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Introduction

◼ Improved methods are needed to individualize 
immunosuppression for each patient to ensure 
adequate coverage.

◼ while reducing the risks of chronic allograft changes 
and infection. 



Introduction

◼ Lag between rise of Cr and tissue 
damage,

◼ Protocol biopsy





Invasive methods of allograft monitoring 

◼ The gold standard for diagnosis of allograft 
dysfunction is the kidney biopsy. 

◼ The procedure is invasive and not without risk of 
complications. 





kidney biopsy
◼ Single-center 5-year retrospective cohort analysis of 

2514 biopsies. 

◼ Major complications occurred in 47 of 2514 patients 
(1.9%) and included hospitalization, transfusion of 
blood products, operative exploration and 
interventional radiology procedures. 

◼ The complication rate among “cause” biopsies was 
significantly higher than in “protocol” biopsies (2.7% 
vs. 0.33%, p < 0.001



kidney biopsy

◼ Specific patient characteristics associated with 
increased risk of a complication were 

◼ increased age 

◼ blood urea nitrogen,

◼ decreased platelet count,

◼ history of prior renal transplant,

◼ deceased donor transplant type 

◼ use of anticoagulant medications but not aspirin. 



kidney biopsy

◼ Additionally, there is great variability when it comes 
to interpretation of biopsy results.

◼ Histological assessment has its limitations and 
pathology readings have been noted to be subjective 
and inconsistent. 



◼ To improve histologic assessment and inter-reader 
variability, novel techniques have been developed that 
utilize gene expression profiles of kidney biopsy tissue. 

kidney biopsy





gene expression profiles of kidney 
biopsy tissue

◼ The MMDx® (molecular microscope diagnostic 
system, One Lambda, West Hills, CA)

◼ is a microarray-based test that uses machine learning 
to assess the risk of kidney transplant rejection.

◼ The test analyzes messenger RNA (mRNA) expression 
from a biopsy sample to identify patterns associated 
with rejection. 



◼ have good correlation with histological findings, and it 
may be useful when histological results are borderline 
or inconclusive 

◼ MMDx has the potential to not only add additional 
information to the biopsy in question, but also lessen 
the need for repeat biopsies. 

gene expression profiles of kidney 
biopsy tissue



Non-invasive tests of allograft function 

◼ Graft damage and rejection can occur in the absence 
of an acute rise in serum creatinine.

◼ Historically, the only way to do determine changes in 
allograft status before graft dysfunction would be to 
perform protocol biopsies.

◼ less than half (46%) of the high-volume transplant 
centers (defined by annual kidney transplants greater 
than 50) in the United States perform protocol 
biopsies. 



◼ Measurements of gene transcripts in the blood,

◼ Tests of lymphocyte function,

◼ Donor derived cell free DNA analysis, alloantibodies,

◼ Monitoring for post-transplant infections.

◼ Urinary biomarkers, 

◼ Artificial intelligence. 

Non-invasive tests of allograft function 



◼ Gene expression 

◼ The most widely used is TruGraf® (Eurofins Transplant 
Genomics, Framingham, MA), which utilizes DNA 
microarray technology to determine whether a 
patient’s gene expression is more similar to a reference 
population with adequate immunosuppression than 
that with inadequate immunosuppression 

◼

Immune monitoring 



Gene expression 



Gene expression 

◼ TruGraf v1 is a well-validated DNA microarray-based 
test that analyzes blood gene expression profiles as an 
indicator of immune status in kidney transplant 
recipients with stable renal function 



◼ Methods. In this study, investigators assessed clinical utility of 
the TruGraf test in patient management

◼ In a retrospective study, simultaneous blood tests and clinical 
assessments were performed in 192 patients at 7 transplant 
centers, and in a prospective observational study they were 
performed in 45 subjects at 5 transplant centers

◼ Results. When queried regarding whether or not the TruGraf test 
result impacted their decision regarding patient management, in 
168 of 192 (87.5%) cases the investigator responded affirmatively. 

Gene expression 



◼ The prospective study indicated that TruGraf results supported 
physicians’ decisions on patient management 87% (39/45) of the 
time, and in 93% of cases physicians indicated that they would 
use serial TruGraf testing in future patient management.

◼ A total of 21 of 39 (54%) reported results confirmed their decision 
that no intervention was needed, and 17 of 39 (44%) reported that 
results specifically informed them that a decision not to perform 
a surveillance biopsy was correct. 

Gene expression 



◼ Conclusions. TruGraf is the first and only noninvasive test to be 
evaluated for clinical utility in determining rejection status of 
patients with stable renal function and shows promise of 
providing support for clinical decisions to avoid unnecessary 
surveillance biopsies with a high degree of confidence. 

Gene expression 



◼ AlloMap® Kidney (CareDx, Brisbane, CA) uses next-generation 
sequencing and targeted RNA sequencing technology for gene 
expression profiling to assess immune quiescence. 

◼ The AlloMap Kidney test is a gene expression profile utilizing the 
RNA-seq platform to measure immune quiescence in kidney 
transplant patients.

Gene expression 



Gene expression 

◼

◼ Results/Conclusions: Analytical validation showed robust 
performance characteristics with an accuracy correlation coefficient of 
0.997 and a precision coefficient of variation of 0.049 across testing. 

◼ Clinical validation from the prospective, multi-center studies of 235 
samples (66 rejection and 169 quiescence specimens) demonstrated the 
sensitivity of 70% and specificity of 66% for allograft rejection, while the 
negative predictive value was 95% to discriminate rejection from 
quiescence at 10% prevalence of rejection.



gene expression

◼ Another gene expression test available for assessing 
rejection is the kSORT® (kidney Solid Organ Response 
Test, Immucore, Norcross, GA).

