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Abstract 

Background  Kidney transplantation is the gold-standard treatment for patients with kidney failure. However, one-
third of patients awaiting a kidney transplant are highly sensitized to human leukocyte antigens (HLA), resulting in 
an increased waiting time for a suitable kidney, more acute and chronic rejection, and a shorter graft survival com‑
pared to non-highly sensitised patients. Current standard immunosuppression protocols do not adequately suppress 
memory responses, and so alternative strategies are needed. Autologous polyclonally expanded regulatory T cells 
(Tregs) have been demonstrated to be safe in transplant settings and could be a potential alternative to modulate 
memory immune alloresponses.

Methods  The aim of this trial is to determine whether adoptive transfer of autologous Tregs into HLA sensitised 
patients can suppress memory T and B cell responses against specific HLA antigens. This is a two-part, multi-centre, 
prospective clinical trial, comprising an observational phase (Part 1) aiming to identify patients with unregulated cel‑
lular memory responses to HLA (Pure HLA Proteins) followed by an interventional phase (Part 2). The first 9 patients 
identified as being eligible in Part 1 will undergo baseline immune monitoring for 2 months to inform statistical 
analysis of the primary endpoint. Part 2 is an adaptive, open labelled trial based on Simon’s two-stage design, with 21 
patients receiving Good Manufacturing Practice (GMP)-grade polyclonally expanded Tregs to a dose of 5–10 × 106 
cells/kg body weight. The primary EP is suppression of in vitro memory responses for 2 months post-infusion. 12 
patients will receive treatment in stage 1 of Part 2, and 9 patients will receive treatment in stage 2 of Part 2 if ≥ 50% 
patients pass the primary EP in stage 1.

Discussion  This is a prospective study aiming to identify patients with unregulated cellular memory responses to 
Pure HLA Proteins and determine baseline variation in these patterns of response. Part 2 will be an adaptive phase IIa 
clinical trial with 21 patients receiving a single infusion of GMP-grade polyclonally expanded Tregs in two stages. It 
remains to be demonstrated that modulating memory alloresponses clinically using Treg therapy is achievable.

Trial registration  EudraCT Number: 2021–001,664-23.

REC Number: 21/SC/0253.
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Background
Around 30% of patients on the United Kingdom (UK) 
transplant waiting list are ‘highly sensitised’ (HS) 
(National Health Service Blood and Transplant (NHSBT) 
Annual Report Sept 2018), defined by the presence of 
Human Leucocytes Antigens (HLA) antibodies (Ab) 
capable of binding > 85% of the donor pool. As a group, 
these patients suffer two problems. First, they wait longer 
for an organ offer, as current standard of care is to only 
offer organs from donors to whom they have no Ab. To 
address the issue of waiting longer, the UK donor alloca-
tion scheme changed in late 2019 to give priority to HS 
patients. Disrupted by the COVID-19 pandemic, the full 
impact of this change on these patients is still not clear, 
but experience with similar changes in the USA indi-
cates that a significant proportion, with the highest level 
of HLA antibodies, will not benefit from this [1]. UK 
Transplant Registry (UKTR) data (2020–21) suggests 
that after 5  years of waiting, 55% are transplanted, 11% 
have died, 10% become too frail for transplant, and 24% 
wait longer than 5 years. Therefore, this group of patients 
need urgent solutions. To help with offers, they can enter 
‘delisting’ or ‘desensitisation’ programmes, where low 
levels of Ab are ignored (‘delisting’), or higher levels of 
Ab actively removed immediately prior to transplanta-
tion (’desensitisation’). Both these approaches widen 
the pool of organs available for offer and reduce waiting 
times and we have shown that patients opting for these 
programmes are not at higher risk of dying compared to 
waiting for a well-matched organ, which is the only other 
option for these patients without a living donor [2, 3]. 
These are risky options with poorer post-transplant out-
come and are offered to selected patients by few centres; 
in the 5 years to March 2018, fewer than 100 cases were 
done in the UK. In the near future, novel therapies like 
Imlifidase [4, 5] or neonatal FcReceptors (FcR) antago-
nists [6] may offer more opportunity to widen the organ 
pool and reduce waiting times for this group of patients.

The second problem suffered by this group of patients 
occurs because the strategies to ignore or temporar-
ily remove Ab allow transplantation to proceed, have 
no impact on memory alloreactive immune responses. 
Patients undergoing these procedures have higher rates 
of acute and chronic rejection, and require more immu-
nosuppression, with all the resulting side effects includ-
ing infection. Importantly, transplants in these patients 
have a shortened graft half-life [7, 8]. Five-year graft 

survival for HLA-incompatible transplants in the UK 
between 1 April 2021 and 31 March 2016 was 85.0%, 
compared to 93.2% for transplant from directed unre-
lated donors (NHSBT Annual Report 2020). We know 
that alloreactive memory T and B cells specific for donor 
HLA cause these problems in sensitised patients, despite 
the enhanced induction and maintenance immunosup-
pression these patients receive.

Regulatory T cells (CD4+CD25+Foxp3+) “Tregs” 
have unique immunosuppressive properties, essential 
in modulating immune responses and inflammation. 
In pre-clinical models, adoptive transfer of autologous 
Tregs can facilitate indefinite survival of allografts. This 
has fuelled an interest in their use in clinical transplan-
tation. Our Good Manufacturing Product (GMP) facil-
ity has successfully isolated and expanded Tregs from 12 
dialysis patients and demonstrated that they can be safely 
adoptively transferred back after transplantation (‘ONE 
study’) and Tregs expanded with the same protocol were 
used in 9 liver transplant patients (’ThRIL’) [8–11]. To 
date, the focus of this approach has been to promote tol-
erance post-transplantation, but the aim of this study is 
to use autologous Tregs to suppress anti-HLA memory 
responses in sensitised patients awaiting transplantation. 
The rationale of this approached is based on both pre-
clinical data [12] and observations from a study involving 
43 patients with biopsy-proven chronic antibody medi-
ated rejection (CAMR) [13, 14] where in donor-specific 
indirect alloreactive IFNgamma (IFNγ) ELISPOTs, ¾ 
of samples showed evidence of reactivity against donor 
antigens. In some patients, the presence of CD25hi Tregs 
was associated with functional regulation of anti-donor 
responses by B cells, which reverted to a conventional 
antigen-presentation role when the Tregs were depleted. 
These findings have been validated more recently in the 
62 patients recruited to the RituxICAN-C4 trial [15]. 
Thus, Tregs in some patients with CAMR appeared to be 
modulating anti-donor reactivity, potentially via an effect 
on antigen-specific B cells and/or T cells. Recently, we 
associated these patterns of in vitro regulation by CD25+ 
cells, with improved prognosis after 3-year follow-up 
[14].

