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Early Transplantation and Immunosuppression



Balancing Immunosuppression, Infection And Malignancy              

Too Much Too Little

§Infection

§ Malignancy

§ Allograft 
Rejection



Subclinical rejection

Monitoring kidney function through serum creatinine              

20 % Subclinical rejection 



Philip A. Clayton et al. JASN 2019;30:1697-1707

Long-term outcomes following acute rejection in 
kidney transplant recipients



Maarten Naesens, JASN 29(1) 24-34, 2018

• Prognostic biomarkers: 
• predict clinical outcome 

regardless of treatment

• Predictive biomarkers: 
• Change in response to 

treatment

• Surrogate end points: 
• Substitute for a clinical end 

point.

Biomarkers subtypes 



Phases of Biomarkers Discovery 

• Targeted or non-
targeted 
approaches

• High-throughput 
technologies

• Identify a panel

• Use independent  
samples

• Identify a refined 
set

• Prospective 
multicentral 
validation

• Laboratory 
equipment

• Reagents
• Can the test be 

reproduced in 
different 
laboratories



Ideal Biomarker

�Sample entire graft (avoid bias from sampling error)
�High positive and negative predictive value
�Diagnose rejection (acute and/or chronic) before its occurrence
�Uncover over-immunosuppressed/identify tolerant states
�Rapid
�Responsive
�Non-invasive
�Inexpensive



Impact of Prevalence on predictive values

�Positive predictive value (PPV) is the number of true 
positives if the test is positive

�Negative predictive value (NPV) is the number of 
true negatives if the test is negative

Prevalence PPV NPV



19 yo male with history of ESRD secondary to congenital kidney disease 
S/P deceased kidney transplant 1/24/26 (KDPI 46%), 4 HLA MM, PRA 0% 
induced withThymo. 

Had multiple GI symptoms and had Cellcept switched to Imuran and 
dose reduced due to leukopenia and EBV viremia detected in a high-risk 
patient.

Creatinine plateaued around 2. 

Biopsy done 4/6: No rejection

Creatinine worsened

Biopsy done 4/28: ACR and AMR with de novo DSA.

More than meets the eye



Mechanisms of Immune Monitoring
What’s Available for Evaluation?

Urine
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Paul et al., Kidney Transplantation, 2021

Clinically Available Biomarkers: Donor-derived 
Cell Free DNA



• DART study, Bloom et al, J Am Soc 
Nephrol, 28:2221-2232, 2017

Clinically Available Biomarkers: Donor-derived 
Cell Free DNA



• DART study, Bloom et al, J Am Soc 
Nephrol, 28:2221-2232, 2017

These are the patients 
you need to catch for 

early detection!!

Clinically Available Biomarkers: Donor-derived Cell 
Free DNA



Clinically Available Biomarkers: Donor-derived Cell 
Free DNA

• ADMIRAL study, Lihong et al., 
Kidney International, 2022

Data from 1092 kidney transplant recipients monitored for dd-cfDNA over a three-year period



Aubert et al. Nature Medicine, 2024

Clinically Available Biomarkers: Donor-derived Cell 
Free DNA



T cell
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Luminometer
ATP ATP ATP

Cell lysis to release ATP

ATP 
detection 
reagents

Measure light intensity

Lymphocyte
Stimulation w/PHA

Wash
Incubate 

15-18 hrs.

Magnetic separation
of CD4 cells.

J. Britz et. al.,“In Vitro CMI: Rapid Assay for Measuring Cell-Mediated Immunity”, CRC Press, 2002

Lymphocyte activation





Am J Clin Pathol 2008



T cell

A
llo A

PC

mRNA

miRNA Regulation

RibosomeNucleus

CTL: GrB, Perforin

Tregs: FoxP3
Regulatory molecules:

 OX40, PD1
Chemokines

 (CXCL9, CXCL10, CCL2)

Gene expression and miRNA

� Source of the samples:
� Graft
� Blood 
� Urine

A
llo graft



• qPCR to measure mRNA 
expression levels of 17 genes 

• Algorithm generates risk scores 
• Multicenter study of 436 adults, 

• Predict patients at high risk of 
acute rejection 

• Sens 92%   
• Spec 93% Unable to distinguish 

between acute TCMR and ABMR.
• A subsequent large, multicenter 

study of 1134 patients (under 
real-world clinical conditions) was 
unable to validate the utility of 
the kSORT assay.

