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Definition of relapse criteria in patients with rapidly progressive

systemic sclerosis treated with autologous haemopoietic stem
cell transplantation
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Bone Marrow Transplantation; https://doi.org/10.1038/s41409- with early appearance and quick worsening of skin and internal
025-02684-1 organ involvement, and consequently a high mortality rate within

the first five years after first non-Raynaud phenomenom

symptoms [2]. In these cases of rapidly progressive dcSSc,
Systemic sclerosis (SSc) is a rare systemic autoimmune disease  autologous haematopoietic stem cell transplantation (AHSCT)
characterized by the accumulation of extracellular collagen matrix has been recognized as a standard-of-care therapy option since
in tissues and target organs, such as skin, lung, gut, and heart [1]. 2017 [3-6]. This statement was the direct consequence of the
The clinical spectrum of SSc is largely heterogeneous, but usually conS|stent‘ results obtained in three randomized controlleq trials
two distinct forms are recognized, i.e, the limited cutaneous (Ic) ~ Where this procedure had been shown to be superior to
and the diffuse cutaneous (dc) SSc. The two variants strongly differ ~ traditional immunosuppressive therapy in improving skin involve-
in the terms of skin extension, type and severity of internal organ ment, preserving lung function, and reducing mortality rates [6].
involvement, and expected survival. Among patients with dcSSc, ~ These results have been further confirmed in a recent retro-
a subset may be characterized by a rapidly progressive course spective study where AHSCT was shown to be superior to
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3. Appropiate if median > 6

Appropiateness

Agreement level definition. Three intervals Appropiate Unclear
of answers: (1-3), (4-6), (7-9) . If range (max

value - min value): / \
1. Spanned 1 intreval: strong ]

2. Spanned 2 intervals: fair Appropiate U e
3. Spanned 3 intervals: poor criteria

/~ AN /~

Strong Fair Fair Poor
Unclear Unclear
Apprqprlate criteria Appropriate criteria appropiateness appropiateness
with strong with fair agreement criteria with fair criteria with poor
agreement agreement agreement
« mRSS: 25% increase * Rub: Appearance or * Digital Ulcers: New
in mRSS worsening of tendon * Heart: Pericardial effusion appearance or worsening
* Lung: Decrease lung rubs « GI: new/worsening bloating * Heart: Atrial or
funct tests. 10% drop * Pulmonary « CRP > 1mg/dL. ventricular rhythm
in FVC and/or a 15% hypertension: New disturbances
drop in DLCO or worsening * GI: New/worsening
* Lung: Increase of ILD o Joint: New or Dysphagia
(CT scan) worsening * GI: New/ worsening
* Lung: both decrease o Muscle: New or Heartourn
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« Heart: Congestive * Weigth loss > = 15% * GI: New/ worsening
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worsening failure Diarrhoea
* Death * ESR>30

Fig. 1 Classification tree for Round 2 Delphi consensus on disease relapse after AHSCT in systemc sclerosis. lllustration of the hierarchical
classification process of disease relapse after AHSCT in systemic sclerosis. Starting from all evaluated criteria, items were first categorized by
their appropriateness level based on median scores, then further classified according to their agreement level determined by response range
distribution. mRSS modified Rodnan Skin Score, ILD Interstitial Lung Disease, FVC Forced Vital Capacity, DLCO Diffusing Capacity for Carbon
Monoxide, CT Computed Tomography, Gl Gastrointestinal, CRP C-Reactive Protein, ESR Erythrocyte Sedimentation Rate.
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rituximab in improving all the above-mentioned outcomes [7].
Nevertheless, several aspects of AHSCT warrant further considera-
tion. First, transplantation related mortality still exists, although it
has been significantly reduced thanks to the important progress
made, with better pretransplant evaluation of cardiac and
pulmonary involvement and improved selection of patients at
lower risk of complications [8]. Another question to be answered is
how long the effects of AHSCT will last. Preliminary data indicate
that the incidence of disease progression could happen between
4 and 6 years after transplantation and that disease response
varied according to patients [9]. However, although the observed
clinical response after AHSCT has been defined since the early
pivotal trials (ASSIT, ASTIS, SCOT) and the absence of response or
disease progression after AHSCT is easy to define as its counter-
part, no dedicated and validated tools are currently available to

precisely define the disease relapse after AHSCT. Acquiring the
moment of relapse after prior response to AHSCT may make it
easier to adopt therapeutic interventions that may allow to
maintain the disease remission induced by AHSCT.

