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ARTICLE INFO ABSTRACT

Keywords: Objective: Autologous stem cell transplantation (AHSCT) is an established treatment in diffuse cutaneous systemic
Systemic sclerosis sclerosis (dcSSc). Optimal management of disease progression after AHSCT in dcSSc has not been defined. The
Scleroderma

aim of this study was to explore the experience and preferences of SSc experts on post-AHSCT management.
Methods: An online questionnaire study was conducted containing 17 questions concerning respondent de-
mographics, definition of SSc progression after AHSCT, diagnostic work-up and treatment preferences.

Results: In total, 69 respondents from 21 countries completed the questionnaire. The majority (89.7 %) works at a
university hospital, and were involved in decisions regarding AHSCT in patients with SSc (71 %). Most have 1 to
5 patients who underwent AHSCT under their care. They defined failure to improve after AHSCT as: an increase
in mRSS, new onset or worsening of interstitial lung disease (ILD), new onset scleroderma renal crisis (SRC) or
inflammatory arthritis. Progression after initial response was defined as: increase in mRSS, new or worsening of
ILD, new SRC, inflammatory arthritis, new pulmonary arterial hypertension, digital vasculopathy or impaired
physical functioning. The most frequent therapy in case of AHSCT failure was mycophenolate mofetil (N = 55,
88.7 %), rituximab (N = 54, 87.1 %), nintedanib (N = 39, 62.9 %) or/and tocilizumab (N = 36, 58.1 %).
Combination therapy with more than one of these agents was considered by most respondents (N = 61, 88.4 %).
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Conclusion: Our study benchmarks the unique combined experiences of post-AHSCT management among SSc
experts. We summarize preferences regarding definition of AHSCT failure and progression after response, as well
as approach to diagnostic work-up and treatment.

Introduction

Autologous hematopoietic stem cell transplantation (AHSCT) is
increasingly used to treat high-risk and/or progressive diffuse cutaneous
systemic sclerosis (dcSSc) [1,2]. It is well established that this treatment
approach may induce a significant remission which is retained in a
significant number of patients [3,4]. Moreover, impressive long-term
benefits of AHSCT on patient survival, skin and lung disease, and
quality of life have been demonstrated in two large randomised
controlled trials. After AHSCT a sustained response on skin thickening
has been reported with up to 86.1 % of patients experiencing an
improvement of the modified Rodnan Skin Score (mRSS)[4]. In patients
with interstitial lung disease, forced vital capacity increased in 33.3 % of
patients and DLCO improved in 11.1 % and stabilized in 52.8 %, with
much lower percentages in the control arm. These results have been
achieved without administration of routine immunosuppressive medi-
cation after AHSCT [3,4]. Similar findings have been reported in (inter)
national cohort studies [5,6].

AHSCT is hypothesised to ‘reset’ the immune system, moving it to-
wards a state of immunotolerance [7]. After transplantation, immuno-
suppressants are not routinely used for maintenance treatment, as the
majority of patients improve and stabilize, without the need for
immunosuppressive medication. Studies have reported that around 25
% of patients are treated with various disease modifying anti-rheumatic
drugs (DMARDs) for several years post-transplantation [8,9]. This is
likely due to several reasons: disease progression after initial response,
partial response to AHSCT, and/or new onset of another autoimmune
disease [3,8]. In about 10-15 % of patients with an initial response to
AHSCT, disease relapse and progression may occur, necessitating
immunosuppressive treatment[8,9]. Based on limited literature, disease
progression could be considered as an increase in skin fibrosis, new
onset or progression of interstitial lung disease (ILD), and/or other SSc
manifestations.

To date, no studies or recommendations reported in the literature
have investigated the optimal management of disease relapse and pro-
gression after AHSCT in patients with SSc. Therefore, our study aimed to
explore the collective experience and preferences of SSc experts for post-
AHSCT disease management.

Methods
Study design

A Steering Board was assembled which consisted of clinicians with
an interest in SSc and AHSCT (JS, GB, YA, NDP, CD, OD, DEF, RF, DK,
MK, MCC, MN, AVR, JVL, MH). The resulting group developed a
questionnaire-based survey to explore clinicians’ perspectives concern-
ing the management of disease progression after AHSCT in patients with
SSc.

