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High levels of dd-cfDNA identify patients with TCMR 1A and
borderline allograft rejection at elevated risk of graft injury
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The clinical importance of subclinical, early T cell-mediated rejection (Banff TCMR
1A and borderline lesions) remains unclear, due, in part to the fact that histologic
lesions used to characterize early TCMR can be nonspecific. Donor-derived cell-
free DNA (dd-cfDNA) is an important molecular marker of active graft injury. Over
a study period from June 2017 to May 2019, we assessed clinical outcomes in 79
patients diagnosed with TCMR 1A/borderline rejection across 11 US centers with
a simultaneous measurement of dd-cfDNA. Forty-two patients had elevated dd-
cfDNA (20.5%) and 37 patients had low levels (<0.5%). Elevated levels of dd-cfDNA
predicted adverse clinical outcomes: among patients with elevated cfDNA, esti-
mated glomerular filtration rate declined by 8.5% (interquartile rate [IQR] -16.22%
to -1.39%) (-3.50 mL/min/1.73 m? IQR -8.00 to -1.00) vs 0% (-4.92%, 4.76%) in low
dd-cfDNA patients (P = .004), de novo donor-specific antibody formation was seen
in 40% (17/42) vs 2.7% (P < .0001), and future or persistent rejection occurred in 9
of 42 patients (21.4%) vs 0% (P = .003). The use of dd-cfDNA may complement the
Banff classification and to risk stratify patients with borderline/TCMR 1A identified

on biopsy.
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1 | INTRODUCTION

Banff lesion scores assess the presence and the degree of histo-
pathological changes of renal transplant biopsies, focusing primar-
ily, but not exclusively, on the diagnostic features seen in rejection.
These lesion scores may not always be sufficient to reach the Banff
diagnostic categories, where additional diagnostic parameters such
as histopathological, molecular, serological, and/or clinical markers
could help to reach a diagnosis.!

Histologic lesions used to characterize T cell-mediated rejection
(TCMR) can also be nonspecific. For example, inflammation- (i-) and
tubulitis- (t-)lesions are seen in many other diseases, including acute
kidney injury, antibody-mediated rejection (ABMR), glomerulonephri-
tis, and vasculitis (v), with v-lesions also occurring in ABMR alone.>?

Histological manifestations of acute TCMR are characterized by
tubulitis with interstitial inflammatory cell infiltration and arteritis in
severe forms. The infiltration of activated T lymphocytes and mac-
rophages occurs into a mildly edematous interstitial lesion and into
the tubules, so-called tubulointerstitial cellular rejection (Banff cate-
gory 4, type I). In the latter, another major finding is the infiltration of
mononuclear cells in the enlarged and activated arterial endothelium,
so-called transplant endarteritis (Banff category 4, type Il or I11).3

The complexity of pathological interpretation of biopsies es-
pecially with varying aspects of TCMR has resulted in some ambi-
guity around the histologic diagnosis of TCMR.? Central pathology
assessment is often recommended to address inter-variability of
interpretation; however, real-life clinical practice does not central-
ize pathology, with many centers using “in house” services to build
single-center experiences and compare outcomes and metrics based
on localized pathology reads.

TCMR 1A and borderline diagnoses often overlap; some border-
lines behave as rejection and some TCMR do not. Borderline rejec-
tion is defined as changes on Banff histology that are not sufficient
to diagnose rejection, yet Nankivell et al recently showed that bor-
derline TCMR is associated with inferior graft outcomes despite res-
olution of inflammatory infiltrates on subsequent biopsies.* Having
a more quantitative method of assessing injury may complement his-
tology and help to identify cases that require further intervention.

Currently, three categories of TCMR histologic diagnosis are
described: TCMR, borderline (inflammation less than required for
TCMR), and others (neither TCMR nor borderline). Subclasses have
been added to the histologic diagnosis of TCMR to provide greater
delineation: IA, IB, IIA, IIB, and Il (with IIA, 1IB, and Il based on the
assumption that all v-lesions indicate TCMR).> As we consider mo-
lecular markers of graft injury and rejection, understanding how
these newer technologies may complement Banff and support the
complex interpretation of histopathology is important.

