
Introduction
Non-invasive monitoring using cell-free DNA (cfDNA) technology relies on 
established methods to distinguish self from non-self DNA that is in the blood 
stream such as DNA from a fetus (prenatal), tumor (oncology), or organ donor 
(transplantation).1–16 Donor-derived cfDNA (dd-cfDNA) is a proven biomarker in 
kidney and heart transplantation for identifying active rejection.1–6,13–16  Existing 
commercial assays report dd-cfDNA results as a percentage of total cfDNA. 
However, results reported in this manner may not provide a full picture of rejection 
risk due to background cfDNA levels that can be affected by many factors. 
Atypically high levels of recipient cfDNA may lead to a decreased dd-cfDNA 
proportion, and a potential false negative interpretation; less frequently, atypically 
low cfDNA levels can lead to false positive results. 

Natera’s ProsperaTM transplant assessment test is powered by highly optimized, 
proprietary cfDNA technology. It has now been enhanced with an exclusive technique, 
making Prospera the first test of its kind to quantify absolute background cfDNA.  

This enhancement benefits physicians by identifying patients with atypical background 
cfDNA levels – thereby flagging them as at-risk for false-negative reporting and 
potentially missed rejections.
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How quantifying background cell-free DNA (cfDNA) is  
raising the bar for precision in rejection assessment
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About the Prospera transplant assessment test

Prospera assesses all types of kidney transplant rejection1 with great precision.2,3 From a 
single blood draw, Prospera measures the amount of donor cfDNA from the transplanted 
kidney in the patient’s blood. Using more than 13,000 single-nucleotide polymorphisms 
(SNPs) and advanced bioinformatics, the assay can differentiate donor and recipient cfDNA 
to provide a result as a percentage of dd-cfDNA in a transplant recipient’s blood. A greater 
percentage of dd-cfDNA in a recipient’s blood may signify that the transplanted organ is 
shedding more DNA than ideal, thereby indicating an increased risk of rejection.

Prospera’s performance was evaluated in a blinded, large scale study of 217 biopsy-
matched renal allograft plasma samples using a prospectively determined cut-off of  
1% dd-cfDNA or greater.1 Sigdel et al1 demonstrated Prospera’s superior accuracy in 
identifying active rejection over current standard-of-care biomarkers (estimated glomerular 
filtration rate and serum creatinine). Comparative statistics for Prospera include sensitivity 
of 89% vs 52%; specificity of 73% vs 68% and area under the curve (AUC) of 0.87 vs 
0.68, respectively.1 Test performance in the validation study was independent of donor type 
(related/unrelated, living/deceased), rejection type (antibody mediated rejection/T  
cell-mediated rejection/combination) and clinical presentation (clinical/subclinical).1

More? Less? Why the 
amount of background 
cfDNA matters 

Background cfDNA originates 
from the transplant recipient 
and is naturally occurring in 
variable amounts within  
the plasma. 

%
donor-derived 

cfDNA
(dd-cfDNA)Background (total) cfDNA 

in the blood sample

Amount of donor-derived cfDNA 
from the transplanted kidney    

When the amount of background cfDNA is atypical, 
it impacts the percentage of dd-cfDNA and may 
compromise the depiction of risk for active rejection.
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The first to optimize for precision and accuracy

Natera has processed more than two million cfDNA tests and is the first laboratory 
to introduce two novel techniques that together deliver increased precision and 
further expand confidence in Prospera results. 

Technique 1: Proprietary library preparation. This technique results in higher 
yield, higher quality DNA than standard cfDNA tests. It accounts for additional 
cfDNA that may be released into the sample during collection and transport.

Technique 2: Quantification of background cfDNA. This technique identifies 
atypical levels of background cfDNA that may influence the reported result for a 
particular patient.

Applying both techniques may flag fewer false negative interpretations.

Figure 1:  
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Enabling the quantification of background cfDNA 

Natera scientists reviewed more than 20,000 cfDNA cases in prenatal, ~ 1,000 cfDNA 
cases in oncology, and ~1,000 cfDNA cases in transplantation to identify an “expected 
range” of background DNA in a patient.  

The graphs shown in Figure 2 compare results from three sets of tests. 

