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Lung transplantation (LT) provides a potentially curative
option for many patients suffering from a spectrum of end-
stage lung diseases. However, the median 5-year survival after
LT remains at only 60%, notably inferior to that currently
achieved with other solid organ transplants.! The higher mor-
tality is primarily attributed to the prevalent complication of
chronic lung allograft dysfunction (CLAD). Early detection
of CLAD would allow implementation of strategies to reverse
or halt further progression. Additionally, an unpredictable
clinical presentation for CLAD, makes this a more challeng-
ing endeavor.

Acute cellular rejection (ACR), antibody mediated rejec-
tion (ABMR), de novo donor specific HLA antibodies (DSA),
auto-antibodies and infection, have all been recognized as risk
factors for CLAD.?7 Pulmonary function tests (PFTs), histo-
pathology, and DSA are often required during evaluation to
mitigate these risk factors. Nevertheless, conventional video-
bronchoscopy with biopsies may lack sufficient sensitivity and
specificity for the elucidation of ACR, ABMR, and CLAD.8
These deficiencies underscore a need for molecular diagnos-
tics to complement what has been provided by conventional
assessments.

There is no more urgent time than the present with the
CoVid-19 pandemic, to evaluate a non-invasive tool for sur-
veillance of allograft quiescence and rejection. L'I' programs by
necessity, have adjusted their post-transplant protocols to both
conserve critical healthcare resources and to minimize the risk
of exposure to these vulnerable patients. Surveillance bron-
choscopy and formal pulmonary function tests, utilized at most
centers to evaluate for early allograft dysfunction, have been
deferred in order to mitigate patient contagion exposures. This
decrease in clinical monitoring has created significant concern
regarding a potential delay in diagnosis of rejection or allograft
infection. Thus, this interruption in routine monitoring has
challenged the transplant community to consider alternative
methods to surveil LT patients.

We endeavored to assess clinical utility of a strategy imple-
menting biomarker surveillance with plasma donor-derived
cell-free DNA (dd-cfDNA) in concert with a clinical moni-
toring strategy. Agbor-Enoh et al, has previously described
measurement of dd-cfDNA by “shotgun” methods (that

require genomic sequencing of donor and recipient) with an

elevation during lung acute cellular and antibody-mediated
allograft rejection.”1? Therefore, we performed, a “Snapshot”
investigation implementing a clinical-grade “next generation
sequencing” (NGS) dd-cfDNA assay (AlloSure®) that inter-
rogates a panel of single nucleotide polymorphisms (SNPs)
across all 22 somatic chromosomes without requirement for
prior genotyping. This dd-cfDNA assay, with a detectable
range for donor (allograft) cell-free DNA fraction of 0.12% to
16.0%, has been previously validated in in large multi-center
studies for kidney and heart transplantation.''* This assay
specifically does not require separate donor genomic material
and is provided with rapid turn-around time for results
(<72hours) from a Central Clinical Laboratory Improvements
Act (CLIA)-validated and College of American Pathologists
(CAP)-accredited laboratory [CareDx, Inc.; Brisbane, CA,
USA]. The study had been approved by our Institutional
Review Board for Clinical Research (HSC20080378H) and
informed patient consent was obtained, in anticipation of
implementing a LI’ program surveillance strategy, which
would include usual laboratory studies, dd-cfDNA, home self-
spirometry assessment, and tele-health visits during the
CoVid-19 pandemic.

We assessed 48 unique patients, between 3-months and
12-years post-LI; in cohorts with: chronic lung allograft dys-
function (CLAD, N=10], HLA antibody-mediated rejection
(ABMR, N=9), acute cellular rejection (ACR, N=2), stable
patients without evidence for rejection or infection (STABLE,
N=11), and allograft-associated infection (INFXN, N=16).
Infectious episodes included: non-tuberculous mycobacterial
(N=2), fungal (N=7), bacterial (N=5) and viral (N=2) patho-
gens by respiratory cultures and viral multi-plex PCR. The dd-
cfDNA levels were as follows—CLAD (0.85%; IQR:
0.67%-1.5%), ABMR (1.20%; IQR: 0.82%-1.73%), ACR
(0.32%; IQR: 0.29%-0.35%), and INFXN (0.52%; IQR: 0.31%-
1.35%). In contrast, STABLE patients had low levels for dd-
cfDNA with median of 0.150% (IQR: 0.15%-0.195%). Figure 1
depicts significant elevation in dd-cfDNA for the aggregated
cohorts (CLAD+ABMR+ACR) of allograft rejection
(REJXN) with median 0.95% (IQR: 0.59%-1.53%) versus
STABLE patients (Mann-Whitney Rank Sum; P<<.001). The
INEFXN cohort median dd-cfDNA was also significantly
increased compared to STABLE patients (P<.001), while small
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Figure 1. dd-cfDNA levels (Y axis) with cohorts of allograft rejection,
stable, and infection. (Mann-Whitney rank sum; Box Plot with median,
25-75th percentile IQR (Box), 95% Cl (Whiskers), outlier values (Dots).
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Figure 2. Receiver Operator Characteristic (ROC) curve analysis for
sensitivity (true positive; Y axis) versus specificity (false positive; X axis)
for aggregated diagnosis of REJECTION versus STABLE patients. Area
under Curve (AUC) = 0.98 (95% CI: 0.937-1.02) and an optimal threshold
determined for aggregated rejection (maximal sensitivity + specificity) for
dd-cfDNA = 0.51%.

sample size for the different types of infection precluded further
analysis. An AUC-ROC analysis, yielded an AUC=0.98 (95%
CI: 0.937%-1.02%) (Figure 2) and an optimal threshold for
rejection was determined (maximal sensitivity + specificity)
with dd-cfDNA =0.51% whereupon sensitivity=81% (95% CI:
58%-95%) and specificity=100% (95% CI: 71%-100%).

We conclude that low levels of dd-cfDNA (<0.20%) typi-
cally characterize stable healthy LT allografts (Figure 3), while
higher levels correlated with the spectrum of allograft rejection.
The cohort with allograft infection had variability in levels of
dd-cfDNA, likely due to inherent challenges in differentiation
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Figure 3. Dot Histogram for dd-cfDNA (Y axis) in aggregated Cohorts of
REJECTION versus STABLE patients. An optimal threshold dd-cfDNA =
0.51% for aggregated rejection (Horizontal line) was determined by
AUC-ROC analysis.

of invasive infection versus airway colonization. These results
support the concept that further investigation and serial trend
monitoring of dd-cfDNA, may serve valuable for assessment of
LT allograft dysfunction and to preserve allograft health.
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