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Outline

• A glance at some modalities of transplant 
management and risk stratification tools

• Emerging modalities in diagnosis of antibody 
mediated allograft rejection
• Intragraft transcription profile
•Peripheral blood transcription profiles
•Donor derived cell free DNA (ddcfDNA)
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A Glance At The Present

• There is unmet need in transplantation to create 
an objective diagnostic test for all forms of 
allograft rejection

• The pathology of rejection are not consistent 

• Nonetheless, genomic based detection of 
rejection is promising tool



Intragraft Transcription Profiles 
(Transcriptome)
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Patient and Institution Information

Patient Name or ID Lab ID Number MM
Patient DOB 0 / / Ordering Physician Dr. 
Patient MRN Ordering Institution

Testing and Clinical Information

Test Date 12/31/2019 Time from Transplant to Biopsy 8 days
Report Date 01/02/2020 DSA Status Unknown
Transplant Date 12/19/2019 Biopsy Indication C4d+
Biopsy Date 12/27/2019 Primary Disease ESRD, HFrEF, HTN

Pure Molecular Interpretation (Results Summary)

Abnormal kidney transplant biopsy. No ABMR. No TCMR. Moderate AKI with minimal inflammation and atrophy-fibrosis. 
Note: the Molecular Microscope® Diagnostic System cannot exclude primary glomerular diseases.

Percent

cortex1

93%

Result Details

Biopsy Rejection and Injury Scores

Classifier / Gene Sets Biopsy Score Range of Values2 Upper Limit of

Normal3
Interpretation

Injury Scores

Global Disturbance Score -1.32 -3.8 — 5.8 0.02 Minimal
Acute Kidney Injury (AKI) Score 0.75 -0.6 — 1.6 0.61 Moderate
Atrophy-Fibrosis Score 0.09 0 — 1 0.38 Minimal

Rejection Scores

Rejection Score 0.08 0 — 1 0.30 Normal
T Cell-Mediated Rejection (TCMR) Score 0.00 0 — 1 0.10 Normal
Antibody-Mediated Rejection (ABMR) Score 0.11 0 — 1 0.20 Normal

Archetypal Analysis (please see Archetypal Analysis Description on Page 2 for details)

Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3
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Rejection phenotype4 (six scores, R1-R6, adding up to 1.0)

R1 Non-rejecting 0.88 R4 Early-Stage ABMR (EABMR) 0.04

R2 TCMR 0.00 R5 Fully-Developed ABMR (FABMR) 0.08

R3 Mixed Rejection 0.00 R6 Late-Stage ABMR (LABMR) 0.00

 Current Sample 191231001MM All ABMR (Sum of R4, R5, and R6) 0.12

1. Percent cortex is a quality control measure. 2. The 2.5th to 97.5th percentiles in the entire Reference Set.
3. 90th percentile in relevant Reference Set biopsies. 4. Scores from archetypal analysis.

Molecular Microscope® Diagnostic Report for Kidney (MMDx-Kidney)
PAGE 1 OF 2

Testing Performed by Kashi Clinical Laboratories, Inc. | 10101 SW Barbur Blvd., Suite 200 | Portland, OR 97219 | CAP: 722234 | CLIA No. 38D1058476
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Molecular Microscope® Diagnostic Report for Kidney (MMDx-Kidney) 

A - The 2.5
th

to 97.5
th

percentiles in the entire Reference Set  B - 90
th

percentile in relevant Reference Set biopsies

C – Mean of scores from page 2   D - Scores from archetypal analysis E - %cortex is a quality control measure

General information:

KCL Report ID Sample ID

Date Received (Y-M-D) Time of Biopsy Post-Tx 104  days 

Date Reported (Y-M-D) Transplant Type Deceased (heart-beating donor) 

Date of Transplant (Y-M-D) Biopsy Indication

rapid deterioration in renal function ( rapid rise in serum 

creatinine); 1st kidney transplant, rapid fibrosis despite 

short time after transplantation

Date of Biopsy (Y-M-D) Primary Disease
Other GN - specify, necrotic glomerulonephritis with 

cresents formation with secondary FSGS

Pure molecular interpretation

Abnormal biopsy. Severe TCMR. No ABMR. Moderate inflammation and mild AKI with minimal atrophy-fibrosis. Compared to previous biopsy 

from December 14, 2017 this biopsy shows increased TCMR-like changes. Note that MMDx cannot exclude primary renal diseases.