In preliminary analyses, we have documented simi-
lar patterns in sensitised dialysis patients who have 
rejected a previous transplant, suggesting that even 
after the cessation of immunosuppression, patients 
maintain the ability to regulate responses to specific 
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donor antigens, even though they have made an Ab to 
that antigen. All these data suggest that augmentation 
of Treg numbers in patients with HLA Ab may poten-
tially inhibit T &B cell memory responses via interac-
tions with either T or B cells. In support of this, Tregs 
infused into liver transplant patients in the ThRIL study 
(at doses lower than we are planning here), have been 
shown to suppress in vitro ‘direct’ anti-donor responses 
[9]. Therefore, our hypothesis is that augmentation of 
Treg numbers in sensitised patients will suppress T cell 
anti-HLA memory responses for 2  months at least, a 
period of time that we assess will be clinically useful. 
The stability or variability of anti-HLA responses over 
time in patients with end stage renal failure (ESRF) 
remains unknown, as no-one has studied serial anti-
gen-specific responses in these patients. Important 
questions relate to whether suppression by Tregs var-
ies spontaneously, and whether it is possible to iden-
tify differences induced by Tregs from this background 
variation.

In this trial, after having identified 21 patients with 
reactivity against soluble HLA (sHLA) from Pure Pro-
tein® (Part 1), we will conduct an adaptive Phase IIa 
clinical trial (Part 2). The first 9 patients identified as 
being eligible for Part 2 of the study will undergo base-
line immune monitoring for 2  months to inform sta-
tistical analysis of primary endpoint. In Part 2 of the 
study, 12 patients will receive a single infusion of GMP 
grade polyclonally expanded Tregs in stage 1. After 
assessing the responses of these for futility/efficacy, we 
will then administer Tregs to the remaining 9 patients 
in stage 2 if ≥ 6 patients pass the primary EP in stage 
1. The primary EP is suppression of in  vitro memory 
responses for 2 months post-infusion.

Methods/ design
Study design
The trial flow chart is presented in Fig. 1. The study has 
two parts: Part 1 will be observational to record func-
tional responses by patient peripheral blood mononu-
clear cells (PBMC) to sHLA from Pure HLA Proteins 
® in FluoroSpot assays. The pattern of these responses 
forms the basis of eligibility to Part 2. The first 9 patients 
identified as being eligible will undergo baseline immune 
monitoring for 2 months to inform statistical analysis of 
primary endpoint. Part 2 is an adaptive, multi-centre, 
open-label, one-armed, phase IIa clinical trial, based 
on Simon’s two stage design, with 12 patients treated in 
stage 1 and 9 treated in stage 2.

Study participants
Adults with kidney failure awaiting transplantation will 
be identified from the local kidney transplant waiting 
list at 3 UK hospitals. The direct care team will approach 
potential participants and patient information leaflets, 
describing parts 1 and 2 handed out, emailed or posted to 
the patient after permission to do so has been obtained. 
Participants will be offered the opportunity to discuss the 
trial with the recruiting team. Patients will be asked to 
provide written consent to inclusion in both Part 1 and 
Part 2 of the study. Following consent, full eligibility cri-
teria will be reviewed.

Inclusion criteria
The inclusion criteria for Part 1 are listed as follows:

1) Adult (≥ 18yrs) dialysis on the deceased donor 
renal transplant waiting list with HLA Ab and a Cal-
culated Reaction Frequency (CRF) ≥ 50%

Fig. 1  Trial Flow chart Part 1 Observational study: Identification of patients eligible for Part 2, based on pattern of IFNg/IL-17 reactivity on 
FluoroSpot assay. Some patients may have already had these assays performed in 2020 as part of an observational study (REC ref 16/WM/0370). 
Additional patients (up to n = 100) will be recruited and have blood withdrawn for testing to determine HLA-specific patterns of responsiveness in 
FluoroSpot assays, to identify those eligible for Treg therapy in Part 2, and to determine the size of the population for our proposed follow-on trial 
(beyond this study). All patients with either positive IL-17 or IFN gamma anti-HLA reactivity without evidence of regulation by CD25 + cells will be 
eligible to enter Part 2. The first 9 patients identified as being eligible, from any site, will undergo baseline immune monitoring for two months to 
inform statistical analysis of primary endpoint. If < 21 patients with Fluorospot patterns eligible for inclusion in Part 2 are identified, the study will 
terminate early. Part 2 Interventional Study: This is a two stage, adaptive, open labelled, trial based on Simon’s two stage design, with 12 patients 
treated in Part 2 Stage 1 and 9 treated in Part 2 Stage 2. Because of an expected high withdrawal rate, all patients recruited to Part 1 will consent to 
inclusion in Part 2. If more than 21 eligible patients are identified, the statisticians will draw up an algorithm at the end of milestone 1 to determine 
which patients are included in Part 2, to ensure that eligible patients from each of the three sites are included in a ratio proportionate to the 
number found eligible from each site. For instance, if after 75 patients have been analysed in Part 1, the number found eligible at each site is 15 (site 
1), 10 (site 2) and 10 (site 3), then 9 from site 1 will be included, and 6 each from sites 2 and 3. The order of Treg dosing will be determined by the 
order in which eligibility for Part 2 was determined. Treg dosing: The exact number in Part 2 Stage 2 who receive Tregs will be determined by the 
results from Part 2 Stage 1, according to Simon’s 2 stage design. If fewer than 2 of the 12 in stage 1 reach primary endpoint (suppression of anti-HLA 
responses for at least two months post treatment), the trial will be stopped, concluding that Treg therapy has no efficacy. If 6 or more of the 12 in 
group 1 reach primary endpoint, we will proceed with dosing all 9 in stage 2. In the event that 3, 4 or 5 of the 12 patients in stage 1 respond, the 
estimates of efficacy are below our hoped for 50% but are not so low as to be regarded as evidence of futility. We will therefore pause the trial and 
re-estimate the number of patients that we need to recruit, after discussion with the funders. We anticipate withdrawals from both Part 1 and Part 2, 
for various reasons including transplantation, and so will likely enrol more than 21 patients to Part2