The present study was planned and carried out by the
Autoimmune Disease Working Party (ADWP) of the European
Society for Blood and Marrow Transplantation (EBMT) to
tentatively find a definition of disease relapse in patients with
rapidly progressive dcSSc who underwent AHSCT.

A Delphi method was used for selecting the final list of disease
relapse criteria after AHSCT [10].

In the first step, the steering committee composed by 6 EBMT
experts from the ADWP were asked to list in a not restricted way
all the clinical, biological, and instrumental items that were judged
to be potentially relevant to a definition of a disease relapse. The

Table 1.

Appropriate criteria for the definition of disease relapse®
A. With strong agreement
Skin

1. 25% increase in mRSS

Appropriate criteria for the definition of disease relapse in patients with rapidly progressive SSc treated with AHSCT.

Definition: Assessment of skin thickness on a scale from 0 (normal thickness) to 3 + (severe thickness) at 17 anatomic areas (values from 0-51).

Lung

2. Decrease of lung function tests: 210% in FVC and/or 215% in DLCO of the predicted values.

3. Increase of interstitial lung disease (assessed though HRCT) defined by an expert radiologist

4. Both decrease lung function tests and increase of interstitial lung disease.

Heart

5. Congestive heart failure

Definition: non-systemic sclerosis related causes must have been reasonably excluded by an experienced cardiologist

Kidney
6. New appearance or worsening of renal involvement

Definition: Urine analysis abnormalities (proteinuria, hematuria, casts), new/worsening of renal insufficiency (serum creatinine > upper limit of normal/

rise > 25%) with or without accelerated/ malignant hypertension.
Death
7. Related to the disease
B. With fair agreement
Tendons
1. New appearance or worsening of tendon rubs

Definition: Perception of leathery crepitus during motion of hands, wrists, elbows, shoulders, knees and ankles (both at anterior and posterior aspects)

Lung
2. New appearance of pulmonary hypertension

Definition: resting mean pulmonary artery pressure (mPAP) >20 mmHg (by right heart catheterization)

Joints

3. New appearance or worsening of articular involvement
Definition: symmetric swelling and tenderness of the peripheral joints
Muscle

4. New or worsening in muscle involvement

Definition: as detected at physical examination associated with CK increase

Weight loss
5. 2 15% unvoluntary drop in body weight

Systemic
6. End stage organ failure

®The listed criteria should be strictly related to the course of SSc. The possibility that the appearance or worsening of any feature may be caused by other
pathologic conditions should be excluded by an expert physician of the specific subspecialty.
mRSS modified Rodnan Skin Score, FVC Forced Vital Capacity, DLCO Diffusing capacity of the Lungs for Carbon monoxide, HRCT High-Resolution Computed

Tomography, mPAP mean Pulmonary Artery Pressure, CK Creatine Kinase.
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standardized clinical chart drawn up by the group contained all
the symptoms, laboratory and other diagnostic parameters most
widely used by clinicians treating this disease carefully defined
according to the most authoritative sources available [11]. As a
result, 24 items were selected. Subsequently, the Delphi method
was performed by a panel of 34 clinical experts in the field of SSc
to determine both the appropriateness of each criterion and the
level of agreement among experts. The experts were internation-
ally recognised as specialists in SSc with several years of
experience in diagnosing and treating patients with this disease.
The starting point for the Delphi method was the preliminary list
of 24 items. The experts scored each criterion on a scale from
1 (not appropriate for relapse definition) to 9 (extremely
appropriate) through 5 (appropriateness unclear). Each item was
considered as appropriate to define disease relapse when the
median score was above 6, unclear appropriate when the median
was 4 to 6, not appropriate when the median score less than 4.
The level of agreement among experts was assessed as follows:
when all answers fell within a single interval (7-9, 4-6, or 1-3),
agreement was strong; when answers spanned two intervals,
agreement was fair; and when answers spanned all three intervals,
agreement was poor. In the second Delphi round, the range of
answers was presented to the experts, who were then asked to
reassess their opinion about criteria for which agreement was fair
or poor in the first round. The level of agreement was assessed
based on all answers except outliers (Supplemetary Fig. 1).