The survey consisted of 17 questions including (but not limited to)
clinician demographics, experience with AHSCT in SSc, preferences
regarding definition of disease progression, and diagnostic work-up at
the time of progression and treatment (Appendix A.1).

The survey invitation was circulated amongst target stakeholders by
email among the extensive international EUSTAR network (which in-
cludes >200 centers with expertise in SSc), membership of the UK
Scleroderma Study Group (UKSSG) and Scleroderma Clinical Trials
Consortium (SCTC), and the European AHSCT consortium of the UPSIDE
trial [10]. To highlight, the UPSIDE trial is an international trial with 11
participating centres with longstanding experience in SSc and AHSCT in

SSc, including multidisciplinary teams with in total 12 rheumatologists.

The survey was launched on the 25th of February and open until the
20th of April 2024. No rewards or incentives were offered for comple-
tion of the survey.

Statistical analyses

Data were imported and analysed from the survey platform into
SPSS® 25 software (IBM). Descriptive statistics (mean, SD / median, Q1,
Q3 for continuous normally/non-normally distributed variables and
frequency with percentage for categorical variables) were used. All
statistical analyses were performed using SPSS® 25 software (IBM).

Results
Clinician demographics

The survey was completed by 69 respondents and detailed clinician
demographics are presented in Table 1. Half (N = 35, 49.3 %) were of
self-disclosed female sex, and the median age of the majority (~95 %) of
respondents was 31 years or older. Respondents were from 21 countries,
most commonly from Italy and USA (both N = 9, 13.0 %), UK and
Canada (both N =7, 10.1 %), and Spain (N = 5, 7.2 %). The majority of
respondents were rheumatologists (N = 63, 92.6 %). Years in practice
since completion of specialist training varied: 6-10 years (N = 14, 20.6
%). 11-20 years (N = 19, 27.9 %) and 21-30 years (N = 16, 23.5. For the
majority (N = 61; 89.7 %) of respondents’ clinical practices was based in
a University hospital. Most participants reported that they had between
taken care of 1 to 5 SSc patients who had undergone AHSCT (N = 29,
44.6 %), and around one-fifth (N = 12, 18.5 %) had >20 transplanted
patients.

AHSCT procedures

The majority (N = 49, 71 %) of the respondents reported playing an
important role in treatment decision concerning AHSCT. The most
frequently used conditioning regimen among respondents was a non-
myeloablative conditioning scheme (N = 25, 37.0 %) (with anti-
thymoglobulin (N = 21, 83 %), without ATG (N = 4, 17 %)). Myeloa-
blative regimens were used in 28 % (N = 18) of respondents (with ATG
(N = 7, 38.9 %), with total body irradiation (TBI) (N = 6, 33.3 %),
without TBI (N = 5, 27.8 %)). The conditioning regimen was unknown
in N = 22 (31.3 %) of respondents. CD34+ selection was used by half (N
= 32, 52.2 %) of respondents, one-third (N = 22, 31.9 %) did not know if
CD34+ was used.

Maintenance therapy post AHSCT

Around half (N = 24, 40.7 %) of respondents indicated that routine
maintenance immunosuppressive therapy is provided after autologous
stem cell transplantation. This percentage was higher in respondents
with < 10 transplants (N = 19, 82.6 %) compared to respondents with >
10 transplants (N = 4, 23.5 %). Mycophenolate mofetil was the most
commonly prescribed therapy (N = 21, 87.5 %). Less commonly used
agents were methotrexate (N = 8, 33.3 %), glucocorticoids (N = 7, 29.2
%), azathioprine (N = 4, 16.7 %) and cyclophosphamide (N =1, 4.2 %),
other treatments, such as rituximab (N = 1, 4.2 %) are infrequently used
as maintenance therapies. Reasons not to give maintenance immuno-
suppressive treatment were: being not considered unnecessary to ach-
ieve remission (N = 25, 71.4 %), risk of infection (N = 20, 57.1 %),
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Table 1
Systemic sclerosis expert survey respondent characteristics.

