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ABSTRACT

Objectives Development of pharmaceutical agents

in transplantation is currently limited by long waits

for hard endpoints. We applied a validated integrative
risk-prognostication system integrative Box (iBox) as a
surrogate endpoint to the TRANSFORM Study, a large
randomised controlled trial, to project individual patient
long-term kidney allograft survival from 1year to 11 years
after randomisation.

Design Post-hoc analysis of a randomised open-label
controlled trial.

Setting Multicentre study including 186 centres in 42
countries worldwide.

Participants 2037 de novo kidney transplant recipients.
Intervention Participants were randomised (1:1) to
receive everolimus with reduced-exposure calcineurin
inhibitor (EVR+rCNI) or mycophenolic acid with standard-
exposure CNI (MPA +sCNI).

Primary outcome measure The iBox scores

were computed for each participant at 1year after
randomisation using functional, immunological and
histological parameters. Individual long-term death-
censored allograft survival over 4, 6 and 11 years

after randomisation was projected with the iBox risk-
prognostication system.

Results Overall, 940 patients receiving EVR +rCNland
932 receiving MPA +sCNI completed the 1-year visit. iBox
scores generated at 1year yielded graft survival prediction
rates of 90.9% vs 92.1%, 87.9% vs 89.5%, and 80.0%

vs 82.4% in the EVR +rCNI versus MPA +sCNI arms

at 4, 6, and 11 years post-randomisation, respectively

(all differences below the 10% non-inferiority margin
defined by study protocol). Inclusion of immunological and
histological Banff diagnoses parameters in iBox scores
resulted in comparable and non-inferior predicted graft
survival for both treatments.

Gonclusions This proof-of-concept study provides the
first application of a validated prognostication system as a
surrogate endpoint in the field of transplantation. The iBox
system, by projecting kidney allograft survival up to 11
years post-randomisation, confirms the non-inferiority of
EVR +rCNI versus MPA +sCNI regimen. Given the current
process engaged for surrogate endpoints qualification, this
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Proof-of-concept study of the first application of a
validated risk-prognostication system (integrative
Box/iBox) in the large randomised controlled trial
TRANSFORM in kidney transplantation.

= The iBox prognostication system previously re-
ported is a validated surrogate endpoint of long-
term death-censored allograft failure after kidney
transplantation.

= Projection of the long-term risk of allograft failure
up to 11 years post-randomisation with the 1-year
post-randomisation validated data.

= Anti-human leucocyte antigen donor-specific anti-
bodies (HLA DSA) and allograft biopsy part of the
original iBox score were not in the protocol of the
TRANSFORM Study.

= Derived iBox scores were used to take into account
missing variables at 1year (anti-HLA DSA and al-
lograft biopsy).

study illustrates the potential to fast track development of
pharmaceutical agents.

Trial registration number TRANSFORM trial:
NCT01950819.

iBox prognostication system: NCT03474003.

INTRODUCTION

Despite improvement in short-term allograft
survival outcomes following renal transplan-
tation, long-term allograft survival remains
a challenge,' * and prediction of long-term
outcomes suffers from lack of studies with
statistical power due to the low event rates of
graft failure and mortality during the first year
post-transplantation.”™ Attention has been
made on defining early surrogate endpoints
that would serve for therapeutic interven-
tions, clinical trials and clinical decision-
making.""" This pressing need has been
raised by the transplant societies (European
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Society of Organ Transplantation, American Society
for Transplantation and the American Society of Trans-
plant Surgeons), agencies (European Medicine Agency
and Food and Drug Administration), and consortia.'’
Indeed, the lack of early surrogate endpoints is a serious
threat to drug discovery and a limitation to innovation in
providing improvements of kidney allograft survival.

The accuracy of graft survival prediction based on indi-
vidual parameters such as estimated glomerular filtration
rate (eGFR),'" ! proteinuria,'® histology'® '’ or human
leucocyte antigen (HLA) antibody profiles'”™ is poor
because individual parameters do not take into account
the complete phenotype of a patient.

