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Objectives 

● Describe cell-free DNA science and its application to patient care
● Explain how donor-derived cell-free DNA (dd-cfDNA) can be used in 

transplant rejection assessment
● Recall current literature comparing dd-cfDNA testing to current 

standard of care in transplant rejection assessment
● Summarize how cfDNA technology applications can expand through 

ongoing research initiatives

At the end of this webinar, participants should be able to:
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I am the full-time Medical Director of Transplant for 
Natera, San Carlos, California.  This company performs 

and markets cell-free DNA testing for pre-natal, oncology, 
and transplantation.  

Disclosure: Phil Gauthier
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Disclosures: Alexander Wiseman

In the past 36 months I have had financial 
relationship(s) with:

Consultant:  Hansa, Mallinkrodt, Sanofi, CTI, Veloxis
Grant Support: Astellas, Bristol Myers Squibb, CareDx, Medeor, 

Novartis

AND
My presentation does not include discussion of off-label or investigational use. 
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The Science of Cell-free DNA
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DNA and Genes

Every nucleated cell has DNA.  

It may play a role in other ways than as the genetic master molecule.

20th Century and beyond:

– Mendel and Darwin in humans
– Chromosomes and Genomes
– Bacterial transformation
– The structure and sequence
– Analysis and modification
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● Cell-free DNA (or cfDNA) refers to all non-encapsulated DNA in 
the blood stream

● Enters the bloodstream during apoptosis or necrosis
● Some evidence for active release

What is “cell-free DNA” 

Utilities

Fetal cfDNA Tumor cfDNA Donor cfDNA Self cfDNA
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• Discovered in 1948 by Mandel and Metais

• DNA fragments that are a few hundred base pairs in size  

• Cleaved at linker DNA, released as multiples of nucleosomes (about 150 
base pairs each). Fragmentation patterns useful for tissue origin

• Necrosis is more random, much longer segments (10K)

• Concentration is about 50ng/ml on average

• 30-90 minute half-life

• Clearance mechanisms poorly understood; NOT renally cleared

What is “cell-free DNA” 
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Visualizing 
cell-free DNA

1. Genome.gov 

Cleavage site
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cfDNA Measurement
SNP-based targeted multiplex PCR has been proven to differentiate between, 
for example, host and donor cfDNA
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cfDNA Measurement
Donor-derived cell-free DNA (dd-cfDNA) is a validated assay for transplant 
rejection
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Applying cfDNA| Donor-derived cell-free DNA
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Donor-derived cell-free DNA (dd-
cfDNA) released from kidney 
allografts can be differentiated 
from recipient cfDNA, and an 
increased proportion of dd-cfDNA
correlates with graft injury due to 
rejection 

Time post transplant

%
dd

-c
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Rejection
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Non-rejection

Onset of Rejection

Rejection  
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Post-Rejection4

Applying cfDNA| Donor-derived cell-free DNA
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The precise measurement and 
characterization of cfDNA allows 
for a non-invasive assessment of 

clinical conditions and may 
improve care management 
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cfDNA compared to current 
standard of care in transplant 
rejection assessment
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Deceased donors

2018 Annual Data Report

Volume 2 ESRD

Chapter 6

Figure 6.25 Trends in 1-, 5-, & 10-year kidney transplant graft survival, 1999-2015

Data Source: Reference Tables F.2, F.14, F.5, F.17, F.6, F.18. Outcomes among recipients of a first-time deceased-donor kidney 
transplant, unadjusted. Note that trends may be influenced by changes to the kidney allocation system (KAS) policy that were 
implemented in December 2014.
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Living donors

2018 Annual Data Report

Volume 2 ESRD

Chapter 6

Figure 6.25 Trends in 1-, 5-, & 10-year kidney transplant graft survival, 1999-2015

Data Source: Reference Tables F.2, F.14, F.5, F.17, F.6, F.18. Outcomes among recipients of a first-time deceased-donor kidney 
transplant, unadjusted. Note that trends may be influenced by changes to the kidney allocation system (KAS) policy that were 
implemented in December 2014.
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Most graft failures are immunologic

Sellarés et al AJT 2012



19 Not for reproduction or further distribution.

Kidney transplant monitoring: current “standard of care” 

