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CURRENT CLINICAL PRACTICE IN KIDNEY 
TRANSPLANTATION

IMMUNOSUPRESSION

• INDUCTION

– Anti-thymocyte globulin or 
Alemtuzumab in immunologically high-
risk patients

– Basiliximab (IL2-R antagonist) or no 
induction in low-risk patients

– IVIG, plasmapheresis, rituximab, 
eculizumab, or bortezomib in 
desensitization protocols for CXM 
positive patients with DSA

• MAINTENANCE 

– Tacrolimus

– Mycophenolate mofetil or 
Mycophenolic acid

– Prednisone (25-30% are on rapid 
steroid withdrawal protocol)

CLINICAL MONITORING

• Serum creatinine and tacrolimus levels

• Spot urine protein/creatinine ratio

• BKV viremia

– Once a month first 6 months, at 9 and 
12 months and then annually

• Luminex single antigen beads

– 1, 3 and 12 months and then annually

• Protocol biopsy (10-15% of transplant 
centers)

– 3-6 months and 12 months



4

What Biomarker Can Allow for Early Intervention?



Power of Unlocking the Molecular Window 
Using Technology
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Fehr T., Cohen C. Predicting an allograft’s fate. Kidney Int 2011;80:1254–1255.
Naesens M. et al. Progressive histological damage in renal allografts is associated with expression of 
innate and adaptive immunity genes. Kidney Int 2011;80:1364–76



NOVEL BIOMARKERS

• Cell-free DNA

–Allosure (CareDx)

–Prospera (Natera)

–TRAC (Transplant Genomics)

• Gene transcripts

–Allomap (CareDx)

–TRUGRAF (Transplant Genomics)

–kSORT (Immucor)



What is Donor-Derived Cell-Free DNA 

(dd-cfDNA)?

Cell-free 
DNA in blood 
and plasma

Cell-free DNA refers to fragments of DNA in the 
bloodstream that originate from cells undergoing 
cell injury and death

DNA degrades into nucleosomal units consisting 
of ~166 bases

cfDNA is cleared from the blood by the liver and 
kidney, and has a half-life of ~30 minutes
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CELL-FREE DNA METHODOLOGY

▪ dd-cfDNA is measured by determining the fraction of donor-derived  
nucleotides at single-nucleotide polymorphism (SNP) location

▪ The method does not require prior genotyping of the donor or 
recipient: 

– SNPs are chosen that each have two alleles, distributed equally in 
the population 

– The SNP regions are amplified from the low levels of dd-cfDNA

– Next-Generation Sequencing is used to count each allele 

– Example: If we detect 99 counts of allele A, and 1 count of allele B:   

• Infer Recipient is homozygous for allele A 

• Infer Donor has B allele, estimate dd-cfDNA≈1%





AlloSure Performance Characteristics from DART

50% of AlloSure results from healthy stable recipients were below 0.21%

96% of AlloSure results from healthy stable recipients were below 1% threshold

Active Rejection

ABMR in DSA 
Positive Patients

1

1

2

10



11

RADAR Study (Resolution by AlloSure
Differentiates Ambiguous Rejection)

Patients with High AlloSure (≥0.5%) were 
at Increased Risk of eGFR Decline

Patients with High AlloSure (>0.5%) had 
greater presence of dnDSAs and 

Recurrent Rejection

1 2

Am J Transp 2020

79 patients across 11 transplant centers with TCMR 1A (n=52) or 
Borderline Rejection (n=27) (Banff 2017 criteria) were assessed 
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ADMIRAL – Independent Multicenter 
Validation of AlloSure

Bu et al. Kidney Int. 2022 Apr;101(4):793-803





Elevations in dd-cfDNA > 0.5% associated 
with Detection of de novo DSA

• dd-cfDNA > 0.5% was associated with 
nearly a 3-fold risk of subsequent 
dnDSA (HR 2.71, p<0.001).

• After multivariate adjustment, every 
1% increase in AS was associated with 
a ~20% increase in dnDSA risk (HR 
1.19, p = 0.004).

• Elevation of dd-cfDNA occurred a 
median of 91 [30 – 125] days before 
dnDSA detection with a median 
increase of 121% [69 – 183] from the 
prior value.

Bu et al. Kidney Int. 2022 Apr;101(4):793-803



• K-means clustering, an unsupervised 
machine learning algorithm, used to 
investigate association between 
AlloSure scores & eGFR decline.

• Elevations in dd-cfDNA (≥0.5%) were 
associated with eGFR decline 
between 12 – 36 months after 
transplant. 

• Persistently elevated dd-cfDNA (>1 
result ≥0.5%) doubled the risk of a 
25% decline in eGFR (HR 1.97, p = 
0.041).

