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ARTICLE INFO ABSTRACT

Keywords: Management of immunosuppression after solid organ transplantation in context of
kidney transplantation chimeric antigen receptor T cell therapy (CART) is challenging. Although required to
CAR-T cell therapy prevent graft rejection, systemic immunosuppression can interfere with biological functions
tolerance of apheresis products and adoptively transferred T cells. We treated a 33-year-old kidney

transplant recipient who developed relapsed/refractory posttransplant lymphoproliferative

disorder with CD19-directed CART as a fourth-line therapy. Immunosuppression was

discontinued before leukapheresis for CART and not reinitiated ever since. Although the

posttransplant lymphoproliferative disorder remained in complete remission, we did not
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observe any signs of graft rejection (clinically and by determination of donor-derived cell-

free DNA) until last follow-up at 23 months after CART. Phenotyping of peripheral blood

immune cell subsets showed stable recovery of T and B cell compartments with dominant

naive differentiation. Immune responses against foreign antigens were shown by T cell

cytokine production after stimulation with virus-derived peptide pools and absence of

torque teno virus DNA. The lack of human leukocyte antigen antibodies and absence of T

cell proliferation in a mixed leukocyte reaction with peripheral blood cells of the kidney

donor confirmed tolerance against donor antigens. We envision CD19-directed CART as a

therapeutic option to prevent organ rejection without conventional long-term immuno-

suppression in selected patients.

1. Introduction

Current strategies for allogeneic kidney transplantation
require life-long immunosuppression, which affects quality of life
and increases the risk of infections, myelosuppression, and
secondary malignancies.1 Immunosuppression-associated
replication of persistent viruses such as Epstein-Barr virus
(EBV) can drive the development of life-threatening posttrans-
plant lymphoproliferative disorders (PTLD) underlining the
unmet clinical need for the induction of operational tolerance
without conventional immunosuppression after solid organ
transplantation. We present a case of long-term discontinuation
of conventional immunosuppression without kidney graft rejec-
tion after CD19-directed chimeric antigen receptor T cell therapy
(CD19-CART) for PTLD. Detailed peripheral blood immune
phenotyping and functional T cell assays complement our clin-
ical observations and provide immunologic context for the
mechanisms potentially underlying absence of graft rejection.

2. Materials and methods

2.1. Participants, cell isolation, and magnetic
enrichment

The study was approved by the local ethics committee at Uni-
versity of Regensburg, Germany (Ethikkommission der Universitat
Regensburg), and conducted in accordance with the Declaration of
Helsinki. All participants gave written informed consent.

Mononuclear cells (MNCs) were isolated from peripheral
blood or leftover material of leukapheresis products by density
gradient centrifugation using Ficoll-Paque PLUS (Merck) ac-
cording to the manufacturer’s instructions. If indicated, cell
populations were magnetically separated using CD2 MicroBe-
ads, human (Miltenyi Biotec) according to the manufacturer’s
instructions. Purity of the separation was confirmed by CD3
staining and flow cytometry (flow cytometry reagents are tabu-
lated in Supplementary Table 1).

2.2. In vitro stimulation and intracellular staining

Approximately 1 x 108 MNC/well were cultured in 96-well
plates at a final volume of 150 pL medium consisting of
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RPMI1640 (PAN Biotech) supplemented with 2 mM L-gluta-
mine (Thermo Fisher Scientific), 100 U/mL penicillin, 100 mg/
mL streptomycin (Thermo Fisher Scientific), and 10% fetal
bovine serum (Capricorn Scientific GmbH). For peptide stim-
ulation, we added CERI-MHC class | control peptide pool
(cytomegalovirus [CMV]; EBV, respiratory syncytial virus,
influenza A peptide pool; CTL-CERI-300; CTL Europe GmbH)
at a final concentration of 1 pg/mL, or phorbol 12-myristate 13-
acetate/ionomycin (eBioscience Cell Stimulation Cocktail
[500x]; Thermo Fisher Scientific) according to the manufac-
turer’s instructions (positive control), or cells were left unsti-
mulated (negative control). After 2 hours, GolgiPlug (BD
Bioscience) was added according to the manufacturer’s in-
structions, and cells were incubated overnight.

