
Transplantation  ■  xxx 2025  ■  Volume 00  ■  Number 00	 www.transplantjournal.com	 1

Special Feature

Received 18 July 2024. Revision received 15 October 2024.

Accepted 24 October 2024.

1  Translational Research Immunology Group, Nuffield Department of Surgical 
Sciences, University of Oxford, Oxford, UK.

2  Department of Renal Medicine, Singapore General Hospital, Singapore. 

3  Center for Transplantation Sciences, Department of Surgery, Massachusetts 
General Hospital and Harvard Medical School, Boston, MA. 

4  Division of Hematology, Oncology, Stem Cell Transplantation and Regenerative 
Medicine, Department of Pediatrics, Stanford University School of Medicine, 
Stanford, CA. 

5  Department of Medicine, Division of Nephrology, Johns Hopkins University 
School of Medicine, Baltimore, MD. 

6  Department of Surgery, Division of Abdominal Transplantation, Stanford 
University School of Medicine, Palo Alto, CA. 

7  Department of Pathology, Division of Transplantation, University of Pittsburgh, 
Pittsburgh, PA. 

8  Quell Therapeutics, Translation and Innovation Hub, London, UK. 

9  Imaging Therapies and Cancer Group, School of Cancer and Pharmaceutical 
Sciences, King’s College London, London, UK. 

10  ImmunoFree Inc. 

11  Nuffield Department of Surgical Sciences, University of Oxford, Oxford, UK. 

12  Division of Experimental Surgery, Department of Surgery, University Hospital 
Regensburg, Regensburg, Germany. 

13  Nantes Université, INSERM, Center for Research in Transplantation and 
Translational Immunology, Nantes, France. 

14  Translational and Clinical Research Institute, Newcastle University, Newcastle 
upon Tyne, UK. 

15  Musculoskeletal Unit and NIHR Newcastle Biomedical Research Centre, 
Newcastle upon Tyne Hospitals NHS Foundation Trust, Newcastle upon Tyne, UK. 

16  Ajmera Transplant Centre, Toronto General Hospital, University Health 
Network, University of Toronto, Toronto, ON, Canada. 

17  Department of Surgery, Transplant Center, Massachusetts General Hospital, 
Boston, MA. 

18  Starzl Transplantation Institute, University of Pittsburgh, Pittsburgh, PA. 

19  Comprehensive Transplant Center at Northwestern University Feinberg 
School of Medicine, Northwestern University, Chicago, IL. 

20  Department of Surgery, University of British Columbia, Vancouver, BC, 
Canada. 

21  Department of Medicine, Northwestern University, Chicago, IL. 

22  Peter Gorer Department of Immunobiology, School of Immunology and 
Microbial Science, King’s College London, London, UK. 

23  Departments of Surgery and Microbiology-Immunology, Comprehensive 
Transplant Center, Northwestern University, Chicago, IL. 

24  INSERM, Nantes Université, CHU Nantes, Center for Research in 
Transplantation and Translational Immunology, Nantes, France. 

25  Charité - Universitätsmedizin Berlin, Berlin Center for Advanced Therapies 
(BeCAT), Berlin, Germany. 

26  Division of Nephrology, Department of Medicine, Massachusetts General 
Hospital, Harvard Medical School, Boston, MA. 

27  Department of Surgery, Massachusetts General Hospital, Harvard University, 
Boston, MA. 

28  Medical School, Harvard University, Boston, MA. 

29  Columbia Center of Translational Immunology, Columbia University Medical 
Center, New York, NY. 

30  Institute of Liver Studies, King’s College Hospital, London, UK. 

31  Sangamo Therapeutics, Gloucestershire, UK. 

32  Columbia Center for Translational Immunology, Departments of Medicine, 
Surgery, and Microbiology and Immunology, Columbia University, New York, NY. 

Meeting Report: The Sixth International Sam 
Strober Workshop on Clinical Immune Tolerance
Helen Stark, MBBS, DPhil,1 Quan Yao Ho, MRCP, MMed,1,2 Amy Cross, PhD,1 Alessandro Alessandrini, PhD,3  
Alice Bertaina, MD, PhD,4 Daniel Brennan, MD, FACP,5 Stephan Busque, MD, MSc, FRCSC,6 
Anthony Demetris, MD,7 Luke Devey, PhD,8 Gilbert Fruhwirth, PhD,9 Ephraim Fuchs, MD,10  
Peter Friend, PhD, FRCS,11 Ed Geissler, MD, PhD,12 Carole Guillonneau, PhD,13 Joanna Hester, PhD,1 
John Isaacs, PhD, FRCP,14,15 Elmar Jaeckel, MD, PhD,16 Tatsuo Kawai, MD, PhD,17 Fadi Lakkis, MD,18 
Joseph Leventhal, MD, PhD,19 Megan Levings, MD,20 Josh Levitsky, MD,21 Giovanna Lombardi, PhD,22 
Marc Martinez-Llordella, PhD,8 James Mathew, PhD,23 Aurélie Moreau, PhD,24 Petra Reinke, MD, PhD,25  
Leonardo V. Riella, MD, PhD,3,26 David Sachs, MD,27,28,29 Alberto Sanchez Fueyo, MD, PhD,30 
Katharina Schreeb, MD,31 Megan Sykes, MD,32 Qizhi Tang, PhD,33 Angus Thomson, PhD, DSc,34 
Timothy Tree, PhD,35 Piotr Trzonkowski, PhD,36 Koichiro Uchida, MD, PhD,37 Jeffrey Veale, MD,38 
Josh Weiner, MD39 Thomas Wekerle, MD,40 and Fadi Issa, DPhil, FRCS1 

INTRODUCTION
The Clinical Tolerance Workshop series was established 
by the late Dr Sam Strober and colleagues with the goal 
of bringing together investigators working in the field of 
transplantation tolerance. For the first time, the meeting 
was held outside the United States. The Sixth International 
Workshop was run from the March 25–26, 2024 at Exeter 
College, University of Oxford. International world-leading 

scientists and clinicians gave updates on their ongoing 
research into tolerance induction through cell therapies 
and chimerism, with the goal of immunosuppression (IS) 
withdrawal. Invited speakers from the field of autoim-
munity gave insights into the translational intersections 
between transplant tolerance and autoimmune regulation. 
Given the nature and length of these trials, regular dissemi-
nation is crucial for current investigators designing trials in 
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the field. This report provides a comprehensive summary 
of these ongoing efforts.