Figure 2: Defining 
“expected range” of 
background cfDNA
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The results from PanoramaTM, a non-invasive prenatal screening test, to identify 
chromosomal variants, represent an overall healthy population of pregnant women.  
These data were compared to results from cancer patients using the SignateraTM minimal 
residual disease test and an indirect measurement of total background cfDNA results  
from Prospera on transplant patients. 

Further analysis of the three data sets showed that the transplant and oncology patients 
were more likely to have very high cfDNA measurements relative to the median. For 
example, the fraction of transplant patients with cfDNA measurement more than 8 times 
the median was about 33 times greater compared to the fraction of Panorama patients.  
Figure 3 shows the percentage of patients above a certain multiple of the median, for the 
three patient groups. The actual medians are approximately: 487.98 per mL for Prospera 
ratio, 266.43 per mL for Panorama ratio, and 6.825 ng/mL for Signatera total cfDNA.
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Figure 3:  
Direct and indirect 
measurements of 
background cfDNA

How heavy are the tails for 
various tail lengths

These data suggest that patients with certain medical problems such as cancer and 
kidney disease may have unusually high background cfDNA levels. Conversely, a healthy 
population of pregnant women was used to define the “normal” range. This finding 
painted a picture we could not ignore: A fraction-based rejection assay may not 
be sufficiently precise for all transplant patients.   

Potential factors influencing background DNA

A recent literature review highlighted several factors that may cause atypical levels of 
background cfDNA in a patient’s sample. In a review of 80 patients with severe sepsis, total 
cfDNA levels had a better prognostic utility than MODS or APACHE II scores, with an AUC 
for ICU mortality of 0.97.27 This suggests that infection can elevate cfDNA levels. Further, a 
study in mice showed that fat cells can degenerate and elevate cfDNA levels, which in turn 
can directly cause inflammation.28 Also, cfDNA levels seem to increase after dialysis and 
may predict mortality in these patients.28,29 

Preliminary data suggest that any inflammatory process in the body including infection can 
cause a surge in background cfDNA.
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Case studies support findings

Natera’s review of internal data revealed similar drivers contributing to the variability of 
cfDNA levels, including viral infection.

  

The journey: 
•	 In mid-2018, the patient underwent a kidney transplant. 
•	 At six months post-transplant surgery, his creatinine level was elevated,  
	 indicating acute T cell-mediated rejection (TCMR).  
•	 At seven months post-transplant surgery, he tested positive for BK viremia,  
	 which was immediately treated and resolved. 
•	 At 14 months post transplant surgery, he was admitted for herpetic and  
	 cytomegalovirus (CMV) esophagitis and was treated with intravenous ganciclovir.

Clinical assessment with Prospera:
•	 The Prospera result revealed a low donor-derived cell-free DNA (dd-cfDNA) fraction  

at 0.38%, indicating a decreased risk for active rejection.
•	 Further Prospera analysis quantified background cfDNA, revealing a level 21x the 

median – and thereby flagging an increased risk of a false-negative interpretation.
•	 Based on Prospera’s enhanced reporting, percutaneous kidney transplant biopsy  

was performed; the result confirmed chronic cellular rejection (via  Banff criteria).

The takeaway:  
Viral infections can cause an atypical increase in recipient background cfDNA.  
This inflation may lead to an artificially deflated percentage of donor-derived cfDNA. 

Prospera’s novel ability to quantify background cfDNA highlighted an increased 
risk for a false-negative interpretation. This prompted a crucial biopsy confirming 
active rejection that may have otherwise been missed.

Meet Kirk* 
The patient: A male in his 
late 70s with end-stage 
renal disease (ESRD) 

Meet Janice* 
The patient: A female  
in her early 60s with  
end-stage renal disease 

Case Study 2: 

The journey:
•	 In early 2017, she received a kidney transplant from a deceased donor. 
•	 Three years post-transplant surgery, she was assessed with Prospera during  

a routine visit.

Clinical assessment with Prospera: 
•	 Prospera result showed a donor fraction of 0.28%, potentially a decreased risk  

for active rejection. 
•	 The report also flagged atypical background cfDNA levels that were elevated  

at ~ 7x the median.
•	 The resulting percutaneous kidney transplant biopsy revealed BK virus-associated 

nephropathy and T cell-mediated rejection.