Respondent characteristics N (%) of survey

respondents (n = 69)

Female sex 35 (49.3 %)
Age (Median) 18-30 years 4 (5.8 %)
31-49 years 29 (42.0 %)
50-70 years 33 (47.8 %)
> 70 years 3 (4.3 %)
Country
Australia 2 (2.9 %)
Brazil 1 (1.4 %)
Canada 7 (10.1 %)
Croatia 1(1.4%)
Denmark 1 (1.4 %)
France 4 (5.8 %)
Germany 3 (4.3 %)
Hungary 1 (1.4 %)
India 1 (1.4 %)
Israel 4 (5.8 %)
Italy 9 (13.0 %)
Japan 1 (1.4 %)
Netherlands 4 (5.8 %)
Norway 1(1.4%)
Portugal 1 (1.4 %)
Serbia 2 (2.9 %)
Spain 5 (7.2 %)
Switzerland 4 (5.8 %)
Turkey 1 (1.4 %)
United Kingdom 7 (10.1 %)
United States of America 9 (13.0 %)
Speciality
Rheumatology 63 (92.6 %)
Haematology 1 (1.5 %)
General (internal) medicine 2 (2.9 %)
Other 2 (2.9 %)
Time since completion of specialist 0-5 7 (10.3 %)
training (years) 6-10 14 (20.6 %)
11-20 19 (27.9 %)
21-30 16 (23.5 %)
>30 12 (17.6 %)
Type of hospital University 61 (89.7 %)
General 4 (5.9 %)
hospital
Private 3 (4.4 %)
practice
Number of SSc patients with AHSCT None 11 (16.9 %)
under respondents care 1-5 29 (44.6 %)
6-10 7 (10.8 %)
10-20 6 (9.3 %)
>20 12 (18.5 %)

increased risk of malignancy (N = 5, 14.3 %), interference with effect of
AHSCT (N = 5, 14.3 %), or other reasons such as lack of evidence for
post-AHSCT maintenance treatment (N = 3, 4.2 %).

SSc disease progression after AHSCT

Failure to improve post-AHSCT

Respondents defined failure to improve after AHSCT as stable mRSS (i.
e. no clinically meaningful worsening or improvement in mRSS) (N =
26, 42.6 %) or clinically meaningful worsening of skin thickening (e.g.,
mRSS > 25 % or greater or > 5 units compared to baseline) (N = 51, 83.6
%), new ILD (clinical diagnosis according to the clinician) (N = 45, 73.8
%) or clinically meaningful progression of ILD (e.g., decrease of > 10 %
in the predicted % FVC) (N = 50, 82.0 %), stable ILD (i.e. no worsening
or improvement in ILD) (N = 9, 14.8 %), new pulmonary arterial hy-
pertension (PAH) (N = 24, 39.3 %), new onset of scleroderma renal crisis
(N = 34, 55.7 %), new onset of inflammatory arthritis (N = 34, 55.7 %),
worsening of digital vasculopathy (e.g. recurrent digital ulcers or
gangrene) (N = 28, 45.9 %), worsened physical functioning due to SSc
(e.g. increase of > 0.4 in the HAQ-DI score) (N = 28, 45.9 %), or other
reasons such as cardiac involvement (N = 1, 1.4 %) or myositis (N = 1,
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1.4 %). Respondents with < 10 transplants more often selected stable
ILD(N=38,19.5% vs N =1, 5.9 %), new onset of PAH (N = 18, 43.9 %
vs N =5, 29.4 %) compared to respondents with > 10 transplants.

Progression after initial response to AHSCT

Respondents defined progression after initial response to AHSCT as
increase of mRSS (N = 54, 88.5 %), new ILD (N = 48, 78.7 %) or
worsening of ILD (N = 48, 78.7 %), new PAH (N = 34, 55.7 %) (PAH
present prior to AHSCT is generally an exclusion criteria), new onset of
scleroderma renal crisis (N = 42, 60.9 %), new onset of inflammatory
arthritis (N = 39, 56.5 %), worsening of digital vasculopathy (N = 32,
52.5 %), worsened physical functioning due to SSc (N = 31, 50.8 %), or
other reasons such as cardiac involvement (N = 2, 2.9 %), gastrointes-
tinal symptoms (N = 3, 4.3 %), or myositis (N = 2, 2.9 %). Respondents
with < 10 transplants more often selected new onset of PAH (N = 26,
63.4 % vs N = 6, 35.3 %) compared to respondents with > 10
transplants.