Classifier/gene sets
1, 2 Biopsy Range of values

A

Upper limit of normal
B

Interpretation

Injury 
Scores

Inflammation Score
3

1.24 -3.8 – 5.8 0.03 Moderate 
Acute Kidney Injury (AKI) Score

4
0.60 -0.6 – 1.6 0.69 Mild 

Atrophy-Fibrosis Score
5

0.14 0.0 – 1.0 0.39 Minimal 

Rejection
Scores

Rejection Score
6

0.51 0.0 – 1.0 0.30 Mild 
T Cell-Mediated Rejection (TCMR) Score

7, C
0.70 0.0 – 1.0 0.10 Severe 

Antibody-Mediated Rejection (ABMR) Score
8, C

0.08 0.0 – 1.0 0.20 Normal 

Rejection phenotype
9, D

(six scores, R1-R6, 
adding up to 1.0)

R1 Non-rejecting 0.01 All ABMR (Sum of R4, R5, and R6) 0.16 

R2 TCMR 0.75 R4 Early-Stage ABMR (EABMR) 0.14 

R3 Mixed Rejection 0.08 R5 Fully-Developed ABMR (FABMR) 0.00 

R6 Late-Stage ABMR (LABMR) 0.02 

Clinical Notes

Troubled kidney biopsy 

Survival in patients with similar biopsies in the Reference Set Percent cortex
10, E

1-year: 89% 3-years: 83% 61% 

MMDx-Kidney Report (page 1) | Severe TCMR MMDx-Kidney Report (page 2) | Severe TCMR  

Molecular Microscope® Diagnostic Report for Kidney (MMDx-Kidney) 
 

A - The 2.5
th

to 97.5
th

percentiles in the entire Reference Set                                                   B - 90
th

percentile in relevant Reference Set biopsies

C – Mean of scores from page 2                  D - Scores from archetypal analysis                   E - %cortex is a quality control measure

Kashi Clinical Laboratories 
Portland, OR, USA 
Ph. 877-879-1815 

 

 

For classifiers: TCMR-1 = TCMR vs everything else; TCMR-2= TCMR vs everything else, with BK/Borderline/Mixed withheld; ABMR-1 = ABMR 

vs everything else with TG/ABMR suspicious withheld; ABMR-2 = ABMR and Mixed vs everything else, with TG/ABMR suspicious withheld; 

ABMR-3 = ABMR vs everything else, with Mixed/TG/ABMR suspicious withheld.

References for the scores, classifiers, and archetypes 

1.  Halloran PF et al. Nature Reviews Nephrology 2016;12(9):534-48. 

2.  Halloran PF et al. Kidney Int 2014;(85):258-64. 

3.  Mueller TF et al. Am J Transplant 2007;7(12):2712-22. 

4.  Famulski K et al. JASN 2012; May;23(5):948-58. 

5.  Venner J et al. Journal of Clinical Investigation Insight 2016;1(1):e85323-doi:10.1172/jci.insight.85323. 

6.  Reeve J et al. Am J Transplant 2009 Aug;9(8):1802-10. 

7.  Reeve J et al. Am J Transplant 2013;13(3):645-55. 

8.  Sellares J et al. Am J Transplant 2013;13(4):971-83. 

9.  Reeve J et al. JCI Insight 2017;http://insight.jci.org/articles/view/94197. 

10.  Madill-Thomsen K et al. Am J Transplant 2017 Feb 22;17(8):2117-28. 

11.  Einecke G et al.  Am J Transplant. In press 2017. 

Classifier/Gene set Biopsy score
Range of

possible values
A

Upper limit of 
normal

B
Interpretation

TCMR related

TCMR-1
7

0.57 0.0 – 1.0 0.10 Severe 
TCMR-2 0.83 0.0 – 1.0 0.10 Severe 
Mean of 2 TCMR classifiers 0.70 0.0 – 1.0 0.10 Severe 

