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Abstract

The substantial morbidity and mortality associated with refractory systemic JIA underlies the need for new treatment
approaches. However, progress in this area has been limited by the difficulty of enrolling these patients in clinical trials
with traditional designs, particularly in patients presenting with the life-threatening macrophage activation syndrome.
At the NextGen 2022 conference, there was group consensus that using historical cohorts as a control group to avoid
the need for a placebo-arm or drug withdrawal was highly desirable and might be acceptable for clinical trials in MAS
to support medication efficacy and safety. However, if historic controls were used in a trial, it would be important

to ensure that the historic cohort matches the study group in terms of clinical characteristics (such as disease severity
and exposure to other medications), and that disease outcome in both groups is assessed using the same outcome
measures. The discussions at the NextGen 2022 conference focused on the potential strategies to achieve these goals.
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Introduction

The substantial morbidity and mortality associated with
refractory systemic JIA underlies the need for new treat-
ment approaches. However, progress in this area has been
limited by difficulty of enrolling these patients in clinical
trials with traditional designs. As a fundamental prin-
ciple, the data generated in a trial should demonstrate
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efficacy of new products, and in general, there is a need
for a control group to show that the efficacy is not due to
background medications and that safety of the new prod-
uct is appropriate. Traditionally, placebo controlled paral-
lel, or withdrawal designs have been used to assess safety
and efficacy, and new medications were only started after
wash-out of concurrent advanced medications. How-
ever, the severity of refractory SJIA, particularly when it
is associated with MAS or the lung disease, high risk for
rapid life-threatening deterioration, and often large num-
bers of background medications, make traditional trial
designs difficult to apply to this patient population. The
goal of this session was to discuss potential alternative
trial strategies and designs that would be acceptable to
patients, clinicians, and regulatory agencies.
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Historic controls as an alternative

to a placebo-controlled design study

The discussion started with parents’ perspective on this
issue. Although there was consensus among parents that
a randomized withdrawal design would indeed provide
a greater level of evidence, and therefore, higher chance
of study results providing support of medication efficacy
and safety by regulatory agencies, the majority of the par-
ents had major reservations against enrolling their chil-
dren into this type of studies. Parents’ stories presented
during this session clearly supported that some of these
patients decompensate rapidly. Thus, placebo exposure
or medication withdrawal seemed to be unethical; a
notion supported by medical providers. There was also
a suspicion that some of these patients might not regain
the same degree of disease control that the new medica-
tion was withheld as is the case in patients randomized
to the placebo arm of a withdrawal design study. How-
ever, some clinicians and parents indicated that a with-
drawal design could be acceptable to them, if even a
minor flare would trigger a restart of study medications
during the double-blinded withdrawal part of a trial. In
this scenario, even a slight worsening would allow to re-
start treatment immediately, thus decreasing the risk of
letting the patient decompensate. Most of the discussion,
however, was spent on using historical cohorts as a con-
trol group thus avoiding using blinded studies, including
withdrawal design trials, at all. Clearly, open-label study
design where all patients receive promptly active treat-
ment (access to new study medication) was overwhelm-
ingly preferred, given the aforementioned concerns of
unnecessary flares and potentially irreversible damage
acquisition from each flare.

There are many examples of successful use of historic
control cohorts, mainly in trials in monogenic diseases
that would typically have a more consistent and better-
defined disease course as opposed to the patients with
refractory SJIA where the natural evolution of its compli-
cations still needs to be defined better. FDA representa-
tives felt more comfortable approving medications using
historic controls for diseases with well-defined pathways,
i.e. monogenic diseases [1-4], as opposed to diseases
with not-fully understood mechanisms of disease, as is
the case in refractory SJIA.

Outcome assessment in historic cohorts

If historic controls were used, it would be important
to ensure that the historic cohort matches the study
group in terms of clinical characteristics (such as dis-
ease severity and exposure to other medications), and
disease course in both groups is assessed using the
same outcome measures. Based on the earlier FDA

Page 2 of 4

presentation, it was imperative that the outcome
measures used in the trial are clinically significant,
and objective. Improvement in the typical laboratory
parameters of MAS as well as the ability to reduce the
exposure to corticosteroids were proposed as potential
outcome measures by several clinicians. From the FDA
perspective, however, laboratory criteria were consid-
ered surrogate outcomes and do not suffice to support
medication efficacy alone. The same was true for the
ability to reduce the dose of corticosteroids. Another
point was made, that for refractory SJIA, given the
urgent need for new treatments, a prospective study
that would take many years to complete would not be
acceptable to the parents. Therefore, the data from
historic control cohorts would need to be collected
retrospectively. Therefore, the next part of the discus-
sion was focused on potential clinically significant out-
come measures that could be captured retrospectively
in patients with acute MAS as a primary outcome
measure. Potential outcome measures mentioned and
deemed relevant by many meeting participants were:

+ Length of ICU stay

+ Length of hospitalizations

+ Duration of fever

« Need for ventilation,

+ Death

+ Reduction of number for hospitalizations long term.