The takeaway: 
BK virus-associated active injury may contribute to atypical background cfDNA levels. 

Prospera’s latest enhancement allows for physicians to more effectively identify 
active rejection that would have otherwise been missed. 

Case Study 1: 
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The journey:
•	 In late 2019, he obtained a kidney transplant from an unrelated, living donor.
•	 One month post-transplant, he was diagnosed with dengue fever, followed by acute 

allograft dysfunction.
•	 At 6 months post-transplant, a biopsy was performed revealing active antibody-

mediated rejection. He was then treated with plasmapheresis and intravenous 
immunoglobulin with clinical resolution.    

Clinical assessment with Prospera: 
•	 At 7 months post-transplant, he received a Prospera result of 0.16% dd-cfDNA level, 

indicative of a decreased risk for active rejection. 
•	 The Prospera result also revealed a heightened level of background cfDNA at ~13X the 

median.
•	 A biopsy thereafter showed resolution of ABMR and borderline acute cellular rejection.

The takeaway: 
For the first time, further evaluation of background cfDNA levels enabled the physician to 
identify signs of borderline acute cellular rejection. 

This additional information by Prospera can provide a more complete clinical 
assessment of your transplant patient.  

The journey:
•	 In late 2018, she received a kidney transplant from a deceased donor.
•	 At 11 months post-transplant, she presented with four days of worsening diffuse 

muscle pain.
•	 With normal labs in the prior week, her symptoms progressed with a temperature of 

101°F so she visited her local physician and was sent to the local emergency room.
•	 After being tested as positive by COVID-19 nasopharyngeal swab, she was soon 

transferred to her transplant center where her respiratory status worsened and she  
was intubated.

•	 Progressing to septic shock requiring vasopressor therapy, her renal function 
deteriorated and immunosuppression dosages were closely managed.

Clinical assessment with Prospera:
•	 Prospera was used to assess rejection status on the 20th day of her hospital stay
•	 The Prospera result showed 0.07% dd-cfDNA with a heightened level of background 

cfDNA at ~57x the median.
•	 A second Prospera test was drawn on the 25th day of her hospital stay with a result of 

0.25% dd-cfDNA and a decreased level of background cfDNA at ~ 15x the median.

The takeaway: 
COVID-19 may cause very elevated background cfDNA. Therefore, these patients are  
at-risk for a false negative interpretation, especially when immunosuppression is reduced 
in response to the infection. 

By reporting high background levels, Natera proactively alerts the physician  
if the result may yield a false negative in a high-risk patient. 

Meet Scotty* 
The patient: A male in his 
early 50s with end-stage 
renal disease

Meet Leia* 
The patient: A female  
in her late 50s with  
end-stage renal disease 
secondary to polycystic 
kidney disease (PKD)

Case Study 3: 

Case Study 4: 

* Deidentified patient  
   names and details
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Conclusion

Given the variability of cfDNA in several pathogenic states and its role as an inflammatory 
mediator, a dd-cfDNA-based assay that expresses results as a percentage of the total 
“background” cfDNA must necessarily be inaccurate in some patients. This is a metric 
that is variable and may be influenced by clinical or treatment-related factors. Based on 
published studies and data derived from the large number of tests performed by Natera, 
transplant patients appear to have more variability in background cfDNA levels than a non-
transplant population. Variability in this metric may be influenced by clinical or treatment-
related factors.

More specifically, recent data from Natera suggests a correlation between background 
cfDNA levels and multiple factors, including patient weight, medications, recent surgery 
and medical complications. For example, patients with viral infections may have atypically 
high background cfDNA levels. 

If using a dd-cfDNA-based assay that expresses results as a percentage of total 
background cfDNA, it is important to flag patients with atypical levels of background 
cfDNA, as this will affect the final dd-cfDNA result. Most commonly, an unusually high 
level can result in an artificially low dd-cfDNA result, increasing the risk for false-negative 
interpretations and missed opportunities to preemptively spot rejections.

As such, responsible laboratories leveraging dd-cfDNA technology should consider both 
the proportion of dd-cfDNA and the background cfDNA levels when reporting results. 