Surface staining with multicolor panels (Supplementary
Table 1) was done according to the manufacturer’s in-
structions. For fixation, permeabilization and intracellular
staining, we used the Intracellular Fixation and Per-
meabilization Buffer Set (Thermo Fisher Scientific) according
to the manufacturer’s instructions. Intranuclear FOXP3 stain-
ing was done using the Foxp3/Transcription Factor Staining
Buffer Set (Thermo Fisher Scientific) according to the manu-
facturer’s instructions. All flow cytometry data were recorded
on LSRFortessa and FACSymphony instruments (BD
Biosciences).

2.3. Mixed leukocyte reaction

CD2-enriched MNC isolated from the patient were labeled
with carboxyfluorescein at a final concentration of 2 pM in
phosphate-buffered saline (Thermo Fisher Scientific) for 4 mi-
nutes at room temperature in the dark. CD2-depleted cells were
irradiated with 30 Gy (IBL 437C; Schering CIS Bio International)
and subsequently labeled with CellTrace Violet at a final con-
centration of 2 mM for 20 minutes at 37 °C, 5% CO..

Approximately 1 x 10%well CD2-enriched cells were co-
cultured with 1 x 10%well irradiated, CD2-depleted cells at a
final volume of 200 pL medium (as described earlier) in 96-well
U-bottom plates for 7 days. For analysis, cells were stained
with a surface marker panel (Supplementary Table 1) according
to the manufacturer’s instructions and measured on a FAC-
Symphony instrument.
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2.4. Determination of CAR-T cell frequencies

MNCs were stained with a PE-conjugated anti-FMC63 anti-
body (ACROBiosystems) in conjunction with a BV421-labeled
CD83 antibody (BioLegend) to determine frequencies of CD19-
CAR™ T cells. The viability dye eFluor 780 (ThermoFisher) was
used for live/dead cell discrimination. Gating was based on
fluorescence-minus-one controls. Data were recorded on a
FACSLyric (BD Biosciences) instrument.

2.5. Determination of donor-derived cell-free DNA

Blood samples for cell-free DNA analyses were collected in
Cell-Free DNA BCT Tubes (Streck) and handled according to
the manufacturer’s instructions. Kidney donor-derived cell-free
DNA (dd-cfDNA) was quantified by digital polymerase chain
reaction (PCR) with hybridization probes following chaotropic
extraction of cfDNA from plasma. For the first 2 collection time
points, dd-cfDNA quantification was performed using a nested
assay targeting 4 informative loci on the 2 channel QX200
droplet digital polymerase chain reaction (ddPCR) system
(Bio-Rad).2 Samples from collection time points 3 and 4 were
analyzed using the improved version 2 of the assay (GraftAs-
sure), incorporating 11 informative loci in a nested multiplex
ddPCR format using the 6-channel QX600 system (Bio-Rad).
The expanded set of informative loci increases the analytical
sensitivity of the assay version 2 and results in an improved
lower limit of quantification (0.05% and 3 copies/mL) for
dd-cfDNA determination. The decision limits were determined as
previously described.”*

2.6. Determination of other routine laboratory
parameters

All other laboratory parameters were determined by certified
routine clinical diagnostics.

2.7. Statistics and data visualization

Statistics and data visualization were done using R software,5

version 4.5.0 (R Foundation for Statistical Computing). Applied
tests are stated in the respective figure descriptions.

3. Results

3.1. Sustained remission of relapsed/refractory PTLD
and hematologic recovery after CD19-CART

A 33-year-old woman (Table 1) with perinuclear anti-
neutrophil cytoplasmic antibody-associated vasculitis and end-
stage kidney disease received an ABO-compatible living donor
kidney transplantation from her human leukocyte antigen (HLA)-
haploidentical father in August 2011. In January 2021, the pa-
tient developed abdominal pain that was attributed to preexisting
Crohn's disease. However, positron emission tomography/
computed tomography showed a conglomerate tumor in the
lower abdomen (Fig. 1 and Supplementary Fig. S1), and routine
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Table 1

Patient characteristics.
Characteristic Value
Age (y) at time of transplantation 19
Gender Female
Race White

Underlying kidney disease

Body mass index (kg/m?), August 2023

Hypertension

Serum cholesterol (mg/dL), August 2023

Serum triglycerides (mg/dL), September
2023

Smoking

Pregnancies

Previous transplantation

Donor age (y) at time of transplantation

Donor HLA typing

Recipient HLA typing

HLA mismatch

Preformed anti-HLA donor-specific

antibodies

p-ANCA-associated
vasculitis

18.9

Yes (medication:
candesartan

and metoprolol)