In Fig. 1 criteria for failure to improve post-AHSCT and progression
after initial response to AHSCT are summarized.

Diagnostic strategy in disease progression post AHSCT

Concerning the diagnostic work-up in case of disease progression
post-AHSCT, most respondents (N = 49, 80.3 %) would consider testing
the autoantibody profile. All respondents would test characteristic SSc-
specific antibodies (e.g., anticentromere, anti-Scl-70, anti-RNA poly-
merase III), around two-thirds would test for other SSc-specific auto-
antibodies (e.g., anti-Th/To, Anti-NOR90, Anti-U11/12 RNP) (N = 34,
70.8 %)/ or autoantibodies associated with myositis overlap (e.g., anti-
PM-Scl) (N = 30, 62.5 %), and half would test for other CTD-related
autoantibodies (e.g., anti-Ro52) (N = 27, 56.3 %). Furthermore, 55 %
(N = 33) of the respondents reported that screening for underlying
malignancy would be performed in the context of disease progression
after AHSCT.

Treatment approaches

Among the 62 clinicians who answered this specific question
regarding treatment of progression or failure, the most frequently cho-
sen therapeutic options in case of AHSCT failure were: mycophenolate
mofetil (N = 55, 88.7 %), rituximab (N = 54, 87.1 %), nintedanib (N =
39, 62.9 %), tocilizumab (N = 33, 57.9 %). Azathioprine and IVIG were
suggested more often in respondents with < 10 transplants (N = 8, 20.0
%vsN=1,5.9%and N =22,55.0 % vs N =5, 29.4 % respectively), and
tocilizumab in respondents with >10 transplants (N =12, 70.6 % vs N =
21, 52.5 %).

<50 % of respondents would choose intravenous immunoglobulins
(N = 30, 48.4 %), cyclophosphamide (N = 23, 37.1 %), glucocorticoids
(N = 23, 37.1 %), JAK inhibitors (N = 20, 32.3 %), second AHSCT (NN =
17, 27.1 %), cyclosporin (N = 11, 17.7 %), azathioprine (N = 11, 17.7
%), methotrexate (N = 10, 16.1 %), tacrolimus (N = 10, 16.1 %), aba-
tacept (N = 9, 14.5 %), hydroxychloroquine (N = 8, 12.9 %), lefluno-
mide (N = 4, 6.5 %) and allogenic HSCT (N = 4, 6.5 %) (Fig. 2). When
asked to choose the top three preferred therapies after failure of AHSCT
the majority of respondents confirmed mycophenolate mofetil (N = 50,
81.9 %), rituximab (N = 42, 68.8 %) and tocilizumab (N = 31, 50.8 %).
Combination therapy would be considered by most (N = 61, 88.4 %)
respondents. The three most frequently chosen drugs considered for
combination therapy were mycophenolate mofetil (MMF) (N = 50, 82
%), rituximab N = 44, 72.1 %) and tocilizumab (N = 29, 47.5 %).

Discussion

Our study explored experience regarding post-AHSCT disease man-
agement among SSc experts and summarized preferences regarding
definitions of AHSCT failure and progression after response, including
the diagnostic work-up and treatment for patients with dcSSc. To our
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A. Failure to improve after AHSCT

- increase of MRSS* (83.6%)

-new ILD (73.8%)

- worsening of ILD (82.0%)

- new scleroderma renal crisis (55.7%)

- new onset inflammatory arthritis (55.7%)

B. Progression after initial response

- increase of MRSS* (88.5%)

-new ILD (78.7%)

- worsening of ILD (78.7%)

- new renal crisis (60.9%)

- new inflammatory arthritis (56.5%)

- new PAH (55.7%)

- worsening of digital vasculopathy (52.5%)
- worsened physical functioning (50.8%)

Fig. 1. Proposed criteria for failure to improve (A) and progression after initial response (B) to autologous hematopoietic stem cell transplantation in patients with

systemic sclerosis.

