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1 | INTRODUCTION

Predicting which renal allografts will fail and the likely cause of failure
isimportant in clinical trial design to either enrich patient populations
to be treated (eg, studies design to treat antibody-mediated rejection

Predicting which renal allografts will fail and the likely cause of failure is important in
clinical trial design to either enrich patient populations to be or as surrogate efficacy
endpoints for trials aimed at improving long-term graft survival. This study tests our
previous Birmingham-Mayo model (termed the BirMay Predictor) developed in a low-
risk kidney transplant population in order to predict the outcome of patients with
donor specific alloantibody (DSA) at the time of transplantation and identify new
factors to improve graft loss prediction in DSA+ patients. We wanted define ways to
enrich the population for future therapeutic intervention trials. The discovery set
included 147 patients from Mayo Cohort and the validation set included 111 patients
from the Paris Cohort—all of whom had DSA at the time of transplantation. The
BirMay predictor performed well predicting 5-year outcome well in DSA+ patients
(Mayo C statistic = 0.784 and Paris C statistic = 0.860). Developing a new model did
not improve on this performance. A high negative predictive value of greater than
90% in both cohorts excluded allografts not destined to fail within 5 years. We con-
clude that graft-survival models including histology predict graft loss well, both in
DSA+ cohorts as well as DSA- patients.
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[ABMRY]) or as surrogate efficacy endpoints for trials aimed at improv-
ing long-term graft survival. Several studies have demonstrated that
kidney transplant recipients who have DSA at the time of transplan-
tation have inferior outcomes to those without DSA.X Clearly, new

therapy is needed to overcome the immunologic hurdle of preformed

Abbreviations: ABMR, antibody-mediated rejection; ACR, albumin creatinine ratio; cABMR, chronic antibody-mediated rejection; CDC, complement dependent cytotoxic crossmatch;
DCGF, death-censored graft failure; DSA, donor specific alloantibody; eACR, estimated albumin:creatinine ratio; eGFR, estimated glomerular filtration rate; FXM, T and B flow cytometric
crossmatch; MFI, median fluorescence intensity; NDS, Anon-donor specific alloantibody; NRI, net classification index; ROC, receiver operating characteristic; SAB, Single Antigen Bead.
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DSA.* However, determining the appropriate design of clinical trials
in this area has been vexing. Similar to the issue in low-risk popula-
tions is that only a relatively small subset of patients experience graft
loss and the time to graft loss may be many years. Despite many re-
ports having suggested that factors such as high levels of DSA or the
presence of microvascular inflammation on 1-year protocol biopsies
are associated with graft loss, quantification of these risk factors has
been difficult and particularly treatment effect limited.

We have previously used mathematical Modeling to predict the
likelihood of graft loss in erstwhile low-risk/DSA- patients, with both
clinical parameters (Birmingham Model) and the inclusion of histol-

1> (Table 1). The former model initially

ogy termed the BirMay Mode
used primarily clinical parameters (estimated glomerular filtration
rate [eGFR], urinary albumin:creatinine ratio [ACR], acute rejection
in first year, age, race, serum albumin) present at 1 year to predict
the outcome of renal allografts at 5 years. The Birmingham Model
performed much better compared to using eGFR or ACR alone in
predicting graft loss. In order to assess the effect of histology on
the model, we identified the addition of Banff ci score and g score
from 1-year protocol biopsy data as improving the ability to predict
death-censored graft failure (DCGF). Recently a prognostic model
was published describing outcomes following treatment for ABMR
developed in Paris, but not for an at-large population with preformed
DSA at the time of transplant.”

The goal of the current study was twofold. First, we aimed to
test the robustness of the existing BirMay Predictor in predicting
all-cause graft loss in a cohort of higher-risk patients with DSA at the
time of transplantation. Secondly, we then sought to develop a new
model for DSA+ patients, using a discovery set at Mayo Clinic and a
validation set from the Paris group in order to examine predictors
that might be specific for graft loss due to chronic antibody medi-
ated rejection (c(ABMR) and thus either be more useful as a surrogate
endpoint for disease-specific graft loss or as inclusion criteria to en-

rich populations for graft loss due to cABMR.