CHIMERISM TRIALS
Table 1 provides a summary of ongoing chimerism trials. 

Complete withdrawal from pharmaceutical IS and achiev-
ing long-term tolerance are the ultimate aims of combining 
hematopoietic chimerism with solid organ transplanta-
tion. Different patient-conditioning protocols give rise to 
hematopoietic chimerism that can be transient or persistent, 
mixed where recipient and donor cells coexist, or full when 
the hematopoietic cells are completely donor derived.

The Massachusetts General Hospital protocols require 
initial conditioning with cyclophosphamide, thymic irra-
diation, the anti-CD2 monoclonal antibody siplizumab, 
with rituximab for combined kidney and bone marrow 
transplant (CKBMT), followed by progressively tapered 
standard IS. This results in a transient mixed chimerism 
that lasts on average a few weeks. Siplizumab is an anti-
body that depletes T cells through antibody-dependent cel-
lular cytotoxicity, while relatively sparing regulatory T-cell 
(Treg) populations important for immune regulation.1,2 This 
results in a transient mixed chimerism. Leonardo Riella 
described the current revision of their conditioning proto-
cols to reduce the rate of chimerism transition syndrome 
(CTS). This immunologic event, characterized by severe 
acute kidney injury, fevers, loss of chimerism, and recon-
stitution of the recipient’s immune system, typically occurs 
2 wk after transplantation.3 The 2022 revision adds fludara-
bine, reduces the dosage of cyclophosphamide and removes 
posttransplant doses of rituximab (NCT04540380). This 
protocol continues to establish mixed chimerism with only 
1 of 8 patients developing CTS, without any graft loss. The 
interval between cyclophosphamide treatment and hemo-
dialysis also impacted white blood cell depletion and the 
degree and duration of transient chimerism (unpublished).

Joshua Weiner (Columbia University) introduced the 
PANORAMA trial (A Study of TCD601 in the Induction 
of Tolerance in Renal Transplantation) (NCT04803006), 

which similarly aims to reduce the incidence of CTS through 
modifications to previous CKBMT protocols. The updated 
regimen deepens T-cell depletion and broadens the period 
of depletion by adding mycophenolate mofetil and mov-
ing siplizumab dosing earlier in the pre-transplant period, 
with the goal of flattening the curve of recipient immune 
reconstitution. Results have thus far been positive. The first 
3 patients have been fully weaned off IS with good graft 
function and no evidence of rejection, with all showing early 
chimerism and early enrichment in circulating Treg. One 
patient had a decline in donor responsive T-cell clones, with 
data on the remaining patients awaited. A fourth patient is 
weaning, and 2 more pairs are being planned. There have 
been no significant episodes of CTS, with 2 patients expe-
riencing mild episodes marked by borderline elevated cre-
atinine and elevated serum IL-6 without any other signs or 
symptoms. All episodes resolved without long-term seque-
lae after a single dose of tocilizumab. The mechanisms 
underlying the tolerance facilitated by transient chimerism 
after CKBMT are not fully understood. High throughput 
T-cell receptor (TCR) sequencing has allowed the identifi-
cation of donor-reactive T cells pre-transplantation, which 
can then be tracked in the posttransplant period.4 Gradual 
deletion of preexisting donor-reactive T cells following an 
early expansion of donor-specific Treg, also identified by a 
TCR tracking mechanism, was shown to be mechanisms 
involved in the tolerance of CKBMT recipients.5 Megan 
Sykes (Columbia University) discussed mechanistic studies 
looking to identify donor reactive T-cell effector and Treg 
clones and track these cells in the circulation and graft.

At Stanford, the CKBMT approach instead results in 
persistent mixed chimerism through conditioning with anti-
thymocyte globulin (ATG) and total lymphoid irradiation 
(TLI) at kidney transplantation, followed by tapering stand-
ard IS and a later bone marrow transplant (BMT). Stephan 
Busque summarized the outcomes of 74 matched and mis-
matched patients that have been treated with a TLI- and 
ATG-based conditioning protocol for CKBMT since 2005.6 
The 5-y survival rate was 97% and 94.7% for patients and 
grafts, respectively. The matched protocol resulted in >80% 
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of patients withdrawn from their IS and 65% remaining 
off IS for 5–16 y. The TLI-ATG protocol applied to hap-
loidentical patients resulted in only 40% of patients with 
sustained chimerism of more than a year and reduction of IS 
to monotherapy of tacrolimus. The recent addition of a sin-
gle low dose of total body irradiation (TBI) resulted in high 
sustained chimerism in 5 of 6 patients with 2 patients off IS 
for 3 y and 5 mo, respectively, and 3 patients in taper. The 
Stanford human leukocyte antigen (HLA) matched protocol 
has now been used in Zurich, Tel Aviv, and at the University 
of California Los Angeles with similar results.

This protocol has been adopted by Medeor Therapeutics, 
presented by Daniel Brennan, in their Phase III multicenter 
randomized trial (NCT03363945) on the safety and efficacy 
of the cell product, MDR-101 (donor bone marrow enriched 
for CD34+ cells and adjusted for T-cell content), in the induc-
tion of functional tolerance in HLA-matched CKBMT. As of 
March 2024, 19 out of 20 infused patients developed chimer-
ism and 15 patients had been weaned from IS for at least 2 y. 
Acute rejection was observed in 2 patients, but no cases of de 
novo donor-specific antibodies (dnDSA), graft-versus-host 
disease (GvHD), or graft loss were observed. Jeffrey Veale 
from University of California, Los Angeles described their 
experience in successfully weaning 6 HLA-matched patients 
from IS after simultaneous CKBMT, but also in adapting 
this protocol to establish the first cases of delayed tolerance 
(NCT05525507) in 3 patients who received a BMT 1–5 y 
postkidney transplant (KTx).

Alice Bertaina (Stanford University) applied a new pro-
tocol combining ab T-cell depletion of peripheral blood 
stem cells (PBSC) collected from haploidentical donors, 
a reduced intensity conditioning regimen, and no GvHD 
pharmacological prophylaxis for CKBMT for pediatric 
patients with Schimke immuno-osseous dysplasia (SIOD). 
The 3 patients achieved full donor chimerism and a func-
tional tolerance that has enabled IS-free survival for at least 
42 mo after KTx.7 This success has instigated a Phase Ib/
IIa trial (NCT05508009) in pediatric patients with SIOD, 
cystinosis, focal segmental glomerulosclerosis, systemic 
lupus erythematosus nephritis and chronic kidney disease 
Stage 4 of CKBMT to tackle the inadequacy of lifelong IS 
to enable allograft survival in children.