Rejection related Rejection
6 0.51 0.0 – 1.0 0.30 Mild 

Injury-scarring 
related

AKI score
4

0.60 -0.6 – 1.6 0.69 Mild 
Atrophy-Fibrosis Score

5
0.14 0.0 – 1.0 0.39 Minimal 

ABMR related

ABMR-1
8

0.08 0.0 – 1.0 0.20 Normal 
ABMR-2 0.09 0.0 – 1.0 0.20 Normal 
ABMR-3 0.07 0.0 – 1.0 0.20 Normal 
Mean of 3 ABMR classifiers 0.08 0.0 – 1.0 0.20 Normal 

Classifiers based
on

histologic lesions

Glomerulitis (g) > 0 probability
9

0.28 0.0 – 1.0 0.28 Mild 
Transplant glomerulopathy (cg) > 0 probability

9
0.10 0.0 – 1.0 0.15 Normal 

Peritubular capillaritis (ptc) > 0 probability
9

0.52 0.0 – 1.0 0.35 Moderate 
DSA-positive probability 0.40 0.0 – 1.0 0.46 Normal 
Interstitial inflammation (i) > 1 probability

9
0.72 0.0 – 1.0 0.12 Severe 

Tubulitis (t) > 1 probability
9

0.72 0.0 – 1.0 0.17 Severe 
Tubular atrophy (ct) > 1 probability 0.11 0.0 – 1.0 0.28 Normal 
Adherence index

11
0.29 0.0 – 1.0 0.66 Normal 

Rank order of the most common histologic diagnoses in the 50 nearest molecular 
neighbors

Mean molecular scores in the 50 nearest molecular 
neighbors

TCMR: 52% 
Borderline Rejection: 12% 
BK Nephropathy (BK): 12% 

No Major Abnormalities (NOMOA): 8% 
ABMR: 6% 

AKI Score (IRRATs): 0.83 
Rejection: 0.74 

TCMR: 0.36 
Atrophy-Fibrosis Score (cigt1): 0.22 

ABMR: 0.16 
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MMDx-Kidney Report (page 1) | Early-Stage ABMR MMDx-Kidney Report (page 2) | Early-Stage ABMR 

Molecular Microscope® Diagnostic Report for Kidney (MMDx-Kidney) 

A - The 2.5
th

to 97.5
th

percentiles in the entire Reference Set B - 90
th

percentile in relevant Reference Set biopsies

C – Mean of scores from page 2   C - Scores from archetypal analysis E - %cortex is a quality control measure

General information:

Surname First Name Physician

Date of Birth Sample ID

Date Received (Y-M-D) Time of Biopsy Post-Tx 9.6  years 

Date Reported (Y-M-D) Transplant Type --- 

Date of Transplant (Y-M-D) Biopsy Indication --- 

Date of Biopsy (Y-M-D) Primary Disease --- 

Pure molecular interpretation

Abnormal biopsy. Severe early-stage ABMR with g and ptc-related molecular features. No TCMR. Mild inflammation, AKI and atrophy-fibrosis. 

Note that MMDx cannot exclude primary renal diseases.

Classifier/gene sets
1. 2 Biopsy Range of values

A

Upper limit of normal
B

Interpretation

Injury 
Scores

Inflammation Score
3

-0.32 -3.8 – 5.8 0.03 Mild 
Acute Kidney Injury (AKI) Score

4
0.16 -0.6 – 1.6 0.39 Mild 

Atrophy-Fibrosis Score
5

0.33 0.0 – 1.0 0.82 Mild 

Rejection
Scores

Rejection Score
8

0.74 0.0 – 1.0 0.30 Severe 
T Cell-Mediated Rejection (TCMR) Score

7, C
0.01 0.0 – 1.0 0.10 Normal 

Antibody-Mediated Rejection (ABMR) Score,
8, C

0.81 0.0 – 1.0 0.20 Severe 

Rejection phenotype
9, D

(six scores, R1-R6, 
adding up to 1.0)