2 | METHODS

2.1 | Patient population

In this institutional review board-approved study, 147 patients at
Mayo Clinic, Rochester were included in the discovery cohort re-
ceived a transplant between January 2000 to December 2010 who
had positive crossmatch with either a complement dependent cy-
totoxic (CDC) or a flow cytometric (FXM) positive crossmatch at
initiation of treatment. There was heterogeneity in the types of
treatments during this period prior to transplantation—the results of
which have previously been published.?® For the validation set, 111
patients from the Paris Transplant Group (both Necker Hospital and
Saint-Louis Hospital, Paris) transplanted between March 2003 and
May 2011 who were in the high immunologic risk program as defined
by a high peak or day zero DSA levels (mean fluorescence intensity
[MFI] > 3000) with a CDC-negative crossmatch. The majority of
this cohort predated the prognostic scores for treatment of ABMR
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(after 2008 inclusion). Both of these cohorts were included due to
available histology at 1-year post transplantation. Comparison be-
tween the groups was made on the DSA with the highest MFI in
each cohort.

2.2 | Immunosuppression

Patients at Mayo Clinic, Rochester were treated according to an
evolving protocol which was aimed at reduction in DSA levels prior
to transplantation, using anti-thymocyte globulin (ATG) at induction
and triple immunosuppression with calcineurin inhibition, mycophe-
nolic acid, and prednisone as ongoing therapies. In addition to ATG
at induction and then a calcineurin inhibitor, mycophenolate mofetil
and prednisolone, as previously described,” the Paris population re-
ceived a posttransplant desensitization protocol starting at day O
with high-dose Intravenous Immunoglobulin plasma exchanges and
later rituximab was used as the program evolved.

2.3 | Variables and study endpoints

The fixed endpoints of DCGF and overall graft failure (including
death or graft failure) were used and follow-up was a minimum of
5 years for surviving allografts, thus actual follow-up data was used
for analysis. Histological data at 1-year protocol biopsies and anti-
HLA antibodies at the same time point were collected. Biopsies were
interpreted according to clinical guidelines in each center and done
according to protocol at 1-year posttransplant.

Table 1 shows both existing published models, with all the vari-
ables and the weight given to each variable, as well as the interac-
tion of variables within these models. Where albumin:creatinine ratio
was not available, it was estimated using equations previously pub-
lished.!®!! In brief, the urinary albumin was estimated as a propor-
tion of the total 24 hour urinary protein as described by Halimi and
colleagues with albumin constituting 24% of proteinuria if less than
250mg, 35% if less than 750mg, 43% if less than 1000mg and 56% if
greater than 1000mg. The estimated urinary creatinine (mg) using the
formula of 879.89 + 12.51 * (weight [kg]) - 6.19*(age) +(34.51 if black)
- (379 if female). The estimated ACR (eACR) was the calculated by the
estimated albumin divided by the estimated creatinine in the urine.

In the Mayo Clinic cohort, clinical noting and subsequent biopsies
were reviewed to define the causes of allograft failure, specifically
chronic antibody-mediated rejection (CABMR) where preexisting
DSA is a significant risk factor. Whilst determining the exact cause
of graft loss is always problematic, grafts without chronic glomeru-
lopathy in their biopsies prior to graft loss were designated as graft
loss due to other causes; these included recurrent disease, oxalate
deposition, and systemic infections. Other causes of allograft failure,
including recurrent disease may include patients with existing chronic
glomerulopathy, but had reported other causes of allograft failure per
clinical record. Recurrent disease was clearly defined by pathologists
and often shown on multiple biopsies after the 1-year biopsy, per our
protocol biopsy practice. The Paris cohort had two nephrologists re-
view clinical record for designation of cause of graft failure.
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2.4 | Statistical analysis

All analyses were carried out using R v3.2 (Vienna, Austria). Risk
scores of 5-year death-censored and all-cause kidney failure based
on the Birmingham and Birmingham-Mayo models for high-risk
patients were calculated for comparison.>® New models were
constructed using Cox proportional hazards regression. All clinically-
relevant predictors were first tested at the univariate level (Table
S1). These included donor and recipient demographic information,
baseline serologic factors, 1-year biopsy Banff scores and rejection
status, and 1-year HLA antibody variables. Any variable witha P < .1
was carried forward for a multivariate model. Variable selection for
multivariate models was performed via forward stepwise, using a
criterion of P < .05 to remain in the model.