Bu et al. Kidney Int. 2022 Apr;101(4):793-803

Elevations in dd-cfDNA Identify High Risk 
Patients

dd-cfDNA > 0.5% Associated with Clinically Significant eGFR Decline



1Jordan SC et al. Transplant Direct. 2018; 4:e379
2Bloom RD et al. J Am Soc Nephrol. 2017; 28.2221-2232
3Stites E, et al. Am J Transplant. 2020; 00:1-8
4Bloom RD et al. J Am Soc Nephrol. 2017; 28.2221-2232

AlloSure Clinical Interpretation 
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89% PPV for ABMR in DSA** 

positive patients4



Inadequate 
response to 

glucocorticoids

Inflammatory 
mediators stimulate 

erythropoiesis in bone 
marrow

Rejection-associated 
inflammation
• Endothelial activation

• Platelet activation

• Mobilization of dendritic 
cells

• Expression of 
inflammatory             
mediators 
(eg, IL-6)

Mobilized dendritic cells 
carry antigen to lymph 

nodes to prime high 
affinity naïve T cells

AlloMap Heart Gene Expression, a 11-Gene Transcript
Profiling Measures Recipient Immune Activity

IMAGE study demonstrated non-inferiority of clinical outcomes in patients with 
AlloMap surveillance compared to patients with biopsy surveillance (6 months 
to 5 years post transplant)

Pham MC, New Engl J Med 2010; 362:1890
The International Society of Heart and Lung Transplantation (ISHLT) guidelines for 

care of heart transplant recipients recommend that the AlloMap Heart test can 
be used as a non-invasive method for ruling out moderate to severe acute 
cellular rejection in asymptomatic patients

Costanzo MR, J Heart Lung Transplant 2010;29:914



AlloMap Kidney Clinical Validation

Kidney360. 2021 Sep 28;2(12):1998



Validation of a Blood Gene Expression Classifier to Differentiate 
Immune Quiescence from Rejection

Conclusions Validation of AlloMap Kidney demonstrated the ability to differentiate between 

rejection and immune quiescence using a range of scores. The diagnostic performance suggests that 

assessment of the mechanisms of immunological activity is complementary to allograft injury information 

derived from AlloSure dd-cfDNA.

5 gene classifier

(Developed on

56 peripheral blood

samples)

DCAF12

MARCH8

FLT3

IL1R2

PDCD1

PRIMARY

Validation set

Q samples 98

R samples 18

7 TCMR

10 ABMR

1 Mixed

SECONDARY

Validation set

Q samples 8

R samples 11

7 TCMR

2 ABMR

2 Mixed

AlloMap Kidney

AlloMap Kidney Classifier Scores

Q, quiescence; R, rejection

PRIMARY

Validation

SECONDARY

Validation

Quiescence

Rejection

AUC for 

discriminating

rejection 

9.49
(7.68-11.53)

Median

13.09
(11.25-15.28)

Median

p<0.001 p=0.028

0.786 0.800

The cohorts were

statistically different

and the medians were

similar to the primary

validation set

The ability to discriminate rejection from quiescence was improved

when AlloSure and AlloMap Kidney were used together
0.894
AUC

Enver Akalin, Matthew R. Weir, Suphamai Bunnapradist, et al. Clinical 
Validation of an Immune Quiescence Gene Expression Signature in 
Kidney Transplantation. Kidney360. DOI: 10.34067/KID.0005062021
Visual Abstract by Edgar Lerma, MD, FASN



DART Validation Data Differentiates 
Quiescence from Rejection
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TCMR Grade

• All three defined groups of quiescence had significantly lower 
scores compared to the rejection cohort

• Each defined type of rejection had elevated scores compared 
to quiescence cohort, trend for TCMR higher than ABMR

0.78



At a score of 11.5, AlloMap Kidney had a 
PPV of 23.2% and an NPV of 95.3% at 
10% prevalence and a PPV of 47.6% and 
an NPV of 87.2% at 25% prevalence to 
discriminate rejection from quiescence

AlloMap Kidney score of 11.5 demonstrates a 
high Negative Predictive Value



Combination of AlloMap Kidney and AlloSure Improves 
Ability to Discriminate Rejection from Quiescence

• Simple ‘combined score’ yields higher AUC
• More complex methods improves performance even further, 

but will need to be validated

Triangles = TCMR
Squares = ABMR

AS: 0.85
AM: 0.77
Combined:  0.89

 



ALLOSURE AND ALLOMAP IN KIDNEY AND 
PANCREAS TRANSPLANT RECIPIENTS

(Akalin et al. American Transplant Congress 2023)

• This is a non-randomized, non-interventional, prospective pilot cohort study

to monitor kidney/pancreas transplant patients post-transplant to determine if 
non-invasive measures using dd-cfDNA (Allosure) and AlloMap can predict and 
confirm the development of allograft injury and rejection in either organ. 

• 26 kidney/pancreas transplant recipients was enrolled at the time of 

transplantation or anytime within 3 years after transplantation starting at least 

1 month after transplantation. Patients had blood samples drawn at the time 

enrollment and at 3, 6, 9, and 12 months after enrollment and at the time of 

clinically indicated kidney and/or pancreas transplant biopsy. 

