Third-generation CD19.CAR-T cell-containing
combination therapy in Scl70+
systemic sclerosis

No effective treatment of systemic sclerosis-associated inter-
stitial lung disease (SSc-ILD) exists. Numerous evidences
support the importance of adaptive immunity in SSc-ILD.
A basket trial showed higher efficacy of mycophenolate
when combined with rituximab in non-specific interstitial
pneumonia (NSIP), the most frequent pattern in SSc-ILD.!
Deep B-cell depletion outperforms rituximab in connective
tissue diseases,” prompting us to combine these principles
in SSc-ILD.

We here report on a 38-year-old woman suffering from
Scl70+SSc with rapid progressive NSIP in which we added
CD19.CAR-T-cells to a pre-existing therapy with mycophe-
nolate/nintedanib (figure 1A). Stably elevated highly sensi-
tive troponin T (hsTNT) levels were interpreted as mild
myocardial involvement, pulmonary arterial hypertension
was excluded. Except for mild obesity and a long-ago history
of smoking, the medical history was empty. The disease
progressed despite cyclophosphamide, mycophenolate and
nintedanib. The latter was initiated because the criteria for
progressive pulmonary fibrosis (PPF) were met.*

Given her poor prognosis, our interdisciplinary team
offered the compassionate use of third-generation CD19.
CAR-T-cells, for the first time in a non-cancer patient. We
generated CD19.CAR-T-cells in our Good Manufactory
Practice facility by transducing autologous T-lymphocytes
retrovirally with a CAR containing intracellular coacti-
vating domains of CD3{, CD28 and 41BB.” Mycophe-
nolate/nintedanib was stopped before leukapheresis and
lymphodepletion chemotherapy (500 mg/m* cyclophos-
phamide+30 mg/m? fludarabine on days —4 to -3, —2).°
On day -3, fever and elevated C reactive protein (CRP)
occurred, requiring an empirical antibiotic therapy. On day
0 (October 2022), the patient received 400x10° (5x10%kg
of body weight) CD19.CAR-T-cells (figure 1B).” The same
day, she developed a short phase of hypotension (100/50 mm
Hg) and a dry cough. A CT scan indicated mild exacerba-
tion of interstitial pneumonia. These CAR-T-cell infusion-
associated findings were interpreted as cytokine release
syndrome I°. Tocilizumab was not required. CAR-T-cells
expanded rapidly and B-cells vanished (figure 1B, C). After
day 10, the general condition, cough and CRP regressed to
levels prior to chemotherapy. In contrast to systemic lupus,’
CAR-T-cells in our patient did not induce immediate amelio-
ration. Therefore, and according to the will of the patient,
mycophenolate and nintedanib were reinitiated.

Skin fibrosis (Modified Rodnan Skin Score) regressed
(figure 1D); the fingers appeared less puffy, despite persisting
contractions and Raynaud’s phenomenon. No digital ulcers
occurred. By March 2023, dyspnoea regressed gradually.
According to CT scans, pulmonary affection improved
dramatically, including indices of ground glass opacifica-
tion and fibrosis® (figure 1E,F). *®Ga-fibroblast activation
protein-inhibitor positron emission tomography (°*Ga-FA-
PI-PET/CT) confirmed regressing, yet not completely
resolved, pulmonary fibroblast activation at month 6
(figure 1G).” ® Lung function improved (figure 1H). In July,
the patient could climb 2-3 floors without pause, while,

during her worst phases, she had suffered from speech
dyspnoea. Despite the withdrawal of mycophenolate in
July, this improved condition persisted until last follow-up
(September).

CRP, hsTNT and Scl70 normalised or strongly decreased
(figure 1I J). ANA titres gradually dropped from 1:5120
to 1:320 at last follow-up. CAR-T-cells persisted during
the follow-up (figure 1B), being >90% CD8-positive and
highly expressing PD1, CD57 and TIGIT, while CD8 and
CD27 were lowly expressed, indicating chronic stimula-
tion and exhaustion. Scattered B-cells reappeared at the last
follow-up.

Additionally, we observed a disappearance of Fcy-receptor-
activating immune complexes, which had persisted before
the addition of CAR-T-cells (figure 1K).

Together, we report on the first non-cancer patient
in whom third-generation CD19.CAR-T-cells were
applied.” The combination regimen in this SSc-case lead
to a sustained amelioration of lung function, aligned by
a dramatic regression of imaging findings. This treatment
success suggests that pulmonary improvement is an achiev-
able goal in SSc-ILD/PPF. While effects through chemo-
therapy may also have contributed to short-term effects,
the 11-month lasting benefit was confirmed by continu-
ously normalised CRP and hsTNT and regressing autoan-
tibody levels.

This study is also the first to describe the disappearance of
Fcy-receptor-activating immune complexes by CD19.CAR-
T-cell-containing therapy in autoimmune disease. Immune
complexes in Scl70+SSc have been suggested to contribute
to pathology via activating Fey-receptors.”™"!

