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Why early rejection matters?



Why Detecting early Rejection matters?



Phases of Rejection



Rejection biomarkers

• Conventional: 
• creatinine, proteinuria
• Gold standard: biopsy

Non-invasive approaches: 
(early detection, avoid unnecessary biopsy!!!)
• DSA,
• Non-HLA Ab,
• dd-cf-DNA (blood or urine),
• Urine proteome,



Sample types for evaluation

Blood and urine Blood and biopsy urine



Post transplant DSA monitoring

Indications:
➢ Kidney disfunction in any time post transplant
➢ High risk recipients
➢ Multiple HLA mismatch
➢ Second transplant
➢ Desensitized patients
➢ Transplant with DSA
➢ Low adherence to therapy
➢ Decreasing immunosuppressive
➢ BKV and CMV nephropathy
➢ Post DGF

Indications in low risk recipients with stable function ?



• DSA and disfunction

• Sensitivity?



Donor-derived cell-free DNA (dd-cfDNA)



How to detect and discriminate donors DNA?



Work flow of dd-cfDNA



Rejection  threshold?



Acute injury and dd-cfDNA







Treatment efficacy 



ESOT recommendations 2024
Question 1. In kidney transplant patients with stable graft function, is plasma dd-cfDNA measurement a reliable
diagnostic tool for subclinical acute rejection monitoring when compared with standard of care (eGFR/creatinine 
monitoring or surveillance biopsy)?

Recommendation 1.1 - We suggest that clinicians consider measuring serial plasma dd-cfDNA in patients with 
stable graft function to exclude the presence of subclinical antibody mediated rejection.
Quality of Evidence - Moderate
Strength of Recommendation - Weak in Favor

Comment to Recommendation 1.1 
Concomitant testing for donor-specific HLA and non-HLA antibodies along with plasma dd-cfDNA may further 
increase the ability to detect the presence of antibody-mediated rejection (ABMR). 
Screening with dd-cfDNA alone does not appear to be a reliable tool for the detection of subclinical T-cell-
mediated rejection (TCMR). Combining this test with other noninvasive biomarker technologies (gene 
expression profiling) may improve the detection of subclinical TCMR.

The optimal timing and frequency of screening have not been established.



Question 2. In kidney transplant patients with acute allograft dysfunction, is plasma dd-cfDNA measurement a 
reliable diagnostic tool for acute rejection monitoring when compared with standard of care (eGFR/creatinine 
monitoring or for cause biopsy)?

Recommendation 2.1 - We recommend that clinicians measure plasma dd-cfDNA in patients with acute graft 
dysfunction to exclude the presence of rejection, particularly antibody mediated rejection.

Quality of Evidence - Moderate.
Strength of Recommendation – Moderate in Favor.

Comment to Recommendation 2.1
Concomitant testing for donor specific HLA and non-HLA antibodies along with plasma dd-cfDNA may further 
increase the ability to detect the presence of ABMR. Low levels of ddcfDNA do not necessarily exclude the presence 
of TCMR in the graft.



Molecular Microscope Diagnostic System (MMDx)

Molecular Microscope® Diagnostic System (MMDx®) measures gene expression in biopsy samples of 

kidney and heart transplant patients. This whole-genome microarray chip technology uses machine-learning 

algorithm to calculate probability scores for particular rejection types, acute injury or fibrosis. MMDx is not 

intended to replace histology, but can be used for the objective assessment of challenging cases.

Depending on severity of transplanted organ rejection or injury, particular genes are activated and produce 

unique patterns of RNA.

Using chip technology, thousands of different mRNA are quantified simultaneously, compared to reference sets 

of 5087 measured kidney and 3000 heart biopsies and evaluated by machine-learning algorithm.

The result is graphical output, where examined biopsy is displayed against the background of biopsy reference 

set which are colored according to the type of rejection.
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