● Place on an immunosuppression regimen
– center-specified therapeutic drug monitoring

– Most screen for BKV, some screen for DSA, fewer perform surveillance 

biopsies

● Consider the use of biomarkers?
– Donor-derived cell-free DNA (dd-cfDNA)
– Blood gene expression profiles (Trugraf, kSORT)
– Urine biomarkers (CXCL9, gene expression profiles)
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Kidney allograft surveillance biopsy practices in US

UNOS Survey Findings

Mehta R et al, Clin Transplant 2017

● 106/238 centers (45%) responded to the 
survey:

● 18 (17%) of centers performed surveillance 
biopsies on all patients 

● 22 (21%) performed biopsy for select cases

● The most common time points for 
surveillance biopsies were 3 and 12 months 
post-transplant. 

● The. 1-and 3-year Observed-Expected (O-E) 
graft survival was similar among centers 
performing biopsies vs. those not performing 
biopsy (P = .07, .88)

Protocol Biopsy Practices
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Subclinical AMR : lower GFR, increased graft loss within 8y
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N=172 N=50 N=19 N=15

IF/TA>2: 14% 20%34% 53%

Surveillance biopsy to detect subclinical inflammation
Protocol biopsies at 

1, 4, and 12 months

Heilman R et al, Am J Transplant 2010; 10: 563

● Group 1: control group: no inflammation 
or rejection at 1 or 4 months

● Group 2: subclinical inflammation at 

either 1- or 4-months

● Group 3: subclinical AR at either 1- or 4-
months 

● Group 4: clinical acute rejection (CAR) on 
a �for-cause� biopsy during the first 
posttransplant year

Fibrosis at 12 months associated with 

prior subclinical inflammation
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De novo DSA as a surveillance tool:
Graft survival strongly associated with de novo DSA

47 of 315 KTX recipients formed de novo DSA

+DSA: 

40% difference in 10-year 

survival

Curves start to diverge 5 years post-transplant

10-year survival 96%

KTX – kidney transplant; 
DSA – donor-specific antibodies

Wiebe C et al. Am J Transplant. 2012;12:1157.



24 Not for reproduction or further distribution.

antibody-mediated rejection, and allograft survival. Novel in-
sights gained include the following. (1) Recipients treated
with a tacrolimus regimen had significantly decreased risk of
dnDSA development compared with those treated with a

cyclosporin regimen after adjustment for
other risk factors. (2) Tacrolimus trough
levels ,5 ng/ml had the greatest risk for
dnDSA development, and (3) the effect of
tacrolimus trough levels was modulated by
the recipient’s baseline alloimmune risk as
defined by their class II HLA-DR/DQ eplet
mismatch. Each of these will be discussed
in turn.

The relevance of HLA mismatch has
beende-emphasized in recent years, leading
to allocation largely driven by wait time.
However, the advent of novel methods to
assess HLA epitope mismatch has renewed
interest in HLA compatibility. Using the
current HLAMatchmaker software (upda-
ted version in 2016), this analysis found that
an eplet mismatch threshold .11 predicted
dnDSA development for HLA-DR or -DQ
with sensitivity .90%. Importantly, HLA-

DR/DQ eplet mismatch independently predicted dnDSA
development, antibody-mediated rejection, and graft loss after
adjustment for other risk factors (Tables 2–4). Thus, in the ab-
sence of pretransplant DSA, HLA-DR/DQ eplet mismatch

Figure 5. In recipients who developed dnDSA, mean tacrolimus trough levels dropped significantly in the 6 months prior to dnDSA onset
compared with their earlier trough levels. Mean tacrolimus levels in the six months prior to dnDSA onset were compared to all previous
levels within distinct time epochs to show the consistency of association irrespective of the timing of dnDSA onset. Tacrolimus levels within
the No dnDSA group are included for reference. Values represent the mean tacrolimus trough levels and their 95% confidence intervals.

Figure 4. Recipients who developed dnDSA had a greater percentage of tacrolimus
levels below thresholds of 5 ng/ml or less. For each tacrolimus threshold the percentage
of trough levels measured below that threshold for each patient were analyzed. Values
shown are the mean percentage below each threshold with 95% confidence intervals.