R1 Non-rejecting 0.00 All ABMR (Sum of R4, R5, and R6) 1.00 

R2 TCMR 0.00 R4 Early-Stage ABMR (EABMR) 0.59 

R3 Mixed Rejection 0.00 R5 Fully-Developed ABMR (FABMR) 0.41 

R6 Late-Stage ABMR (LABMR) 0.00 

Clinical Notes

--- 

Survival in patients with similar biopsies in the Reference Set Percent cortex
10, E

1-year: 92% 3-years: 76% 96% 

Molecular Microscope® Diagnostic Report for Kidney (MMDx-Kidney) 

A - The 2.5
th

to 97.5
th

percentiles in the entire Reference Set B - 90
th

percentile in relevant Reference Set biopsies

C – Mean of scores from page 2   C - Scores from archetypal analysis E - %cortex is a quality control measure

For classifiers: TCMR-1 = TCMR vs everything else; TCMR-2= TCMR vs everything else, with BK/Borderline/Mixed withheld; ABMR-1 = ABMR 

vs everything else with TG/ABMR suspicious withheld; ABMR-2 = ABMR and Mixed vs everything else, with TG/ABMR suspicious withheld; 

ABMR-3 = ABMR vs everything else, with Mixed/TG/ABMR suspicious withheld.

References for the scores, classifiers, and archetypes 

1. Halloran PF et al. Nature Reviews Nephrology 2016;12(9):534-48.

2. Halloran PF et al. Kidney Int 2014;(85):258-64.

3. Mueller TF et al. Am J Transplant 2007;7(12):2712-22.

4. Famulski K et al. JASN 2012; May;23(5):948-58.

5. Venner J et al. Journal of Clinical Investigation Insight 2016;1(1):e85323-doi:10.1172/jci.insight.85323.

6. Reeve J et al. Am J Transplant 2009 Aug;9(8):1802-10.

7. Reeve J et al. Am J Transplant 2013;13(3):645-55.

8. Sellares J et al. Am J Transplant 2013;13(4):971-83.

9. Reeve J et al. JCI Insight 2017;http://insight.jci.org/articles/view/94197.

10. Madill-Thomsen K et al. Am J Transplant 2017 Feb 22;17(8):2117-28.

11. Einecke G et al.  Am J Transplant In press 2017.

Classifier/Gene set Biopsy score
Range of

possible values
A

Upper limit of 
normal

B
Interpretation

TCMR related

TCMR-1
7

0.01 0.0 – 1.0 0.10 Normal 
TCMR-2 0.01 0.0 – 1.0 0.10 Normal 
Mean of 2 TCMR classifiers 0.01 0.0 – 1.0 0.10 Normal 

Rejection related Rejection
6 0.74 0.0 – 1.0 0.30 Severe

Injury-scarring 
related

AKI score
4

0.16 -0.6 – 1.6 0.39 Mild 
Atrophy-Fibrosis Score

5
0.33 0.0 – 1.0 0.82 Mild 

ABMR related

ABMR-1
8

0.82 0.0 – 1.0 0.20 Severe 
ABMR-2 0.77 0.0 – 1.0 0.20 Severe 
ABMR-3 0.84 0.0 – 1.0 0.20 Severe 
Mean of 3 ABMR classifiers 0.81 0.0 – 1.0 0.20 Severe 

Classifiers based
on

histologic lesions

Glomerulitis (g) > 0 probability
9

0.75 0.0 – 1.0 0.25 Severe 
Transplant glomerulopathy (cg) > 0 probability

9
0.33 0.0 – 1.0 0.22 Mild 

Peritubular capillaritis (ptc) > 0 probability
9

0.75 0.0 – 1.0 0.24 Severe 
DSA-positive probability 0.64 0.0 – 1.0 0.42 Moderate 
Interstitial inflammation (i) > 1 probability

9
0.02 0.0 – 1.0 0.06 Normal 

Tubulitis (t) > 1 probability
9

0.03 0.0 – 1.0 0.1 Normal 
Tubular atrophy (ct) > 1 probability 0.21 0.0 – 1.0 0.84 Normal 
Adherence index

11
0.45 0.0 – 1.0 0.9 Normal 

Rank order of the most common histologic diagnoses in the 50 nearest molecular 
neighbors