The criteria selected by > 50 % of respondents. Increase in mRSS: mRSS > 25 % or greater or > 5 compared to baseline. Abbreviations: ILD: interstitial lung disease;

mRSS: modified Rodnan skin score; PAH: pulmonary arterial hypertension.
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Fig. 2. Preferred treatment in case of failure to improve after autologous hematopoietic stem cell transplantation.
Abbreviations: AZA: azathioprine, (A)HSCT: (autologous) hematopoietic stem cell transplantation, HCQ: hydroxychloroquine, IVIG: intravenous immunoglobulins,
JAK: Janus Kinase, MMF: mycophenolate mofetil, MTX: methotrexate, RTX: rituximab.

knowledge, ours is the first study to explore and benchmark the current
clinical practice and opinion of experts in SSc concerning post-AHSCT
management, including failure and progression.

These data clearly show that there are significant differences in
routine practice by experienced clinicians in terms of the currently used
conditioning regimens and CD34 selection, which may also affect post-
transplant strategies. Use of disease modifying anti-rheumatic drugs
(DMARDs) as maintenance therapy after AHSCT also widely varies
across respondents. In fact, around half (43.5 %) administer DMARD
therapy, most commonly mycophenolate or methotrexate, routinely

after AHSCT. However, it is not currently known whether this is a su-
perior approach to no maintenance therapy. Conversely, the main rea-
sons reported for not using DMARDs following AHSCT were it being
deemed unnecessary for achieving remission and the risk of infection
(71.4 % and 57.1 % of respondents, respectively). Moreover, it was
thought that immune reconstitution might be (negatively) suppressed by
the use of immunosuppressive therapies as regenerated and regulatory
functions of immune cells may be inhibited [11,12]. The effectiveness of
various post-transplant treatments is currently being investigated in two
uncontrolled observational multicentre studies (NCT03444805 and
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NCT01413100) [13,14].

In contrast to oncology studies, in the setting of AHSCT in SSc, there
is currently a lack of consensus for definition and standardisation of
outcomes with respect to response, disease progression and relapse after
treatment [15]. Previous clinical trials have used criteria for progression
including death, increase in mRSS, drop in lung function parameters,
body weight, kidney function and physical functioning [3,16]. In cohort
studies, simplified criteria have been used. For example, a large Dutch
longitudinal cohort study defined disease progression as progression of
skin and lung involvement or the necessity of immunosuppressive
treatment therapy [8]. A further Brazilian cohort study used similar
criteria for progression, but also added the new onset of scleroderma
renal crisis [9]. In line with these previous studies, worsening of skin and
lung disease were the most important criteria for progression after
transplantation identified by the respondents. New onset of renal and
joint involvement was also suggested, as were vascular complications
and impairment of physical functioning.

The preferred or prioritised immunosuppressive therapies in case of
progression were mycophenolate, rituximab, nintedanib and tocilizu-
mab. It is well known that mycophenolate and nintedanib are commonly
used in SSc, while rituximab and tocilizumab are increasingly used in
certain settings, but are not typically part of ‘standard of care’ in deSSc
patients in all countries [17,18]. A second AHSCT would be considered
in one-third (27.1 %) of respondents, assuming based on an appropriate
reassessment of patients fitness, which has been successfully reported in
case reports for refractory patients [19,20]. Use of allogeneic HSCT is
limited in this context and should be applied to highly refractory and
selected cases [21]. Recently other innovative cellular therapies, such as
mesenchymal stromal cells (MSC) and chimeric antigen receptors T cells
(CART) have been successfully adopted in refractory autoimmune dis-
eases and may represent additional treatment options [22]. Although
the abovementioned therapies have been studied in trials in SSc, there
has been no study reporting on the optimal agent in the post-transplant
setting in progressive dcSSc. Unfortunately, such a study will likely be
challenging to conduct, including because of the low frequency of pro-
gression after AHSCT. This will necessitate a multicentre design with a
large group of patients, a control arm and long follow-up. Therefore, we
currently rely on expert opinion and shared experiences.