Model performance was evaluated using concordance (Harrell's
C-statistic) on the full dataset as well as through a 10-fold cross-vali-
dation. In each fold of the cross-validation, a multivariate Cox model
is fit, with forward stepwise variable selection, using all possible pre-
dictors on 90% of the data. The concordance is then estimated by
predicting the risk of the remaining 10% of the data. This is repeated
10 times to loop through each of the possible 10% hold-out samples.

Model calibration was evaluated using the Hosmer-Lemeshow
statistic and test using risk categorizations of 0% to 10%, 10% to
30%, and 30% to 100%. External cross-validation was carried out on
a cohort from the Paris group. New models were compared versus
old models based on net reclassification index.

Risk scores in Cox models are defined by the covariate values as
well as the baseline hazard at specific times. In order to recalibrate
models in the Paris cohort, Cox models were fit using the initial mod-
els’ linear predictor and zero iterations of the optimization algorithm
(setting the “iter” option to 0 in the coxph() function in R). This allows
for an updated estimate of the baseline hazard function without
modification to the linear predictor. Note that concordance does not
change when a model is re-calibrated, but the Hosmer-Lemeshow

statistic will.

3 | RESULTS

3.1 | Demographics and clinical outcomes of the
patient cohorts

The demographics and clinical outcomes of the Mayo and Paris
Cohorts are compared in Table 2. The Mayo DSA+ Cohort had
a higher preemptive transplantation rate (40, 27.2% vs. 1, 0.9%,
P < .01), higher rates live donor transplants (143, 97.3% vs. 8, 7.2%,
P < .01), higher re-transplantation rates (55, 37.4% vs. 57, 51.4%,
P <.01) and more females (102, 69.4% vs. 60, 54.1%, P = .02) in com-
parison to the Paris cohort (Table 2). At 1 year after transplant, the
Mayo DSA+ cohort had median follow-up time from transplantation
of 82.4 months (59.1-108.0) while the Paris Cohort follow up was
49.8 months (34.2-64.6). Death between 1 and 5 years was 2.0%
(3/147) in the Mayo Cohort compared to 4.5% (5/111, P = .448) in
the Paris cohort. In the same period, DCGF was 20.4% (30/147) in
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TABLE 2 Demographic table of new model cohorts

Rochester Paris
(N =147) (N=111) P value
Age 746
Mean (SD) 47 (13.2) 47.5(12.2)
Gender .017
Female 102 (69.4%) 60 (54.1%)
Dialysis time (mo) 257
Median (IQR) 4.8(0,11.2) 4.76 (2.92,
7.97)
Preemptive <.001
40 (27.2%) 1(0.901%)
HLA mismatch (ABDR) .208
Mean (SD) 3.63(1.32) 3.41(1.4¢6)
Living donor <.001
143 (97.3%) 8(7.21%)
Retransplant .035
55 (37.4%) 57 (51.4%)
Immunodominant DSA <.001
Median (IQR) 2433 (909, 6562 (3050,
5265) 11643)
Year 1 eGFR 611
Mean (SD) 49.3 (17.2) 48.1(20.7)
Year 1 eACR .805
Median (IQR) 2.93(1.79, 6.3(2.78,
13.3) 18.4)
Immunodominant DSA <.001
Class | 93 (68.4%) 34 (32.4%)
Class Il 43 (31.6%) 71(67.6%)
Five year survival 448
Survival 114 (77.6%) 87 (78.4%)
Allograft failure 30 (20.4%) 19 (17.1%)
Death 3(2.04%) 5(4.5%)

eACR, estimated albumin:creatinine ratio; eGFR, estimated glomerular
filtration rate; g, glomerulitis in Banff score; ci, chronic interstitial fibrosis
Banff score; DSA, donor specific antibody.

the Mayo Cohort compared to 17.1% (19/111) in the Paris Cohort.
The comparative causes of 5-year graft loss in both cohorts are
shown in Figure 1, but in particular 66.7% (Mayo) and 73.6% (Paris)
of graft losses were attributed to chronic ABMR.