(See figure on next page.)
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Fig. 1  (See legend on previous page.)
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2) HLA Ab specificities corresponding to available 
sHLA from Pure Protein.
3) Able to give written informed consent.
4) All females of childbearing potential (which is 
strictly defined in the protocol) and males whose 
partner is of childbearing potential must be willing 
to use highly effective methods of contraception if 
going into Part 2 and continue to use to the end of 
phase 2 follow-up. Highly effective methods of con-
traception are strictly defined in the protocol.

Additional inclusion criteria will be confirmed before 
Part 2 of the study:

1) Dual FluoroSpot assay result to sHLA from Pure 
HLA Proteins® that indicates anti-donor reactivity 
without evidence of suppression by CD25+ T cells 
in Part 1 (spot count increase, after depletion of 
CD25 + cells of < 20%).
2) Female participants of childbearing potential and 
male participants whose partner is of childbearing 
potential must be willing to reconfirm that they 
or their partner use highly effective contraception 
during Part 2 of the trial.

Exclusion criteria
The exclusion criteria for Part 1 are defined as follows:

1) Living donor kidney transplant planned.
2) Listed as recipient of multi-organ transplants 
(i.e. combined kidney and pancreas).
3) Known Human Immunodeficiency virus 
(HIV) + or previous Hepatitis C Virus (HCV) or 
Hepatitis B Virus (HBV). If no HIV, HCV or HBV 
tests within 5 years, these will be performed post-
consent.
4) Patient involved in other clinical trials of inves-
tigational medicinal products (IMPs).
5) Active infection or history of recurrent infec-
tion. Recurrent infection defined as more than 2 
confirmed infections requiring either antibiot-
ics, antivirals, antifungals or hospitalisation in 
6 months prior to consent.
6) Female patients of childbearing potential with a 
positive pregnancy test at enrolment.
7) Female patients who are breastfeeding.
8) Hypersensitivity to IMP or to any of the excipients.
9) Known contraindication to the protocol-speci-
fied treatments or procedures.
10) Severe liver impairment, defined as ≥ Grade 3 
or severely elevated ALT, AST or total bilirubin, on 
bloods done within the last 3 months.

11) Electrocardiogram (ECG) abnormalities sug-
gesting active myocardial ischaemia or (potentially) 
malignant ventricular arrhythmia: ECG to have been 
performed within the last 3 months.
12) Patients, who in the opinion of the PI, have a medi-
cal condition, or other relevant psychological, familial 
or social factor that may jeopardise their health, com-
pliance, or influence the trial integrity in any way.

Exclusion criteria 1 and 4–12 will be re-checked at a 
screening visit prior to patient entering Part 2.

Trial objectives
Primary objective
The primary objective is to investigate whether in  vitro 
anti-HLA T & B cell responses in sensitised patients can 
be inhibited by adoptive transfer of Tregs.

Secondary objectives:

1-	 Determine the proportion of sensitised dialysis 
patients who may be eligible for a future trial based 
on patterns of IFNγ/IL-17A responses to HLA on 
FluoroSpot, i.e. the proportion of patients with 
unregulated T & B cell anti-HLA responses

2-	 Determine the duration of suppression of HLA-spe-
cific FluoroSpots by Tregs.

3-	 Determine what adverse events associate with Treg 
therapy.

The secondary exploratory mechanistic objectives are:

4-	 Determine how adoptive Treg therapy changes the 
number and phenotype of circulating Tregs compar-
ing baseline to post-Treg treatment.

5-	 Determine how adoptive Treg therapy changes HLA 
Ab profiles measured by Luminex.

Patient and  public involvement  Members of the local 
Kidney Patients Association reviewed parts of the grant 
application to the Medical Research Council and pro-
vided feedback on how it could be improved. They were 
particularly helpful in ensuring the lay summary was 
written in a helpful way. A patient representative has been 
invited into the Trial Steering Committee. The findings of 
the study will be publicised in the Kidney Patients Asso-
ciation Newsletter, website and Facebook.

Expected duration of trial
The end of the trial is defined as database lock (follow-
ing completion of monitoring of the last patient last visit 
undergoing the GAMECHANgER-1 trial).
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Trial endpoints
Primary endpoints.

The primary endpoint is to determine the proportion of 
patients showing suppression of a defined HLA-specific 
IFNγ/IL-17A dual FluoroSpot response for 2 months post-
treatment, compared to the proportion of patients who 
show the same changes during baseline immune monitor-
ing. The production of only one cytokine (the one positive 
at enrolment) will need to be suppressed.

Secondary endpoints.
The secondary endpoints are:

1.	 Proportion of sensitised dialysis patients with unreg-
ulated T & B cell anti-HLA responses, identified in 
Part 1 observations.

2.	 Duration of suppression of HLA-specific responses 
by Tregs.

3.	 Adverse events associated with Treg therapy.

The secondary exploratory mechanistic endpoints are:

4.	 Changes in Treg number and phenotype comparing 
baseline to post-Treg treatment, studied using detailed 
immunophenotyping performed by flow (and in selected 
samples where possible mass cytometry) using validated 
panels and protocols. Correlations between Treg num-
bers / phenotype and immune reactivity will be sought.