Ephraim Fuchs presented work from ImmunoFree, Inc., 
who took over sponsorship of the terminated FREEDOM-1 
study (NCT03995901) from Talaris Therapeutics in 2023. 
The Phase III trial was halted early due to perceived exces-
sive rates of GvHD among the first 9 patients. A root cause 
analysis identified only one clear case of severe GvHD 
among the 9 patients and suggested that the degree of HLA 
mismatch between donor and recipient and the doses of 
CD34+ and TCRαβ+ cells in the donor hematopoietic stem 
cell graft were associated with major outcomes including 
GvHD and achievement of tolerance. ImmunoFree, Inc. is 
developing a Phase II single-arm, multicenter study (the 
“RELIEF” trial) of a re-designed engineered cell product, 
IF001, to establish sustained hematopoietic chimerism and 
delayed tolerance in prior recipients of kidneys from par-
tially HLA-matched (≥4/8 HLA) living donors.

Northwestern University has conducted a clinical trial 
designed to establish persistent donor chimerism in mis-
matched donor/recipient pairs using a manipulated donor 
stem cell graft and nonmyeloablative conditioning with a 
regimen of fludarabine, cyclophosphamide and TBI before In
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CKBMT, posttransplant cyclophosphamide, and tapered 
IS. Joseph Leventhal presented that in hematopoietic 
chimerism-based regimens for IS withdrawal, analysis of 
HLA molecular mismatches revealed that patients who 
were able to wean off all IS had lower HLA-DRB1 3- 
dimensional electrostatic mismatch scores in the host versus 
graft direction.8 Long-term (>15 y) follow-up has demon-
strated improved renal function and fewer metabolic and 
infectious complications in tolerant subjects as compared 
with well-matched controls. Single-cell RNA-seq analysis 
demonstrated that immune cell populations were highly 
heterogenous among patients participating in the trial, 
while proteoforms (different molecular forms of a protein 
arising from a single gene) differed between donor and 
recipient peripheral blood mononuclear cells (PBMC) in 
tolerant patients. A separate Phase 1 clinical trial to investi-
gate the use of Treg and hematopoietic mixed chimerism to 
promote donor engraftment and kidney organ tolerance in 
collaboration with Stanford University is ongoing. A new 
Phase 1 trial to explore the safety and efficacy of extra-
corporeal photopheresis (ECP) treated cell infusion and 
posttransplant ECP for the prevention of rejection in living 
donor kidney transplantation (LDKT) was presented.

REGULATORY T-CELL TRANSFER THERAPIES
Table 2 provides a summary of ongoing cell therapy 

trials. Qizhi Tang (University California San Francisco) 
reported outcomes from the Treg Adoptive Therapy in 
Subclinical Inflammation in Kidney Transplantation 
(TASK) study, a multicenter randomized controlled trial 
investigating the safety and efficacy of autologous, pol-
yclonal regulatory T cells (apTreg) to reduce subclini-
cal inflammation detected during surveillance biopsies 
(NCT02711826). Sixteen subjects were randomized and 
7 out of 8 subjects in the cell therapy group received Treg 
infusions. No safety concerns were detected. There were 
no differences in the primary efficacy endpoint, defined 
as the percentage change in inflammation in the kidney 
cortex on repeat biopsy at 6 mo with both treatment arms 
showing a similar decrease from the enrollment baseline. 
Of note, the cell manufacturing process was modified by 
pre-enriching for CD25 cells using magnetic-activated 
cell sorting to fluorescence-activated cell sorting purifica-
tion for the CD4+CD127lo/- Treg, significantly increasing 
the yield of apTreg.

Koichiro Uchida (Juntendo University) presented long-
term follow-up data from a previous pilot study aimed 
to induce tolerance using induced T cells with suppress-
ing functions, which is a costimulatory blockade induced, 
donor antigen reactive autologous CD4 and CD8 Treg 
cell-based product, in living donor liver transplantation 
(LDLT).9 Three of 10 patients developed mild acute cel-
lular rejection during IS weaning and were maintained 
on conventional low-dose IS, while 7 patients remained 
IS-free for 5.4–10.4 y. An ongoing Phase I/II multicenter 
study using the same protocol has now completed recruit-
ment and IS weaning is ongoing for the majority of the 
10 recruited patients (NCT04950842). Preliminary analy-
ses of liver biopsy samples demonstrated the formation of 
lymphoid-rich cellular aggregates which are positive for 
Foxp3 and highlighted the difficulty in grading these biop-
sies using current Banff criteria.

Thomas Wekerle (Medical University of Vienna) 
reported interim outcomes of the Vienna Trex001 study 
(NCT03867617), a single-center phase I/IIa trial with a non-
randomized open-label control group.10 In the trial, unsepa-
rated donor bone marrow cells and expanded polyclonal 
recipient Treg were transferred at day 0–3 post-LDKT with-
out any myelosuppressive recipient conditioning (no irradi-
ation, no cytotoxic drugs). The addition of Treg transfer to a 
BMT is intended to promote chimerism and allograft toler-
ance. Six subjects in the cell therapy arm received both cell 
products without any infusion-related adverse events. One 
additional subject was withdrawn before Treg administra-
tion as the Treg product was out of specification. Total leu-
kocyte and lineage-specific chimerism will be evaluated by 
droplet digital polymerase chain reaction and flow cytom-
etry. Episodes of early acute T-cell-mediated rejection were 
observed in 3 patients. Of note, 5 out of 7 subjects in the 
cell therapy arm who received ATG as monotherapy 2 wk 
before the kidney transplant developed serum sickness.11 All 
patients are doing well at the latest follow-up.