The Delphi exercise was completed until July 2024. All 34
experts completed the 2 rounds.

After the second round of Delphi voting, 13 criteria coded as
appropriate were finally selected for defining disease relapse,
7 with strong agreement and 6 with fair agreement (Fig. 1).

As expected, this final core set of 13 items includes the same
clinical, radiological, and instrumental features whose early
appearance and rapid worsening characterize the patient
candidate for AHSCT (Table 1). Most of these items are also
included in the set of revised EUSTAR disease activity criteria [12].
This is an expected finding since the AHSCT procedure is usually
adopted to induce a drastic decrease of the disease activity, and
recent data confirm that it can obtain this achievement [7]. Then,
the relapse can be considered a resumption of disease activity.

In summary, the 13 selected items may constitute the first core
set of criteria potentially indicative of disease relapse in the follow-
up of AHSCT-treated patients with dcSSc. This study forms the
basis for validating these preliminary criteria with a view to
developing a gauged tool to define and capture the moment of
disease relapse in AHSCT-treated patients with rapidly progressive
dcSSc with accuracy and precision across multiple sites, support-
ing clinical trials, other studies, routine data registry reporting, and
clinical care.

Nicoletta Del Papa(® '™, Myriam Labopin () Manuela Badoglio?,

Dominique Farge (>3, Jorg Henes*, John A. Snowden @)°,
Julia Spierings®, Claudia lannone’,

78 the SSc expert panelist group* and
Raffaella Greco ®°

'Scleroderma Clinic, Rheumatology Department, ASST G. Pini-CTO,
Universita degli Studi di Milano, Milano, Italy. 2EBMT Paris study
office; Department of Hematology, Saint Antoine Hospital; INSERM
UMR 938, Sorbonne University, Paris, France. 3Internal Medicine Unit
(04): CRMR MATHEC, Maladies Auto-immunes et Thérapie Cellulaire,
Centre de Référence des Maladies auto-immunes systémiques Rares
d'lle-de-France, AP-HP, St-Louis Hospital, INSERM UMR1342 (team
ECSTRRA), IRSL, Paris-Cite University France, Paris, France. *University
hospital Tuebingen Tiibingen, Internal Medicine Il (Hematology,
Oncology, clinical immunology and rheumatology), Tiibingen,
Germany. *Department of Haematology, Sheffield Teaching
Hospitals NHS Foundation Trust, Sheffield, UK. °Department of

Tobias Alexander

Bone Marrow Transplantation

Correspondence

Rheumatology and Clinical Immunology, University Medical Center
Utrecht, Heidelberglaan 100, Utrecht 3584 CX, the Netherlands.
”Charité - Universitdtsmedizin Berlin, corporate member of Freie
Universitdt Berlin, Humboldt-Universitdt zu Berlin, and Berlin Institute
of Health, Department of Rheumatology and Clinical Immunology,
Berlin, Germany. 8German Rheumatism Research Center Berlin, a
Leibniz Institute, Charitéplatz 1, 10117 Berlin, Germany. °Unit of
Hematology and Bone Marrow Transplantation, IRCCS San Raffaele
Scientific Institute, Vita-Salute San Raffaele University, Milan, Italy. *A
list of authors and their dffiliations appears at the end of the paper.
™email: nicoletta.delpapa@asst-pini-cto.it

REFERENCES

1. Denton CP, Khanna D. Systemic sclerosis. Lancet. 2017;390:1685-99.

2. Fransen J, Popa-Diaconu D, Hesselstrand R, Carreira P, Valentini G, Beretta L, et al.
Clinical prediction of 5-year survival in systemic sclerosis: validation of a simple
prognostic model in EUSTAR centres. Ann Rheum Dis. 2011;70:1788-92.