There were also significant histological differences at 1 year be-
tween the validation set and the test cohort. In particular there was
greater incidence of glomerulitis in the Paris (64.0% vs. 41.5%, P < .001),
more arteriolar hyalinosis (53.2% vs. 26.4%, P < .001) and vascular fi-
brous intimal thickening (68.2% vs. 49.0%, P = .002) in the Paris cohort.
There were similar rates of both interstitial inflammation (31.5% vs.
25.2%, P = .226), tubulitis (31.5% vs. 28.6%, P = .681), peritubular cap-
illaritis (62.2% vs. 68.0%, P =.390) and interstitial fibrosis and tubular
atrophy (64.9% vs. 66.3%, P = .792) between groups and a higher in-
cidence of chronic glomerulopathy (27.2% vs. 12.6%, P =.005) in the
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Mayo cohort than the Paris cohort in 1-year biopsies (Table S2).There
was, on a population level, a higher MFI in the Mayo cohort at baseline
compared to Paris (Figure S1A), but conversely, the change in the MFl in
the immunodominant DSA remained at a higher level 1-year posttrans-
plant in the Paris cohort, than in the Mayo cohort (Figure S1B and S2C).

3.2 | Performance of “low-risk” predictor models in
a high-risk DSA+ Mayo cohort

The Birmingham Risk model, based on serum and clinical variables,
performed well for both overall graft failure and DCGF with the C-
statistics for prediction of failure were 0.754 and 0.758, respectively.
The BirMay histology-based risk model demonstrated similar predic-
tive value for both graft loss and death. For overall graft failure, the
C-statistic was 0.751 and for DCGF the C-statistic was 0.784. The lat-
ter being a slight improvement on the Birmingham model. This model
including histology, as a variable was better calibrated to the DSA+ co-
hort with a Hosmer-Lemeshow P-value of 0.105 for overall graft failure
and 0.001 for DCGF (compared to < 0.001 in the Birmingham Model).
Both prediction models are shown in Table 1. The ability to predict
graft loss and death, based on eGFR or eACR alone was compared to
the current models under investigation and results as seen in Figure 2.
Both models improved prediction, as compared to eGFR alone in the
Mayo Clinic DSA+ Cohort for both DCGF and overall graft failure, with
a net classification index (NRI) of around 30% for preexisting models,
and an improvement of 30% to 50% in the new model (Table 3).

3.3 | Validation in the Paris cohort DSA+ cohort of
existing models

Applying the existing Birmingham model, without histology to the
Paris cohort demonstrated good prediction of both DCGF (C-stat
0.843), and this was slightly improved by adding the BirMay model
with the histological parameters to give a C-statistic of 0.860. The
Hosmer-Lemeshow statistic was 0.042 and 0.003, respectively, for
both of these models in the Paris cohort (Table 4).

O Mayo Cohort

B Paris Cohort

FIGURE 1 Cause of graft failure.
The majority of allografts are lost due
to chronic antibody mediated rejection
(ABMR), where recurrent disease is the
next highest risk factor for allograft
loss within the first 5 years in the Mayo
Cohort

The application of the BirMay model risks scores were then
grouped in each cohort and 5-year survival is then shown to be
significantly different in those with 210% risk, which comprises of
54/147 patients in Mayo cohort and 46/111 patients in Paris cohort
(Figure 3A -Mayo cohort and Figure 3B Paris cohort).

3.4 | Creating a new model for DSA+ patients—
Independent predictors of transplant failure risk

All variables with clinical significance were included and the univari-
able are shown in Table S1. The factors associated at a univariate
level were Banff scores of glomerulitis, tubulitis, peritubular capillari-
tis, chronic glomerulopathy, interstitial fibrosis and tubular atrophy,
renal function, and albuminuria. In addition, recurrent glomerulone-
phritis risk, Hepatitis B and rejection in 1 year were other risk factors.
Factors associated at a level of P < .1 were included in the multivari-
ate model shown in Table S1. For Overall Graft Survival, eACR and
eGFR were strongest predictive factors and these same factors were
predictive in the death-censored graft survival model, albeit with dif-
ferent hazard ratios of effect - and thus only these two factors were
included in the model for DSA+ patients (Figure 2C and D).

