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Authors’ Reply
We appreciate Liu and Zhang’s interest in our recent study.
We agree that, given previous studies by Lassen et al.1 and
Lorenz et al.,2 our findings that selective myeloid deletion of
interferon regulatory factor 4 (IRF4) decreased development
of tubulointerstitial fibrosis3 after ischemic kidney injury
were somewhat unexpected. However, there are two crucial
differences between our study and the two previous studies.
Whereas we only deleted IRF4 expression in myeloid cells,
both Lassen et al.1 and Lorenz et al.2 used mice with global
IRF4 deletion, and IRF4 is also expressed in cells of nonmye-
loid lineage.4 In addition, we used a model of moderate kid-
ney ischemia, whereas the ischemic injury in the previous
studies was more severe. Therefore, we agree with Liu and
Zhang that global IRF4 deletion and a more proinflammatory
milieu may overcome the migratory defect in IRF42/2
myeloid cells and lead to persistent renal macrophage activa-
tion and subsequent fibrosis. Whether or not myeloid IRF4
deletion is deleterious in other models of CKD is an area of
ongoing study in our laboratory.
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Need for a Validation Study
before Using the Two-Step
Algorithm for dd-cfDNA to
Screen for Acute Rejection
The study by Bunnapradist et al.1 proposes using a two-step
algorithm threshold for donor derived cell free DNA
(dd-cfDNA) to increase sensitivity for detection of acute
rejection. Although this hypothesis is both tenable and bio-
logically plausible, we have concerns if this study allows for
any rigorously derived conclusions. Of the 41 patients in the
study, 16 had (for cause) biopsies and 9 had biopsy-proven
rejections. The new algorithm detected all nine acute rejec-
tions. Even though pre-ordained separate cutoffs were uti-
lized, this is the first study to test this algorithm and thus
must be considered as discovery and merely the first of
many steps in biomarker assessment and ultimately utiliza-
tion.2 In addition, the improved test performance was
accompanied by large confidence intervals and thus has a
high risk of type 1 error due to the small sample size.3 Given
that many of the rejections were severe, it is unclear if this
algorithm would retain this performance in the general
transplant population.

The main challenge now will be conducting an ade-
quately powered validation study upholding these results.2

This can be difficult given the low prevalence of acute
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rejection (especially severe rejections) potentially lowering
the positive predictive value. Previous studies assessing the
performance of dd-cfDNA may have been underpowered.3

Other design limitations, including use of serum creatinine
alone for comparison and absence of kidney biopsies in all
participants could also inflate the specificity.1,4 A clinically
useful test should have a high sensitivity or specificity
depending on the goal (rule-in or rule-out rejection). As
lowering thresholds to increase sensitivity compromises
specificity (and vice versa), this goal may be elusive with
dd-cfDNA. As long as a true positive or negative is arbi-
trated by a kidney biopsy, absence of biopsy should not be
imputed as no acute rejection. Thus, using a sample size of
16, the new algorithm increases the sensitivity from 78% to
100% but decreases the specificity from 57% to 42%.
Dd-cfDNA may be a more accurate measure of kidney
injury rather than acute rejection, hence the difficulty in
detecting acute rejection.

Thus, despite these promising results, much work remains
before advocating using dd-cfDNA as standard of care.
Further validation would need to demonstrate greater
accuracy than current standards for detecting rejection, keep-
ing in consideration the unique conditions of each patient.
In the absence of a well powered validation study using this
two-step algorithm, extreme caution is needed before using
these methods clinically.
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Authors’ Reply
We thank Drs. Gupta and Kaplan for their insightful com-
ments. As we noted in our Research Letter, this preliminary
report of the novel two-threshold algorithm had a small
cohort size and limited confirmatory biopsy specimen data.1

We are currently in the process of applying this two-
threshold algorithm to a larger cohort as part of a prospec-
tive, .30-site study with full biopsy matching. This study
will contain more cases of biopsy specimen–proven acute
rejection than the combined initial validation studies of the
two clinically available donor-derived cell-free DNA (dd-
cfDNA) fraction assays,2,3 addressing concerns of inade-
quate sample size.

We agree that the clinical utilization of diagnostic testing
should be evidence driven. The two-threshold algorithm
disclosed in our Research Letter did identify several rejec-
tions with elevated cfDNA and borderline dd-cfDNA
results, and thus may be useful in patients with borderline
dd-cfDNA fractions. As such, Natera intends to include
both the dd-cfDNA fraction and the absolute dd-cfDNA
quantity in our clinical reports. This will allow transplant
physicians and surgeons to continue using the dd-cfDNA
fraction cutoff as usual, while also having access to the two-
threshold algorithm, which may prove valuable in key cases.

We are excited about the promise of biomarkers, especially
dd-cfDNA, in kidney transplant surveillance, and agree that
the implementation and interpretation of biomarker assays
are best supported by solid clinical evidence.
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