Roedder S, PLoS Med, 2014
Crespo E, Transplantation, 2017
Loon EV, AJT, 2021

Clinically Available Biomarkers:
KSORT



Clinically Available Biomarkers:
TruGraf

Marsh et al. Transplant P, 2019



Mechanisms of Immune Monitoring
What’s Available for Evaluation?

Urine



Cells

mRNA in Urinary Cells.

Li B et al. N Engl J Med 2001;344:947-954.
Suthanthiran M et al. N Engl J Med 2013;369:20-31.



Suthanthiran M et al. N Engl J Med 2013;369:20-31.

– Prospective collection 
– 4300 urine specimens 

from 485 kidney-graft 
recipients

–  Day 3 through month 12 
after transplantation. 

– CD3ε, IP-10 and  18S 
rRNA 

• 79% sensitivity and 78% 
specificity

•  [AUC], 0.85

Levels of mRNA in Urinary Cells.



Phases of Biomarkers Discovery 

• Targeted or non-
targeted 
approaches

• High-throughput 
technologies

• Identify a panel

• Use independent  
samples

• Identify a refined 
set

• Prospective 
multicentral 
validation

• Laboratory 
equipment

• Reagents
• Can the test be 

reproduced in 
different 
laboratories



Extracellular vesicles as biomarkers

Happel et al. J Can Met. 2020



Extracellular vesicles as biomarkers

Happel et al. J Can Met. 2020



The biology, function, and biomedical applications of exosomes, Volume: 367, Issue: 6478, DOI: (10.1126/science.aau6977) 

Hallmarks of exosomes
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LIVE-IMAGING REVEALS EXOSOME SECRETION DYNAMICS 
FROM A SINGLE LIVING CANCER CELL 

Verweij et al., J Cell Biol 2018



ImageStream

Flow Cytometry

RNA Isolation



ImageStream



Mean diameter 119.4 ± 54.6 nm
Concentration: 5.1 x 1010 particles/mL

Contro
l +

B ce
ll E

Vs

CD45 150 kDa

B cell specific EV



Immune cell specific EVs in urine of 
rejecting kidney allografts



Immune cell specific EVs in urine of rejecting 
kidney allografts

Park….Lee and Azzi et al. ACS Nano. 2017 11 28; 11(11):11041-11046.

Jean Pierre Assaker

Jongmin Park



Park, Assaker….Lee and Azzi. ACS Nano. 2017 11 28; 11(11):11041-11046.

Integrated Kidney Exosome Analysis (iKEA)



Urine exosome RNA stability
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Urine exosome RNA stability



Phases of Biomarkers Discovery 

• Targeted or non-
targeted 
approaches

• High-throughput 
technologies

• Identify a panel

• Use independent  
samples

• Identify a refined 
set

• Prospective 
multicentral 
validation

• Laboratory 
equipment

• Reagents
• Can the test be 

reproduced in 
different 
laboratories



Rania El Fekih

James Hurley

Ahmad Halawi 



Consort Flow Diagram and histologic diagnosis of 
enrolled patients



Sample processing workflow

• The exosomes are isolated from the urine with EXOPRO 
(ExosomeDx)

• RNA  reverse transcribed using the VILO cDNA synthesis kit 
(Thermo Fisher).