The approximate frequencies of the different patterns of acute
TCMR include 45%-70% tubulo-interstitial, 30%-55% arteritis, and
2%-4% glomerular, but these are not used specifically for the cat-
egorization of rejection in the Banff 2013 classification.” Notably,
between 20% and 40% of acute TCMR cases also show complement

4d (C4d) positivity along with peritubular capillaritis (ptc), providing

evidence of concurrent antibody-mediated injury.8 The intensity
of the interstitial infiltrate or tubulitis has been shown to have no
correlation with the severity of the rejection episode,” with some
untreated borderline cases progressing to frank rejection. It has also
been suggested that not all interstitial infiltrate is TCMR and so de-
lineating the true pathological features of acute cellular rejection has
clear prognostic significance.1%11

Donor-derived cell-free DNA (dd-cfDNA; AlloSure, CareDx,
Brisbane, CA), detected in the blood of transplant recipients, has
been proposed as a noninvasive marker of graft injury, which can
be caused by TCMR, ABMR, and a number of other pathologies.
Importantly, the detection of dd-cfDNA is not only a simple reflec-
tion of tissue injury, but also cellular turnover; in this way, biochemi-
cal changes occurring earlier than cell death can also reflect changes
in dd-cfDNA.*? From the moment the allograft is implanted there is
a continuous release of allograft donor material into the recipient
circulation, which is also cleared continuously. In this way, dd-cfDNA
is a constant and dynamic marker, allowing the assessment of trends,
early injury identification and severity.

Early dd-cfDNA studies identified that not all TCMR diagnoses
were associated with an elevation of dd-cfDNA and were criticized
for missing some cases of TCMR 1A.531 However, could dd-cfDNA
be differentiating which TCMR 1As are true active rejection epi-
sodes with injury and which may be benign infiltrate without injury? 7

The objective of this study is to test the hypothesis that TCMR
1A and borderline rejection are a heterogeneous cohort which may
have variable impact on outcomes and that dd-cfDNA may help to
risk stratify patients and better differentiate which TCMR 1A or bor-
derline cases may progress. Additionally, we aimed to consider the
value of injury when assessing histopathology diagnoses described
as active rejection, considering that the presence of inflammatory
infiltrate is not always concurrent with active and ongoing cellular
injury.* We hypothesize the use of dd-cfDNA as a complementary
tool may support histopathology and potentially improve clinical de-
cision-making, when assessing whether the changes seen on histo-

pathology are clinically significant.?>¢

2 | METHODS

Between June 2017 and May 2019; 79 patients across 11 transplant
centers were prospectively surveyed with dd-cfDNA as part of their
standard of care and underwent either surveillance biopsy or biopsies
performed for cause. Dd-cfDNA was measured prior to the event and
at time of event. Fifty-two patients were diagnosed with TCMR 1A
based on Banff 2017 criteria (i2,t2, g0, ptcO, C4d negative) and 27
patients were diagnosed with borderline having Banff scores of i1,
t1, g0, ptcO, C4d negative, and vO for 15 patients; and the remain-
ing 12 had scores of i2, t1, and vO (i = interstitial infiltrate, t = tubu-
litis, g = glomerulitis, ptc = peritubular capillaritis and v = vasculitis).
Patients with other concomitant diagnoses, such as delayed graft
function (DGF), calcineurin inhibitor (CNI) toxicity, glomerulopathy or

infections such BK or others were excluded to ensure no other cause
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of injury was causing changes in dd-cfDNA. Biospies were read lo-
cally not centrally, consistent with a real life, unblinded study. All pa-
tients were treated with pulsed intravenous steroids, the decision to
treat the biopsy was per center clinical protocol, not study mandated,
and all patients received the same treatment. Estimated glomerular
filtration rate (eGFR) changes, formation of donor-specific antibod-
ies (DSA), and future rejection events were captured, with dd-cfDNA
levels recorded, before, during and after the event. DSA testing was
done prior to the event (all 79 patients were DSA negative), at the time
of the event, as well as 1, 3, and 6 months postevent. This was done
uniformally and not different between the dd-cfDNA groups. Routine
blood work for creatinine and eGFR was performed more frequently
(monthly) and follow-up biopsy was done for cause in both groups.