◼ The kSORT looks at relative mRNA expression levels 
to detect patients who are at higher risk of rejection .

◼ Despite promising results in early studies, a large 
retrospective multicenter study of 1,763 samples from 
1,134 patients found that kSORT could not be validated 
for acute rejection in the first year after 
transplantation (p = 0.46)  

The kSORT is being refined to improve its 



urinary biomarkers 



urinary biomarkers 



urinary biomarkers 



◼ Unfortunately, there are currently no commercially 
available urinary biomarker tests. 



lymphocyte function 

◼ ImmuKnow® (immune cell function assay, Eurofins 
Viracor, Lenexa, KS) measures the concentration of 
adenosine triphosphate (ATP) from CD4+ T-cells after 
stimulation to monitor the immune response of 
transplant patients The test assigns patients into three 
categories based on their intracellular ATP levels:



lymphocyte function 

◼ low (<225 ng/ml), moderate (226-524 ng/ml), and 
strong (>524 ng/ml). 

◼ Lower ATP levels were correlated with “over 
immunosuppressed state” and increased risk of 
infection while the higher ATP levels were correlated 
with rejection, suggesting that patients should be 
aimed towards the moderate zone 



lymphocyte function 

◼ However, there is significant overlap between stable 
and infected patients in the moderate range, which 
limits the test’s generalizability 



◼ The Pleximark® (Plexision, Pittsburgh, PA) looks at 
allo-antigen-specific T- cytotoxic memory cells but has 
only shown to measure likelihood of TCMR .

◼ A test looking at alloantigen-specific B-cells 
(PlexABMR®, Plexision, Pittsburgh, PA) is being 
developed to be able to measure the risk of antibody-
mediated rejections (ABMR). 

lymphocyte function 





◼ The AlloMap Kidney test is a gene expression profile utilizing the 
RNA-seq platform to measure immune quiescence in kidney 
transplant patients. 

◼ Analytical validation showed robust performance characteristics 
with an accuracy correlation coefficient of 0.997 and a precision 
coefficient of variation of 0.049 across testing.

◼ Clinical validation from the prospective, multi- center studies of 
235 samples (66 rejection and 169 quiescence specimens) 
demonstrated the sensitivity of 70% and specificity of 66% for 
allograft rejection, while the negative predictive value was 95% to 
discriminate rejection from quiescence at 10% prevalence of 
rejection. 



(dd-cfDNA) testing.

◼ One of the more promising technologies that is 
clinically available is the use of 

◼ donor derived cell-free DNAs (dd-cfDNA) testing. 

◼ cfDNA is non-encapsulated DNA that can be released 
after cells have been injured.

◼ In solid organ transplantation, dd-cfDNA has been 
investigated as a potential biomarker for allograft 
rejection 





◼ Donor-derived cell-free DNA (ddcfDNA) can be detected in the 
recipient’s blood and urine. 

◼ Different ddcfDNA quantification techniques have been 
investigated but a major breakthrough was made with the 
introduction of digital droplet PCR and massive parallel 
sequencing creating the opportunity to increase the 
understanding of ddcfDNA kinetics after transplantation.

◼ The observations of increased levels of ddcfDNA during acute 
rejection and even weeks to months before histologic features of 
graft rejection point to a possible role of ddcfDNA as an early, 
noninvasive rejection marker. 

(dd-cfDNA) testing.



(dd-cfDNA) testing.



(dd-cfDNA) testing.



Monitoring for alloantibodies 

◼ Around 13% to 30% of kidney transplant recipients develop 
dnDSA, and presence of dnDSA is associated with poorer 
outcomes

◼ For example, one study following 508 renal transplant patients 
(64 with dnDSA) reported that recipients without dnDSA had 
eGFR decline of 0.65 mL/min/1.73m2 per year and presence of 
dnDSA led to eGFR decline of 3.63 mL/min/1.73m2 per year (p < 
0.001) 



dnDSA

◼ The risk factors for developing dnDSAs include

◼ inadequate immunosuppression 

◼ infections such as BK virus and cytomegalovirus. 



◼ Current guidelines from the Transplantation Society recommend 
monitoring for DSA in patients with DSA pre-transplant when:

◼ immunosuppression is being reduced (in the setting of 
infection or for other reasons), 

◼ when there is concern for non-adherence, and in patients 
with a rejection episode . 

dnDSA



◼ Some evidence suggests that the presence of DSAs alone, without 
biopsy-proven rejection or acute inflammation, may not be 
associated with graft failure,

◼ highlighting our continued reliance on kidney biopsy. That said, 
the frequency of monitoring DSAs is at the discretion of the 
transplant center. 

dnDSA



Monitoring for viral infections 

◼ Torque teno virus (TTV) 

◼ is a non-pathogenic virus that is almost ubiquitous 
worldwide, with 90% of healthy individuals and up to 
100% of transplant recipients infected.



◼ TTV is insensitive to conventional antiviral drugs used 
in transplantation, but it has the potential to be used 
as a marker of immune status in transplant recipients. 

◼ TTV actively replicates and over 90% of the viruses are 
cleared by the immune system daily. T-cell function is 
thought to be crucial for viral control. 



◼ Observational studies have shown that low TTV load 
is associated with a higher risk of rejection, while high 
TTV load is associated with a risk of infection .

◼