The integrative Box (iBox) scoring system was the
first risk-prediction system in renal transplantation to be
developed and validated using outcomes data from 10
centres in Europe and North America and from three
randomised controlled trials (RCTs).?’ The iBox scoring
system integrating functional (eGFR and proteinuria),
histological, and immunological factors evaluated at
any time point post-transplant has exhibited robust cali-
bration and discrimination as assessed by concordance
statistics in the derivation and validation cohorts from
Europe and the USA.*" The iBox system was also inde-
pendently validated with outcomes data from three regis-
tered phase 2 and 3 trials, and three additional studies
on antibody-mediated rejection (AMR), T cell-mediated
rejection (TCMR) and calcineurin inhibitor (CNI)-
sparing regimen studies, where iBox scores and projected
allograft survival rates calculated for all patients in the
trials were compared with the actual allograft failure
rates and found to reveal accurate discrimination overall,
thereby confirming its ability to accurately predict long-
term allograft survival in RCTs early after transplanta-
tion or randomisation.”” Additionally, the iBox system
has shown sufficient evidence of its performance as a
surrogate endpoint for long-term allograft survival to
be accepted in the biomarker qualification programme
from the Center for Drug Evaluation and Research of the
US Food and Drug Administration.”’

TRANSFORM was the largest, multicentre, intent-to-
treat trial in de novo renal transplantation to employ a
binary composite endpoint assessing immunosuppres-
sive efficacy and graft function as a surrogate for long-
term graft survival.”> The study findings demonstrated
that everolimus with reduced-exposure CNI (EVR+rCNI)
regimen was non-inferior (using a 10% non-inferiority
margin) to mycophenolic acid with standard-exposure
CNI (MPA +sCNI) regimen for the binary endpoint, with
stable renal function and no new safety signals up to 2
years post-transplantation.” ** Even though this study
showed no differences in anti-rejection efficacy and renal
function outcomes between the two treatments, it was
limited by the relatively short follow-up after randomis-
ation and the low event rates of graft loss and mortality.**

Here, we show the first application of a validated
risk-prognostication system to a single study with >2000
randomised patients via individual risk evaluation at

lyear and predict long-term death-censored allograft
survival probability up to 11 years post-randomisation.

METHODS

Participants

In the TRANSFORM Study, 2037 de novo renal transplant
recipients were randomised (1:1) within 24 hours of trans-
plantation to receive either EVR +rCNIor MPA +sCNI, in
combination with induction therapy and corticosteroids.
The primary endpoint comprised a binary composite
of incidence of treated biopsy-proven acute rejection or
eGFR <50mL/min/1.73 m® at 1 year post-transplantation
using a 10% non-inferiority margin.”® Eligibility criteria
of patients, induction therapy and immunosuppression
regimens used, including protocol-defined target trough
levels of EVR and CNIs (tacrolimus and cyclosporine)
have been previously described.*

Allograft loss risk prediction using iBox scores
Individual allograft survival probabilities were deter-
mined using the iBox scoring system.?’ Data from patients
completing the 1-year visit were included for generation
of iBox risk-prediction scores after confirming the avail-
ability of functional, immunological, and/or histological
follow-up data. The iBox scores were generated using
eight parameters, including baseline characteristics (time
from transplant to evaluation), functional parameters
(eGFR and urine protein/creatinine ratio), immunolog-
ical parameters (presence of circulating anti-HLA donor-
specific antibodies (DSA)), and histological parameters
(biopsy findings including microcirculation inflamma-
tion (glomerulitis Banft score and peritubular capillaritis
Banff score, interstitial inflammation and tubulitis Banff
scores, transplant glomerulopathy Banff score, and inter-
stitial fibrosis/tubular atrophy Banff score)). To account
for missing variables and allow adaptation at individual
centres, a derived score using the diagnoses of AMR,
TCMR, BK virus-associated nephropathy, or recurrence
of end-stage renal disease (ESRD) instead of Banff scores
was generated and previously reported.”” Thus, three
types of risk scores were generated based on available
parameters and to allow flexibility across centres:
» iBox"': functional (time from transplant to evalua-
tion +eGFR+proteinuria) score.
» iBox" functional +immunological (DSA) score.
» iBox™: functional +immunological+histological
(biopsy diagnoses) score.