5.	 The changes in HLA Ab profiles measured by Luminex 
beads will be assessed using samples taken at enrolment 
to the observational phase in all, then week 1, 4, 8 then 
6- & 12-months post-treatment in those receiving Tregs 
and baseline, week 1, 4, 8 in those undergoing baseline 
immune monitoring. All time points ± 1 dialysis session 
with blood taken at the beginning of dialysis.

Trial procedures (see Table 1)

Blood samples will be collected, processed and stored 
as previously published [13–15]. IFNγ/ IL-17A dual 
FluoroSpots will be used to describe the patterns of 
responsiveness to soluble HLA molecules (Pure HLA 
Proteins®). This assay will be performed on samples 
from all time points. HLA Ab profiles will be analysed 
by Luminex. This assay will be performed on samples 
from all time points except Week 2 of baseline immune 
monitoring, and Week 2 post-Treg infusion. Flow 
cytometry (and in selected samples mass cytometry) 
will be used to analyse phenotypes of circulating Tregs. 
This will be performed at selected time points. All non-
routine laboratory assays will be performed according 
to Standard Operating Procedures (SOPs).

The Dual Fluoropsot assay will be the FluoroSpotFLEX 
human IFNγ/ IL-17A dual colour FluoroSpot assay, 

for simultaneous assessment of both cytokines pro-
duced by human CD8-depleted PBMC after incuba-
tion with selected sHLA from Pure Protein. Absolute 
Treg numbers and phenotype will be analysed accord-
ing to standard flow cytometric protocols in the Core 
facilities of Guy’s Hospital Biomedical Research Cen-
tre. Where possible, and dependent on flow cytom-
etry results, selected samples will be tested by mass 
cytometry in the same facility. The assays to determine 
HLA Ab profiles will be the LABScreen mixed beads 
for Class I and II antibody detection, followed by LAB-
Screen single antigen HLA Class I and Class II beads 
for antibody definition (One Lambda, CA), which will 
then be analysed on the xMAP Luminex platform. This 
will be performed at the Viapath Clinical Transplan-
tation Laboratory of Guy’s Hospital using validated 
protocols.

Description of the IMP
The Treg product, known as TR001 is classified as 
an Advanced Therapy IMP (ATIMP). It consists of 
autologous Tregs isolated from the peripheral blood 
of recruits by leukapheresis, polyclonally expanded 
ex vivo, then administered as a single use named patient 
therapy via intravenous infusion. Cells will be subjected 
to quality control assessments (immunophenotyping, 
sterility testing, mycoplasma, endotoxin, and viability) 
before use. The cell dose is 5–10 × 106 cells/kg.

Treg acquisition, expansion and administration

•	 Treg acquisition and expansion

We have developed a GMP-compliant manufactur-
ing process for the production of functionally sup-
pressive TR001 [7]. Autologous PBMC are acquired by 
leukapheresis. Initial Treg isolation from PBMC con-
sists of depletion of CD8+ T cells followed by enrich-
ment for CD25+ T cells to obtain a CD4+CD25+ T 
cell population, which is subsequently expanded to 
provide sufficient cell yield. Tregs will be polyclonally 
expanded based on previous published and validated 
protocols [8–11, 16–20] in the presence of anti-CD3/
CD28 beads, rapamycin (sirolimus) and the growth fac-
tor interleukin-2 (IL-2). The Tregs products will follow 
the same quality control steps prior to release as for 
the ONE study [10] and described in [8], ie ≥ 60% of 
CD4+CD25+FOXP3+ cells and > 80% suppressive abil-
ity in a polyclonal suppression assay. The post-infusion 
immunological outcomes in UK patients enrolled in the 
ONE study have been published [11]. We will admin-
ister 5–10 × 106 cells/kg, as this was the highest dose 
safely administered to similar patients in the ONE 



Page 7 of 13Dudreuilh et al. BMC Nephrology          (2023) 24:117 	

Ta
bl

e 
1 

St
ud

y 
Fl

ow
 S

he
et

—
Su

m
m

ar
y 

of
 tr

ia
l p

ro
ce

du
re

s

Pa
rt

 1
 (V

is
it 

1&
2 

n 
=

 1
00

: V
is

it 
3–

7 
n 
=

 9
)

Pa
rt

 2
 (S

ta
ge

 1
 n

 =
 1

2;
 S

ta
ge

 2
 n

 =
 9

)

A
ss

es
sm

en
t

Vi
si

t 1
Vi

si
t 2

Vi
si

t 3
Vi

si
t 4

Vi
si

t 5
Vi

si
t 6

Vi
si

t 7
Pr

e-
Pa

rt
 2

 
el

ig
ib

ili
ty

 
re

-c
he

ck

Vi
si

t 1
 

le
uk

ap
he

re
si

s
Vi

si
t 2

 T
re

g 
in

fu
si

on
Vi

si
t 3

Vi
si

t 4
Vi

si
t 5

Vi
si

t 6
Vi

si
t 7

Vi
si

t 8

Vi
si

t w
in

do
w

s 
Pa

rt
 1

—
Re

la
tiv

e 
to

 V
is

it 
3

Se
e 

be
lo

w
 +

 1
 w

ee
k

 ±
 1

 d
ia

ly
si

s 
se

ss
io

n

 +
 2

 w
ee

ks
 ±

 1
 d

ia
ly

si
s 

se
ss

io
n

 +
 4

 w
ee

ks
 ±

 1
 d

ia
ly

si
s 

se
ss

io
n

 +
 8

 w
ee

ks
 ±

 2
 d

ia
ly

si
s 

se
ss

io
ns

W
ith

in
 

2 
w

ee
ks

 o
f 

vi
si

t 1
 P

ar
t 2

Vi
si

t w
in

do
w

s 
Pa

rt
 2

—
Re

la
tiv

e 
to

 V
is

it 
2

Se
e 

be
lo

w
Se

e 
be

lo
w

 +
 1

 w
ee

k
 ±

 1
 d

ia
ly

si
s 

se
ss

io
n

 +
 2

 w
ee

ks
 ±

 1
 d

ia
ly

si
s 

se
ss

io
n

 +
 4

 w
ee

ks
 ±

 1
 d

ia
ly

si
s 

se
ss

io
n

 +
 8

 w
ee

ks
 ±

 2
 

di
al

ys
is

 s
es

si
on

s
 +

 6
 m

on
th

s ±
 3

 
di

al
ys

is
 s

es
si

on
s

 +
 1

2 
m

on
th

s
 ±

 3
 d

ia
ly

si
s 

se
ss

io
ns

Pa
rt

 1
 (n

 =
 1

00
)