3. Kowal-Bielecka O, Fransen J, Avouac J, Becker M, Kulak A, Allanore Y, et al. Update
of EULAR recommendations for the treatment of systemic sclerosis. Ann Rheum
Dis. 2017;76:1327-39.

4. Sullivan KM, Majhail NS, Bredeson C, Carpenter PA, Chatterjee S, Crofford LJ, et al.
Systemic Sclerosis as an Indication for Autologous Hematopoietic Cell Trans-
plantation: Position Statement from the American Society for Blood and Marrow
Transplantation. Biol Blood Marrow Transpl. 2018;24:1961-4.

5. Duarte RF, Labopin M, Bader P, Basak GW, Bonini C, et al. Indications for hae-
matopoietic stem cell transplantation for haematological diseases, solid tumours
and immune disorders: current practice in Europe, 2019. Bone Marrow Transpl.
2019;54:1525-52.

6. Xue E, Minniti A, Alexander T, Del Papa N, Greco R, on behalf of The Autoimmune
Diseases Working Party (ADWP) of the European Society for Blood and Marrow
Transplantation (EBMT). Cellular-Based Therapies in Systemic Sclerosis: From
Hematopoietic Stem Cell Transplant to Innovative Approaches. Cells. 2022;11:
3346.

7. Del Papa N, Cavalli S, Rindone A, Onida F, Saporiti G, Minniti A, et al. Long-term
outcome of autologous haematopoietic stem cell transplantation in patients with
systemic sclerosis: a comparison with patients treated with rituximab and with
traditional immunosuppressive agents. Arthritis Res Ther. 2024;26:182.

8. Farge D, Burt RK, Oliveira MC, Mousseaux E, et al. Cardiopulmonary assessment of
patients with systemic sclerosis for hematopoietic stem cell transplantation:
recommendations from the European Society for Blood and Marrow Transplan-
tation Autoimmune Diseases Working Party and collaborating partners. Bone
Marrow Transpl. 2017;52:1495-503.

9. Henes J, Oliveira MC, Labopin M, Badoglio M, Scherer HU, Del Papa N, et al.
Autologous stem cell transplantation for progressive systemic sclerosis: a pro-
spective non-interventional study from the European Society for Blood and
Marrow Transplantation Autoimmune Disease Working Party. Haematology.
2020;106:375-83.

10. Jones J, Hunter D. Qualitative Research: Consensus methods for medical and
health services research. BMJ. 1995;311:376-80.

11. Valentini G. The assessment of the patient with systemic sclerosis. Autoimmun
Rev. 2003;2:370-6.

12. Valentini G, ludici M, Walker UA, Jaeger VK, Baron M, Carreira P, et al. The Eur-
opean Scleroderma Trials and Research group (EUSTAR) task force for the
development of revised activity criteria for systemic sclerosis: derivation and
validation of a preliminarily revised EUSTAR activity index. Ann Rheum Dis.
2017;76:270-6.

ACKNOWLEDGEMENTS

We are grateful for the support of SSc expert panelist group: Paolo Aird, Norbert
Blank, Richard Burt, Corrado Campochiaro, Patricia Carreira, Paola Cipriani, Veronica
Codullo, Francesco Del Galdo, Oliver Distler, Armando Gabrielli, Roberto Giacomelli,
Serena Guiducci, Anna Hoffman, Zora Marjanovic, UIf Miiller Ladner, Maria Carolina
Oliveira, Ross Penglase, Gregory Pugnet, Mathieu Puyade, Doron Rimar, Marc
Schmalzing, Jan Storek, Marie-Elise Truchetet, Gabriele Valentini, Serena Vettori,
Madelon Vonk, Alexandre Voskuyl.