Measurements performed at 1 year

Kidney allograft function was assessed by eGFR as esti-
mated by the four-variable modification of diet in renal
disease equation and by proteinuria (g/g) as estimated
by the urinary protein/creatinine ratio (UPCR). Circu-
lating DSA against HLA-A, HLA-B, and HLA-DR, and
histological diagnoses data were assessed according to
local centre practice.
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Outcomes

The outcome of interest was the projection of long-term
death-censored allograft survival of individual patients at 3,
5, 7, and 10 years post-evaluation, which were equivalent
to 4, 6, 8, and 11 years post-randomisation/transplantation,
respectively, using the iBox scoring system and the compar-
ison of the mean projected allograft survival in the two arms
using a 10% non-inferiority margin. The 10% margin was
chosen for consistency with the primary study.”

Sensitivity analyses

To test the robustness of the iBox risk score performed
at lyear postrandomisation, the iBox risk score was
applied on the measurements performed at 2years
post-randomisation.*

Statistical analysis

Continuous variables were reported as mean (SD). Mean
values and proportions between groups were compared
using Student’s t-test or the X test (or Fisher’s exact test
if appropriate). All tests were two-tailed and a p value
of <0.05 was considered to be statistically significant.
The iBox risk-prediction scores were calculated for each
patient according to the B-regression coefficients of the
iBox model as previously published.* Death-censored
allograft survival probabilities at 3, 5, 7 and 10 years post-
evaluation were determined after adjustment for actual
allograft survival rates in both the arms at 1year. All anal-
yses were performed using R (V.3.2.1, R Foundation for
Statistical Computing), all the packages used are detailed
in the online supplemental methods.

Patient and public involvement

The iBox prognostication system potential for patient care
and clinical trials was presented and discussed among the
two main French patients’ associations, involving patients,
nurses and healthcare professionals.

RESULTS

Patient disposition and baseline characteristics

In the TRANSFORM Study, 2037 de novo renal transplant
recipients were randomised between December 2013 and
January 2016 and comprised the intent-to-treat popu-
lation (EVR +rCNIarm, N=1022and MPA +sCNIarm,
N=1015).% Of these, 940 (92.0%) patients in the
EVR +rCNIarm and 932 (91.8%) in the MPA +sCNIarm
who had completed the l-year visit underwent iBox risk
evaluation. Demographics and baseline characteristics
of patients who underwent risk evaluation were well
balanced in both treatment arms (table 1).

Functional and immunological parameters at 1 year post-
randomisation

Mean eGFR at lyear was comparable in the
EVR +rCNIand MPA +sCNI arms (55.6 (19.95) vs 56.2
(18.97) mL/min/1.73 m? (p=0.4864; online supple-
mental figure 1). The mean UPCR was 0.32 (0.67) g/g
for the EVR +rCNIarm and 0.25 (0.58) g/g for the

MPA +sCNIarm (p=0.0134; online supplemental figure
2).

Among patients with DSA assessment at 1year, 56 of
408 (13.7%) were positive for DSA in the EVR +rCNIarm
compared with 62 of 392 (15.8%) in the MPA +sCNIarm
(p=0.404).

Histological diagnoses at 1 year post-randomisation
Histological parameters were assessed in all patients
who had biopsy evaluation during the first year post-
randomisation. Incidence of active and chronic AMR,
TCMR, borderline rejections, BK virus-associated
nephropathy and recurrence of ESRD were not signifi-
cantly different between the two treatment arms (online
supplemental table 1).

iBox scores at 1 year post-randomisation

A total of 940 (92.0%) patients in the EVR +rCNIarm
and 932 (91.8%) in the MPA +sCNIarm underwent
risk evaluation at lyear. After excluding 14 patients in
each arm without proteinuria data, iBox' scores were
generated for 926 (98.5%) and 918 (98.5%) patients
in the EVR +rCNIand MPA +sCNI arms, respectively.
iBox™ scores were generated for 405 patients (43.1%)
in the EVR +rCNIarm and 388 patients (41.6%) in the
MPA +sCNIarm for whom DSA parameters were also
available, and iBox™ scores were generated for 177
(18.8%) and 178 (19.1%) patients in the EVR +rCNIand
MPA +sCNI arms, respectively, who had all functional,
immunological, and histological parameters available
(figure 1).