 
Re

gi
st

ra
tio

n 
Fo

rm
 &

 C
on

se
nt

x

 
C

he
ck

 /
 

Re
-c

he
ck

 In
cl

u‑
si

on
/E

xc
lu

si
on

 
C

rit
er

ia

x
x

 
Po

st
-c

on
se

nt
 

el
ig

ib
ili

ty
 

te
st

s 
in

 s
om

e 
re

cr
ui

ts
*

 
H

IV
, H

ep
B‑

SA
g,

 H
ep

C
x

 
Li

ve
r f

un
c‑

tio
n 

te
st

s
x

x

 
EC

G
x

x

 
Pr

eg
na

nc
y 

te
st

x
x

 
M

ed
ic

al
 a

nd
 

tr
an

sp
la

nt
 h

is
‑

to
ry

, i
nc

lu
di

ng
 

ro
ut

e 
of

 H
LA

 
se

ns
iti

sa
tio

n

x
x

 
Re

co
rd

 /
 

up
da

te
 d

em
o‑

gr
ap

hi
c 

da
ta

x
x

 
Bl

oo
d 

sa
m

pl
e 

fo
r i

n 
vi

tr
o 

du
al

 
Fl

uo
ro

sp
ot

 
(in

 a
ll)

x

 
In

fo
rm

 
pa

tie
nt

 o
f 

Fl
uo

ro
sp

ot
 

pa
tt

er
n 

(E
nd

 o
f 

st
ud

y 
if 

in
el

ig
i‑

bl
e 

fo
r P

ar
t 2

)

x



Page 8 of 13Dudreuilh et al. BMC Nephrology          (2023) 24:117 

Ta
bl

e 
1 

(c
on

tin
ue

d)

Pa
rt

 1
 (V

is
it 

1&
2 

n 
=

 1
00

: V
is

it 
3–

7 
n 
=

 9
)

Pa
rt

 2
 (S

ta
ge

 1
 n

 =
 1

2;
 S

ta
ge

 2
 n

 =
 9

)

A
ss

es
sm

en
t

Vi
si

t 1
Vi

si
t 2

Vi
si

t 3
Vi

si
t 4

Vi
si

t 5
Vi

si
t 6

Vi
si

t 7
Pr

e-
Pa

rt
 2

 
el

ig
ib

ili
ty

 
re

-c
he

ck

Vi
si

t 1
 

le
uk

ap
he

re
si

s
Vi

si
t 2

 T
re

g 
in

fu
si

on
Vi

si
t 3

Vi
si

t 4
Vi

si
t 5

Vi
si

t 6
Vi

si
t 7

Vi
si

t 8

 
Ba

se
lin

e 
Im

m
un

e 
m

on
i‑

to
rin

g 
(in

 fi
rs

t 
9 

re
cr

ui
ts

 w
ith

 
flu

or
os

po
t p

at
‑

te
rn

 e
lig

ib
le

 fo
r 

Pa
rt

 2
) (

n 
=

 9
)

x
x

x
x

x

 
Ph

ys
ic

al
 

ex
am

x

 
Vi

ta
l s

ig
ns

: 
pu

ls
e,

 te
m

pe
ra

‑
tu

re
, B

P

x
x

x
x

x
x

 
M

on
ito

rin
g 

of
 A

E 
an

d 
IM

E 
re

la
te

d 
to

 s
tu

dy
 

pr
oc

ed
ur

es
 (i

.e
. 

bl
oo

d 
te

st
)

x
x

x
x

x
x

x

Pa
rt

 2
 (S

ta
ge

 1
 n

 =
 1

2;
 S

ta
ge

 2
 n

 =
 9

)

 
Le

uk
ap

he
r‑

es
is

x

 
Sy

m
pt

om
s-

di
re

ct
ed

 p
hy

si
‑

ca
l e

xa
m

†

x
x

x
x

x
x

x
x

 
Vi

ta
l s

ig
ns

: 
pu

ls
e,

 te
m

pe
ra

‑
tu

re
, B

P

x
x

x
x

x
x

x
x

 
Bl

oo
d 

te
st

s 
ac

co
rd

in
g 

to
 

EU
 T

is
su

es
 a

nd
 

Ce
lls

 D
ire

ct
iv

e 
#

x

 
Tr

ea
tm

en
t 

Im
m

un
e 

m
on

ito
rin

g

x
x

x
x

x
x

x

 
Fu

ll 
bl

oo
d 

co
un

t, 
U

&E
, 

LF
Ts

, C
RP

§

x
x

x
x

x
x

x

 
Re

co
rd

 
Co

nc
om

ita
nt

 
m

ed
ic

at
io

n

x
x

x
x

x
x

x

 
M

on
ito

rin
g 

of
 A

E 
an

d 
IM

E 
re

la
te

d 
to

 s
tu

dy
 

pr
oc

ed
ur

es

x



Page 9 of 13Dudreuilh et al. BMC Nephrology          (2023) 24:117 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

Pa
rt

 1
 (V

is
it 

1&
2 

n 
=

 1
00

: V
is

it 
3–

7 
n 
=

 9
)

Pa
rt

 2
 (S

ta
ge

 1
 n

 =
 1

2;
 S

ta
ge

 2
 n

 =
 9

)