AUTHOR CONTRIBUTIONS

Conceptualization: NDP, RG, DF; Investigation and creation of recommendations: all
authors; Final Analysis and Visualization: TA, DF, JH, MB, NDP, JAS, JS, Ci;
Methodology: ML, MB, NDP, RG, JH, JAS, JS, Cl; Writing Original Draft: NDP, RG, DF;

SPRINGER NATURE


http://orcid.org/0000-0003-1549-8852
http://orcid.org/0000-0003-1549-8852
http://orcid.org/0000-0003-1549-8852
http://orcid.org/0000-0003-1549-8852
http://orcid.org/0000-0003-1549-8852
http://orcid.org/0000-0003-4514-4748
http://orcid.org/0000-0003-4514-4748
http://orcid.org/0000-0003-4514-4748
http://orcid.org/0000-0003-4514-4748
http://orcid.org/0000-0003-4514-4748
http://orcid.org/0000-0002-4041-1352
http://orcid.org/0000-0002-4041-1352
http://orcid.org/0000-0002-4041-1352
http://orcid.org/0000-0002-4041-1352
http://orcid.org/0000-0002-4041-1352
http://orcid.org/0000-0001-6819-3476
http://orcid.org/0000-0001-6819-3476
http://orcid.org/0000-0001-6819-3476
http://orcid.org/0000-0001-6819-3476
http://orcid.org/0000-0001-6819-3476
http://orcid.org/0000-0003-1193-0097
http://orcid.org/0000-0003-1193-0097
http://orcid.org/0000-0003-1193-0097
http://orcid.org/0000-0003-1193-0097
http://orcid.org/0000-0003-1193-0097
http://orcid.org/0000-0002-6117-5328
http://orcid.org/0000-0002-6117-5328
http://orcid.org/0000-0002-6117-5328
http://orcid.org/0000-0002-6117-5328
http://orcid.org/0000-0002-6117-5328
mailto:nicoletta.delpapa@asst-pini-cto.it

Correspondence

Partecipation in Delphi Panel: PA, NB, RB, CC, PC, PCi, VC, FDG, OD, AG, RG, SG, AMHV,
ZM, UML, MCO, RP, GP, MP, DR, MS, JS, MET, GV, SV, MV, AV. Writing Review and

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Editing: all authors. All authors read and approved the final manuscript.

COMPETING INTERESTS

RG discloses honoraria for speaking from educational events supported by Biotest,
Pfizer, and Magenta. JAS declares honoraria for speaking at educational events
supported by Jazz, Gilead, Janssen, Mallinckrodt, Actelion, an advisory board by
MEDAC, and is a member of IDMC for a trial supported by Kiadis Pharma. TA declares
travel grants from Neovii and study support from Amgen. JH discloses consultancy
for Miltenyi and Neovii. JS discloses research support from Boehringer Ingelheim and
Miltenyi. None of the mentioned conflicts of interest were related to financing of the
content of this manuscript. The other authors declare no conflicting interests.

@@@@ Open Access This article is licensed under a Creative Commons
ATl Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if you modified
the licensed material. You do not have permission under this licence to share adapted
material derived from this article or parts of it. The images or other third party material in
this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541409-025-02684-1.

Correspondence and requests for materials should be addressed to
Nicoletta Del Papa.

© The Author(s) 2025

Reprints and permission information is available at http://www.nature.com/
reprints

THE SSC EXPERT PANELIST GROUP

Paolo Aird'®, Norbert Blank'!, Richard Burt'*'3, Corrado Campochiaro'®, Patricia Carreira'®, Paola Cipriani'®, Veronica Codullo',
Francesco Del Galdo'®, Oliver Distler'’, Armando Gabrielli?’, Roberto Giacomelli?!, Serena Guiducci??, Anna-Maria Hoffman-Vold?,
Zora Marjanovic?, UIf Miiller Ladner?®, Maria Carolina Oliveira?®, Ross Penglase?’, Gregory Pugnet?®, Mathieu Puyade?’,