iBox application and projected long-term death-censored
allograft survival

The mean iBox"! scores at 1 year were -3.28 (1.09) for the
EVR +rCNIarm and -3.42 (1.06) for the MPA +sCNIarm
(figure 2A). These risk scores translated into mean
projected allograft survival rates of 90.9%, 87.9%, 84.3%,
and 80.0% for the EVR +rCNIarm and 92.1%, 89.5%,
86.2%, and 82.4% for the MPA +sCNIarm at 3, 5, 7 and
10 years post-evaluation (or 4, 6, 8 and 11 years post-
randomisation), respectively. Thus, a difference of 2.4%
(lower than the 10% non-inferiority margin) in favour of
the MPA +sCNI regimen was projected at 10 years post-
evaluation (figure 2B). This result remains consistent
when we stratified by donor type (online supplemental
figures 3 and 4).

The mean iBox"™ scores at lyear were -3.13 (1.06) and
-3.23 (1.06) for the EVR +rCNIand MPA +sCNI arms,
respectively (figure 3A). The mean projected allograft
survival rates using iBox™ scores at 8, 5, 7 and 10 years
post-evaluation were 90.6%, 87.5%, 83.6% and 78.9% for
the EVR +rCNIarm and 91.6%, 88.7%, 85.2%, and 80.9%
for the MPA +sCNIarm, corresponding to a non-inferior
difference of 2.0% at 10 years (under the 10% margin) in
favour of the MPA +sCNI regimen (figure 3B).

The mean iBox™ scores at lyear were -2.57 (1.18)
for the EVR +rCNIarm and -2.84 (1.08) for the
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Table 1 Demographics and baseline characteristics of patients at iBox risk evaluation
EVR +rCNI MPA+sCNI
N N=940 N=932 P value
Recipients’ characteristics
Age, n (%) 1871 0.571
18-30 years 633 328 (34.9) 305 (32.7)
31-55 years 1065 29 (56.3) 536 (57.6)
56-80 years 173 83 (8.8) 90 (9.7)
Male sex 652 (69.4) 646 (69.3) 0.982
Cold ischaemia time, hours, mean (SD) 1859 8.1 (7.7) 8.2 (7.7) 0.820
Delayed graft function, n (%) 174 93 (9.9) 81 (8.7) 0.370
HLA-A/B/DR mismatch, mean (SD) 1862 3.4 (1.5) 3.4 (1.5) 0.620
Type of CNI, n (%) 1868 0.836
Tacrolimus 846 (90.4) 845 (90.7)
Cyclosporine 90 (9.6) 87 (9.3)
Induction, n (%) 1871 0.795
Basiliximab 789 (84.0) 779 (83.6)
rATG 150 (16.0) 153 (16.4)
ESRD leading to transplant 1872 0.885
Glomerulonephritis 144 (15.3) 154 (16.5)
Diabetes 118 (12.6) 120 (12.9)
Hypertension/nephrosclerosis 115 (12.2) 114 (12.2)
Other 427 (45.4) 423 (45.4)
Unknown 136 (14.5) 121 (13.0)
Donor characteristics, n (%)
Male sex 869 423 (48.9) 446 (51.4) 0.291
Donor category 1717 0.329
Living related 270 (31.6) 249 (28.9)
Living unrelated 173 (20.2) 161 (18.7)
Deceased non-heart beating 3 (0.4) 5(0.6)
Deceased heart beating 409 (47.8) 447 (51.8) 0.084
Standard criteria donor 295 (72.1) 298 (66.7)
Expanded criteria donor 114 (27.9) 149 (33.3)

CNI, calcineurin inhibitor; ESRD, end-stage renal disease; EVR, everolimus; HLA, human leucocyte antigen; iBox, integrative Box; MPA,
mycophenolic acid; rATG, rabbit antithymocyte globulin; rCNI, reduced-exposure CNI; sCNI, standard-exposure CNI.

MPA +sCNIarm (figure 4A). These scores yielded mean
projected allograft survival rates of 87.5%, 83.3%, 78.3%,
and 72.4% for the EVR +rCNIarm and 90.4%, 87.1%,
83.0%, and 78.1% for the MPA +sCNIarm, respectively,
corresponding to a difference of 5.7% at 10 years (under
the 10% margin) in favour of the MPA +sCNI regimen
(figure 4B).