A
ss

es
sm

en
t

Vi
si

t 1
Vi

si
t 2

Vi
si

t 3
Vi

si
t 4

Vi
si

t 5
Vi

si
t 6

Vi
si

t 7
Pr

e-
Pa

rt
 2

 
el

ig
ib

ili
ty

 
re

-c
he

ck

Vi
si

t 1
 

le
uk

ap
he

re
si

s
Vi

si
t 2

 T
re

g 
in

fu
si

on
Vi

si
t 3

Vi
si

t 4
Vi

si
t 5

Vi
si

t 6
Vi

si
t 7

Vi
si

t 8

 
Fu

ll 
A

E 
an

d 
IM

E 
m

on
ito

rin
g 

st
ar

ts
 a

t t
im

e 
of

 
TR

00
1 

in
fu

si
on

x
x

x
x

x
x

x

 
Pr

eg
na

nc
y 

te
st

x

Pa
rt

 1

Vi
si

t 1
 –

 A
t t

im
e 

of
 re

cr
ui

tm
en

t, 
or

 n
ex

t c
on

ve
ni

en
t d

ia
ly

si
s 

se
ss

io
n 

if 
ad

di
tio

na
l p

os
t-

co
ns

en
t e

lig
ib

ili
ty

 te
st

s 
ne

ed
 d

oi
ng

. (
Fl

uo
ro

sp
ot

 o
nl

y)

Vi
si

t 2
 –

 O
nc

e 
vi

si
t 1

 fl
uo

ro
sp

ot
 re

su
lts

 a
va

ila
bl

e 
N

o 
bl

oo
d 

te
st

s

Vi
si

t 3
 –

 W
ee

k ‘
0’.

 O
nc

e 
co

nd
iti

on
s 

to
 p

ro
ce

ed
 w

ith
 b

as
el

in
e 

im
m

un
e 

m
on

ito
rin

g 
ha

ve
 b

ee
n 

m
et

 (s
ee

 S
ec

t. 
7.

1)
 (F

lu
or

os
po

t, 
H

LA
 A

b,
 T

re
g 

nu
m

be
rs

 a
nd

 p
he

no
ty

pe
) –

Vi
si

t 4
 –

 1
 w

ee
k 

af
te

r v
is

it 
3 
±

 1
 d

ia
ly

si
s 

se
ss

io
n 

(F
lu

or
os

po
t, 

H
LA

 A
b,

 T
re

g 
nu

m
be

rs
 a

nd
 p

he
no

ty
pe

)

Vi
si

t 5
 –

 2
 w

ee
ks

 a
ft

er
 v

is
it 

3 
±

 1
 d

ia
ly

si
s 

se
ss

io
n 

(F
lu

or
os

po
t o

nl
y)

Vi
si

t 6
 –

 4
 w

ee
ks

 a
ft

er
 w

ee
k 

0 
±

 1
 d

ia
ly

si
s 

se
ss

io
n 

(F
lu

or
os

po
t, 

H
LA

 A
b,

 T
re

g 
nu

m
be

rs
 a

nd
 p

he
no

ty
pe

)

Vi
si

t 7
 –

 8
 w

ee
ks

 a
ft

er
 w

ee
k 

0 
±

 2
 d

ia
ly

si
s 

se
ss

io
ns

 (F
lu

or
os

po
t, 

H
LA

 A
b,

 T
re

g 
nu

m
be

rs
 a

nd
 p

he
no

ty
pe

)

Pr
e-

Pa
rt

 2
 e

lig
ib

ili
ty

 re
-c

he
ck

 –
 to

 b
e 

pe
rf

or
m

ed
 a

pp
ro

xi
m

at
el

y 
2 

w
ee

ks
 p

rio
r t

o 
le

uk
ap

he
re

si
s

Pa
rt

 2

Vi
si

t 1
 –

 L
eu

ka
ph

er
es

is
 –

 a
t a

 ti
m

e 
co

nv
en

ie
nt

 fo
r t

he
 p

at
ie

nt

Vi
si

t 2
 –

 T
re

g 
in

fu
si

on
 –

 a
t a

 ti
m

e 
co

nv
en

ie
nt

 fo
r t

he
 p

at
ie

nt
 o

nc
e 

Tr
eg

s 
ar

e 
re

ad
y 

– 
bl

oo
d 

fo
r F

lu
or

os
po

t a
ss

ay
, H

LA
 A

b 
an

d 
de

te
rm

in
at

io
n 

of
 T

re
g 

nu
m

be
rs

 a
nd

 p
he

no
ty

pe
 ta

ke
n 

pr
e-

Tr
eg

 in
fu

si
on

 –
 S

am
pl

e 
m

ay
 b

e 
ta

ke
n 

at
 th

e 
di

al
ys

is
 s

es
si

on
 b

ef
or

e 
Tr

eg
 in

fu
si

on

Vi
si

t 3
 –

 1
 w

ee
k 

af
te

r T
re

g 
in

fu
si

on
 ±

 1
 d

ia
ly

si
s 

se
ss

io
n 

(F
lu

or
os

po
t, 

H
LA

 A
b,

 T
re

g 
nu

m
be

rs
 a

nd
 p

he
no

ty
pe

)

Vi
si

t 4
 –

 2
 w

ee
ks

 a
ft

er
 T

re
g 

in
fu

si
on

 ±
 1

 d
ia

ly
si

s 
se

ss
io

n 
(F

lu
or

os
po

t)

Vi
si

t 5
 –

 4
 w

ee
ks

 a
ft

er
 T

re
g 

in
fu

si
on

 ±
 1

 d
ia

ly
si

s 
se

ss
io

n 
(F

lu
or

os
po

t, 
H

LA
 A

b,
 T

re
g 

nu
m

be
rs

 a
nd

 p
he

no
ty

pe
)

Vi
si

t 6
 –

 8
 w

ee
ks

 a
ft

er
 T

re
g 

in
fu

si
on

 ±
 2

 d
ia

ly
si

s 
se

ss
io

ns
 (F

lu
or

os
po

t, 
H

LA
 A

b,
 T

re
g 

nu
m

be
rs

 a
nd

 p
he

no
ty

pe
)

Vi
si

t 7
 –

 6
 m

on
th

s 
af

te
r T

re
g 

in
fu

si
on

 ±
 3

 d
ia

ly
si

s 
se

ss
io

ns
 (F

lu
or

os
po

t, 
H

LA
 A

b)