J Am Soc Nephrol 28: ccc–ccc, 2017 HLA-DR/DQ and Tacrolimus Levels Predict DSA 5

www.jasn.org CLINICAL RESEARCH

492 patients; 96% 1st transplant, <10% CPRA >80, follow up 87 mo, mean of 97 tacrolimus levels/patient
Wiebe C et al. Am J Transplant. 2012;12:1157.

The role of therapeutic monitoring for “appropriate immunosuppression”
dnDSA development is preceded by drop in Tacrolimus C0
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Relationship between de novo DSA & mean tacrolimus C0

Time to dnDSA by Mean TAC 1 Week 

to 12 Months

Odds Ratios for DSA  by Mean TAC Trough Ranges 

(ng/mL) (Compared to >8 ng/mL) 

543 Kidney Transplant Recipients 2007-2013 Initiated on TAC 

Months Post Transplant

1.72

3.86

5.7P = .009 

P < .001

P = .072

(Adjusted for HLA mismatches, age, sex, ethnicity, donor type, 

induction, and DGF)

6 – 7.9    
vs. > 8  

4 – 5.9    
vs. > 8  

0 – 3.9
vs > 8  

Davis S et al. Am J Transplant. 2018;18:907-915.
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Post-kidney transplant rejection management

There is an opportunity to add a                                               

more sensitive and specific assay to                                                   

improve care and long-term graft function

Sigdel et al. J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019
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Donor-derived cfDNA in Blood for Diagnosing Active Rejection in Kidney 
Transplant Recipients

First Generation Test: 
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About the DART Study

“…first multicenter study of renal allograft recipients using an 
analytically validated dd-cfDNA test that employs targeted 

amplification and sequencing of single nucleotide 
polymorphisms to quantify donor and recipient DNA 

contributions…”

For-cause biopsies only
102 kidney transplant recipients
107 biopsies
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Detection by rejection type

“dd-cfDNA levels are higher in ABMR than TCMR”
“Median cfDNA 2.9% ABMR; 1.2% TCMR”
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Area Under the Curve for cfDNA: 0.74
Area Under the Curve for SCr: 0.54

cfD
NA

SCr

Sensitivity: 59.3%
Specificity: 84.7%

PPV: 60.6%
NPV: 84.0%

Active rejection test specifications
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dd-cfDNA>1% improves prediction of ABMR in DSA+

Within DART study: 
– 87 patients with clinically 

indicated biopsies had DSA and 
dd-cfDNA measures:

– N= 54 DSA -
– N= 33 DSA +

• N= 16 with active ABMR (13/16 
with dd-cfDNA > 1%) 

• N=17 without ABMR
(3/17 with dd-cfDNA >1%)

Jordan SC et al. Transplant Direct. 2018;4:e379.

Performance

metric

dd-cfDNA alone

(1% threshold)

DSA

alone

DSA and dd-

cfDNA

(1% threshold)

PPV for 
ABMR 44% 48% 81%
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Second Generation cfDNA Clinical Validation 
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• 300 plasma samples were collected from 193 transplant patients
• No prior knowledge of genotype
• 217 biopsy-match
• 38 active rejection, 72 borderline rejection, 82 stable allografts, 25 other injury

• 13,392 SNPs used - (prespecified cutoff >1% dd-cfDNA)
• Retrospective analysis of kidney transplant recipients at UCSF using 

biopsy-matched plasma samples from biorepository

• All pathology read by single renal pathologist at UCSF and graded by 
the 2017 Banff classification for active rejection (AR)

• Combined surveillance and for-cause biopsies

Clinical Overview
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Sigdel et al. J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019

Study Samples
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Study Demographics

Sigdel et al. J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019
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Sigdel et al. J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019

P<0.0001
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dd-cfDNA

Threshold: 1% cut off

Significantly high in active 
rejection (AR) group compared 
with non-rejection group

AR median: 2.32%

vs

Non-AR (Stable, borderline, other 
injury) median: 0.47%

Results on dd-cfDNA & eGFR

eGFR

Threshold: <60.0 cut off

Less discriminatory ability for 
differentiating AR and individual 
non-rejection groups

No difference in median eGFR 
scores between AR and borderline 
groups

dd-cfDNA appears to have ability to identify injury earlier than eGFR

Sigdel et al. J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019
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25% prevalence
of AR

Post-hoc analysis: 

“…combined biomarker approach appeared to add little to no value over cfDNA alone.”