Sensitivity analyses

A total of 893 (95.0%) patients in the EVR +rCNIarm
and 881 (94.5%) in the MPA +sCNIarm underwent risk
evaluation at 1 and 2years postrandomisation. When
we applied the iBox™ (functional) score on the 2-year
measurements (time from transplant to evaluation,

eGFR and proteinuria), the results remained consis-
tent: the mean iBox" scores at 2 years were -3.11
(0.04) for the EVR +rCNIarm and -3.29 (0.04) for the
MPA +sCNIarm (online supplemental figure 5A). These
risk scores translated into mean projected allograft
survival rates of 89.83%, 85.6%, 81.5%, and 76.7% for the
EVR +rCNIarm and 90.7%, 87.7%, 84.1%, and 78.9% for
the MPA +sCNIarm at 3, 5, 7 and 10 years post-evaluation
(or 5, 7,9 and 12 years post-randomisation), respectively.
Thus, a difference of 3.2% (lower than the 10% non-
inferiority margin) in favour of the MPA +sCNI regimen
was projected at 10 years post-evaluation (online supple-
mental figure 5B).
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EVR+rCNI
Randomized set (N = 1025)

Misrandomized (n = 3)

[ Intent-to-treat population (N = 1022) )

Excluded from iBox evaluation (n = 82; 8.0%)
Graft loss (n = 33; 3.2%)

Death (n = 20; 2.0%) ||

Other (n = 29; 2.8%)

[iBox evaluation at 1 year (N = 940; 92.0%)]

l Missing proteinuria values (n = 14; 1.5%) |»

[iBox’“: Functional analysis (N = 926; 93.5%)]

| Missing DSA status (n = 521; 55.4%) |»

( iBox*: Functional + immunological analysis (N = 405; 43.1%) )

| Missing biopsy data (n = 228; 24.2%) |—

MPA+sCNI
Randomized set (N = 1019)

Misrandomized (n = 4)

[ Intent-to-treat population (N = 1015) )

Excluded from iBox evaluation (n = 83; 8.2%)
Graft loss (n = 28; 2.8%)

Death (n = 28; 2.8%)

Other (n = 27; 2.6%)

[ iBox evaluation at 1 year (N = 932; 91.8%) )

—{ Missing proteinuria values (n = 14; 1.5%)

[ iBox*': Functional analysis (N = 918; 98.5%) ]

—{ Missing DSA status (n = 530; 56.9%)

( iBox*: Functional + immunological analysis (N = 388; 41.6%) )

—{ Missing biopsy data (n = 210; 22.5%)

(iBox"’: Functional + immunological + histological analysis (N = 177; 18.8%)) (iBox"‘: Functional + immunological + histological analysis (N = 178; 19.1%)]

Figure 1

Patient disposition. DSA, donor-specific antibodies; EVR, everolimus; iBox, integrative Box; MPA, mycophenolic acid;

rCNI, reduced-exposure calcineurin inhibitor; sCNI, standard-exposure calcineurin inhibitor.

DISCUSSION

This study is the first application of a validated multidi-
mensional risk scoring system iBox to predict long-term
allograft survival in an RCT.

In TRANSFORM, an EVR +rCNI regimen was found
to be non-inferior in terms of efficacy to a standard-
of-care regimen comprising MPA +sCNIup to 2 years
post-transplantation.”” ** Using individual risk scores of
patients from the study at lyear, we found that mean
projected allograft survival rates with both the regimens
were comparable at 3, 5, 7, and 10 years post-evaluation
or 4, 6, 8, and 11 years postrandomisation, thereby rein-
forcing the l-year and 2-year actual findings for graft
survival.” ** The non-inferiority margin was met for

Functional iBox risk score evaluation at 1-year post-transplant

Score of kidney allograft loss (iBox)
IS &

Allograft survival probability (%)

EVRCNI e MPA+SCNI
Randomization

N=926 N=918

survival projections with three types of iBox scores with
varying availability of functional (eGFR and protein-
uria), immunological (presence of anti-HLA DSA), and
histological (biopsy) parameters at evaluation, despite
between-arm differences in rates. Additionally, these
results remained consistent when we applied the iBox on
the 2-year measurements.