While PPF is clinically defined,* the pathophysiology of
ILD and lung fibrosis is extremely complex, with ‘early’
injury and ‘late’ fibroblast-driven phases being closely inter-
twined.'? The clinical aspects demonstrate an improvement
of ILD and PPF in our patient. Beyond this and despite
the absence of repeated lung biopsies, it can be assumed
that also late fibroblast-driven pathophysiology, pulmonary
fibrosis in the narrower sense, has improved. This assump-
tion is based on slowly reduced fibroblast pathology in vivo
in FAPI-PET/CTs which paralleled clinical amelioration and
reduced autoimmune features. In short, all investigated
aspects of autoimmunity-related ILD and lung fibrosis have
improved.

Our case builds on other CAR-T-cell reports in rheuma-
tology.> > '* Previous reports studied second-generation
CAR-T-cells. Further differences include higher numbers of
infused cells, persistence of CAR-T-cells and long-term B-cell
depletion. As this is the first report of long-term persistence
of CD19.CAR-T cells in a patient with rheumatic/fibrotic
disease, the reasons and consequences need to be consid-
ered. Reasons may include the higher cell numbers infused,
but also potentially persisting CD19+cells, as antigen-
recognition is pivotal for CAR-T-cell persistence. Whether
CAR-T-cell persistence is necessary for the delayed clinical
effect in SSc or is rather a risk that should be avoided, must
be addressed in larger studies.

No severe adverse event occurred, but we critically ques-
tion fludarabine in ILD, given rare fludarabine-associated
pneumonitis’® and the temporary deterioration of lung
pathology in our patients.

Overall, CD19.CAR-T-cell-combination led to a hitherto
unachieved pulmonary improvement in autoimmune PPF.
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Figure 1 Multimodal therapy including third-generation CD19.CAR-T-cells in a patient with Scl70+systemic sclerosis and progressive pulmonary
fibrosis. (A) Graphical overview of disease course and therapeutic regimen. (B) Top: CAR-T-cells rapidly expanded in vivo and were still detectable
after 11 months. The graph shows copy numbers of the CAR construct related to the amount of DNA in peripheral blood mononuclear cells (PBMCs),
as determined by PCR. Bottom: High-dimensional spectral flow cytometry was used to phenotype persisting CAR-T-cells at months 3 and 7 after
infusion. An antibody against the CD19-CAR construct was used to identify CAR-T-cells. Data from the two time points were in silico concatenated
and shown together in single graphs. The dot plots show overlays of persisting CAR-T-cells (blue) with non-CAR total (left) and CD8+ (right) T cells
after gating on non-doublet, viable, CD45+CD3+ lymphocytes. (C) B-cell counts were determined by standard conventional flow cytometry. No B-
cells could be detected after CAR-T therapy. In 10/23, very low levels of B-cells were redetectable (0.9/pL). (D) Modified Rodnan Skin Score (mRSS).
The degree of skin sclerosis was evaluated by the same treating rheumatologist over time. (E) Thin-section CT. Ground glass opacification and signs
of pulmonary fibrosis decreased dramatically after CAR-T-cell therapy. Example axial non-enhanced images before/after CAR-T-cell therapy; (F) CT
scoring. Colour-coded coronal images at the indicated time points before/after CAR-T therapy. Based on radiological densities in CT scans (Hounsfield
units), cut-off values were chosen to separate lung areas into ‘normal’, ‘ground glass’ andfibrosis’ using an algorithm, similar to previously
described. These areas were imaged by a colour-code (green: normal lung, orange: ground glass, red: fibrosis). Bottom: For volumetric quantification,
summarising ground glass and fibrosis indices were calculated, with indices giving the relative volume of affected lung parenchyma. (G) Low-dose
CT scans were combined with fibroblast activation protein-inhibitor positron emission tomography (68Ga-FAPI-PET/CT), an imaging modality to
assess fibroblast activation in vivo. Pulmonary areas with 68Ga-FAPI-uptake showed a tendency for regression. SUV, standardised uptake value; HU,
Hounsfield units. (H) Lung function tests were performed at several time points before and after CAR-T-cell infusion. (1) Selected clinical laboratory
test results over time. Additional horizontal lines denote normal ranges. (J) Anti-Scl70 (topoisomerase) autoantibodies over time. The horizontal line
denotes the cut-off of normal. (K) Longitudinal measurement of the bioactivity of circulating immune complexes at Fcy-receptor-1lIA and -11A (CD16
and CD32AH) indicating the disappearance of bioactive immune complexes after CAR-T-cell therapy. A functional reporter cell-based assay was
applied as reported earlier.'® The bioactivity index was calculated by (mean sample—mean negative control)/(mean positive control-mean negative
control)x100, leading to results between 0 and 100. The bioactivity index is both a surrogate of the presence of soluble immune complexes in serum
and proof of their bioactivity via Fcy-receptor engagement. DLCO-SB/-VA, single-breath/ventilation-adapted diffusion capacities; FVC, forced vital
capacity; CRP, C reactive protein; hsTNT, highly sensitive troponin T.
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