2.1 | Blood samples and dd-cfDNA measurements

Venous blood was collected in Streck Cell-Free DNA blood collection
tubes and shipped to the central Clinical Laboratories Improvements
Act-certified laboratory at CareDx, Inc. Details of the standard-
ized specimen processing and analytical methods to determine the
percentage of dd-cfDNA (AlloSure®) have been published.’” The
targeted next-generation sequencing assay employs highly polymor-
phic single nucleotide polymorphisms to quantify dd-cfDNA without
need for separate genotyping of the recipient or the donor. All meas-
urements were performed by laboratory technicians unaware of the

clinical identity of the samples.

2.2 | Diagnosis of graft dysfunction and of biopsy-
defined rejection

Information was collected on the number of and clinical indication
for renal biopsies for each patient. Biopsies were graded locally ac-
cording to the Banff 2017 classification scheme for TCMR. Banff le-
sions were evaluated and no difference was seen between groups.
BK viremia and other infections were ruled out with no other con-
comitant diagnoses given. Biopsy interpretation was performed by
the pathologist at the participating transplant center.

2.3 | Statistical analyses

Descriptive statistics are used to describe the patient demograph-
ics and distribution of dd-cfDNA measurements obtained from blood
samples at the time of rejection diagnosis. A threshold was estab-
lished to categorize high dd-cfDNA scores indicating injury vs low dd-
cfDNA scores demonstrating no injury based upon the distribution of
data. Comparisons between the high and low dd-cfDNA groupings
were statistically evaluated via Fisher's exact test for categorical vari-
ables and Student's t test for continuous variables. Nonparametric
comparisons of dd-cfDNA cumulative distributions between dichoto-

mized groupings were evaluated via Kolmogorov-Smirnov two-sample
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tests. Univariate and multivariate logistic regression methods were
used to determine whether univariate analyses were robust when
potential confounding factors were included in the models predicting
appearance of de novo DSAs, recurrent rejection and greater than
a 10% decline in eGFR 6 months post event. Potential confounding
factors included patient demographics, diagnosis (TCMR 1A or bor-
derline based on Banff lesions), days posttransplant, biopsy reason
(for cause or protocol), and eGFR at the time of AlloSure collection
(see Tables S1 and S2 for full model details).

2.4 | Patient demographics

Patient demographics stratified by dd-cfDNA measurement at the time
of diagnosis are shown in Table 1. Indications for “for-cause” biopsy in-
cluded change in creatinine and change in tacrolimus level, no changes
in proteinuria or DSA were found to indicate biopsy. Demographic
characteristics were not significantly imbalanced between the groups,
other than age, where patients with lower dd-cfDNA measurements
tended to be older than those with high measurements, mean ages
were 49.8 and 44.1 years, respectively (P = .0283).

3 | RESULTS

Figure 1 displays a violin plot, where the median dd-cfDNA level
prior to biopsy was 0.19% (interquartile rate [IQR] 0.19-0.22). At
the time of rejection diagnosis dd-cfDNA measurements are ex-
tremely right-skewed. The plot shows demarcations at 1%, 0.74%,
and 0.5% dd-cfDNA, with the largest demarcation based on this
sample observed at the lower threshold of 0.5%.

No significant difference in the distribution of dd-cfDNA mea-
surements was observed between biopsy type: protocol vs “for-
cause” indication biopsies (P = .7307) or borderline vs TCMR 1A cases
(P =.6059; Figure 2). No significant difference was seen across centers
with regard to the proportion of high low dd-cfDNA results P = .56.