A key strength of our study is the worldwide response to the survey
which gives a broad view of experience across countries. However, an
inherent limitation of our work is the relatively low number of re-
spondents which also hampers comparison within the group, especially
the low number of respondents with large experience in AHSCT.
Furthermore, we did observe some differences in respondents with
lower experience (<10 patients) of transplant compared to the highly
experienced group. This limitation was to be expected as AHSCT re-
quires state of the art facilities and experienced multidisciplinary teams,
and is therefore not currently offered in most SSc centres. In conclusion,
ours is the first effort to specifically investigate post-AHSCT manage-
ment in SSc. While AHSCT has shown to provide great benefits in pa-
tients with rapidly progressive dcSSc and is therefore increasingly
performed across the world, not much is known about post-
transplantation management. Our findings provide a comprehensive
overview of the current treatment strategies utilised by SSc experts in
the context of AHSCT, and could strongly support clinicians by
informing their real-world patient management. Furthermore, these
data can be used as a starting point for further discussions and the
development of consensus criteria for disease progression after AHSCT,
and the conduct of much-needed future studies on optimal treatment
post-AHSCT.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Seminars in Arthritis and Rheumatism 71 (2025) 152638
CRediT authorship contribution statement

Julia Spierings: Conceptualization, Methodology, Validation,
Formal analysis, Investigation, Data curation, Writing — original draft,
Writing - review & editing. Giulia Bandini: Writing — review & editing,
Software, Data curation. Yannick Allanore: Writing — review & editing.
Nicoletta Del Papa: Writing — review & editing. Christopher P Den-
ton: Writing — review & editing. Oliver Distler: Writing — review &
editing. Daniel E. Furst: Writing — review & editing. Raffaella Greco:
Writing — review & editing. Dinesh Khanna: Writing — review & editing.
Masataka Kuwana: Writing — review & editing. Marco Matucci-Cer-
inic: Writing — review & editing. Mandana Nikpour: Writing — review
& editing. Anna van Rhenen: Writing - review & editing. Jacob M van
Laar: Writing - review & editing. Michael Hughes: Conceptualization,
Methodology, Supervision, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We would like to thank all survey respondents for completing the
online questionnaire. We acknowledge the expertise of Alessia Alunno
for her technical support in using the electronic questionnaire platform.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.semarthrit.2025.152638.

References

[1] Snowden JA, Badoglio M, Alexander T. The rise of autologous HCT for autoimmune
diseases: what is behind it and what does it mean for the future of treatment? an
update on behalf of the EBMT autoimmune diseases working party. Expert Rev Clin
Immunol 2019;15:981-5. https://doi.org/10.1080/1744666X.2019.1656526.

[2] Greco R, Alexander T, Burman J, Del Papa N, de Vries-Bouwstra J, Farge D, et al.
Hematopoietic stem cell transplantation for autoimmune diseases in the time of
COVID-19: EBMT guidelines and recommendations. Bone Marrow Transplant
2021;56:1493-508. https://doi.org/10.1038/541409-021-01326-6.

[3] Van Laar JM, Farge D, Sont JK, Naraghi K, Marjanovic Z, Larghero J, et al.

Autologous hematopoietic stem cell transplantation vs intravenous pulse

cyclophosphamide in diffuse cutaneous systemic sclerosis: a randomized clinical

trial. JAMA - J Am Med Assoc 2014;311:2490-8. https://doi.org/10.1001/
jama.2014.6368.

Sullivan KM, Goldmunt Furst DE. Autologous stem-cell transplantation for severe

scleroderma. N Engl J Med 2018;378:1066-7. https://doi.org/10.1056/

nejmc1801275.

[5] Host L, Nikpour M, Calderone A, Cannell P, Roddy J. Autologous stem cell
transplantation in systemic sclerosis: a systematic review. Clin Exp Rheumatol
2017;35:5198-207.