Using the new DSA+ model in the Paris cohort, this again performed
very well and compared equivalently to the BirMay Predictor model
with DCGF (C-stat 0.859). Overall graft failure (C-stat 0.788) also per-
formed well, but this is due largely to the strong influence of both eGFR,
and particularly, ACR in all of the prediction models. The benefit of risk
reclassification was seen mainly in comparison to eACR in the Paris co-
hort for both existing models DCGF (NRI 30-46%) and the new model
added reclassification benefit with the benefit of 33% over eACR alone.

3.5 | A‘“disease-specific” cause model for graft loss
due to cABMR

Not all patients with DSA at the time of transplantation lose their
graft to cABMR, even though this is an enriched population due to
inclusion criteria. From 1 to 5 years, graft loss to other reasons was
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FIGURE 2 Net reclassification index (NRI) comparison between existing Birmingham Model and new Birmingham-Mayo model for both
death censored and total graft loss, compared to both estimated glomerular filtration rate (eGFR) and estimated albumin:creatinine ratio
(eACR) in both cohorts in A and B. A similar comparison is made for the new model in C and D

6.8% (10/147) in the Mayo cohort and 4.5% (5/111) in the Paris co-
hort. Graft losses from cABMR was 20/147 in the Mayo Cohort and
14/111 in the Paris cohort but these did represent 69.4% (34/49) of
all total graft losses combining the two cohorts.

Using the BirMay model with 215% risk stratification in each co-
hort, we correctly identified 19/30 in Mayo failures 12/19 in Paris
cohort, allowing significant improvement in risk identification of
patients at higher risk of graft loss between 1 and 5 years. Thus,

this model had a negative predicted value was 90% in Mayo Cohort

and 92% in the Paris cohort using a cut off value of risk of 15%.
Sensitivity of cABMR was 63% in each cohort and specificity of
84.6% and 88.0%, respectively, for Mayo and Paris (Figure 4).

3.6 | Potential clinical trial impact of Modeling

The clinical impact of applying the BirMay model to the Mayo Cohort
in order to risk stratify for an intervention study would exclude 89

patients who would not have had allograft failure by 5 years after
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1-year assessment (Figure 4). The use of the BirMay model would
reduce the at-risk population to 37 out of 147 total. Based on any
DCGF rate 20.4% (30/147), this proportion would be increased to
51.4% (19/37). The enrichment of the population means that for the
50% reduction in graft failure, a power calculation would need a
study population of 133 are initially if using the prevalent popula-
tion, but only 36 study participants if the BirMay model is applied—
approximately a 75% population reduction in recruitment. If specific
focus on cABMR as a cause of failure is the goal of study popula-
tion, using the original incident patient rate of 13.6% (20/147) in the
whole cohort compared to 37.8% (14/37) if applying the risk model;
then recruitment of 214 patients would have been initially required
to participate in a study, compared to only 59 recruited patients if
only using BirMay risk selected population—again approximately
a 75% population reduction in recruitment—for specific cABMR
treatment.

Using similar calculations for the Paris cohort, the impact
on trial power calculations are equivalent. The DCGF cause of

failure rate of 17.1% (19/111) in the overall population is com-
pared to 52.2% (12/23) graft failure in the enrichment of the
population (post-BirMay model). Thus for an effective 50% re-
duction due to treatment, 167 participants would have been
initially required, but only 35 study participants if the BirMay
model is applied—approximately an 80% population reduction in
recruitment. Again, specifically focusing on cABMR as a cause
of failure, the rate of failure was 12.6% (14/111) in the whole
cohort compared to 43.5% (10/23) if applying the BirMay risk
model. Meaning that for an efficacy of 50% reduction in failure,
233 participants for total population would have been required
to be recruited compared to 48 patients if only using BirMay risk
selected population—again approximately an 80% population
reduction in recruitment—and importantly would be exposing
more patients to drug that would have no significant benefit to
them and may increase harm. The latter being a significant fac-
tor in stopping many clinical trials before benefit to the diseased
population is achieved.