This study is also the first application of iBox as a surro-
gate endpoint for an RCT that was originally designed to
have a surrogate endpoint for long-term allograft survival,
thereby increasing its applicability to other RCTs.

The iBox scores were generated using simple param-
eters that are broadly used by the transplant commu-
nity as routine clinical practice, thereby increasing their

—@— EVR+CNI  —@— MPA+sCNI  —O= 10% inferiority
100
Q\\.\ 924 89.5
904 "~ 86.2
O - _ 90.9 Py 824
-———e N e
80 T T = =0 - _ 843
= o2 795 = =0 - ____ 80.0
0] 2 76.2 EX
e}
[T,
604 2
g
501
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401 5
i
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0
0 1 2 3 4 5 6 7 8 9 10 1

Time post-transplantation (years)

Figure 2 iBox"' scores at 1year after randomisation and projected allograft survival. (A) Mean iBox*' scores in the

EVR +rCNland MPA +sCNI arms at 1year. (B) Projected allograft survival in EVR +rCNIarm (blue line) and MPA +sCNIlarm

(red line). The black dotted line corresponds to the 10% inferiority margin. The duration of TRANSFORM is the time between
randomisation and the endpoint of the TRANSFORM Study (1 year post-randomisation). The projected kidney allograft survival
takes into account the event (death-censored graft loss) that occurred during the duration of TRANSFORM Study. EVR,
everolimus, iBox, integrative Box; MPA, mycophenolic acid; rCNI, reduced-exposure calcineurin inhibitor; sCNI, standard-

exposure calcineurin inhibitor.
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A Functional + DSA iBox risk score evaluation at 1-year post-transplant

Score of kidney allograft loss (iBox)
Allograft survival probability (%)

EVR#CNI MPA+SCNI

Randomization

N =405 N=388

—8— EVR+CNI  —@— MPA+sCNI  —O~ 10% inferiority
100(\
\\ 910 88.7 i
'O~§___ 90.6 e 3 80.9
g T - - __ 86 8
78.7 =0~ -~ _ _ 78.9
75.2 =9

Duration of TRANSFORM

1 2 3 4 5 6 7 8 9
Time post-transplantation (years)

10 1"

Figure 3 iBox" scores at 1 year after randomisation and projected allograft survival. (A) Mean iBox* scores in the

EVR +rCNland MPA +sCNI arms at 1year. (B) Projected allograft survival in EVR +rCNIlarm (blue line) and MPA +sCNlarm

(red line). The black dotted line corresponds to the 10% inferiority margin. The duration of TRANSFORM is the time between
randomisation and the endpoint of the TRANSFORM Study (1year post-randomisation). The projected kidney allograft survival
takes into account the event (death-censored graft loss) that occurred during the duration of TRANSFORM Study. DSA, donor-
specific antibodies; EVR, everolimus; iBox, integrative Box; MPA, mycophenolic acid; rCNI, reduced-exposure calcineurin

inhibitor; sCNI, standard-exposure calcineurin inhibitor.

generalisability across centres. The association of func-
tional, immunological and histological parameters allows
for robust predictions taking into consideration the
complete phenotype of a patientinstead of only the eGFR,
which alone is a poor predictor allograft survival.'”* '* In
previous validation of iBox with cohorts of >7000 patients,
a graft failure rate of 14.1% was observed after a median
post-transplant follow-up of 7.12 years, which corresponds

+DSA + hi

ical di iBox risk score
evaluation at 1-year post-transplant

B

Score of kidney allograft loss (iBox)
Allograft survival probability (%)

EN

MPA+SCNI
Randomization

EVR+CNI

N=177 N=178

to a graft survival rate of 85.9%.* This rate is consis-
tent with the projected graft survival rate for TRANS-
FORM at 7 years when functional iBox scores were used
(EVR +rCNIvs MPA +sCNI: 84.3% vs 86.2%). Thus, the
findings indicate applicability of iBox to other RCTs.

The strength of the study is that it does not compare the
mean of one or several variables, which can be misleading
due to non-linear association with graft survival outcome.