[6] Eyraud A, Scouppe L, Barnetche T, Forcade E, Lazaro E, Duffau P, et al. Efficacy
and safety of autologous haematopoietic stem cell transplantation in systemic
sclerosis: a systematic review of the literature. Br J Dermatol 2018;178:650-8.
https://doi.org/10.1111/bjd.15993.

[7] van Rhijn-Brouwer FCCFCC, Spierings J, van Laar JMJM. Autologous
hematopoietic stem cell transplantation in systemic sclerosis: a reset to tolerance?
vol. 195. Elsevier B.V.; 2018. https://doi.org/10.1016/j.imlet.2017.11.005.

[8] Van Bijnen S, De Vries-Bouwstra J, Van Den Ende CH, Boonstra M, Kroft L,
Geurts B, et al. Predictive factors for treatment-related mortality and major adverse
events after autologous haematopoietic stem cell transplantation for systemic
sclerosis: results of a long-term follow-up multicentre study. Ann Rheum Dis 2020;
79:1084-9. https://doi.org/10.1136/annrheumdis-2020-217058.

[9] Henrique-Neto A, Vasconcelos MYK, Dias JBE, de Moraes DA, Gongalves MS,
Zanin-Silva DC, et al. Hematopoietic stem cell transplantation for systemic
sclerosis: brazilian experience. Adv Rheumatol 2021;61:9. https://doi.org/
10.1186/s42358-021-00166-8.

[10] Spierings J, van Rhenen A, Welsing PM, Marijnissen AC, De Langhe E, Del Papa N,
et al. A randomised, open-label trial to assess the optimal treatment strategy in
early diffuse cutaneous systemic sclerosis: the UPSIDE study protocol. BMJ Open
2021;11:e044483. https://doi.org/10.1136/bmjopen-2020-044483.

[4

=


https://doi.org/10.1016/j.semarthrit.2025.152638
https://doi.org/10.1080/1744666X.2019.1656526
https://doi.org/10.1038/S41409-021-01326-6
https://doi.org/10.1001/jama.2014.6368
https://doi.org/10.1001/jama.2014.6368
https://doi.org/10.1056/nejmc1801275
https://doi.org/10.1056/nejmc1801275
http://refhub.elsevier.com/S0049-0172(25)00009-5/sbref0005
http://refhub.elsevier.com/S0049-0172(25)00009-5/sbref0005
http://refhub.elsevier.com/S0049-0172(25)00009-5/sbref0005
https://doi.org/10.1111/bjd.15993
https://doi.org/10.1016/j.imlet.2017.11.005
https://doi.org/10.1136/annrheumdis-2020-217058
https://doi.org/10.1186/s42358-021-00166-8
https://doi.org/10.1186/s42358-021-00166-8
https://doi.org/10.1136/bmjopen-2020-044483

J. Spierings et al.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Kawashima-Vasconcelos MY, Santana-Gongalves M, Zanin-Silva DC,

Malmegrim KCR, Oliveira MC. Reconstitution of the immune system and clinical
correlates after stem cell transplantation for systemic sclerosis. Front Immunol
2022;13. https://doi.org/10.3389/FIMMU.2022.941011.

Pecher AC, Klein R, Koetter I, Wagner M, Vogel W, Wirths S, et al. Patients with
systemic sclerosis and low CD4 numbers after autologous stem cell transplantation
have a favorable outcome. Arthritis Res Ther 2024;26. https://doi.org/10.1186/
$13075-024-03300-1.

EBMT ADWP prospective non-interventional Study: post-AHSCT management in
SSC patients (NISSC-2). 2018 https://clinicaltrials.gov/ct2/show/NCT03444805.
Scleroderma Treatment With Autologous Transplant (STAT) Study (STAT); 2011.
https://clinicaltrials.gov/study/NCT01413100.

Snowden JA, Saccardi R, Allez M, Ardizzone S, Arnold R, Cervera R, et al.
Haematopoietic SCT in severe autoimmune diseases: updated guidelines of the
European Group for Blood and Marrow Transplantation. Bone Marrow Transplant
2012;47:770. https://doi.org/10.1038/BMT.2011.185.