Mean molecular scores in the 50 nearest molecular 
neighbors

ABMR: 54% 
No Major Abnormalities (NOMOA): 12%

Transplant Glomerulopathy (TG): 8%

Mixed Rejection: 6%

ABMR Suspicious: 6%

Rejection: 0.83 
ABMR: 0.83

Atrophy-Fibrosis Score (cigt1): 0.28

AKI Score (IRRATs): 0.20

TCMR: 0.02
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O RI G I N A L A RT I C LE

The molecular diagnosis of rejection in liver transplant biopsies: 

First results of the INTERLIVER study

Katelynn Madill-Thomsen1 |   Marwan Abouljoud2 |   Chandra Bhati3 |   Michał Ciszek4 |   
Magdalena Durlik5 |   Sandy Feng6 |   Bartosz Foroncewicz4 |   Iman Francis2 |   
Michał Grąt7 |   Krzysztof Jurczyk8 |   Goran Klintmalm9  |   Maciej Krasnodębski7 |   
Geoff McCaughan10 |   Rosa Miquel11 |   Aldo Montano-Loza12 |   Dilip Moonka2 |   
Krzysztof Mucha4 |   Marek Myślak13 |   Leszek Pączek4 |    
Agnieszka Perkowska-Ptasińska5 |   Grzegorz Piecha14 |   Trevor Reichman3  |   
Alberto Sanchez-Fueyo11  |   Olga Tronina5 |   Marta Wawrzynowicz-Syczewska8 |   
Andrzej Więcek14 |   Krzysztof Zieniewicz7 |   Philip F. Halloran1,12

© 2020 The American Society of Transplantation and the American Society of Transplant Surgeons

The MMDx-Liver study group is detailed in Table S1.

 [Correction added on April 16, 2020, after first online publication: The author name ‘Chandra Bhatti’ in the author byline has been corrected to Chandra Bhati.]  

Abbreviations: AA, archetypal analysis; ABMR, antibody-mediated rejection; ABMR-RATs, antibody-mediated rejection rejection-associated transcripts; BATs, B cell–associated 

transcripts; cIRITs, cardiac injury and repair–induced transcripts; DAMPs, damage-associated molecular pattern–associated transcripts; eDSASTs, endothelial donor-specific 
antibody–selective transcripts; ENDATs, endothelial cell–associated transcripts; FICOLs, fibrillar collagen transcripts; GRITs, gamma-interferon and rejection-associated transcripts; 

IGTs, immunoglobulin transcripts; IQR, interquartile range; IRITD3, injury and rejection–induced transcripts—intermediate; IRITD5, injury and rejection–induced transcripts—late; 
IRRATs, injury-repair–associated transcripts; MCATs, mast cell–associated transcripts; MMDx, Molecular Microscope® Diagnostic System; PBTs, pathogenesis-based transcripts; PCA, 

principal component analysis; PCs, principal components; QCATs, quantitative CTL–associated transcripts; RATs, rejection-associated transcripts; Rej-RATs, rejection-associated 
transcripts; SOC, standard-of-care; TCMR, T cell–mediated rejection; TCMR-RATs, T cell–mediated rejection-associated transcripts.

1Alberta Transplant Applied Genomics 
Centre, Edmonton, Alberta, Canada
2Henry Ford Hospital, Detroit, Michigan
3Virginia Commonwealth University, 
Richmond, Virginia
4Department of Immunology, 
Transplantology and Internal Diseases, 
Medical University of Warsaw, Warsaw, 
Poland
5Department of Transplant Medicine, 
Nephrology and Internal Diseases, Medical 
University of Warsaw, Warsaw, Poland
6University of California San Francisco, San 
Francisco, California
7Department of General, Transplant 
and Liver Surgery, Medical University of 
Warsaw, Warsaw, Poland
8Department of Infectious Diseases, 
Hepatology and Liver Transplantation, 
Pomeranian Medical University, Szczecin, 
Poland
9Baylor University Medical Center, Dallas, 
Texas
10Centenary Research Institute, Australian 

Molecular diagnosis of rejection is emerging in kidney, heart, and lung transplant biop-

sies and could offer insights for liver transplant biopsies. We measured gene expres-

sion by microarrays in 235 liver transplant biopsies from 10 centers. Unsupervised 

archetypal analysis based on expression of previously annotated rejection-related 

transcripts identified 4 groups: normal “R1normal” (N = 129), T cell–mediated rejection 

(TCMR) “R2TCMR” (N = 37), early injury “R3injury” (N = 61), and fibrosis “R4late” (N = 8). 