One caveat brought up by parents was that criteria
for the need of hospitalization changed during the epi-
demics of COVID. A proposed solution was to try to
capture and count outpatient infusions and IV pulse
steroids.

The ongoing open-label trial of emapalumab in MAS/
SJIA was brought up as an example [5]. The main Effi-
cacy Outcome in this trial was: “MAS Remission at
Week 8’ where the MAS remission criteria is defined in
Table 1 below:

All the participants agreed that, perhaps apart from
the VAS of MAS severity (see table above), all other of
these clinical and laboratory parameters could be col-
lected retrospectively. The meeting participants were
of the opinion that this would be a reasonable path to
generate a contemporary historic control. The consen-
sus was that this retrospective registry should be very
inclusive with broad inclusion criteria to include MAS
patients representing the full spectrum of this disease
[6]. To create a representative control cohort for a spe-
cific clinical trial, filtering the registry data using the
trial inclusion criteria would allow selecting a subgroup
of MAS patients whose clinical characteristic would
match those in the trial.
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Table 1 MAS Remission Criteria

MAS Remission Criteria:

v Resolution of MAS clinical signs and symptoms present at baseline:

- MAS was considered resolved if VAS <1/10
And

v/ Normalization of laboratory parameters relevant to MAS:
-WBC >LLN
- Platelet count >LLN
-LDH <1.5 ULN
-ALT <1.5 ULN
-AST <1.5 ULN
- Fibrinogen >100 mg/dL

- Ferritin <80% from values at screening or baseline (whichever
is higher) or <2000 ng/mL, whichever is lower

Another important consideration discussed was that
there were some geographic differences in the preva-
lence and severity of MAS and refractory SJIA. Further,
the introduction of IL-1 and IL-6 inhibiting biologics in
2012 and, more recently JAK-inhibitors have influenced
the phenotypes and clinical presentation of MAS. There
was consensus that the registry should focus on MAS
patients diagnosed after 2012 and include patients from
geographical areas that would reflect enrollment sites in
the trials.

Retrospective historical cohorts as a control arm for trails
in SJIA associated lung disease

The group then discussed potential outcomes measures
for the patients with SJIA associated lung disease with
the focus on the lung disease itself. The group proposed
to following measures:

1. High resolution chest CT

There are at least 6 distinct radiographic features
characteristic of the SJIA-LD: subpleural thicken-
ing, inter-septal thickening, tree-and-bud changes,
ground-glass opacities, areas of consolidation, and
mediastinal LAD [7, 8]. HRCTs could be all re-read
by the same highly experienced radiologists; and
each imaging feature could be assigned a score based
on severity leading to a composite score that would
reflect the overall lung disease activity. The scoring
system would certainly need to be validated, but the
main advantage of this approach is that it could be
achieved retrospectively. One limitation of HRCT is
that it fails to distinguish well between the inflamma-
tory and fibrotic components of the lung disease. The
treatment may provide a full control of inflammation
in the lungs, but the fibrotic component may pro-
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gress. Therefore, HRCT alone may not be sensitive
enough to measure true improvement. There was
group consensus that HRCT imaging as a SJIA-ILD
outcomes should be supplemented by functional pul-
monary assessments.

2. Pulmonary function testing
The case presented by Dr. Ed Behrens clearly showed
that the combination of HRCT and PFTs might be
a very reliable marker of lung disease activity. The
functional assessment may include:
(1) O, requirement, a readily measurable objective
outcome that is regularly recorded for patients with
pulmonary involvement and can be extracted from
the EMR retrospectively. (2) 6-min walk test, a func-
tional measure with high sensitivity to change to be
collected prospectively. These data are unlikely to
be available in the EMR for retrospective data cap-
ture. (3) Overnight sleep oximetry, another sensi-
tive, objective and responsive outcome measure for a
prospective study, but the data may not be available
retrospectively and cannot be collected from patients
requiring ventilator support.