Fadi Issa (University of Oxford) provided an update 
on the United Kingdom arm of the ONE study (A Unified 
Approach to Evaluating Cellular Immunotherapy in Solid 
Organ Transplantation) and the ongoing TWO study 
(Transplantation Without Overimmunosuppression), 
which utilizes ex vivo expanded apTreg in LDKT.12-14 At 
7-y follow-up, all 12 patients in the cell therapy group of 
the ONE study have maintained graft survival. In the TWO 
study, the initial protocol utilized alemtuzumab induction 
followed by cell product administration at 6 mo after renal 
transplantation. However, this protocol was modified to 
transfer of the cell therapy product at day 5 posttransplan-
tation without induction IS and administration of basilixi-
mab induction in the control group, due to concerns about 
lymphodepletion in low immunologic risk KTx recipients 
during the COVID-19 pandemic. No safety concerns or 
cell therapy-related adverse events such as rejection have 
been detected to date.15

James Mathew (Northwestern University) described mod-
ifications in their apTreg cell product manufacturing since 
the TRACT study (NCT02145325). These included replac-
ing CD3/CD28 microbeads with a CD3/CD28 nanomatrix 
to avoid cell loss due to bead removal during harvesting 
and replacing sirolimus with everolimus, which improved 
cell yield and maintained a stable Treg phenotype.16,17 There 
are currently plans for a Phase II study utilizing these cell 
products in KTx. An optimized protocol for expansion of 
donor-specific Treg by sequential stimulation of Treg with 
expanded donor B cells on day 0 and 7, then polyclonal 
stimulation on day 14, was also described and a Phase 1 
study using these cell products is currently being planned.18

Giovanna Lombardi (Kings College, London) gave an 
overview of the work being undertaken in collaboration 
with her team. The GAMECHANgER-1 study (EudraCT 
2021–001,664-23) will recruit 21 pre-sensitized patients 
due to receive a KTx for polyclonal Treg infusion, with 
the primary endpoint being the of in vitro inhibition of 
anti-HLA T and B-cell responses.19 In the planned ATT-
Heart study, 9 children requiring heart transplantation 
will be recruited to receive autologous thymic Treg cells, 
with the aim of preventing cardiac allograft vasculopa-
thy.20 In this phase 1 trial, there is no plan to taper cur-
rent standard of care IS doses, as the main aim is to 

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 01/18/2025



6	 Transplantation  ■  xxx 2025  ■ Volume 00  ■  Number 00	 www.transplantjournal.com

T
A

B
L
E

 2
.

O
ng

o
in

g
 c

el
l t

he
ra

p
y 

cl
in

ic
al

 t
ri

al
s 

fo
r 

tr
an

sp
la

nt
at

io
n

IS
 m

in
im

iz
at

io
n/

 w
ith

dr
aw

al

St
ud

y
Se

tti
ng

Ce
ll 

pr
od

uc
t a

nd
 p

ro
to

co
l

Re
cr

ui
tm

en
t t

ar
ge

t/ 
re

cr
ui

te
d/

 c
om

pl
et

ed
 

st
ud

y/
on

go
in

g 
fo

llo
w

-u
p

IS
 ta

pe
r i

n 
pr

og
re

ss
IS

 ta
pe

r 
co

m
pl

et
ed

Ot
he

r r
es

ul
ts

Ad
ve

rs
e 

ev
en

ts
 in

 
CT

G

Ju
nt

en
do

 U
ni

ve
rs

ity
M

ul
tic

en
te

r s
in

gl
e-

ar
m

 
st

ud
y

HL
A-

m
is

m
at

ch
ed

LD
LT

D5
: c

yc
lo

ph
os

ph
am

id
e

D1
3:

 c
o-

st
im

ul
at

or
y 

bl
oc

ka
de

 in
du

ce
d,

 d
on

or
 

an
tig

en
 re

ac
tiv

e 
au

to
lo

go
us

 C
D4

 &
 C

D8
 T

re
g 

ba
se

d 
pr

od
uc

t x
1 

do
se

0–
1 

m
o:

 c
or

tic
os

te
ro

id
s/

 M
M

F 
w

ith
dr

aw
al

6–
18

 m
o:

 C
NI

 w
ea

ni
ng

10
/ 1

0/
 1

/ 9
9

1
Ni

l
El

ev
at

ed
 li

ve
r 

en
zy

m
es

 (n
 =

 3
)

M
ed

ic
al

 U
ni

ve
rs

ity
 o

f 
Vi

en
na

 (T
re

x0
01

)
Si

ng
le

-c
en

te
r i

nt
er

ve
nt

io
n 

ar
m

 w
ith

 n
on

ra
nd

om
ize

d 
co

nt
ro

l g
ro

up
HL

A-
m

is
m

at
ch

ed
LD

KT

D-
14

: A
TG

D0
 to

 3
: a

pT
re

g 
w

ith
 d

on
or

 B
M

 c
el

ls
D0

 to
 2

1:
 T

oc
iliz

um
ab

 x
4 

do
se

s
6–

9 
m

o:
 R

ap
am

yc
in

 w
ith

dr
aw

al
9–

12
 m

o:
 c

or
tic

os
te

or
id

s 
w

ith
dr

aw
al

Fr
om

 1
2 

m
o:

 b
el

at
ac

ep
t m

on
ot

he
ra

py
 w

ith
 in

te
rv

al
 

sp
ac

in
g 

(u
p 

to
 8

 w
k)

vs
 S

OC
 w

ith
 A

TG
 in

du
ct

io
n 

D0
, n

o 
IS

 re
du

ct
io

n

12
/ 1

2/
 9

/ 2
3

2 
(b

el
at

ac
ep

t 
m

on
o-

th
er

ap
y)

3 
re

je
ct

io
ns

No
ne

Un
ive

rs
ity

 o
f O

xf
or

d 
(T

W
O 

st
ud

y)
Si

ng
le

-c
en

te
r R

CT
LD

KT
No

 in
du

ct
io

n
D5

: a
pT

re
g 

x1
 d

os
e

0–
14

 w
k:

 C
S 

w
ith

dr
aw

al
0–

48
 w

k:
 M

M
F 

w
ith

dr
aw

al
Fr

om
 w

ee
k 

48
: t

ac
ro

lim
us

 m
on

ot
he

ra
py

vs
 S

OC
 w

ith
 b

as
ilix

im
ab

 in
du

ct
io

n

68
/ 4

4/
 —

/ —
—

—
Ni

l
No

ne

Un
ive

rs
ity

 o
f 

Pi
tts

bu
rg

h
Si

ng
le

-c
en

te
r; 

si
ng

le
-a

rm
 

st
ud

y
LD

LT

W
ee

k 
-1

: d
on

or
-d

er
ive

d 
DC

re
g 

x1
 d

os
e

No
 b

as
ilix

im
ab

 in
du

ct
io

n
D0

-7
: C

or
tic

os
te

ro
id

 w
ith

dr
aw

al
6–

12
 m

o:
 M

M
F 

w
ith

dr
aw

al
12

–1
8 

m
o:

 T
ac

ro
lim

us
 w

ith
dr

aw
al

16
/ 1

5/
 1

2/
 1

0
4 

(o
f 8

 p
at

ie
nt

s 
el

ig
ib

le
 fo

r 
w

ea
ni

ng
)

3 
of

 th
es

e 
4 

pa
tie

nt
s 

of
f a

ll 
IS

 fo
r >

 2
. 5

 y
; 1

pa
tie

nt
 

re
su

m
ed

 IS
 a

fte
r B

PA
R 

at
 8

. 5
 m

o 
of

f a
ll 

IS

No
ne

Un
ive

rs
ity

 o
f 

Pi
tts

bu
rg

h
Si

ng
le

-c
en

te
r; 

si
ng

le
-a

rm
 

st
ud

y
St

ab
le

 L
DL

T 
pa

tie
nt

s,
 1

–3
 

y 
po

st
-T

x

Do
no

r-
de

riv
ed

 D
Cr

eg
;

Fr
om

 D
7 

po
st

in
fu

si
on

: b
eg

in
 im

m
un

os
up

pr
es

si
on

 
w

ith
dr

aw
al

16
/ 1

5/
 3

/ 1
2

0
5

4 
of

 th
es

e 
5 

pa
tie

nt
s 

of
f a

ll 
IS

 fo
r 1

.5
–3

 y
; 1

 p
at

ie
nt

 
re

su
m

ed
 IS

 a
fte

r 1
 y

 o
ff 

al
l I

S

No
ne

Co
nt

in
ue

d 
ne

xt
 p

ag
e

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 01/18/2025



© 2025 Wolters Kluwer	 	 7Stark et al

IS
 m

in
im

iz
at

io
n/

 w
ith

dr
aw

al

Sa
ng

am
o 

Th
er

ap
eu

tic
s 

(S
TE

AD
FA

ST
)

M
ul

tic
en

te
r

LD
KT

Au
to

lo
go

us
 c

hi
m

er
ic

 a
nt

ig
en

 re
ce

pt
or

 T
re

g 
(T

X2
00

)
14

/1
1/

2/
9

—
—

Pr
el

im
 o

bs
er

va
tio

n 
of

 T
OL

 lik
e 

st
ru

ct
ur

es
 in

 k
id

ne
y 

bi
op

sy
 

at
 d

os
e 

le
ve

ls 
3 

an
d 

4

No
ne

 c
on

si
de

re
d 

re
la

te
d 

to
  

TX
20

0
Qu

el
l T

x
(L

IB
ER

AT
E)

M
ul

tic
en

te
r

1-
5 

y 
po

st
liv

er
 T

x
Au

to
lo

go
us

 c
hi

m
er

ic
 a

nt
ig

en
 re

ce
pt

or
 T

re
g 

(Q
UE

L-
00

1)
18

/—
/—

/—
—

—
Co

nfi
rm

ed
 C

AR
 T

re
g 

in
 li

ve
r 

bi
op

sy
 a

t 2
8 

d
No

 d
ru

g 
re

la
te

d 
AE

s 
no

te
d

GO
SH

/
Ki

ng
s(

AT
T-

He
ar

t)
Si

ng
le

-c
en

te
r

pe
di

at
ric

 h
ea

rt 
tra

ns
pl

an
t

Th
ym

ic
 d

er
ive

d 
Tr

eg
9/

0/
0/

0
No

t y
et

 s
ta

rte
d,

 a
w

ai
tin

g 
M

HR
A 

ap
pr

ov
al

No
 IS

 ta
pe

r 
pl

an
ne

d
NA

NA
NA

Ki
ng

s
(G

AM
EC

HA
N

gE
R-

1)

M
ul

tic
en

te
r

se
ns

iti
ze

d 
pa

tie
nt

s 
po

st
 

HL
A-

Ab
 in

co
m

pa
tib

le
 

ki
dn

ey
 T

x

Au
to

lo
go

us
 p

ol
yc

lo
na

l T
re

g
21

/2
/0

/0
No

 IS
 

ta
pe

r 
pl

an
ne

d

NA
No

ne
 to

 d
at

e
No

 d
ru

g 
re

la
te

d 
AE

s 
no

te
d

Na
nt

es
 U

ni
ve

rs
ity

 
Ho

sp
ita

l (
EI

GH
T 

TR
EG

 S
tu

dy
)

Si
ng

le
-c

en
te

r
LD

KT
No

 in
du

ct
io

n
D-

1 
: A

ut
ol

og
ou

s 
CD

8+
/C

D4
5R

C 
lo

w
/-

 T
re

g
St

an
da

rd
 m

ai
nt

en
an

ce
 –

 c
or

tic
os

te
ro

id
, t

ac
ro

lim
us

 
an

d 
M

PA

9/
0/

0/
0

Re
cr

ui
tm

en
t n

ot
 s

ta
rte

d 
ye

t

NA
NA

NA
NA

No
rth

w
es

te
rn

 
Un

ive
rs

ity
(E

LI
M

IN
AT

E)

M
ul

tic
en

te
r

Li
ve

r T
x

St
an

da
rd

 im
m

un
os

up
pr

es
si

on
 +

 e
ve

ro
lim

us
, a

im
 

to
 w

ea
n 

on
e 

ar
m

 to
 e

ve
ro

lim
us

 m
on

ot
he

ra
py

34
0

?s
ta

rte
d

NA

M
GH

(P
AN

OR
AM

A)
Si

ng
le

-c
en

te
r

CK
BM

T
HL

A 
m

is
m

at
ch

St
an

da
rd

 M
GH

 p
ro

to
co

l f
or

 C
KB

M
T, 

ex
ce

pt
 e

ar
lie

r 
si

pl
izu

m
ab

?/
4/

?/
?