TABLE 3 New risk factors for model of high immunological risk in Mayo cohort

Overall
Forward stepwise variable

Variable selection hazard ratio P-value
Discrete DSA
log(ACR)-0.72 3.45(2.42,4.92) <.0001
(eGFR - 51)/10 0.74 (0.62, 0.89) .0014
Model C-statistic
Overall

BirMay 0.751 (0.669-0.833)

New DSA+ model 0.741 (0.668-0.814)
Death censored
BirMay

New DSA+ model

0.784 (0.702-0.866)
0.776 (0.698-0.854)

Death censored

Forward stepwise variable P-
Variable selection hazard ratio value
log(ACR)-0.72 4,05 (2.72, 6.02) <.0001
(eGFR - 51)/10 0.71(0.57,0.88) .0014

Hosmer-Lemeshow P-value Rochester

.105
.055(0.023; 0.042)

.001
.133(0.001; 0.017)

ACR, albumin creatinine ratio; BirMay, Birmingham-Mayo; DSA, donor specific antibodies; eGFR, estimated glomerular filtration rate.

Censor type C-statistic
Birmingham Death-censored graft 0.843 (0.694,
failure 0.929)
BirMay 0.860 (0.676,
0.933)
Birmingham Overall graft failures
BirMay
New DSA+ model Death-censored graft 0.830
failure (0.712-0.947)
New DSA+ model Overall graft failures 0.788

(0.684-0.893)

BirMay, Birmingham-Mayo; DSA, donor specific antibodies.

TABLE 4 Validation of models in

Hosmer-Lemeshow . . .
comparison in Paris cohort

statistic Paris

<0.0001

0.0033

0.0003

<0.0001
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4 | DISCUSSION

This study demonstrates that a mathematical model of graft loss
based primarily on clinical parameters present at 1 year (the BirMay
Predictor) predicts all-cause graft loss by 5 years well in both low-
risk DSA- kidney transplant recipients and high-risk DSA+ recipients.
In both cohorts, the addition of histologic data present on 1-year
biopsies improved predictability slightly. However, the inclusion of
histology allowed the ability to identify grafts that would fail due
to a specific disease—cABMR. In addition, the model allowed us to
exclude almost all grafts that would either not fail or would fail from
other causes. Simulations suggest that this approach might markedly
decrease the number of patients needed to show efficacy in inter-
vention trials of cCABMR.

While the current study focused on DSA+ recipients, it is likely
that the inclusion of histology will be animportant means in Modeling
disease-specific graft loss in low-risk populations. The biology of

cABMR is such that any allograft with glomerulitis at 1 year is likely

Months After Transplant

to have a greater risk of graft loss as a result of progressive disease
than other grafts without glomerulitis. This is true whether they had
pretransplant DSA or developed DSA posttransplant. Since cABMR
is a major cause of graft loss in both patients with and without DSA
at the time of transplantation, the major difference between the two
groups is the incidence of cABMR in the population and the rela-
tively low rate of graft loss in the low-risk population overall. The
validation of the BirMay model between the Mayo DSA+ and the
Paris DSA+ groups demonstrates the effectiveness of using histol-
ogy, particularly glomerulitis and interstitial fibrosis, as a biomarker
for 5-year allograft survival—despite heterogeneities in the treat-
ments between cohorts and the difference of living and deceased
donation, not significantly affecting the model's performance.
Composite scores of graft loss could be used in clinical trials in
two ways. First, in the setting of de novo therapy (ie, therapy started
at the time of transplantation), a composite surrogate endpoint such
as BirMay Prediction Score could be used to determine if the ther-

apies lead to a differential effect on the composite endpoint, ie, a
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A MAYO COHORT
ACR+ GFR BirMay risk
risk 220% 215%
N=14 N=31 N=6