Groups differed in median time posttransplant, for example, R3injury 99 days vs R4late 

3117 days. R2TCMR biopsies expressed typical TCMR-related transcripts, for example, 

intense IFNG-induced effects. R3injury displayed increased expression of parenchymal 

injury transcripts (eg, hypoxia-inducible factor EGLN1). R4late biopsies showed immu-

noglobulin transcripts and injury-related transcripts. R2TCMR correlated with histologic 

rejection although with many discrepancies, and R4late with fibrosis. R2TCMR, R3injury, 

and R4late correlated with liver function abnormalities. Supervised classifiers trained 

on histologic rejection showed less agreement with histology than unsupervised 

R2TCMR scores. No confirmed cases of clinical antibody-mediated rejection (ABMR) 

were present in the population, and strategies that previously revealed ABMR in kid-

ney and heart transplants failed to reveal a liver ABMR phenotype. In conclusion, 
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O R I G I N A L  A R T I C L E

Development and clinical validity of a novel blood-based 

molecular biomarker for subclinical acute rejection following 

kidney transplant
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1
Northwestern University Feinberg School of Medicine, Chicago, IL, USA

2
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3
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5
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Medical University of South Carolina, Charleston, SC, USA

7
National Institute of Allergy and Infectious Diseases, Bethesda, MD, USA

8
Rho Federal Systems, Chapel H ill, NC, USA

†In memoriam. 

Abbreviations: AMR, antibody‐mediated rejection; AUC, area under the curve; BPAR, biopsy‐proved acute rejection; CCE, clinical composite endpoint; CMV, cytomegalovirus; CP, clinical 

phenotype; CTOT‐08, Clinical Trials in Organ Transplantation 08; DAVID, Database for Annotation Visualization and Integrated Discovery; DCC, Data Coordinating Center; DEG, differ‐

entially expressed genes; dnDSA, de novo donor‐specific antibody; ELISpot, enzyme‐linked immunospot; ESRD, end‐stage renal disease; GEP, gene expression profile; GO, Gene Ontology; 

IFTA, interstitial fibrosis and tubular atrophy; IM, intense monitoring; IPA, ingenuity pathway analysis; IPA, ingenuity pathway analysis; KEG G, Kyoto Encyclopedia of Genes and Genomes; 

kSORT, kidney Solid Organ Response Test; KT, kidney transplant; MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin; NPV, negative predictive value; NU, Northwestern 

University; PCR, polymerase chain reaction; PKD, polycystic kidney disease; PPV, positive predictive value; ROC, receiver operating characteristic; subAR, subclinical acute rejection; TX, 

transplant excellent.
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Noninvasive biomarkers are needed to monitor stable patients after kidney trans‐

plant (KT), because subclinical acute rejection (subAR), currently detectable only 

with surveillance biopsies, can lead to chronic rejection and graft loss. W e conducted 

a multicenter study to develop a blood‐based molecular biomarker for subAR using 

peripheral blood paired with surveillance biopsies and strict clinical phenotyping 

 algorithms for discovery and validation. At a predefined threshold, 72% to 75% of KT 

recipients achieved a negative biomarker test correlating with the absence of subAR 

(negative predictive value: 78%‐88%), while a positive test was obtained in 25% to 

28% correlating with the presence of subAR (positive predictive value: 47%‐61%). 

The clinical phenotype and biomarker independently and statistically correlated with 

a composite clinical endpoint (renal function, biopsy‐proved acute rejection, ‐grade 





Ang et al, 2020





Xu et al, 2022



What is 
cfDNA?
- Circulating free DNA (cfDNA) are degraded DNA 

fragments released to the blood plasma

- cfDNA is used to describe various forms of DNA 

freely circulating the bloodstream, including tumor 

DNA (ctDNA) and cell-free fetal DNA (cffDNA) 

and donor derived DNA (ddcfDNA)



Relevance of elevated cfDNA?