Summary of discussions

In summary, there was group consensus that using his-
torical cohorts as a control group to avoid the need for a
placebo-arm or drug withdrawal was highly desirable and
might be acceptable for clinical trials in MAS to support
medication efficacy and safety. However, if historic con-
trols were used in a trial, it would be important to ensure
that the historic cohort matches the study group in terms
of clinical characteristics (such as disease severity and
exposure to other medications), and that disease out-
come in both groups is assessed using the same outcome
measures. Given the urgent need for new treatments, a
prospective study to establish a control cohort that would
take many years to complete would not be acceptable
to the parents. Therefore, the data from historic control
cohorts would need to be collected using EMR review.
The consensus was that this retrospective registry should
be very inclusive with broad inclusion criteria to include
MAS patients representing the full spectrum of this dis-
ease. Another important consideration is that the intro-
duction of IL-1 and IL-6 inhibiting biologics in 2012 and,
more recently JAK-inhibitors, has made an impact on
the clinical presentation of MAS; therefore, the registry
should focus on MAS patients diagnosed after 2012.

Abbreviations

ALT Alanine transaminase

AST Aspartate aminotransferase
cT Computerized tomography
EMR Electronic medical records
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HRCT High-Resolution Computed Tomography
ICU Intensive Care Unit

IL Interleukin

ILD Interstitial lung disease

v Intravenous

JAK Janus kinase

JIA Juvenile Idiopathic Arthritis

LLN Lower limit of normal

LD Lung Disease

LAD Lymphadenopathy

MAS Macrophage activation syndrome
PFTs Pulmonary Function Tests

SJIA Systemic Juvenile Idiopathic Arthritis
ULN Upper limit of normal

FDA U.S. Food and Drug Administration
WBC White blood cells

VAS Visual Analogue Scale

Acknowledgements
Mariana Correia Marques for taking session notes.

About this supplement

This article has been published as part of Pediatric Rheumatology Volume 21
Supplement 1, 2023: Proceedings from the 4th NextGen Therapies for SJIA and
MAS virtual symposium.

The full contents of the supplement are available online at https://ped-rheum.
biomedcentral.com/articles/supplements/volume-21-supplement-1.

Authors’ contributions
All authors participated in the meetings'discussions and were involved in the
preparation of the manuscript. The final version was reviewed by all authors.

Funding

Funding for the symposium was provided by the SJIA Foundation.
Publication costs have been covered by the SJIA Foundation.

The SJIA Foundation did not have any direct influence on the research and
results being presented.

Availability of data and materials
All the data discussed during the meeting have now been published and
appropriately referenced at the end of the manuscript.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication

All' authors have reviewed the manuscript and provided their consent to
publish. All the patients mentioned in the manuscript gave their permissions
to use full names.

Competing interests

FDB has received research grants from SOBI, Novartis, Roche, Sanofi, consultancies
from SOBI, Novartis, Roche. AAG received research grants from Novartis and Sobi;
consulting fees from Novartis and SOBI; royalties from UpToDate Inc. and payment
for development of CME slide presentation on MAS from Clinical Viewpoints.

HB's institution, the Cincinnati Children’s Hospital Medical Center, has received
contributions from BMS, Janssen, Novartis, Pfizer Inc,, F. Hoffmann-La Roche. This
funding has been reinvested for the research activities of the hospital in a fully
independent manner, without any commitment to third parties. HB is member

of ACR Editorial Committee; received speaking fees from Novartis, Pfizer and
GlaxoSmithKline; consulting fees from AbbVie, Astra Zeneca-Medimmune, Biogen,
Boehringer, Bristol-Myers Squibb, Celgene, Eli Lilly, EMD Serono, Idorsia, Cerocor,
Janssen, GlaxoSmithKline, F. Hoffmann-La Roche, Merck, Novartis, R-Pharm, Sanofi.

Page 4 of 4

Published: 3 January 2024

References

1. Garg M, de Jesus AA, Chapelle D, Dancey P, Herzog R, Rivas-Chacon R, Musk-
ardin TLW, Reed A, Reynolds JC, Goldbach-Mansky R, Sanchez GAM. Rilona-
cept maintains long-term inflammatory remission in patients with deficiency
of the IL-1 receptor antagonist. JCI Insight. 2017;2(16):294838. https://doi.org/
10.1172/jciinsight.94838. PMID: 28814674; PMCID: PMC5621891.

2. FDA.US.Food and Drug Administration Kineret. 2020. Available: https://
www.accessdata.fda.gov/drugsatfda_docs/label/2020/103950s51891bl.pdf.