=@— EVR+rCNI =@— MPA+sCNI

=O= 10% inferiority

-

Duration of TRANSFORM

i 2 3 4 5 6 7 8 9
Time post-transplantation (years)

Figure 4 iBox™ scores at 1year after randomisation and projected allograft survival. (A) Mean iBox*® scores in the

EVR +rCNland MPA +sCNI arms at 1year. (B) Projected allograft survival in EVR +rCNIarm (blue line) and MPA +sCNIlarm

(red line). The black dotted line corresponds to the 10% inferiority margin. The duration of TRANSFORM is the time between
randomisation and the endpoint of the TRANSFORM Study (1 year post-randomisation). The projected kidney allograft survival
takes into account the event (death-censored graft loss) that occurred during the duration of TRANSFORM Study. DSA, donor-
specific antibodies; EVR, everolimus, iBox, integrative Box; MPA, mycophenolic acid; rCNI, reduced-exposure calcineurin

inhibitor; sCNI, standard-exposure calcineurin inhibitor.
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For TRANSFORM, the iBox score was generated for each
patient available for evaluation at 1 year and an individual
projected allograft survival rate was calculated, taking
into account the distribution of scores in each arm and
not just absolute values.

We acknowledge that the main limitation of this study
was the varying survival prediction rates obtained using
iBox#l, iBox'2 and iBox" scores because of absence of all
iBox components at 1year. In this regard, it is noteworthy
that DSA measurements were performed at 1 and 2 years
for onlyasubset of consenting patients (<50%).** One-year
biopsies were available for <20% of patients because they
were not protocol mandated,” without central pathology
reading, and performed for-cause, that is, in cases of
impaired renal function and presence of proteinuria
and/or de novo DSA, which could have led to selection
bias. Moreover, the Banff histological diagnoses are less
granular than the Banff scores even if the iBox has shown
good performance using the Banff histological diagnoses
instead of the Banff scores. Thus, the difference in the
subset of patients with for-cause biopsies was anticipated.
Furthermore, a centre effect cannot be excluded in the
way biopsies were conducted. This is a limitation inherent
to the TRANSFORM Study, which was not primarily
designed to use iBox as a surrogate endpoint. Despite
this limitation, the results were consistent with the scores
generated using functional parameters and functional
and immunological parameters meaning that the bias
did not introduce any asymmetry between the cohorts
in terms of number, characteristics and risk assessment.
Regardless of the type of iBox score, the overall absolute
between-arm difference in terms of long-term allograft
survival projected by the three types of scores remained in
the same range. While we note that projections of survival
need to be validated by real-life experience, we would
submit that our findings serve an important unmet need,
that is, a window into long-term survival based on strin-
gent patient-level observations obtained in the context
of an RCT that used an endpoint that integrated both
freedom from rejection and eGFR in a non-inferiority
design in one of the largest clinical trials in kidney trans-
plantation. Further, these observations are accrued in the
context of a discrete follow-up period, thereby addressing
the practical constraints of prolonged long-term follow-up
that is needed to measure actual accrued outcomes. Last,
the iBox score was generated in a cohort with most of the
patients receiving CNI, either as reduction regimen with
EVR or standard regimen with MPA. Thus, the prognostic
weighting of proteinuria under EVR-based regimen and
its impact on iBox score and subsequent allograft survival
prediction will need further investigation. However, the
iBox scoring system has been previously validated as a
surrogate endpoint in the CERTITEM (NCT01079143)
Study with an EVR-based regimen.” This study was a
randomised, open-label, multicentre trial that compared
a CNI-based regimen with an EVR-based regimen in
kidney recipients. The iBox scores were computed with
the l-year measurement (initial primary endpoint of this

study) in the intention-to-treat population and compared
with the actual allograft failures. The predictive perfor-
mances of the iBox system in this study were high in terms
of discrimination and calibration, thereby validating that
the iBox can be used as a surrogate endpoint in an RCT
with an EVR-based regimen.”’

In conclusion, the iBox system confirms good allograft
survival and the non-inferiority of EVR with reduced CNI
exposure versus MPA with standard CNI exposure in terms
of allograft survival up to 11 years after patient randomi-
sation. Given the unmet need for surrogate endpoints in
clinical trials, the study findings of this proof-of-concept
study indicate that iBox could potentially serve as a clin-
ical trial simulation tool to fast track the development and
approval of pharmaceutical agents.
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