Figure 3 displays the cumulative distribution functions of the per-
cent change in eGFR from diagnosis of rejection to the next eGFR
for the low and high dd-cfDNA groups. Table 2 provides the descrip-
tive statistics for the percent change in eGFR as well as the absolute
eGFR. The low dd-cfDNA group shows insignificant decline in eGFR
6 months after diagnosis and treatment of rejection (mean = 0.40%,
SD = 18.15%, median = 0%), where two subjects demonstrated
significant increase (both <40%). The high dd-cfDNA group shows
a significantly greater decline in eGFR in comparison (Kolmogorov-
Smirnov two-sample test P =.0040), having a median decline of 8.5%
(mean = 8.54%, SD = 14.98%) 6 months after diagnosis of rejection
except in 1 subject who demonstrated a significant eGFR improve-
ment of approximately 33%. Multivariate logistic regression analyses
were undertaken to determine whether other factors, beyond dd-
cfDNA grouping, may have contributed to percent change in eGFR
>10%. None of the potential confounding factors (Tables S1 and

S2) resulted in a relevant difference in the association of significant
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TABLE 1 Patient characteristics

Characteristic

Agey) N
Mean (SD)
Median (Q1, Q3)
Min, Max

Height (cm) N
Mean (SD)
Median (Q1, Q3)
Min, Max

Weight (kg) N
Mean (SD)
Median (Q1, Q3)
Min, Max

Estimated glomerular filtration rate at N

diagnosis of TCMR1A (mL/min/1.73 m?) Mean (SD)

Median (Q1, Q3)
Min, Max

Race White
African American
Asian

Gender Male
Female

Kidney disease
FSGS

Glomerular disease

Hypertensive nephrosclerosis

Neoplasms
Other
PKD

Tubular and interstitial disease

Type |l diabetes
Biopsy For cause

Protocol

Congenital or familial disorders

Low donor-derived cell-free High dd-cfDNA

DNA (dd-cfDNA) (<0.5) (20.5) Pvalue
37 42 028
49.8 (10.46) 44.1(12.14)

48 (44, 56) 43(36, 55)

29,77 23, 69

13 17 952
165.8 (32.37) 165.2 (27.78)

175 (169, 188) 172.7 (160, 178)

62,188 66,189

13 17 279
96.7 (27.31) 86.3 (24.06)

94.3 (77, 110) 81(72,92)

64,155 55,160

37 42 340
46.3 (15.18) 49.7 (14.53)

48 (33, 57) 49 (40, 59)

9,79 11,84

29 (78.4%) 31(73.8%) 428
7 (18.9%) 11 (26.2%)

1(2.7%) 0

22 (59.5%) 17 (40.5%) 117
15 (40.5%) 25 (59.5%)

1(7.7%) 1(6.7%) 945
2 (15.4%) 1(6.7%)

1(7.7%) 2(13.3%)

4(30.8%) 3(20.0%)

0 1(6.7%)

0 1(6.7%)

0 2(13.3%)

1(7.7%) 0

1(7.7%) 1(6.7%)

17 (45.9%) 21 (50%) 647
20 (54.1%) 21 (50%)

Abbreviations: FSGS, focal segmental glomerulosclerosis; PKD, polycystic kidney disease; TCMR, T cell-mediated rejection.

declines in eGFR and dd-cfDNA grouping when comparing the uni-
variate logistic regression model to the multivariate model.

One subject (3%) in the low dd-cfDNA group and 17 subjects
(41%) in the high dd-cfDNA group had de-novo DSAs develop after
their rejection diagnosis (Table 2). A significant difference between
the groups regarding the presence of new DSAs and the elevation of
dd-cfDNA was observed (P < .0001). Multivariate logistic regression
analyses were used to determine whether additional factors, beyond
dd-cfDNA grouping, may have contributed to the statistical signifi-
cance observed. None of the potential confounding factors (Tables
S1 and S2) resulted in a meaningful difference in the effect of dd-
cfDNA grouping when comparing the univariate logistic regression

model to the multivariate model.