Sensitivity & Specificity
dd-cfDNA (>1%)

eGFR (< 60)

• Sensitivity: 88.7% 
• Specificity: 72.6% 
• AUC: 0.87 
• Positive Predictive Value: 52.0%
• Negative Predictive Value: 95.1%

• Sensitivity: 67.8% 
• Specificity: 65.3%
• AUC: 0.74
• Positive Predictive Value: 39.4%
• Negative Predictive Value: 85.9%

Sigdel et al. J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019
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Median dd-cfDNA did not 
differ significantly between:
⎻ ABMR (2.2%)
⎻ TCMR (2.7%)
⎻ ABMR/TCMR (2.6%)

Performance by rejection type

This assay is robust across 

all rejection types

Sigdel et al. J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019
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Summary of results & discussion
dd-cfDNA significantly higher in patients 

undergoing active rejection

Superior performance to current 

standard of care 

Median dd-cfDNA

• AR group: 2.32%
• Non-rejection group: 0.47%

Able to discriminate active from non-rejection status 
at 1% cutoff
• AUC: 0.87
• Sensitivity: 88.7%
• Specificity: 72.6%
• PPV: 52.0%*
• NPV: 95.1%*

*Based on 25% prevalence of rejection

eGFR was less discriminatory 

If eGFR used as only decision point:  1/7 patients found 
to be at low risk of rejection would actually be in 
rejection (would miss for-cause biopsy)

If dd-cfDNA used as only decision point: 1/20 would 
miss biopsy 

Sigdel et al. J. Clin. Med. 2019, 8, 19; doi:10.3390/jcm8010019

Study validates the use of dd-cfDNA in the blood as accurate 

indicator of kidney injury/rejection across a range of 
pathologies with acute and chronic findings.

Study shows better performance than serum creatinine, 
with the potential for better management and biopsy 

determination, and improved allograft function
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Current Clinical Experience &
Applications of dd-cfDNA
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Case Study

● 49-year-old AA male with ESRD 2/2 HTN nephropathy, PRA 0%

● DDKTx: donor 26 years old, MVA (KDPI 6%)
● HLA 5 mismatch/1 match with Neg FXM

– No DSA 
– Cold ischemia: 12 hours 38 minutes

● Post transplant: r-ATG induction; immediate graft function, TAC/MPA/Pred
● Year 0-1: Tac trough 4.4-7.9 on tac 5 mg bid (mean 6.4 ng/ml) 
● No DSA at year 1
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● Year 1-2: Tac trough drawn monthly, range 4.7-10.1 ng/ml (mean 6.3, but low for 
the most recent 3 months, no change in dose [5 bid])

● 23 months s/p transplant: 
– Cr up from 1.3 to 1.6
– tac 4.7 ng/ml, no proteinuria, US wnl
– dd-cfDNA: 1.13%

● 24 mo s/p transplant: 
– Cr increased to 2.0 (still no hydro, UA neg, no proteinuria; BKV neg)
– PRA increased from 0% to 79% 
– DSA detected to DR53 (MFI 1235, 2321) DQ2 (MFI 4332), DQ8 (MFI 8740, 13873)

Case Study
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Case Study

● 24 mo s/p transplant: 
– Cr increased to 2.0, PRA increased from 0% to 79% , DSA detected to DR53 (MFI 1235, 2321) DQ2 (MFI 

4332), DQ8 (MFI 8740, 13873)

– 24 mo biopsy: “suboptimal”; only 4 glomeruli, fixation artifact, 1+ C4d 
• dd-cfDNA: increased from 1.13% to  2.8%

● Repeat biopsy: “acute antibody-mediated rejection,” i 1+, t1+, ptc2+, C4d 2+

● Treated with methylprednisolone 500 mg IV x 3d, TPE/low-dose IVIG x 5, followed 
by rituximab; Peak Cr 2.8 mg/dL

● 27 mo s/p transplant: 
– Cr 1.8 
– dd-cfDNA <0.19
– DSA detected to DR53 (MFI 1235) DQ2 (MFI 3440), DQ8 (MFI 5478, 10843)
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When to measure dd-cfDNA ?