198

233

Never

None

No

51

A*01, *32; B*40, *44;
DRB1*04, *11; DQB1*03
A*01, *03; B*40, *07;
DRB1*04, *15; DQB1*03,
*06

Haploidentical

None

HLA, human leukocyte antigen; p-ANCA, perinuclear antineutrophil cytoplasmic

antibody.

workup revealed stage IV EBV-positive polymorphic PTLD with
plasmocytic differentiation. First-line treatment consisted of
reduction of immunosuppression (tacrolimus 4-6 ng/mL target
level; prednisolone 5 mg/d, discontinuation of azathioprine) and
weekly intravenous administration of rituximab (375 mg/m?)
(Fig. 1).

After 3 cycles of rituximab, the patient presented with pro-
gressive disease. The abdominal conglomerate tumor was
resected, and histology, in contrast to the initial diagnosis,
revealed EBV-negative monomorphic PTLD of diffuse large B
cell ymphoma type (germinal center B cell type).

Second-line treatment with 4 courses of R-CHOP (rituximab,
375 mg/mz; cyclophosphamide, 750 mg/m2; doxorubicin, 50 mg/
m2; vincristine, 1.4 mg/m2 [courses 1 and 2 only]; prednisolone,
100 mg) followed by a fifth course due to residual lymphoma
resulted in complete remission (Fig. 1). Intermittent neutropenia
was attributed to autoimmune neutropenia in combination with
chemotherapy-induced bone marrow damage and was tempo-
rarily treated with granulocyte colony-stimulating factor.



H. Hansmann et al.

Immunosuppression

Tacrolimus (target level 4-6 ng/ml)
Azathioprine

Prednisolone 5 mg/d

Lymphoma therapy
3x 5x 4x 6x
R R-CHOP R  R-Pola

Initial diagnosis

P R CR

Relapse PD PR PR

PD
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1x Cyclophosphamide
CArT
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Figure 1. Graphical summary of immunosuppression, lymphoma therapy, and remission status. CART, chimeric antigen receptor T cell therapy; CR,
complete remission; PD, progressive disease; PR, partial remission; PTLD, posttransplant lymphoproliferative disorder; R, rituximab; CHOP,
cyclophosphamide, doxorubicin, vincristine, prednisolone; Pola, polatuzumab-vedotin.

Five months after the end of R-CHOP, lymphoma relapsed as
stage IV disease. Another 4 cycles of rituximab resulted in pro-
gressive lymphoma (Fig. 1). Subsequent third-line treatment
with 6 courses of rituximab (375 mg/m?) in combination with
polatuzumab-vedotin (1.8 mg/kg) induced partial remission that
lasted for 3 months.

Given the aggressive disease course, we initiated leuka-
pheresis for chimeric antigen receptor T cell therapy (CART)
with commercially manufactured axicabtagene-ciloleucel (Axi-
Cel; YESCARTA; GILEAD Sciences GmbH). The patient
received lymphodepleting chemotherapy at a kidney
function-adapted dosage (3 x 250 mg/m2 cyclophosphamide; 3
x 15 mg/m2 fludarabine), followed by Axi-Cel, in August 2023
(Fig. 1).

Cytokine-release syndrome grade 1 was treated with 4 doses
of tocilizumab (8 mg/kg each) due to persisting fever. Immune
cell-associated neurotoxicity syndrome grade 1 was observed
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on day 8 after Axi-Cel and successfully managed with dexa-
methasone (3 x 10 mg/d).

Positron emission tomography/computed tomography 2
months after Axi-Cel revealed uterine fluorodesoxyglucose up-
take that was histologically confirmed as myoma, and the patient
remained in complete remission ever since with last follow-up 23
months after Axi-Cel (Fig. 1).

