov



Ongoing Clinical Trials: Other Indications

Disease State Medication Patient Population and Clinical Trial

Behçet’s Disease Apremilast
2 – 17 years old with BD and had prior treatment with ≥ 1 non-biologic BD 

therapy and ≥ 2 oral ulcers

Castleman Disease Sirolimus 2 – 80 years old with refractory disease to IL-6 antagonists

MAS Emapalumab 6 months – 80 years old presenting with MAS with SLE or SJIA/AOSD

SAVI, 

NNS/CANDLE, AGS
Baricitinib ≥ 6 months with systemic signs and symptoms of inflammation

Systemic 

scleroderma
Autologous HSCT

Up to 75 years old with SSc who have failed at least 4 months of MMF/MPA or 

CYC

Uveitis
Baricitinib (vs. 

Adalimumab)

≥ 2 years old with active anterior uveitis, inadequate response or intolerance to 

MTX

Vasculitis
Abatacept GPA: ≥ 12 years old with GPA

Upadacitinib ≥ 15 years old with TAK

https://classic.clinicaltrials.gov



Agents in Development

• AbbVie: https://www.abbvie.com/science/pipeline.html

• Amgen: https://www.amgenpipeline.com/

• AstraZeneca: https://www.astrazeneca.com/our-therapy-areas/pipeline.html 

• BMS: https://www.bms.com/researchers-and-partners/in-the-pipeline.html

• Eli Lily: https://www.lilly.com/discovery/clinical-development-pipeline

• Genentech: https://www.gene.com/medical-professionals/pipeline

• GSK: https://www.gsk.com/en-gb/innovation/pipeline/

• Johnson and Johnson: https://www.investor.jnj.com/pharmaceutical-pipeline

• Pfizer: https://cdn.pfizer.com/pfizercom/product-

pipeline/Pipeline_Update_02MAY2023_0.pdf?so7sLOHZhv6wg5Nez9aAo9.FrRlGpcRO

• Novaritis: https://www.novartis.com/research-development/novartis-pipeline 

• Sanofi: https://www.sanofi.com/minisites/pipeline/en/index.html

• Sobi: https://www.sobi.com/en/pipeline

• UCB: https://www.ucb.com/our-science/pipeline

https://www.abbvie.com/science/pipeline.html
https://www.amgenpipeline.com/
https://www.astrazeneca.com/our-therapy-areas/pipeline.html
https://www.bms.com/researchers-and-partners/in-the-pipeline.html
https://www.lilly.com/discovery/clinical-development-pipeline
https://www.gene.com/medical-professionals/pipeline
https://www.gsk.com/en-gb/innovation/pipeline/
https://www.investor.jnj.com/pharmaceutical-pipeline
https://cdn.pfizer.com/pfizercom/product-pipeline/Pipeline_Update_02MAY2023_0.pdf?so7sLOHZhv6wg5Nez9aAo9.FrRlGpcRO
https://cdn.pfizer.com/pfizercom/product-pipeline/Pipeline_Update_02MAY2023_0.pdf?so7sLOHZhv6wg5Nez9aAo9.FrRlGpcRO
https://www.novartis.com/research-development/novartis-pipeline
https://www.sanofi.com/minisites/pipeline/en/index.html
https://www.sobi.com/en/pipeline
https://www.ucb.com/our-science/pipeline


Summary

• The BCPA and PREA provide additional financial incentives for drug 

manufacturers in order to expand the availability of FDA-approved 

medications in the pediatric population

• Extrapolation of efficacy is commonly used to overcome barriers 

associated with completing clinical studies in the pediatric population

• There has been minimal new FDA approved medications for pediatric 

patients with rheumatic conditions from Q3 2022 to Q3 2023 

• There are numerous ongoing clinical trials evaluating the efficacy and 

safety of established medications in pediatric rheumatic conditions
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