1. In otherwise stable kidney allografts: Does dd-cfDNA testing 
identify absence of subclinical injury?

2. With clinical allograft dysfunction: Does dd-cfDNA testing 
predict specific injury patterns (e.g. rejection)?

3. With de novo/increasing DSA: Does dd-cfDNA testing predict 
specific injury patterns?

4. Does an elevated value of dd-cfDNA (e.g.>1.0%) correlate 
with specific injury patterns (e.g. rejection)?  
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Preliminary experience
● Single-center study: dd-cfDNA collected at one, two, three, four, and six 

months post-transplant and then quarterly for the first three years:

● Patients undergo surveillance biopsy at three months post-transplant 
and undergo biopsy for de novo or increased DSA and for dd-cfDNA
>1.0% 

● A dd-cfDNA proportion of >1.0% was considered positive based on 
published data 
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155 patients (447 samples) with at least 
one contemporaneous biopsy

27 patients (42 samples) ≥1%

103 patients with 
surveillance biopsy

2 biopsies with 
+cfDNA

28 patients biopsied 
for clinical indication

10 biopsies with 
+cfDNA

12 patients biopsied 
for DSA

3 biopsies with 
+cfDNA

13 patients biopsied 
for dd-cfDNA ≥1%

14 biopsies

Results:

Wiseman et al, ASN Kidney Week 2018
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155 patients (447 samples) with at least 
one contemporaneous biopsy

27 patients (42 samples) ≥1%

103 patients with 
surveillance biopsy

2 biopsies with 
+cfDNA

28 patients biopsied 
for clinical indication

10 biopsies with 
+cfDNA

12 patients biopsied 
for DSA

3 biopsies with 
+cfDNA

13 patients biopsied 
for dd-cfDNA ≥1%

14 biopsies

Results:

Wiseman et al, ASN Kidney Week 2018

Correlation with rejection:
PPV 0% 60% 67% 50%

NPV 98% 85% 77% 50%

Wiseman et al, ASN Kidney Week 2018
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Overall correlation with rejection on biopsy

● 7/124 biopsies with a negative dd-cfDNA <1% diagnosed with rejection 
on biopsy
– 94.7% NPV

● 29 biopsies with a positive dd-cfDNA ≥1%
– 14 consistent with rejection
– 13 biopsies without pathologic abnormality
– 1 biopsy with moderate glomerulitis only
– 1 biopsy with diabetic nephropathy and secondary FSGS

Wiseman et al, ASN Kidney Week 2018
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Summary:

● In a clinical practice setting, stable allograft function:

● NPV high: may obviate need for biopsy 

● Does dd-cfDNA testing predict specific injury patterns in patients with de 
novo/increasing DSA?
– NPV 77%, PPV 67% for rejection; small numbers
– Probably not good enough to preclude biopsy at this point

● Does a value of dd-cfDNA ≥1.0% correlate with specific injury patterns (e.g. 
rejection)  
– ~50% have rejection
– A potentially good marker for intervention (biopsy) but <5% of tests are >1% 
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dd-cfDNA addresses unmet needs

Consider cfDNA testing in different use cases

Complicated Biopsies For CauseSurveillance

Anticoagulation
Obesity

Intraperitoneal donor kidney
Complicated logistics

Subclinical rejection
Immunosuppression weaning

Immunosuppression optimization
Previous history of rejection

De novo DSA
Retransplant

High cPRA

Non-diagnostic biopsy
Equivocal biopsy

Post-rejection treatment 
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Ongoing Research
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● Can cfDNA be used to monitor treatment?
● What about BK?
● Is it important to detect TCMR, or should  we focus only on 

ABMR?
● Should biopsy be gold standard?

– Molecular microscope

Ongoing questions
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● Should this test be used for surveillance, or for-cause, or 
both?
– Will we be able to skip biopsies completely? (TAT)

● Other organs?
● Multi-organ?

– Simultaneous
– Sequential

Ongoing questions
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Conclusions

● DNA is an informative molecule
● cfDNA may allow non-invasive assessments of important conditions
● cfDNA is a promising new technology to detect AR in renal 

transplantation
– More informative than creatinine or eGFR

● First generation test good for ABMR but not for TCMR
● Second generation test good for both

– More refined lab technique
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Thank You!
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