Henes J, Oliveira MC, Labopin M, Badoglio M, Scherer HU, Del Papa N, et al.
Autologous stem cell transplantation for progressive systemic sclerosis: a
prospective non-interventional study from the European society for blood and
marrow transplantation autoimmune disease working party. Haematologica 2021;
106:375-83. https://doi.org/10.3324/haematol.2019.230128.

Denton CP, De Lorenzis E, Roblin E, Goldman N, Alcacer-Pitarch B, Blamont E,
et al. The 2024 british society for rheumatology guideline for management of

[18]

[19]

[20]

[21]

[22]

Seminars in Arthritis and Rheumatism 71 (2025) 152638

systemic sclerosis. Rheumatology 2024. https://doi.org/10.1093/rheumatology/
keae394.

Denton CP, Yee P, Ong VH. News and failures from recent treatment trials in
systemic sclerosis. Eur J Rheumatol 2020;7:242. https://doi.org/10.5152/
EURJRHEUM.2020.19187.

Van Rhijn-Brouwer FCC, Spierings J, Van Rhenen A, Kuball J, Van Laar JM. Second
autologous haematopoietic stem cell transplantation in systemic sclerosis - A case
report. Rheumatol (United Kingdom) 2019;58. https://doi.org/10.1093/
rheumatology/kez010.

Haverkort DA, Kersten BE, van Rhenen A, van der Velden WJFM, Vonk MC. Case
report: a successful second autologous hematopoietic stem cell transplantation in
refractory systemic sclerosis, with positive effect on skin involvement, pulmonary
function and microcirculation. Front Immunol 2022;13. https://doi.org/10.3389/
FIMMU.2022.925776.

Greco R, Labopin M, Badoglio M, Veys P, Silva JMF, Abinun M, et al. Allogeneic
HSCT for autoimmune diseases: a retrospective study from the EBMT ADWP, IEWP,
and PDWP working parties. Front Immunol 2019;10:471561. https://doi.org/
10.3389/FIMMU.2019.01570/BIBTEX.

Greco R, Alexander T, Del Papa N, Miiller F, Saccardi R, Sanchez-Guijo F, et al.
Innovative cellular therapies for autoimmune diseases: expert-based position
statement and clinical practice recommendations from the EBMT practice
harmonization and guidelines committee. EClinicalMedicine 2024;69. https://doi.
org/10.1016/J.ECLINM.2024.102476.


https://doi.org/10.3389/FIMMU.2022.941011
https://doi.org/10.1186/S13075-024-03300-1
https://doi.org/10.1186/S13075-024-03300-1
https://clinicaltrials.gov/ct2/show/NCT03444805
https://clinicaltrials.gov/study/NCT01413100
https://doi.org/10.1038/BMT.2011.185
https://doi.org/10.3324/haematol.2019.230128
https://doi.org/10.1093/rheumatology/keae394
https://doi.org/10.1093/rheumatology/keae394
https://doi.org/10.5152/EURJRHEUM.2020.19187
https://doi.org/10.5152/EURJRHEUM.2020.19187
https://doi.org/10.1093/rheumatology/kez010
https://doi.org/10.1093/rheumatology/kez010
https://doi.org/10.3389/FIMMU.2022.925776
https://doi.org/10.3389/FIMMU.2022.925776
https://doi.org/10.3389/FIMMU.2019.01570/BIBTEX
https://doi.org/10.3389/FIMMU.2019.01570/BIBTEX
https://doi.org/10.1016/J.ECLINM.2024.102476
https://doi.org/10.1016/J.ECLINM.2024.102476

	Management of disease progression after autologous hematopoietic stem cell transplantation in systemic sclerosis: Results f ...
	Introduction
	Methods
	Study design
	Statistical analyses

	Results
	Clinician demographics
	AHSCT procedures
	Maintenance therapy post AHSCT
	SSc disease progression after AHSCT
	Failure to improve post-AHSCT
	Progression after initial response to AHSCT
	Diagnostic strategy in disease progression post AHSCT

	Treatment approaches

	Discussion
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	References