• Analyzed using the TaqMan® OpenArray® Human 
Inflammation



Upregulated Genes
Role in Immune activation Gene signature

All cause rejection ABMR vs TCMR

Pro-inflammatory cytokines IL32
CXCL14
B2M

TGFβ superfamily BMP7

Upregulated in acute allograft 
rejection

C3
CXCL11

C3
CXCL11

Inflammasome, different 
inflammatory processes 

STAT1, TBP, NAMPT, 
IFNGR1, IRAK2, 
IL18BP, SERPINA1

IFNAR2

Regulating protein trafficking, 
dendritic cell migration and T 
lymphocytes homing

CD74 CD74
CD44





Phases of Biomarkers Discovery 

• Targeted or non-
targeted 
approaches

• High-throughput 
technologies

• Identify a panel

• Use independent  
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Transfer the signature to a clinical platform

El Fekih et al. KI reports, 2025



Biopsies with inflammation, such BKV associated nephropathy, 
Interstitital Nephritis, Recurrent Glomerulonephritis or  IC deposition– 

were not excluded from analysis.

Validation study reflecting real-life

4 US transplant Centers

El Fekih et al. KI reports, 2025



Role of Inflammation in Classification: Results for Clinically Indicated Biopsies

Significant inflamation
Ø pathologic lymphoproliferative infiltrate
Ø moderate to severe lymphocytic infiltration
Ø  interstitial nephritis (BKV nephritis or acute 

interstitial nephritis)
Ø  glomerulopathy, or immune complex 

deposition)
El Fekih et al. KI reports, 2025



Prognostic Potential:
ExoTRU score is associated with 5 years outcome

Five-Year Composite Endpoints: 
• >30% decrease in eGFR 
• Subsequent rejection 
• De novo DSA 
• Death 
• Loss of graft with either return to 

dialysis or re-transplant 

HR=2.23, p-val=0.023

El Fekih et al. KI reports, 2025



Predictive Potential:
ExoTRU scores correlate with response to treatment and 3 years outcome

23 samples from patients who have had a 
repeat ExoTRU score after being treated for 
rejection, we looked at the change in score 
after treatment.

Responders: patients who showed at least 
30% decrease in the urinary score after
treatment.
Non responders: score increased or was stable 
after treatment

p=0.001

El Fekih et al. KI reports, 2025
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Independent Validation By Thermo Fisher

One Lambda Urinary Exosome Test
EKTRA

ExoTRU

El Fekih et al. KI reports, 2025





19 yo male with history of ESRD secondary to congenital kidney disease S/P deceased kidney 
transplant 1/24/26 (KDPI 46%), 4 HLA MM, PRA 0% induced with thymo. 

Had multiple GI symptoms and had Cellcept switched to Imuran and dose reduced due to 
leukopenia and EBV viremia detected in a high risk patient.

Creatinine plateaued around 2. 

Biopsy done 4/6: No rejection

Creatinine worsened

Biopsy done 4/28: ACR and AMR.

More than meets the eye

EKTRA 3/30/26: 0.7 in favor of rejection



32 yo female with history of ESRD 2/2 MPGN type 1 and chronic immune complex GN with long 
history of treatment with IS, s/p LRKTx in 2017 cw EBV-negative PTLD, DLBCL type. 

Completed 4 does of rituximab, followed by R-CHOP and she completed 4 cycles through 
10/16/24. 

PET CT 11/18/2024 No evidence of FDG avid disease.

Cr stable at baseline, 0.85 UPCR 0.11 

On TAC 0.5 mg twice daily, level 5.3 and on prednisone 5 mg

-Discussed IS regimen option to switch from Tac to mTOR inh

-Patient anxious about her kidney function long-term. Should we reoptimize IS?

To raise or not to raise!!!



• Excellent rule out test
• Stable kidney function and no proteinuria with EKTRA positive-> Many 

cases of ABMR and ACR from borderline to 2A
• cfDNA negative but EKTRA positive: Few cases showing biopsy with active 

disease from interstitial inflammation to ACR IB and partially treated 
ABMR. 
• Patients with history of ESRD secondary to IgA nephropathy with positive 

EKTRA post transplant-> IgA nephropathy recurrence even in the absence 
of proteinuria and hematuria. 
• EKTRA positive but biopsy normal: High Risk patients.
• Limitations: Preemptive Transplantation, urine infections…

Lessons learned at BWH:
EKTRA in the Clinic



Inflammation Precedes Injury