Vi
si

t 8
 –

 1
2 

m
on

th
s 

af
te

r T
re

g 
in

fu
si

on
 ±

 3
 d

ia
ly

si
s 

se
ss

io
ns

 (F
lu

or
os

po
t, 

H
LA

 A
b)

*   P
os

t-
co

ns
en

t e
lig

ib
ili

ty
 te

st
s 

in
 s

om
e 

re
cr

ui
ts

—
Ta

ke
 H

IV
, H

ep
BS

Ag
, H

ep
 C

 in
 a

ll 
un

le
ss

 n
eg

at
iv

e 
te

st
 re

su
lts

 a
re

 a
va

ila
bl

e 
in

 la
st

 5
 y

ea
rs

. T
ak

e 
LF

Ts
 in

 a
ll 

un
le

ss
 re

su
lts

 a
re

 a
va

ila
bl

e 
in

 la
st

 3
 m

on
th

s. 
D

o 
EC

G
 u

nl
es

s 
a 

SO
C 

EC
G

 w
ith

in
 th

e 
la

st
 3

 m
on

th
s 

is
 a

va
ila

bl
e 

fo
r r

ev
ie

w
. D

o 
pr

eg
na

nc
y 

te
st

 o
n 

al
l w

om
en

 o
f c

hi
ld

-b
ea

rin
g 

po
te

nt
ia

l
*   R

ep
ea

t e
lig

ib
ili

ty
 te

st
s 

in
 s

om
e 

pa
tie

nt
s 

at
 p

re
-P

ar
t 2

 a
ss

es
sm

en
t. 

Ta
ke

 L
FT

s 
in

 a
ll 

un
le

ss
 re

su
lts

 a
re

 a
va

ila
bl

e 
in

 la
st

 3
 m

on
th

s. 
D

o 
EC

G
 u

nl
es

s 
a 

SO
C 

EC
G

 w
ith

in
 th

e 
la

st
 3

 m
on

th
s 

is
 a

va
ila

bl
e 

fo
r r

ev
ie

w
. D

o 
pr

eg
na

nc
y 

te
st

 
on

 a
ll 

w
om

en
 o

f c
hi

ld
-b

ea
rin

g 
po

te
nt

ia
l

†   I
n 

al
l t

he
 p

os
t-T

R0
01

 in
fu

si
on

 v
is

its
, t

he
 n

ee
d 

fo
r a

 s
ym

pt
om

s-
di

re
ct

ed
 p

hy
si

ca
l e

xa
m

in
at

io
n 

an
d/

or
 s

ym
pt

om
-s

pe
ci

fic
 te

st
s 

w
ill

 b
e 

de
te

rm
in

ed
 a

cc
or

di
ng

 to
 s

ta
nd

ar
d 

m
ed

ic
al

 c
ar

e
#   M

an
da

to
ry

 s
er

ol
og

ic
al

 te
st

s 
(A

nt
i-H

IV
-1

, 2
, H

Bs
Ag

, A
nt

i H
Bc

, A
nt

i-H
CV

-A
b,

 T
. p

al
lid

um
-s

pe
ci

fic
 te

st
) a

re
 s

up
pl

em
en

te
d 

w
ith

 H
TL

V-
I/I

I a
nt

ib
od

y 
te

st
in

g.
 W

in
do

w
 fo

r p
er

fo
rm

in
g 

is
 w

ith
in

 7
 d

ay
s 

af
te

r l
eu

ka
ph

er
es

is
§   S

en
d 

sa
m

pl
e 

fo
r F

BC
, U

&
E,

 L
FT

s 
an

d 
CR

P 
at

 e
ve

ry
 v

is
it,

 u
nl

es
s 

re
su

lts
 a

va
ila

bl
e 

fr
om

 a
 d

ia
ly

si
s 

se
ss

io
n 

w
ith

in
 th

e 
vi

si
t w

in
do

w

Vi
si

t S
ch

ed
ul

e 
an

d 
im

m
un

e 
m

on
ito

rin
g 

te
st

s



Page 10 of 13Dudreuilh et al. BMC Nephrology          (2023) 24:117 

study [10] without adverse effects and is the dose that 
has been authorised for use by the TWO Study [21]. 
Only autologous Treg cells will be utilized in the study 
participants enrolled in the current trial.

•	 Treg administration

The TR001 will remain cryopreserved throughout the 
delivery steps. The cell product will be thawed at the 
bedside by appropriately trained staff and delivered by 
syringe into 50mls 4.5% sterile isotonic human serum 
albumin contained in a glass bottle or proprietary 
transfer bag. The final dispersed cell product (100mls) 
will then be infused intravenously by pump by a con-
sultant or similarly qualified medical practitioner. It is 
anticipated that the infusion will take approximately 
30 min.

Statistical considerations and analysis
Sample Size calculation
Based on our previous experience of numbers of patients 
presenting anti-donor reactivity without evidence of sup-
pression by CD25+ T cells, we have calculated that 100 
patients will need to be recruited for Part 1. This number 
is based on availability of the clinical population in the 
study sites which is feasible in the study timeframe. For 
Part 2, Simon’s two-stage design will be used for the trial, 
with α = 0.05 and 1-β = 90%. Clinical consensus amongst 
the expert team is that if fewer than 20% meet the pri-
mary endpoint there is no merit in further investigating 
Tregs, whereas if ≥ 50% respond to Tregs further inves-
tigation will be merited. Based on these parameters, 21 
patients are required, all of whom will be monitored for 
at least 2  months post-treatment to meet the data col-
lection for the primary endpoint. Of these 21 patients, 
12 will be allocated to stage 1 and 9 to stage 2, based on 
the order of recruitment. At the end of stage 1, data will 
be assessed for futility using stopping rules based on the 
clinical consensus: ≥ 6 patients meeting the primary end-
point, stage 2 will commence; ≤ 2 patients meeting the 
primary endpoint, the trial will stop; 3–5 patients meet-
ing the primary endpoint, the trial will pause for the 
sample size to be re-estimated after discussion with the 
funder.