False Negatives N=7
True Negatives N=89

False True
Cut-offs | Category| ABMR Recurrent | Other Positive | Negative
Both 13 3 2 13
MAYO Function Function
CLINIC| >20% 1 3 0 10
N Only 89
BirMay -
>15% BirMay 1 0 0 5
Only
Neither 5 1 1 -
B PARIS COHORT
ACR+ GFR BirMay risk
risk 220% 215%

False Negatives N=2
True Negatives N=68

False True
Cut-offs | Category| ABMR | Recurrent| Other Positive | Negative
Both 10 1 1 11
PARIS Function Function
GROUP| =220% 3 0 2 13
) Only 68
BirMay -
>15% BirMay 0 0 o 0
Only
Neither 1 0 1 -

FIGURE 4 Venn diagram of causes of failure by predictive
models in Mayo cohort. ABMR, antibody-mediated rejection;
ACR, Albumin creatinine ratio; BirMay, Birmingham-Mayo; GFR,
glomerular filtration rate

reduced BirMay score at 1 year posttransplant. Such a result will
likely be more clinically meaningful in assessing the treatment ef-

fect on long-term graft survival than the current standard combined

endpoint of biopsy-proven rejection in the first year combined with
1-year patient and graft survival. However, given the relatively low
incidence of the factors that drive these models (low eGFR, high al-
bumin/creatine ratio, fibrosis, and glomerulitis) means that it will be
difficult to show an effect using de novo therapy. Conversely, these
composite risk scores of graft loss could also be used to identify at
1 year patients at high risk for graft loss by 5 years. However, in this
setting, assessing all-cause graft loss might not be as useful in this
setting as identifying disease-specific graft loss type as treatments
should be biologically targeted. For example, a study that includes a
drug likely to be effective in ABMR should be used in trial in which
the study population is enriched for graft loss due to cABMR. Thus,
excluding grafts lost to other reasons using a process similar to the
one we applied in the current study is clearly a more powerful ap-
proach to study design. Importantly, a disease-specific approach
could be applied to a low-risk population in an intervention trial that
sought to begin treatment at 1 year to improve clinical efficacy in
randomized controlled trials, excluding patients for whom no clinical
disease was likely to occur. The study by Viglietti et al demonstrated
an effective predictive model in patients with ABMR diagnosed, pre-
dominantly with de novo DSA (63% of study population, 167/278)—
but differs in the application to the incident ABMR population, to
this study which looks to screen the at large transplant population.

Limitations of the current study are that the time point studied is
only 1 year and it would be important to study if the model was ap-
plicable to data obtained at other time points. An underappreciated
problem with these models is the fact that any composite score that
is critically dependent on a Banff score is subject to miscalculation
of the composite score due to the poor reproducibility of individual
Banff scores.'?'® One study suggested that agreement on g score
was less than 50% among pathologists.’* Using multiple patholo-
gists to score a biopsy has been suggested as a means of decreasing
the error rate and would be an important part of any clinical trial.
Multiple readings of the biopsies were not possible in the current
study but should be a part of future validation of any composite
scoring system and likely would improve their correlation with out-
comes. Yet another problem with this and similar studies is defining
the cause of graft loss which depends on the judgement of the per-
son assigning the cause and thus will always be problematic despite
clear criteria. Finally, the number of graft losses in the current study
is still relatively small and needs to be validated in larger cohorts,
however in these higher risk cohort, collaboration between inter-
national multicenter alliances is necessary given the low frequency
these are now performed. No novel molecular biomarkers were in-
cluded in this study, which may help with differentiation further of
higher risk cohorts in a risk Modeling strategy, however currently
these are restrictive in widespread application—one of the goals of a
model in its international application.

In conclusion, we have demonstrated that our existing model
with histology has good predictive value in higher immunological risk
patients, and a newer model did not show improvement. Research
is required into specific pathways that can help clinicians under-

stand causes of allograft failure, and thus lead to disease specific



BENTALL ET AL.

interventions to improve allograft survival. This study demonstrates
that prediction for graft failure and high negative predictive values
can greatly enrich study populations with preexisting DSA for clini-
cal trials in chronic antibody-mediated rejection.
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