3
1

Tr
an

si
en

t c
hi

m
er

is
m

 in
 a

ll
Tr

eg
 e

nr
ic

hm
en

t a
t 6

 m
o

NA

Tr
ea

tm
en

t o
f s

ub
cl

in
ic

al
 re

je
ct

io
n

St
ud

y
Se

tti
ng

Ce
ll 

pr
od

uc
t a

nd
 p

ro
to

co
l

Un
ive

rs
ity

 C
al

ifo
rn

ia
 

Sa
n 

Fr
an

ci
sc

o
(T

AS
K)

M
ul

tic
en

te
r R

CT
St

ab
le

 g
ra

ft 
fu

nc
tio

n 
w

ith
 

su
bc

lin
ic

al
 in

fla
m

m
at

io
n 

on
 k

id
ne

y 
al

lo
gr

af
t 6

-m
o 

su
rv

ei
lla

nc
e 

bi
op

si
es

D4
1 

po
st

bi
op

sy
: a

pT
re

g 
x1

 d
os

e
±

co
nv

er
si

on
 to

 e
ve

ro
lim

us
vs

 S
OC

 (n
o 

ad
di

tio
na

l t
re

at
m

en
t)

16
/ 1

6/
 1

2/
 3

NA
NA

No
 d

iff
er

en
ce

 in
 p

rim
ar

y 
en

dp
oi

nt
 (%

 c
ha

ng
e 

in
 

in
fla

m
m

at
io

n 
at

 D
22

6 
re

pe
at

 b
io

ps
y)

No
ne

Ch
ar

ité
 –

 
Un

ive
rs

itä
ts

m
ed

izi
n 

Be
rli

n
(P

ro
Tr

eg
21

)

Si
ng

le
-c

en
te

r
Tr

ea
tm

en
t g

ro
up

: 2
 d

os
es

 A
TG

, T
re

g0
2 

ce
ll 

pr
od

-
uc

t i
nf

us
io

n 
(d

ay
 1

8 
±

 2
) p

os
td

ec
ea

se
d 

do
no

r 
ki

dn
ey

 tr
an

sp
la

nt
at

io
n 

im
m

un
os

up
pr

es
si

ve
 

tri
pl

e 
th

er
ap

y 
gr

ad
ua

lly
 ta

pe
re

d 
Co

nt
ro

l g
ro

up
: 

2 
do

se
s 

of
 A

TG
, S

ta
nd

ar
d 

im
m

un
os

up
pr

es
si

ve
 

tri
pl

e 
th

er
ap

y

18
/ 0

/ r
ec

ru
itm

en
t 

st
ar

te
d/

 0
0

0
0

0

Ch
ar

ité
 –

 
Un

ive
rs

itä
ts

m
ed

izi
n 

Be
rli

n
(T

re
gT

ac
Re

s)

Si
ng

le
-c

en
te

r
Tr

eg
Ta

cR
es

 in
 li

vin
g 

do
no

r k
id

ne
y 

tra
ns

pl
an

t 
re

ci
pi

en
ts

 a
nd

 g
ra

du
al

 ta
pe

rin
g 

of
 s

ta
nd

ar
d 

tri
pl

e 
im

m
un

os
up

pr
es

si
ve

 th
er

ap
y 

to
 lo

w
-d

os
e 

ta
cr

ol
im

us
 m

on
ot

he
ra

py

24
/ 0

/ 0
/ 0

 R
ec

ru
itm

en
t 

no
t s

ta
rte

d 
ye

t
0

0
0

0

Ag
, a

nt
ig

en
; a

pT
re

g,
 a

ut
ol

og
ou

s 
po

lyc
lo

na
l r

eg
ul

at
or

y T
 c

el
ls

; A
TG

, a
nt

i-t
hy

m
oc

yt
e 

gl
ob

ul
in

; B
PA

R,
 b

io
ps

y-
pr

ov
en

 a
cu

te
 re

je
ct

io
n;

 C
KB

M
T, 

co
m

bi
ne

d 
ki

dn
ey

 a
nd

 b
on

e 
m

ar
ro

w
 tr

an
sp

la
nt

; C
TG

, c
el

l t
he

ra
py

 g
ro

up
; I

S,
 im

m
un

os
up

pr
es

si
on

; L
DK

T, 
liv

in
g 

do
no

r k
id

ne
y 

tra
ns

pl
an

t; 
LD

LT
, l

ivi
ng

 
do

no
r l

ive
r t

ra
ns

pl
an

t; 
NA

, n
ot

 a
pp

lic
ab

le
; R

CT
, r

an
do

m
ize

d 
co

nt
ro

lle
d 

tri
al

; S
OC

, s
ta

nd
ar

d 
of

 c
ar

e.

T
A

B
L
E

 2
. 
(C

o
n

ti
n

u
e

d
)

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 01/18/2025



8	 Transplantation  ■  xxx 2025  ■ Volume 00  ■  Number 00	 www.transplantjournal.com

establish feasibility of generating adequate doses of the 
Treg product for each child from their thymus. In addi-
tion, they plan to determine safety of the expanded Treg 
product at escalating doses when given to children at 3 
mo posttransplant.

NEXT-GENERATION REGULATORY T-CELL 
THERAPIES

There is increasing interest in the generation of 
donor antigen-specific chimeric antigen receptor (CAR) 
Treg to enhance the specificity of immune regulation 
towards the donor organ.18 Katharina Schreeb (Sangamo 
Therapeutics) provided an update on the STEADFAST 
trial (NCT04817774), a Phase I/II trial of HLA-A2-specific 
CAR Treg (TX200; autologous product) in KTx. At the 
time of the datacut, there were 11 patients recruited, 8 to 
treatment, and 3 controls. Of these, 6 had been treated 
at the time of the cutoff. Following the dosing of the first 
3 patients, the initial 3 + 3 protocol was switched to a 
Bayesian Design, allowing for dosing at levels 18x higher 
than the starting dose level. No treatment-related adverse 
events have been noted as of December 2023, including no 
evidence of increases in cytokines or cytokine release syn-
drome. Most nonserious adverse events were grade 1–2. 
There are preliminary observations of Treg-rich organ-
ized lymphoid structures in the biopsies of patients (n = 2) 
treated with higher doses of TX200.

Luke Devey and Marc Martinez-Llordella from 
Quell Therapeutics reported on the LIBERATE trial 
(NCT05234190), a Phase I/II trial of HLA-A2-specific 
CAR Treg in liver transplantation. HLA-A2− patients who 
have received an HLA-A2+ liver transplant within the past 
1–5 y are being recruited. Autologous Treg are isolated, 
expanded, and then transduced with the CAR. Initial anal-
ysis has found the CAR Treg in the peripheral blood and 
the liver donor biopsy at 28 d posttreatment. There were 
no drug-related adverse events and recruitment is ongoing 
to meet the 18-patient target.