Elevated levels of cfDNA are observed in 

- Congenital fetal malformation

- Cancer, especially in advanced disease

- Allograft rejection



De Vlaminck et al, 2014

cfDNA
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For more information, visit www.allosure.com

Cell-free DNA as a biomarker

Cell-free DNA (cf-DNA) is fragmented 

DNA in the bloodstream that originates 

from cells undergoing cell injury and  

death. When gra  injury occurs, donor 

-derived cell-free DNA (dd-cfDNA) 

increases in the bloodstream. AlloSure 

measures dd-cfDNA and is a powerful, 

non-invasive tool for kidney transplant 

surveillance. At product launch, AlloSure 

will be covered by Medicare.

AlloSure: Better Monitoring. Better Outcomes.

LESS
ACCURATE

In diagnosis of  

Active Rejection 

MORE
ACCURATE

In diagnosis of

Active Rejection

Serum Creatinine

DSA

Biopsy

INVASIVE

NON-INVASIVE

Kidney  
transplant 

No Active Rejection

Active Rejection

dd-cfDNA in Blood

Available now and fully covered by Medicare  

AlloSure: A clear path forward 

The latest innovation in kidney transplant 

surveillance can drive better outcomes 

for your patients 

CareDx continues to expand its testing  

services for post-transplant patients with 

AlloSure. AlloSure is the first and only 

non-invasive test that assesses organ health 

by directly measuring allograft injury . 

AlloSure can accurately determine active 

rejection, enabling better management of 

your kidney transplant patients. 

https://caredx.com/

cfDNA
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Next Generation Allograft 
ABMR Diagnostics

A test to diagnose all forms of allograft antibody 

mediated rejection (ABMR) that is:

➢Non-invasive

➢Objective

➢Cost effective



cfDNA As A Liquid Biopsy Strategy

Pelizarro et al, 2021



Liquid vs. Tissue Biopsy





Bloom et al, 2017



Performance at 1% 

Threshold

Performance Metric

0.74 

(95% CI 0.61-8.85)

ROC/AUC

85%Sensitivity

59%Specificity

84%NPV

61%PPV

Bloom et al, 2017



Bloom et al, 2017





De Vlaminck et al, 2014





De Vlaminck  et al, 2015



De Vlaminck  et al, 2015





Schütz et al, 2017







Baumann et al, 2021







Implementation



Implementation

•Same performance characteristics as NGS based 
chimerism analysis

•Collection tube to preserve cfDNA integrity (.e.g., Cell-
Free DNA BCT STRECK, PAXgene Blood ccfDNA Tube, 
…)

•cfDNA extraction to produce enough yield and 
integrity (e.g., Maxwell® RSC ccfDNA LV Plasma Kit)



Implementation



Use Case





Mayer et al, 2021



Non-Invasive Testing

•Transplant date: 23/09/2021

•Elevated creatinine: 15/4/2022

•DSA: 17/4/2022 (DR13: 2000 MFI)

•cfDNA: 17/4/2022 (4.65%)



Biopsy

Diagnosis:

- Acute T-cell mediated rejection BANFF 
Grade IB

- Acute antibody mediated rejection (C4d 
minimally positive)

- No viral inclusions identified (SV-40 
negative)



Follow Up Non-Invasive Testing

• DSA: 28/4/2022 (DR13: 1000 MFI)

• cfDNA: 28/4/2022 (0.81%)



DSA+/cfDNA+ vs. DSA+/cfDNA-



Summary

• Advances in molecular transplant diagnostics are biologically 
plausible and less subjective

• They offer the promise to standardize diagnosis and treatment of 
rejection

• They offer a promising non-invasive diagnostic and monitoring tool 
for early detection of ABMR, monitoring response to treatment as 
well as distinguishing a population of immune quiescent who may 
benefit from immunosuppression minimization 



Stay Tuned



Thank you

Email: 
maskar@qu.edu.qa
maskar3@nmdp.org