There were no subjects in the low dd-cfDNA group and nine sub-
jects (21%) in the high dd-cfDNA group that experienced a further
episode of rejection (Table 2) (P = .0028). This indicates further re-
jection is more likely when higher dd-cfDNA scores are reported.
The type of rejection observed included three cases of ABMR and
six cases of TCMR 21b.

4 | DISCUSSION

Banff provides international consensus on renal transplant biopsy
reporting and guidance for clinical diagnosis. These criteria allow the

renal transplant community to assess current science advances and
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FIGURE 1 Violin plot shows the probability density at different
values smoothed by a kernel density estimator, where the donor-
derived cell-free DNA (dd-cfDNA) measurements obtained from
the 52 patients diagnosed with T cell-mediated rejection 1A and 27
borderline patients are displayed with IQR and previously published
thresholds of clinically significant dd-cfDNA levels as well as the
recommended significant threshold based on the distribution of the
data

practice of kidney transplantation. Here we show the ability to sup-
portitsinterpretation with the additional consideration of dd-cfDNA.

With i- and t-lesions remaining the hallmark of TCMR/borderline
diagnoses, conventional renal biopsy assessment alone can sometimes

.25 Many in-

lead to subjective reports and interobserver disagreemen
flamed biopsies labeled as TCMR 1A or borderline reflect uncertainty,
as lesions are not specific and occur in other conditions.” With the field
of transplantation evolving from a “one-size-fits-all” approach toward
precision medicine, allowing potential tailoring of therapeutic options,
having a patient-specific strategy is possible only when also consider-
ing the molecular characterization of the allograft through biomarkers
such dd-cfDNA to syngergistically complement targeted tissue biopsy.

The results demonstrate that not all TCMR 1A/borderline rejec-
tions are equal and that clinically adverse outcomes are associated
with elevated dd-cfDNA levels, despite all patients being managed
the same way. The skewness of the violin plot may represent the dif-
ferentiation seen in the variation of injury, with demarcations seen

d 1 as thresholds for

at 1% and 0.74% being previously publishe
defining rejection. The median dd-cfDNA level prior to biopsy was
0.19% supporting the baseline previous published using a reference
population.*®

Considering the strength of this pattern, it is important to note

that no statistical differences between the dd-cfDNA distributions
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when stratified by protocol vs for-cause biopsies (P =.7307) or TCMR
1A vs borderline (P = .6059) observed (Figure 2). It may be consid-
ered that rejection with low dd-cfDNA was successfully treated
whereas in those with high dd-cfDNA it was not, as an alternative
explanation. However, suggesting half of samples in this series had
steroid resistant rejection is unlikely.

Surveillance biopsy data suggest that 20%-25% of biopsies are
positive for subclinical pathology, much of which is infiltration, in-
flammation, and mild subclinical rejection.!? Yet any outcome bene-
fit for centers performing surveillance biopsies remain equivocal vs
centers that perform for-cause biopsy,?° suggesting that the clinical
significance of this pathology remains uncertain and likely not all in-
filtrates seen on histopathology indicate rejection. We hypothesize
that dd-cfDNA may help to risk stratify borderline and TCMR 1A and
could help support biopsies that remain ambiguous based on mild
infiltration but have no active tissue injury.?

When considering the heterogeneity of the sample, central re-
view of pathology rather than locally assessed diagnoses may reduce
potential intersite variability. However, most centers use “in-house”
pathology building single-center experiences and so with real-life
clinical practice not routinely centralizing pathology, employing dd-
cfDNA to support standardization and complement risk stratifica-
tion we believe is a useful addition.

Another limitation is that induction therapy, maintenance med-
ications, and treatment of rejection were not standardized, with
centers treating patients according to local practice. However, the
majority of centers followed similar protocols, and the distribution
of low and high dd-cfDNA cases was uniform across centers with
each having both low and high results. The multivariate analysis per-
formed showed no selection bias or cofounding factors such as im-
munosuppressive regimens that were affecting results.