While initial Treg therapies have good safety profiles 
and hints for efficacy in clinical trials, there are still chal-
lenges in establishing their efficacy in all patients, such as 
Treg sensitivity to concurrent IS and their decreased effec-
tiveness in patients with preformed effector T cells.21,22 
Petra Reinke’s (Charité, Berlin) group has developed a 
tacrolimus-resistant Treg, using CRISPR-Cas9 technology 
to knockout FKBP-12, which is currently entering a First-
in-Class clinical trial. Further development work towards 
a new product has demonstrated that better depletion 
of effector memory Treg from the starting material can 
lead to a more stable Treg phenotype. Another topic is to 
redirect the specificity of the Treg by modifying the CD3 
epsilon gene to induce physiological rather than tonic sign-
aling. In addition, a novel strategy has been developed to 
overcome the issue of alloimmunogenicity for off-the-shelf 
Treg products.

Carole Guillonneau (Nantes University) gave an update 
on her team’s work to translate a CD8+ Treg therapy in 
the clinic. Her team has previously demonstrated effective-
ness of CD8+ Treg in a humanized mouse model of skin 
graft rejection and GvHD.23 They have now shared evi-
dence of successful manufacture of functional and high-
purity CD8+ Treg Good Manufacturing Practices product 

and confirmed the feasibility of producing CD8+ Treg from 
patients with kidney failure. They are now planning a 
Phase I/II clinical trial to evaluate the safety and efficacy of 
this product in kidney transplant patients.

DENDRITIC CELL THERAPIES
Angus Thomson (University of Pittsburgh) summarized 

the outcomes from 2 clinical trials using donor-derived 
regulatory dendritic cells (ddDCregs) to induce tolerance, 
either 1 wk before LDLT (NCT03164265) or 1–3 y after 
transplant in stable LDLT recipients (NCT04208919). 
No cell product-related adverse events were reported. In 
patients given ddDCregs before transplant, 4 of 13 patients 
were weaned off all IS; 3 of these patients remain off all IS 
for > 2.5 y, with 1 patient developing rejection after 8.5 mo 
off all IS. Patients given ddDCregs suppressed peripheral 
Th1 cytokine responses and donor alloreactive effector T 
cells, as well as reducing the frequency of CD8+ T and NK 
cells within the liver allografts compared with standard of 
care LDLT patients.24 After administration of ddDCregs 
1–3 y posttransplant, 5 of 14 patients were weaned off all 
IS. 4 of these patients remain stable, off all IS for between 
1.5 and 3 y. 1 patient resumed standard of care IS after 1 
y off all IS.

Aurélie Moreau (University of Nantes) presented 
their group’s experience implementing autologous toler-
ogenic dendritic cells (ATDC) from preclinical stud-
ies to human clinical trials in the ONE study.25 In this 
trial of kidney transplantation, no toxicity associated 
with cell therapy was observed. In the ATDC group, 
mycophenolate was successfully reduced or stopped in 
5 of 8 patients, allowing tacrolimus monotherapy for 2 
of them. The immune monitoring highlighted a reduced 
expression of CD8+ T-cell activation markers and a 
transient increase of Foxp3 expression in the blood of 
ATDC-treated patients.25

IMMUNOSUPPRESSION WEANING/BIOMARKERS 
AND MONITORING

Several studies have previously investigated IS weaning 
in liver transplantation.26-29 Josh Levitsky (Northwestern 
University) gave an overview of the field, summarizing that 
most are single-center, deceased donor liver transplants 
with a baseline regimen of calcineurin inhibitor IS, and 
with varied overall success rates.30 Biomarkers of immune 
activation versus quiescence are needed to guide which 
patients can be weaned, by how much, and at which time-
point. There have been a few recent studies in this area, 
including CTOT-14 which used a 38 gene mRNA signa-
ture to identify acute rejection versus stable transplant,31 
as well as studies of donor-derived cell-free DNA to iden-
tify early graft injury.32 Professor Levitsky introduced the 
new multicentre ELIMINATE study which aims to con-
duct liver transplant IS minimization with everolimus in 
340 patients. Participants will receive a calcineurin inhibi-
tor and everolimus, with a cohort aiming to wean onto 
everolimus monotherapy.

Studies have shown that there are differences in histol-
ogy and transcriptional profiles in liver biopsies between 
tolerant and non-tolerant patients.33 Jake Demetris 
(University of Pittsburgh) highlighted the identification of 
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T-cell/antigen-presenting cell pairs as a predictor for rejec-
tion following IS withdrawal in liver transplant patients. 
This histological observation has implications for the fun-
damental understanding of alloreactivity. In recent years, 
the development of next-generation pathology techniques, 
including spatial transcriptomics, has offered new ways to 
identify and dissect these potential biomarkers for rejec-
tion or tolerance.34

Alberto Sanchez-Fueyo (Kings College London) 
reported on their work to characterize intragraft Treg in 
healthy livers, chronic liver disease, and hepatocellular 
carcinoma, comparing these to peripheral blood cells. 
Initial results found significant differences in the numbers 
of Treg between these groups. scRNAseq is now being 
used to characterize these Treg further, noting evidence for 
compromised Treg in the liver niche in disease, with spe-
cific differences in mTOR, TCR signaling, and IL2/STAT5 
pathways.

Further work highlighting the importance of analyz-
ing intragraft immune cell populations was presented 
by Alessandro Alessandrini (Massachusetts General 
Hospital). It has been recognized that Treg-rich organ-
ized lymphoid structures (TOLS) may be found in 
accepted kidney allografts.35 Their group has used tem-
poral scRNAseq on accepted murine kidney allografts to 
identify the composition of TOLS with increased popu-
lations of B cells and CD8+ T cells.36 They noted that 
while CD8+ T cells were the main component intragraft 
initially, this decreased over time while they increased 
regulatory markers. They introduced the concept of 
defensive tolerance, which they defined as the ability to 
render infiltrating immune cells anergic or to reprogram 
them to a regulatory phenotype of cell capable of pro-
moting tolerance.37

Treg are thought to have several mechanisms for induc-
ing tolerance, 1 of which is infectious tolerance.38 Megan 
Levings (University of British Columbia) reported on a 
mouse model of islet transplantation,39 which was cho-
sen so that both autoimmunity and alloimmunity could 
be studied. In this model, HLA-A2+ NOD islet cells were 
transferred to the anterior chamber of the eye in HLA-
A2- NSG mice. BDC2.5 CD4+ T cells were then transferred 
either alone or with polyclonal or HLA-A2-specific CAR 
Treg. The group that received HLA-A2-specific CAR Treg 
survived for the longest without developing hypergly-
cemia. Non-diabetic mice had suppressed expansion of 
BDC2.5 CD4+ T cells. Diabetic control was maintained, 
even after resection of the eye with the HLA-A2+ islet 
transplant. The HLA-A2-specific CAR Treg appeared to 
convert BCD2.5 T cells to Treg, therefore protecting the 
endogenous A2- islets.