Primary and secondary analysis
Analysis will be primarily descriptive and focuses upon 
estimation with 95% confidence intervals. Continuous 
variables will be summarised using means and standard 
deviations (if normally distributed, assessed by inspection 
of histograms) or medians and interquartile ranges. Cate-
gorical data will be reported as numbers and frequencies. 
We will report the proportion of eligible patients tested 

in Part 1 and the baseline characteristics including route 
of sensitisation for patients deemed ineligible for Part 2, 
eligible and treated, and eligible but not treated in Part 2.

We will compare the overall response rate of all 21 
Treg-treated patients with control responses rates from 
the 9 patients undergoing immune monitoring in Part 
1. Mixed effects regression models will be utilised to 
describe and analyse outcomes measured repeatedly over 
time, with log or other transformation made where nec-
essary to meet model assumptions.

Whilst every endeavour will be made to minimise miss-
ing data it is inevitable that there will be some. We will 
report this by study group and report reasons for miss-
ingness where available. We will report data in accord-
ance with the Intent to Treat Principal where all treated 
patients are included in the relevant parts of the data 
analysis but also intend to report subgroup analyses in 
those patients who complete TR001 administration and 
those who received only a partial dose of TR001 due to 
medical reasons (if applicable).

Further detail will be reported in the statistical analysis 
plan.

Data Handling and management
Participant data will be pseudo-anonymised and will be 
stored on a password protected computer at each NHS 
recruiting site. The main dataset is the Elsevier Macro 4 
EDC system dataset hosted by the King’s College Clini-
cal Trial Unit. Baseline and follow up data will be col-
lected onto source data worksheets, which will form part 
of the NHS medical notes. Clinical and research data will 
be transcribed from the medical notes and source data 
worksheets to the study eCRF system.

Data relating to the exploratory mechanistic endpoints 
will be treated differently. A copy of the raw unmanipu-
lated data, labelled with data, PIN and type of analysis 
will be stored securely as soon as possible after obtained. 
Descriptive analyses will be prepared from cleaned data 
by the trial statisticians. Outlying data will be compared 
to raw data files for validation.

All trial data will be stored in line with the Medicines 
for Human Use (Clinical Trials) Amended Regula-
tions 2006 and the UK General Data Protection Regula-
tion (UK-GDPR) and UK Data Protection Act 2018 and 
archived in line with the Medicines for Human Use (Clin-
ical Trials) Amended Regulations 2006 as defined in the 
Clinical Trials Office Archiving SOP.

Data monitoring
Risk-based monitoring of this study to ensure compli-
ance with Good Clinical Practice and scientific integrity 
will be managed by KHP CTO (King’s Health Partners 
Clinical Trials Office). A Data monitoring Committee 
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including independant related members has been des-
ignated to oversee the monitoring of the study. A Trial 
Steering committee has been designated to provide over-
all supervision for the GAMECHANgER-1 trial on behalf 
of the Trial Sponsor and the Trial Funder and to ensure 
that the trial is conducted according to the guidelines 
for Good Clinical Practice (GCP), Research Governance 
Framework for Health and Social Care and all relevant 
regulations and local policies.

Dissemination
Results from this study will be published in interna-
tional peer-reviewed journal with high impact. They will 
be presented in national, international conferences and 
using social media. Recruiting sites will be informed of 
the results and will be asked to disseminate the findings 
to participants. Patient groups will be informed of the 
results for dissemination among their members.

Discussion
The current dogma is that memory immune allore-
sponses cannot be modulated or suppressed by regu-
latory T cell [22, 23]. Data from our group [10–12] and 
others [9] have demonstrated that regulatory T cells 
could be able to modulate response to HLA in pre-sensi-
tised individuals with CAMR, and that more importantly 
they are able to fine-tune the phenotype of B cells, allow-
ing them to switch from APC to B cells with regulatory 
impact. Some recent breakthroughs, including Imlifidase 
[20] and FcRn antagonists [4], could change the out-
comes of antibody incompatible transplantation in the 
future by targeting humoral responses, however there is 
no efficient therapy targeting memory immune allore-
sponses in these patients.

Infusion of polyclonally expanded Tregs has been demon-
strated to be safe [8–11], however the ultimate aim in these 
initial studies was to induce tolerance. Our hypothesis is 
based on the idea that Treg infusions could modulate mem-
ory immune alloresponses. We propose to infuse GMP-grade 
in  vitro expanded polyclonal Tregs into appropriate sensi-
tised patients on the transplant waiting list. Appropriate in 
this context means those identified in an initial observational 
phase (Part 1) to have CD4+ T cell IFNγ or IL-17A FluoroSpot 
responses to a defined HLA without evidence of regulation 
by endogenous Tregs. The HLA antigens used will be those 
to which the recipient has Ab; to be clinically relevant, we will 
focus on Ab that could be delisted or be the focus of desen-
sitisation. We anticipate that the Tregs will induce a reduc-
tion in the measurable response to the specific anti-HLA B 
cell-dependent T cell responses, which we will measure using 
purified HLA antigens in CD4+ T cell FluoroSpot assays.

Assuming we demonstrate that our strategy suppresses 
responses in significant proportions of patients, an 

important question is how long does the effect last? This 
will be evaluated using data from immune monitoring 
post-Treg infusion. We will use this information to model, 
with NHSBT, the impact of the new allocation scheme on 
numbers of highly sensitised patients, in conjunction with 
early data on their observed post-transplant outcomes. In 
addition, with the advent of novel therapies like Imlifidase 
[20] and FcRn antagonists [4], we will model the impact 
of delisting or desensitising significant numbers of new 
patients, to inform on the feasibility of performing a larger 
trial, with clinically relevant endpoints in these patients.

Our ultimate goal is to develop non-toxic immuno-
therapies capable of controlling cell-mediated B and T cell 
responses in these ‘highly sensitised’ patients to promote 
better graft and patient outcomes and ultimately better 
access to transplantation in this group. This trial will deliver 
the insights necessary to assess whether further clinical 
investigation / application of our solution is feasible.

Trial status
This manuscript is based on protocol version2, 6/12/21. 
At the time of submission, the trial has recruited 31 
patients to Part 1, after recruitment started in April 2022.
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