The definition of Banff borderline TCMR became ambiguous
when the Banff 2005 consensus modified the lower threshold from
i1 t1 (10%-25% interstitial inflammation with mild tubulitis) to i0 t1
(0%-10% interstitial inflammation with mild tubulitis). With TCMR
1A defined as (t2), (i2), noting tubulitis—t1 as 1-4 cells whereas t2 is
5-10 cells—it is also debatable whether 4 vs 6 cells really is different.
Inflammation is graded as 0%-10%, 10%-25%, and 26%-50%, which
remains arbitrary and so whether a patient with 9% inflammation
really differs from one with 11% is where molecular testing may pro-
vide insight. Intimal arteritis is currently graded as mild, moderate,
and severe, and so the question of how best to quantify these qual-
itative terms is important. The use of dd-cfDNA as part of the di-
agnostic criteria may improve decision-making in assessing whether
the changes seen on histopathology are clinically significant.”*®

One consideration to further strengthen this observation would be
the inclusion of longer term outcomes, as the observation period was
limited to 6 months post event. Clayton et al have shown a 30% de-
cline in eGFR between year 1 and 3 was superior to other surrogates;
such as acute rejection and doubling of serum creatinine level.?! Large
changes in eGFR are not normally considered in TCMR 1A or border-
line, with current thinking suggesting that steroids are potentially cu-
rative. The results here show that patients with elevated dd-cfDNA
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FIGURE 2 Donor-derived cell-free DNA (dd-cfDNA) distributions. TCMR, T cell-mediated rejection [Color figure can be viewed at

wileyonlinelibrary.com]

have associated significant eGFR decline (P = .0040). The ability of
dd-cfDNA to identify active injury may allow for better risk stratifica-
tion of patients more likely to experience a subsequent decline in graft
function and inferior long-term graft outcomes, though this hypothesis
would need confirmation with a larger, prospective study.

The impact of acute rejection episodes on increasing the risk of resid-
ual, future rejection and late transplant failure has been documented, with
graft loss associated with chronic rejection affecting 47% of allografts.zz’23
All recurrent rejections occurred within high dd-cfDNA levels (Table 2).
The rate of further rejection or incomplete treatment of rejection is an
important factor in considering the impact to patient and allograft health.
Follow-up biopsies were all for-cause biopsies, and so there was no ascer-
tainment bias in the diagnosis of further rejection between groups.

Cooper et al have shown poor outcomes in kidney recipients with
de novo donor-specific anti-HLA antibodies (DSA) detected post-
transplant as well as de novo DSA formation that is associated with
acute rejection portending worse graft outcomes.?* The results here
show increased de novo DSA formation was associated with patients
who had high dd-cfDNA levels, supporting findings by Jordan et al.?

The concept that a rising dd-cfDNA is a harbinger of inflamma-
tion and warrants further evaluation, where the use of DSA testing
and biopsy are often used shows the dd-cfDNA is associated with
the formation of dnDSA. Importantly we do not want to confuse the

confounding principles of prediction and association, as these data

do not sufficiently show dd-cfDNA anticipates or predicts the for-
mation of DSA (an area of ongoing study).

Loupy et al presented a prospective cohort who underwent surveil-
lance biopsies at 1-year posttransplant, with concurrent evaluations of
graft complement deposition and circulating anti-HLA antibodies. Of
patients with subclinical TCMR at 1 year, only those who further de-
veloped de novo DSAs and transplant glomerulopathy showed higher
risk of graft loss compared with patients without rejection.26

One hypothesis that could explain the equivocal difference in graft
survival between subclinical TCMR (88%) and nonrejection (90%) is
that a proportion of those labeled as TCMR did not truly have re-
jection, and that only those with active injury were those who went
on to form DSA. The cause of DSAs remains multifactorial,with the
multivariate analysis excluding any confounding factors (inadequate
immunosuppressive therapy, PRA, sex, etc); however, currently all we
observed is the association of dd-cfDNA and de-novo DSA.