3. FDA.US. Food and Drug Administration Ilaris. 2020. Available: https://
www.accessdata.fda.gov/drugsatfda_docs/label/2020/12531950971bl.pdf.

4. FDA. US. Food and Drug Administration Arcalyst. 2021. Available: https://
www.accessdata.fda.gov/drugsatfda_docs/label/2021/12524950491bl.pdf.

5. De Benedetti F, Grom AA, Brogan P, Bracaglia C, Pardeo M, Marucci G,
Eleftheriou D, Papadopoulou C, Schulert G, Quartier P, Antén J, Laveille C,
Frederiksen R, AsnaghiV, Ballabio M, Jacgmin P, de Min C. Emapalumab in
macrophage activation syndrome. Ann Rheum Dis. 2022;(in press).

6. Ravelli A, Minoia F, Davi S, Horne A, Bovis F, Pistorio A, Arico M, Avcin T, Beh-
rens EM, De Benedetti F, Filipovich A, Grom AA, Henter JI, Norman T, llowite
NT, Michael B, Jordan MB, Khubchandani R, Kitoh T, Lehmberg K, Lovell D,
Miettunen P, Nichols K, Ozen S, Pachlopnick J, Ramanan AV, Russo R, Schnei-
derR, Sterba G, Uziel Y, Wallace C, Wouters C, Demirkaya E, Brunner H, Martini
A, Ruperto N, Cron R, on behalf of the Pediatric Rheumatology International
Trials Organization, the Childhood Arthritis & Rheumatology Research
Alliance, the Pediatric Rheumatology Collaborative Study Group, and the His-
tiocyte Society. Development and initial validation of classification criteria for
macrophage activation syndrome complicating systemic juvenile idiopathic
arthritis. Arthritis Rheum. 2016,68:566—76 PMID:26314788.

7. Schulert GS, Yasin S, Carey B, Chalk C, Do T, Schapiro AH, Husami A, Watts
A, Brunner HI, Huggins J, Mellins ED, Morgan EM, Ting T, Trapnell BC,
Wikenheiser-Brokamp KA, Towe C, Grom AA. Systemic Juvenile idiopathic
arthritis-lung disease: characterization and risk factors. Arthritis Rheuma-
tol. 2019;71(11):1943-54. PMID: 3137907 1; PMCID: PMC6817389.

8. SaperVE, Chen G, Deutsch GH, Guillerman RP, Birgmeier J, Jagadeesh K, Canna
S, Schulert G, Deterding R, Xu J, Leung AN, Bouzoubaa L, Abulaban K, Baszis K,
Behrens EM, Birmingham J, Casey A, Cidon M, Cron RQ, De A, De Benedetti F,
Ferguson |, Fishman MP, Goodman SI, Graham TB, Grom AA, Haines K, Hazen
M, Henderson LA, Ho A, Ibarra M, Inman CJ, Jerath R, Khawaja K, Kingsbury DJ,
Klein-Gitelman M, Lai K, Lapidus S, Lin C, Lin J, Liptzin DR, Milojevic D, Mom-
bourquette J, Onel K, Ozen S, Perez M, Phillippi K, Prahalad S, Radhakrishna S,
Reinhardt A, Riskalla M, Rosenwasser N, Roth J, Schneider R, Schonenberg-
Meinema D, Shenoi S, Smith JA, Sénmez HE, Stoll ML, Towe C, Vargas SO,

Vehe RK, Young LR, Yang J, Desai T, Balise R, Lu Y, Tian L, Bejerano G, Davis MM,
Khatri B, Mellins ED, Childhood Arthritis and Rheumatology Research Alliance
Registry Investigators. Emergent high fatality lung disease in systemic juvenile
arthritis. Ann Rheum Dis. 2019;78:1722-31 PMID:31562126.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://ped-rheum.biomedcentral.com/articles/supplements/volume-21-supplement-1
https://ped-rheum.biomedcentral.com/articles/supplements/volume-21-supplement-1
https://doi.org/10.1172/jci.insight.94838
https://doi.org/10.1172/jci.insight.94838
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/103950s5189lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/103950s5189lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125319s097lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125319s097lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/125249s049lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/125249s049lbl.pdf

	The 4th NextGen therapies for SJIA and MAS: part 3 clinical trials in refractory SJIA: historic controls as an alternative to a withdrawal design study
	Abstract 
	Introduction
	Historic controls as an alternative to a placebo-controlled design study
	Outcome assessment in historic cohorts
	Retrospective historical cohorts as a control arm for trails in SJIA associated lung disease

	Summary of discussions
	Acknowledgements
	References