• Molecular profiles of SPK recipients were compared to 166 kidney transplant 

recipients enrolled in the OKRA registry (NCT03326076) undergoing 

longitudinal surveillance with dd-cfDNA (Allosure) and blood GEP (Allomap)



SPK Kidney 
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TRUGRAF



CTOT 08  Trial  - 24-month Multi-Center Observational Study –
5 Centers - Surveillance Biopsies at 2-6, 12 and 24 months

SubAR: histology on a surveillance biopsy 
acute rejection (≥ Banff borderline cellular rejection and/or antibody mediated 
rejection) 
AND stable renal function, 

serum creatinine <2.3 mg/dl and <20% increase in creatinine compared to a 
minimum of 2-3 prior values over a mean period and range of 132 and 75-187 
days, respectively 

Transplant eXcellence (TX): normal histology on surveillance biopsy 
(no evidence of rejection - Banff i=0 and t=0, g=0, ptc=0; ci=0 or 1 and ct=0 or 1) 
AND stable renal function as defined above. Surveillance biopsies were performed on 
all subjects at 2-6, 12 and 24 months following transplantation



Test Performance by Locked Threshold 
Probability (subAR positive test)

72-75% of patients would have a negative test and could therefore 
be spared a surveillance biopsy by ruling out the presence of subAR 
with 78-88% NPV. 
The remaining 25-28% would have a positive test and would 
therefore be at higher risk harboring subAR with 47-61% PPV. 



Of 428 samples, 76% (n=325) and 24% (n=103) were classified no rejection 

and subclinical rejection, respectively, by histologic phenotypes.
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Differential performance of the gene expression profile and donor-
derived cfDNA based on rejection type (acute cellular versus acute 

antibody-mediated rejection). 

Sookhyeon Park et al. CJASN 2021;16:1539-1551

©2021 by American Society of Nephrology



17 GENE SET: 
CFLAR, DUSP1, IFNGR1, ITGAX, MAPK9, NAMPT, NKTR, PSEN1, RNF130, RYBP, 
CEACAM4, EPOR, GZMK, RARA, RHEB,RXRA, SLC25A37
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Diagnostic performance of kSORT, a blood-
based mRNAassay for noninvasive detection 
of rejection after kidney transplantation: 
A retrospective multicenter cohort study

Elisabet Van Loon1,2 | Magali Giral3,4,5,6 | Dany Anglicheau7,8 |
Evelyne Lerut9 | Valérie Dubois10 | Maud Rabeyrin11 | Sophie 
Brouard3,4,5,6 |
Silke Roedder12 | Michael G. Spigarelli12 | Marion Rabant13 | Kris 
Bogaerts14,15 |
Maarten Naesens1,2 | Olivier Thaunat16,17,18

Am J Transplant. 2020 

The primary objective was to determine the diagnostic performance of the kSORT assay to 
detect AR (T cell–mediated and/or antibody-mediated rejection) as compared to a 
concomitant renal biopsy.

AR was reported on the concomitant biopsy in 188 of 1763 (10.7%) blood samples and any 
rejection (including borderline changes) in 614 of 1763 (34.8%) blood samples.

The kSORT assay had no diagnostic value for AR (area under the curve [AUC] 0.51, 95% 
confidence interval [CI] 0.50-0.56; P = .46) overall, or when considering indication biopsies (N 
= 487) and protocol-specified biopsies (N = 1276) separately (AUC of 0.53, 95% CI 0.50-0.59, P 
= .44 and 0.55, 95% CI 0.50-0.61, P = .09, respectively). 

This large retrospective study utilizing samples obtained under real-world clinical conditions,
was unable to validate the kSORT assay for detection of AR in the first year after
transplantation.



• Kidney transplant recipients enrolled in IRB-approved “Immune monitoring 
study” and had blood samples collected in RNA-Paxgen tube at the time of 
transplantation or clinically indicated biopsy were included in this study

• 95 blood samples analyzed (18 patients had blood samples before transplant 
and 77 patients after transplant)

• 65 patients had clinically indicated biopsies at the time of sample collection.

– 15 biopsies showed acute rejection (9 T-cell mediated rejection (TCMR) and 
6 active antibody-mediated rejection (ABMR)

– 16 chronic active ABMR, 3 chronic inactive ABMR,

– 18 normal biopsies and 13 interstitial fibrosis and tubular atrophy without 
rejection 

• 31 patients with rejection compared to remaining 64 patients without 
rejection.





CONCLUSION

• Cell-free DNA tests have good negative predictive value (> 
90%) indicating immune quiescence for significant 
rejection but low positive predictive value (~40-50%). PPV 
increases with DSA and kidney dysfunction to 80-90%

• Gene transcripts: Allomap and TRUGRAF has good NPV > 
90% but low PPV 40-60% and PPV value increases with 
combining cell-free DNA

• kSORT assay has different NPV, PPV and AUC in published 3 
studies



LIMITATIONS

• In order to use those biomarkers as a standard of care to 
monitor all kidney transplant recipients, it should be 
proven to be cost effective by decreasing number of 
clinically indicated biopsies and improving graft survival

• It may take 48-72 hours to receive the results and could 
not be used in decision making for differential diagnosis of 
acute renal failure

• Decreased PPV especially in borderline and mild TCMR (Ia) 
and can miss those rejections

• It might lead to unnecessary biopsies in patients with false 
positive results
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