Since hospital discharge, no severe Common Terminology
Criteria of Adverse Events grade of >3 cytopenia (leukocytope-
nia, thrombocytopenia, or anemia) occurred (Fig. 2A-C). Total T
cell counts within CD4" and CD8" compartments recovered
shortly after lymphodepleting chemotherapy (Fig. 2D, E). T cell
immune phenotyping revealed dominant naive and effector dif-
ferentiation in CD4" and CD8" compartments; regulatory T cells
accounted for 6.5% of CD4" T cells (Table 2; Supplementary
Fig. S2) 663 days after CART. B cells were not detectable in
peripheral blood during immunochemotherapy, absent after
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Figure 2. Immune monitoring and functional determination of immunosuppression and operational tolerance. (A-G) Selected laboratory parameters
determined in peripheral blood. (H) dd-cfDNA determined in peripheral blood plasma of the patient at indicated time points. (I) Interferon gamma
production in patient T cells after in vitro stimulation. Detailed gating is shown in Supplementary Figure S3. Points indicate individual data of 5
(phorbol 12-myristate 13-acetate/ionomycin) or 6 (all other conditions) replicates from 4 independent experiments performed on days 588, 597, and
663 after CART (2 experiments at the first time point, 1 experiment at each of the 2 other time points). Boxes reach from first to third quartiles, lines
within boxes indicate medians. The upper whisker extends from the hinge to the largest value, no further than 1.5 x inter-quartile range (IQR). The
lower whisker extends from the hinge to the smallest value, at most 1.5 x IQR. Statistics were calculated using a 2-sided unpaired t test. (J-K) CD2-
enriched patient lymphocytes were incubated with CD2-depleted and irradiated MNC from the indicated donors. CFSE was detected by flow
cytometry to determine proliferation. Histograms are pregated on live single patient lymphocytes (detailed gating in Supplementary Fig. S5). Numbers
next to gates indicate percentages. The bar chart shows mean + standard error. Data points indicate 4 replicates of 1 experiment. Statistics were
calculated by 1-way analysis of variance and subsequent TukeyHSD. *P < .05; **P < .01; ***P < .001; n.s. not significant. AKI, acute kidney injury;
CART, chimeric antigen receptor T cell; CERI, cytomegalovirus, Epstein-Barr virus, respiratory syncytial virus, influenza A; CFSE, carboxy-
fluorescein; dd-cfDNA, donor-derived cell-free DNA; ID, initial diagnosis; IFN, interferon; IS, immunosuppression; MNC, mononuclear cell; PTLD,

posttransplant lymphoproliferative disorder.
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Table 2
Frequencies of immune cell subsets in peripheral blood.

Parent population Subset Frequency within parent
population (%) at days
after CART
597 663

CD4* T cells Naive 58.5 57.3

Central memory 4.0 6.2
Effector 21.3 18.7
Effector memory 16.2 17.8
Regulatory ND 6.5
CD28" 99.4 99.2
TCRofp 99.7 99.2
CD8" T cells Naive 49.3 49.3
Central memory 0.1 0.1
Effector 47.5 48.9
Effector memory 3.0 1.6
CcD28* 54.1 63.5
TCRap 95.4 90.5
B cells CD20" 99.6 99.6
Memory 0.5 20.2
Naive 99.3 77.7
IgD* 90.0 93.1
lgG* 0.1 0.0
Plasmablast 0.0 0.2

Frequencies of immune cell subsets were determined by flow cytometry. T cell
subset  characteristics: naive (CCR77CD45RA™), central memory
(CCR77CD45RA "), effector (CCR7 CD45RA™), effector ~ memory
(CCR7-CD45RA™), and regulatory (CD25"FOXP3™). B cell subset character-
istics: naive (CDh27"), memory (CD27™), and plasmablast
(CD20~CD27%CD38"). Representative gating examples are provided in Sup-
plementary Figure S2.

ND, not determined.

CART, and recovered 16 months after CART (Fig. 2F) with almost
exclusively (99% of B cells) naive immune phenotypes and
plasmablasts of <0.5% of total B cells (Table 2; Supplementary
Fig. S2). Over time, we observed increasing frequencies of
memory and decreasing frequencies of naive B cells as part of B
cell reconstitution (Table 2). CAR-T cells were present in pe-
ripheral blood with 0.34% and 0.10% of CD3™ T cells 65 and 330
days after Axi-Cel, respectively, but were no more detectable at
day 596 after Axi-Cel (Supplementary Table 2).

3.2. Kidney function and absence of rejection despite
long-term discontinuation of immunosuppression after
CD19-CART

The initial posttransplant course was uncomplicated. A po-
tential borderline allograft rejection in September 2016 was not
treated, and there were no further suspected rejection events. In
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September 2019, HLA class Il antibodies (DQA1*05, unclear
specificity in absence of DQA donor typing) were detectable with
a median fluorescence intensity of 1123 for a single time. Owing
to stable graft function, neither donor retyping nor additional
kidney biopsies were performed at that time. HLA antibodies
were not detectable at any following time point.

At manifestation of PTLD, kidney function remained stable
during reduction of immunosuppression and immunochemo-
therapy (Fig. 2G). In July 2022, in the context of neutropenic
fever, the patient developed acute kidney injury stage 3 ac-
cording to Kidney Disease Improving Global Outcome
(KDIGO),° with a maximum creatinine level of 4.6 mg/dL. Kidney
biopsy showed no signs of rejection. Afterward, creatinine
remained stable at approximately 2.0 to 3.3 mg/dL (estimated
glomerular filtration rate, 18-32 mL/min/1.73 m2), which is the
serum creatinine baseline before CART (Fig. 2G).

To ensure harvest of functionally unaffected T cells for CD19-
CART, tacrolimus was discontinued 7 days before leukaphe-
resis (Fig. 1). As bridging of immunosuppression to CART, the
patient received 1 infusion of cyclophosphamide (600 mg/m?) 1
day after leukapheresis (27 days before CAR-T cell infusion).
Prednisolone (5 mg/d) was stopped 13 days after CAR-T cell
infusion, and the patient has not received any other immuno-
suppressive therapy ever since (Fig. 1). Graft function remained
stable beyond 693 days after CART (creatinine, 1.99 mg/dL;
estimated glomerular filtration rate, 32 mL/min/1.73 m2)
(Fig. 2G). Proteinuria after discontinuation of tacrolimus (7 days
before leukapheresis) until last follow up was stable (median
albuminuria, 126 mg/g creatinine; median proteinuria, 211 mg/g
creatinine), compared with the time from 2021 until discontinu-
ation of tacrolimus (median albuminuria, 114 mg/g creatinine;
median proteinuria, 228 mg/g creatinine), and considered clini-
cally not relevant regarding potential rejection. Luminex screen
for HLA antibodies showed negative results throughout the
entire period after CART (last determination 663 days after
CART). Repeated measurements of dd-cfDNA® until day 663
after CART (698 days after discontinuation of tacrolimus)
showed no evidence for graft injury (Fig. 2H). The initially
elevated fractional results (in percentage) were due to a low
amount of total cell-free DNA. Absolute dd-cfDNA results (copies
per milliliter) were always below the decision limit.

3.3. Kidney graft operational tolerance after CD19-
CART

Absence of kidney graft rejection despite long-term
discontinuation of conventional immunosuppression and re-
covery of peripheral blood immune cell compartments raised
the question whether CD19-CART induced a state of general
immunosuppression or indeed mediated operational toler-
ance. Serum torque teno virus (TTV) DNA levels indicated
adequate immunosuppression until 330 days after CART (1.3
x 108 copies/mL)” but were below the detection limit upon
next determinations 588 and 663 days after CART (Supple-
mentary Table 3), suggesting functional immune reconstitu-
tion. The patient never received immunoglobulin replacement
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therapy, and serum immunoglobulin levels were in the lower
range until last follow-up (Supplementary Table 4). Peripheral
blood T cells showed robust interferon gamma production
upon stimulation with peptide pools of common persistent vi-
ruses (CERI) indicating reactivity against foreign antigens
588, 597, and 663 days after CART (Fig. 2I; representative
flow cytometry data of 1 experiment as an example in Sup-
plementary Fig. S3). To investigate tolerance toward donor
antigens, we tested proliferation of CD2-enriched patient T
cells in a mixed reaction with CD2-depleted, irradiated pe-
ripheral blood leukocytes of the kidney donor and an unrelated
donor (positive control) or the patient herself (negative con-
trol) 663 days after CART (purity of CD2-enriched or
CD2-depleted cell populations in Supplementary Fig. S4).
Patient T cells showed strong proliferation in response to the
unrelated but not to the haploidentical kidney donor (Fig. 2J;
representative histograms of 1 experiment as an example in
Fig. 2K; flow cytometry gating in Supplementary Fig. S5).

4. Discussion

Data on immunosuppressive therapy in context of CD19-
CART and solid organ transplantation are limited. In most
cases, immunosuppression was reduced or suspended around
CAR-T cell infusion and reinitiated during the following months
with variable outcomes regarding graft survival and hematologic
remission.®'® Immunosuppression was not reinitiated in our
patient, which may be especially critical for therapeutic success
in the case of PTLD.

We observed stable kidney function for more than 24 months
after discontinuation of tacrolimus and ongoing—a finding that
could not be expected. Absence of graft rejection was supported
by stable kidney function throughout the entire period after
CART, dd-cfDNA levels, absence of donor-specific HLA anti-
bodies, and stable proteinuria with microalbuminuria. A kidney
biopsy for confirmation of absence of rejection was clinically not
indicated.

Our clinical observations raised the question whether
absence of graft rejection resulted from a state of general
immunosuppression or operational tolerance. Notably, the pa-
tient received numerous cycles of lymphocyte-targeted immu-
nochemotherapy before CD19-CART, which complicated the
interpretation of our findings. Operational tolerance would
require efficient immune responses to foreign antigens other
than donor antigens. Although initially present at high levels,
TTV DNA was repeatedly below the detection limit, indirectly
indicating an elevated risk for organ rejection due to low immu-
nosuppres.sion.17 Accordingly, we confirmed low but robust T
cell responses (interferon gamma production) in response to
peptides of highly prevalent viruses (CERI). These responses
met our expectations because the patient was CMV seronega-
tive, CMV peptides comprised approximately one-quarter of
CERI pool peptides (30/124 peptides), and CMV-specific T cells
can be expected in higher frequencies in peripheral blood than
EBV-specific T cells in seropositive healthy individuals.'®
Adequate function of the patient’s immune system was
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confirmed by a strong response in a mixed leukocyte reaction
with unrelated third-party immune cells. However, in the very
same mixed leukocyte reaction, T cells of the patient showed a
lack of direct alloresponse toward donor cells. Considering our
data on immune reconstitution, immune function after CART,
and absence of rejection, the patient achieved kidney allograft
operational tolerance as defined by Ansari et al' and
Roussey-Kesler et al.?° To set our observations into an immu-
nologic context, we performed detailed peripheral blood immune
phenotyping at different time points after CART. T cell com-
partments showed dominant naive and effector differentiation
with regular frequencies of Treg. B cell compartments were
dominated by naive, non-class-switched B cells with almost
absent plasmablasts. These differentiation states indicate an
immunologic reset that, along with eradication of autoantibodies,
has already been observed and held responsible for the bene-
ficial effects of CD19-CART in patients with autoimmune dis-
eases.’’?> Naive B cell phenotypes with plasmablasts at the
lower detection limit are in line with the continuous absence of
donor-specific HLA antibodies. Whether decreasing frequencies
of naive B cells and increasing frequencies of memory B cells as
part of immune reconstitution pose a potential risk for future
rejection in this special situation after CD19-CART cannot be
concluded from our data and has to be determined in larger
biomarker trials.

Despite the profound impact of CD19-CART on the B cell
compartment, the mechanisms leading to operational tolerance
in the presented patient are not clear. Organ rejection is not
solely B cell or antibody dependent but rather the consequence
of complex immunologic processes involving a variety of
different cell types. Moreover, operational tolerance after
kidney transplantation has been observed in selected patients
independent of CAR-T cell therapy and lymphodepleting
immunochemotherapies.”’®?>?®  The exact contribution of
CD19-CART to the development of operational tolerance and
whether our findings can be applied to larger cohorts or selected
subsets of patients has to be determined in future clinical trials.

As a treatment for B cell malignancies, CD19-CAR-T cells
can persist for years (at least 11 months in case of the presented
patient) and our observations do not allow conclusions whether
B cell malignancy-driven CD19-directed CAR-T cell persistence
was critical for induction of operational tolerance and long-term
kidney graft survival. Furthermore, our patient was treated with
Axi-Cel 12 years after kidney transplantation, a scenario that is
immunologically different from time points within weeks to
months after transplantation.

In context of current therapeutic strategies against kidney graft
rejection, Mayer et al*® showed promising results applying the
CD38 antibody felzartamab against antibody-mediated kidney
allograft rejection. Felzartamab did not substantially affect serum
levels of donor-specific HLA antibodies and graft rejections
recurred after treatment discontinuation.?® We expect effects of
CD19-CART to be complementary to CD38 antibodies and
beneficial for mediating long-term operational graft tolerance.

In the future posttransplantation setting, we envision CD19-
CART as a therapeutic option to prevent chronic organ rejection
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especially in scenarios where conventional immunosuppression
should be avoided (eg, PTLD) or is considered inefficient. Our
data have to be interpreted with caution, as long as they rely on a
single case; however, they encourage application of CD19-
directed CAR-T cells in selected conditions in clinical trials.
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