Gilbert Fruhwirth (King’s College London) described 
the potential utility of imaging cell-based immunothera-
pies with techniques including ex vivo cell labeling and 
reporter gene-afforded cell labeling. While ex vivo cell 
labeling can accurately quantify the biodistribution of a 
cell therapy product in the short term, it presents signifi-
cant challenges when long-term tracking or monitoring 
is required. In contrast, reporter gene-afforded cell labe-
ling is clinically compatible when used with the correct 
reporter/imaging agent combination. However, it relies 
on genetic engineering and therefore, is only considered 
a viable option for cell products that already require cell 

engineering for efficacy.40 Importantly, their laboratory has 
demonstrated in preclinical studies reporter gene-afforded 
Treg tracking over a month using a human radionuclide 
reporter and a matching radiotracer pair that is already 
clinically translated.41 Furthermore, they have also dem-
onstrated that CAR-Treg can also be engineered with this 
toolbox.42 They now plan a Phase I-clinical trial aimed at 
demonstrating safety of reporter gene-afforded CAR Treg 
tracking in humans.

AUTOIMMUNITY
The principles in treating autoimmunity run in parallel 

to that of alloimmunity as both aim to mitigate deleterious 
immune responses towards vital tissues identified as “non-
self.” The remission, control, and assessment of autoim-
mune responses may provide translatable insights for the 
field of transplantation.

Piotr Trzonkowski (Medical University of Gdańsk) 
gave an update on the application of apTreg and next-
generation Treg to treat pediatric patients with type 1 
diabetes (T1D). Treg-treated patients in the TregVac1.0 
trial (ISRCTN06128462) successfully produced more 
insulin 2- and 5-y postinfusion.43 To better prevent 
beta cell loss, patients were selected to have higher 
insulin levels at the trial start for the TregVac2.0 trial 
(EduraCT 014-004319-35). Cotreatment of these 
patients with rituximab and apTreg better-preserved 
insulin secretion and produced higher remission rates 
than apTreg alone.44 Reduced required insulin doses 
were associated with increased levels of PD-1+ T cells 
after therapy, suggesting these cells may be a bio-
marker of therapeutic outcomes.45 The preTREG trial 
(Eudra 2023-505226-33-00) now aims to treat T1D 
patients at a much earlier stage with polyclonal Treg to 
have the highest impact on beta cell conservation. The 
next innovations are antigen-reactive Treg, such as the 
PolTREG PTG-020 product and TCR-Treg through the 
ARTiDe program.

Elmar Jaeckel (University of Toronto) described the 
development of A2-specific CAR Treg engineered to have 
membrane-bound IL-2. This modification to antigen- 
specific T cells promoted Treg survival and their resistance 
to calcineurin inhibitors.

John Isaacs (Newcastle University) explored the con-
cept of reversible autoimmunity in the context of rheu-
matoid arthritis patients who achieve drug-free remission 
after acute treatment.46 These patients were character-
ized by higher frequencies of Treg in baseline blood sam-
ples when compared with patients who develop arthritic 
flares. The onset of arthritic flares was characterized by 
increased frequencies of CD45RO+PD1hi T cells and 
CD27+CD86+CD21− B cells.47

Tim Tree (Kings College London) and his team have 
developed an activation-induced marker-10x single-cell 
sequencing workflow for the multiomics assessment of 
antigen-specific T cells. The value of this approach was 
demonstrated in the preliminary analysis of samples from 
the phase II IMPACT trial (NCT04524949) in type 1 dia-
betes. Islet-specific T cells were transcriptionally distinct 
from vaccine-specific T cells, and the therapeutic interven-
tion modified the frequency and phenotype of islet-specific 
T cells.

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.
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CONCLUSIONS AND FUTURE DIRECTIONS
The Sam Strober Clinical Immune Tolerance Workshop 

remains a key meeting in the field. This year, it highlighted 
the breadth of ongoing clinical trials in both chimerism and 
cellular therapy. Shared messages underscored the need for 
refining patient selection methods to identify those most 
likely to benefit from specific therapies.

It is becoming increasingly clear that deeper analyses of 
transplant biopsies are essential for gaining insights into 
therapy effectiveness. In particular, the identification of 
lymphoid-rich aggregates across different cell therapies 
in the biopsies of patients who received cell therapies, 
has drawn attention to the dynamic nature of intra- 
tissue immune activity, which is not always an indicator 
of rejection. How these cellular aggregates contribute to 
stable clinical outcomes or even tolerance remains unclear. 
However, they are likely to provide mechanistic insights 
and could serve as early proxy measures of clinical out-
comes, given the challenges of detecting improvements 
without lengthy follow-up period, especially in small and 
underpowered patient cohorts.

Technological advances in tissue analysis now allow for 
the precise mapping of immune populations in situ, offer-
ing opportunities to dissect their functional states and 
interactions. Comparing biopsies across trials and institu-
tions may help identify shared immunologic mechanisms. 
Additionally, advances in the identification of alloreactive 
T- and B-cell clones within biopsies will likely add further 
mechanistic detail, potentially providing early and sensi-
tive measures of treatment effects.

Reflecting on the ONE study, Edward Geissler 
(University Hospital Regensburg) called for greater inter-
national collaboration in the setting up of consensus trials 
to establish global standards for future cell therapy and 
tolerance clinical trials, which will be important in defining 
comparable protocols, outcomes, and acceptable risks for 
different solid organ transplants as therapies continue to 
evolve. We anticipate revisiting these critical advances in 
the next workshop, scheduled for 2026 in Boston, where 
ongoing trials may shed light on the long-term clinical rel-
evance of these mechanistic insights.
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