Muthukumar et al and others have shown that preselected im-
mune transcripts including FOXP3 (forkhead Box p3) measured by
quantitative polymerase chain reaction can noninvasively differenti-
ate acute cellular rejection from non-acute cellular rejectionin kidney
transplant recipients. Investigators identified changes in the num-
bers of FOXP3 positive T cells accompanying acute cellular rejection

27,28

events and found the same high vs low distribution, similar to

dd-cfDNA. Gandolfini et al also showed this high-low distribution
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with chemokine (C-X-C motif) ligand 9 (CXCL9).?° Measurement
of CXCL9 has shown a strong correlation with the high vs low dis-

tribution seen in borderline rejection and supports the idea of

1.0 Kolmogorov-Smirnov two-sample test
P=.004

08-

06

04

Cumulative Distribution Function (CDF)

02

00+

60 -40 -20 0 20
Percent Change in eGFR

AlloSure Group Low

High

FIGURE 3 Cumulative distribution functions of the percent change
in estimated glomerular filtration rate (eGFR) from diagnosis of T cell-
mediated rejection (TCMR) 1A and borderline up to 6 months after
event [Color figure can be viewed at wileyonlinelibrary.com]
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considering molecular information to provide a more specific assess-
ment of inflammation in kidney allograft biopsies and achieve better
prognostic information to allow appropriate treatment to ameliorate
allograft failure.

As we learn more about dd-cfDNA, considering it as a continu-
ous variable is important in its interpretation and may help clinicians
understand the value dd-cfDNA when interpreting results. Moving
away from the idea of a threshold and considering reference change
value (RCV) seems logical, where our data suggest if a threshold is to
be used, a level of 0.5% may be more appropriate with further study
recommended.

Not all TCMR 1A/borderline rejections are associated with ad-
verse outcomes and therefore likely represent a composite of more
vs less aggressive pathologic states. Further work is needed to sup-
port the ideas of this study, but considering the use of companion
diagnostic tools to supplement the utility of biopsy and strengthen
the interpretation of the Banff system will help to make improved
distinctions. When considering dd-cfDNA provides a more complete
characterization of rejection heterogeneity and valuable clinical in-
formation for patient treatment when interpreting serial results and
assessing the RCV delta.
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TABLE 2 Summary statistics for high vs low donor-derived cell-free DNA (dd-cfDNA)

Low High
Measurement Statistics All patients (dd-cfDNA < 0.5%) (ddg-chNA >0.5%) P value
dd-cfDNA measurements? (%) N 79 37 42 -
Mean (SD) 1.05(1.267) 0.25(0.087) 1.76 (1.40)
Median (Q1, Q3) 0.64(0.21, 1.40) 0.21(0.19,0.29) 1.40(0.87,2.02)
Min, Max 0.19, 6.70 0.19,0.49 0.52, 6.70
Change in estimated glomerular N 79 37 42 .019°
MisETonE R SO S pp ) ~2.85 (7.526) -0.74(7.369) -4.74(7.247)
Median (Q1, Q3) -2.00 (-5.00, 1.00) 0.00 (-3.00, 2.00) -3.50 (-8.00, -1.00)
Min, Max -29.00, 16.00 -29.00, 12.00 -20.00, 16.00
% Change in eGFR (3-6 mo) N 79 37 42 .004°
Mean (SD) -4.70 (16.937) -0.40 (18.149) -8.54 (14.98)
Median (Q1, Q3) -3.89 (-9.89, 2.33) 0.00 (-4.92, 4.76) -8.50(-16.22, -1.39)
Min, Max -70.73,33.33 -70.73,33.33 -37.50, 32.65
Presence of donor-specific Percentage 18/79 (22.9%) 1/37 (2.7%) 17/42 (40.5%) <.001°¢
antibodies (3-6 mo)
Recurrent rejection Percentage 9/79 (11.4%) 0/37 (0.0%) 9/42 (21.4%) .003¢

20.19 is the numerical value used for dd-cfDNA measurements denoted by <0.19.

bKoImogorov-Smirnov two-sample test (high vs low).
‘Fisher's exact test (high vs low).
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