Doron Rimar3%®!, Marc Schmalzing®?, Jan Storek®3, Marie-Elise Truchetet®*, Gabriele Valentini*®, Serena Vettori®, Madelon Vonk®” and
Alexandre Voskuyl*®

1% cleroderma Unit, UOC Reumatologia ed Immunologia Clinica, Spedali Civili, Brescia, Italy. ''Department of Haematology, Oncology and Rheumatology, Internal Medicine V,
University Hospital Heidelberg, Heidelberg, Germany. '2Department of Medicine, Scripps Health, La Jolla, CA, USA. '*Genani Corporation, Chicago, IL, USA. *Unit of Immunology,
Rheumatology, Allergy and Rare Diseases-Scleroderma Unit, IRCCS San Raffaele Hospital, Milan, Italy. '*Department of Rheumatology, 12 de Octubre University Hospital, Madrid,
Spain. '®Rheumatology Unit, Department of Biotechnological and Applied Clinical Sciences, University of L'Aquila, L'Aquila, Italy. '’Rheumatology Unit, Fondazione IRCS
Policlinico San Matteo, Pavia, Italy. '8 eeds Institute of Rheumatic and Musculoskeletal Medicine, University of Leeds, Leeds, UK. 9Center of Experimental Rheumatology,
Department of Rheumatology, University Hospital Ziirich, University of Ziirich, Ziirich, Switzerland. 2°Foundation of Molecular Medicine and Cellular Therapy Polytechnic
University of Marche, Via Tronto, Ancona, Italy. 2'Rheumatology and Clinical Immunology, Department of Medicine, School of Medicine, University of Rome “Campus Bio-medico”,
Rome, Italy. ?Rheumatology Unit, Department of Experimental and Clinical Medicine, University of Florence, Florence, Italy. 2>Department of Rheumatology, Oslo University
Hospital, Oslo, Norway. 2*Department of Hematology, Saint-Antoine Hospital, Assistance Publique-Hopitaux de Paris, F-75012 Paris, France. °Dept of Rheumatology and Clinical
Immunology, Justus-Liebig University Giessen, Campus Kerckhoff, Bad Nauheim, Germany. **Department of Internal Medicine (Clinica Médica), Ribeirdo Preto Medical School,
University of Sao Paulo, Ribeirdo Preto, SP, Brazil. ’Department of Rheumatology, St Vincent's Hospital, Sydney, NSW, Australia. 2Department of internal medicine, Toulouse
University Hospital, Toulouse, France. CHU de Poitiers, Service de Médecine Interne et Maladies Infectieuses, Faculté de Médecine et de Pharmacie de Poitiers, Poitiers, France.
30Rheumatology Unit, Bnai-Zion Medical Center, Haifa, Israel. 3'Rappaport Faculty of Medicine, Technion Israel Institute of Technology, Haifa, Israel. >*Division of Rheumatology
and Clinical Immunology, University Hospital of Wuerzburg, Wuerzburg, Germany. **Division of Hematology, Department of Medicine, Cumming School of Medicine, University
of Calgary, Calgary, AL, Canada. **Rheumatology Department, Bordeaux University Hospital and Bordeaux University, Bordeaux, France. **Dipartimento di Medicina di Precisione,
Universita della Campania “Luigi Vanvitelli, ”, Napoli, Italy. **Internal Medicine, Department of Medicine, Monaldi Hospital, 80131 Naples, Italy. 3’Department of Rheumatology,
Radboud University Medical Center, Nijmegen, The Netherlands. 3¥Amsterdam UMC location Vrije Universiteit Amsterdam, Department of Rheumatology and Clinical
Immunology, Amsterdam, The Netherlands.

SPRINGER NATURE Bone Marrow Transplantation


https://doi.org/10.1038/s41409-025-02684-1
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Definition of relapse criteria in patients with rapidly progressive systemic sclerosis treated with autologous haemopoietic stem cell transplantation
	Acknowledgements
	ACKNOWLEDGMENTS
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION


