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Cell-Free DNA and Transplantation
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Our Mission
We are committed to improving long-term outcomes 
by providing innovative solutions throughout the 
entire transplant patient journey

Our Vision
The leading partner for the transplant ecosystem



• Overview of Cell-Free DNA 
– Kidney Transplant Updates
– Heart Transplant Updates

• Cell Free DNA in Lung Transplantation

Objectives for Today’s Discussion
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What is Donor-Derived Cell-Free DNA (dd-cfDNA)?
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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



AlloSure® Analyzes Single Nucleotide Polymorphisms (SNPs) 
Across 100% of Somatic Chromosomes
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AlloSure® analyzes 405 SNPs, 
specifically selected across all 
22 somatic chromosomes to 

optimize the interrogation of 
donor from recipient DNA 



Donor-Derived Cell-Free DNA Levels Increase with Allograft Injury

6

Cell Injury
to the donor 

kidney

DNA is Released 
into the recipient’s 

plasma and becomes 
dd-cfDNA

Measures
the level of dd-

cfDNA shed from 
the donor kidney

A High AlloSure 
level (dd-cfDNA) 

indicates potential 
kidney rejection or 

injury

When donor kidney injury occurs, the donor kidney cells release cell-free DNA 
into the plasma of the recipient resulting in increased levels of dd-cfDNA



Power of Unlocking the Molecular Window Using Technology

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
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LEADING INTERMEDIATE LAGGING
• Uncontrolled Injury/ 

Inflammation:
→ Changes in gene expression 
→ Inflammasome formation 
→ dd-cfDNA release 

• dd-cfDNA levels and Gene 
Expression Profiling:
→ Quantify Inflammation 
→ Identify Evolving Injury 

EARLY Intervention 

• Donor Specific Antibodies 
• Surveillance/Protocol Biopsies 
• Asymptomatic Infection
• Harbingers of Alloimmune 

Injury:
→ BK/CMV Viremia
→ Low CNI Levels 
→ Other 

• eGFR Decline 
• New/Worsening Proteinuria
• HLA/non-HLA Donor Specific 

Antibodies
• For-cause Biopsies:

→ Rejection
→ Recurrent Disease 
→ IF/TA
→ Other

LATE Intervention 

Low Quantifiable Uncontrolled Inflammation and Injury HIGH

Response to Treatment 



Denice L, Kidney Transplant Recipient 

The ADMIRAL Study:
Overview and Results



AlloSure® Kidney: Evolving Clinical Insights
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1. Bloom RD et al. J Am Soc Nephrol. 2017; 28.2221-2232
2. Bromberg et al. J Applied Laboratory Medicine; 2(3):309-321
3. Stites E, et al. Am J Transplant. 2020; 00:1-8
4. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 

ADMIRAL4

Longitudinal 
Outcomes with 

dd-cfDNA 
Surveillance

DART Study1

AlloSure® Kidney 
Outperforms Serum 

Creatinine

AlloSure® Score identifies 
rejection at 1%

AlloSure® Kidney offers 
Peace of Mind with a High 

NPV at a score of 0.21%

Relative Change Value2

Defined Biological 
Variation of 

<61% between 
AlloSure® Scores

RADAR Study3

Differentiation of 
Ambiguous Rejection

Introduction 
of AlloSure® Score 

at 0.5% as a 
new threshold

2017

(Bloom)

2017 2020 2021

(Bromberg) (Stites) (Bu)



Assessing Dd-cfDNA Monitoring Insights of Renal Allografts 
with Longitudinal Surveillance (ADMIRAL)
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Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 

ADMIRAL: A New Landmark Study

Participating ADMIRAL Study Centers



ADMIRAL Study Design
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Multi-Center: 7 Major Kidney Transplant Centers Enrolled Patients

Robust Patient Cohort: 1,092 Patients with 3,965 AlloSure® Visits 

Surveillance Testing: Median 6 AlloSure® Visits Per Patient

Real-World Evidence: Centers Using AlloSure® Surveillance Protocol

Long-Term Outcomes: Patients Monitored for up to 3 Years
Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 



The ONLY dd-cfDNA Test Clinically Validated for Surveillance
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The largest prospective cohort of kidney transplant recipients followed 
for three years with over 200 biopsy-paired dd-cfDNA results

Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 



The ONLY dd-cfDNA Service Clinically Validated for Surveillance
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Additional Key Findings from ADMIRAL 

De novo DSA eGFR Graft Injury

• 991 patients had DSA 
testing with AlloSure®

• 44 patients with de 
novo DSA, AlloSure® 
scores, and eGFR 
calculations

• All 1092 patients had 
eGFR calculations

• 113 patients had 
biopsies with rejection, 
AlloSure® scores, and 
eGFR calculations

• 467 patients with 
allograft injury and 
AlloSure® scores

• 180 patients with 
AlloSure® scores 
without injury

Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 



ADMIRAL Study Population Representative of US Transplant 
Patient Demographics
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Characteristics ADMIRAL UNOS 2020/21

Sex
Female 40% 39%
Male 60% 61%

Race

Caucasian 48% 55%
African-American 28% 24%

Hispanic 17% 14%
Asian 5% 5%
Other 2% 3%

Age at Tx (years)
Mean 49.5 46.7

Min-Max Range 17-84 0-96
Re-transplant 8% 13%
Weight (kg) 84 77
Height (cm) 170 168
Median eGFR 69 ml/min/1.73m2 73 ml/min/1.73m2

Median Serum Creatinine 1.52 mg/dL 1.63 mg/dL
Calculated Panel Reactive Antibody (cPRA –
sensitization of candidate)

Mean 34% Not Available
Range 1-96% Not Available

Median AlloSure tests (n) per patient 6 Unknown
Deceased Donor* 94% 68%

*Statistically significant difference in deceased donor recipients in the ADMIRAL study compared with the UNOS registry (94% vs. 68%; p=0.04)
1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 



AlloSure® Identifies Subclinical and Clinical Rejection 
Better than Serum Creatinine
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*in AUC
1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 

In the ADMIRAL study1, 
AlloSure® demonstrated  

62% relative improvement 
over serum creatinine* to 
discriminate all rejection1

AlloSure® AUC = 0.80 Creatinine AUC = 0.492



AlloSure® is Superior to Serum Creatinine in Detecting 
Biopsy-Confirmed Rejection
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*Biopsies without rejection changes and other abnormalities except IFTA
1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 
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AlloSure® Detects Both TCMR and ABMR
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AlloSure® Differentiates No Rejection* from ABMR and TCMR1

*Biopsies without rejection changes and other abnormalities except IFTA
1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 

TCMR = T-cell mediated rejection
ABMR = Antibody mediated rejection 



AlloSure® Detects Both TCMR and ABMR
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AlloSure® Differentiates No Rejection* from ABMR and TCMR1
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*Biopsies without rejection changes and other abnormalities except IFTA
1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 
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IQ
0.21%

Injury
0.51%

Unleash the Power to Predict Early Graft Injury*
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Median AlloSure® scores of 0.21% seen in non-injury, or immunoquiescent 
(IQ) patients and 0.51% in injury* patients.

*What is Graft Injury? 
In ADMIRAL, injury is defined as: 
• Out of range tacrolimus
• BK viremia
• dnDSA positive
• Urinary tract infection
• Proteinuria
• Allograft rejection 
• Recurrent FSGS

P<0.0001
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*Biopsies without rejection changes and other abnormalities except IFTA
1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 



Unleash the Power to Predict dnDSA Detection
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AlloSure® elevations (≥0.5%) were associated with a nearly 3-fold 
elevation* in the risk of future dnDSA detection (p = 0.001)1

*in Hazard Ratio = 2.71
1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 

AlloSure® scores rose a median of 91 days before dnDSA detection1

AlloSure < 0.5%
AlloSure ≥ 0.5%



Higher AlloSure® Scores Correlated with eGFR Decline
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Persistently elevated AlloSure® (> 1 result, ≥0.5%) has a nearly 2-fold 
increase* in risk of > 25% decline in patients’ eGFR over 3 years**1

* Hazard Ratio = 1.97 
**No statistical significance within first year
1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 
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AlloSure Helps Identify High-Risk Patients

22
*Hazard Ratio = 2.71
1. Bu, L., et al., Validation and clinical outcome in assessing donor-derived cell-free DNA monitoring insights of kidney allografts with longitudinal surveillance (ADMIRAL) study. Kidney Int, 2021.
2. Wojciechowski D, Patel A, Anand S, Klein J, Paramesh A, Sood P, Shekhtman G, Agrawal N, Fei M, Qu K, Brennan DC. Elevated Donor-Derived Cell-Free DNA (dd-cfDNA) in the Early Post-
Transplant Period is Associated with an Increased Incidence of Adverse Clinical Outcomes in Kidney Transplant Recipients [abstract]. Am J Transplant. 2022; 22 (suppl 3)

AlloSure® elevations (≥0.5%) in ADMIRAL 
were associated with a nearly 3-fold 
elevation* in the risk of future dnDSA 
detection (p = 0.001)1

Scores rose a median of 91 days 
before dnDSA were identified1

In KOAR, AlloSure® elevations (≥1.0%) during 
the first 100 days post-transplant were 
associated 3-fold risk of adverse clinical 
outcomes including rejection, dnDSA, and 
death-censored graft loss in the first year2

Rejection, dnDSA, and Death-Censored Graft Loss after Day 100

Presenter
Presentation Notes
The ADMIRAL data set also added to our understanding of the association between high AlloSure values and de novo DSA formation. 
An AlloSure value >0.5% was associated with a 3-fold risk of subsequent de novo DSA (HR 2.71 and p<0.001)
In addition, every 1% increase in the AlloSure score was associated with a 20% increase in de novo DSA risk.

The key here is to note the lead time to elevation. These elevations in AlloSure occurred a median of 91 days before de novo DSA detection.

So it makes one stop and think: 
What could we do with those extra 90 days? 
Could we possibly intervene by increasing monitoring or optimizing therapy? 
Could these interventions mitigate the hard outcome that would have resulted?

Preliminary data from the KOAR dataset confirms that these relationships exist even in the early post-transplant period, with elevations in dd-cfDNA above 1% in the 1st 100 days post-txp identifying a population of patients at risk for adverse clinical outcomes such as rejection, dnDSA development, and graft loss during the first year.



The Predictive Power of AlloSure® Kidney
Key Takeaways from the ADMIRAL Study1
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1. Bu L. et. al. ADMIRAL. Kidney Intl. Manuscript in publication. 

The ONLY dd-cfDNA Service Clinically Validated for Surveillance in a Multicenter Study

62% Improvement Over Serum Creatinine in Identifying Subclinical and Clinical Rejection

Be Empowered to Act with an Early Signal of Graft Injury, TCMR, and ABMR

Unleash the Power to Detect Early Graft Injury and Predict dnDSA 

AlloSure® is the ONLY dd-cfDNA with Validated Longitudinal Management Using Relative Change Value



Sam D, Heart Transplant Recipient

Heart Transplant Updates
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Presenter
Presentation Notes
Now we’ll talk about the other half of HeartCare – which includes both AlloMap and AlloSure-Heart
AlloMap = a measurement of immune activity
AlloSure = a direct measure of graft injury

Let’s get into what AlloSure actually is…




AlloMap Gene Expression Profiling (GEP)
Measures Recipient Immune Activity

26
P-R-00005 Rev 2 Effective 07.2018
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P-R-00005 Rev 2 Effective 07.2018

Levels of dd-cfDNA can be measured 
in plasma, and dd-cfDNA (%) 

increases as cells from the 
transplanted organ are injured

Does not require prior genotyping of 
the donor or recipient

AlloSure® is an Indicator of Current Graft Status

Presenter
Presentation Notes
… indicator of current graft status by measuring injury
Does this by measuring dd-cfDNA
When cells die/turnover in their regular course, release cfDNA into blood
After a transplant, pt will have some of the DONOR cfDNA from regular cell turnover in addition to their own cfDNA�AlloSure can tell us what % of cfDNA is from donor without prior genotyping of donor & recipient
Idea is  when there is actual injury to the cells in the graft, the amount of donor cfDNA will increase
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Interpreting HeartCare Results



Sam D, Heart Transplant Recipient

Latest Data and Publications



Hepatitis C Donors Are Not Associated With Higher Rates Of 
Rejection After Cardiac Transplantation

30Patel, S et al., 2022 ISHLT Oral Presentation. – Montefiore

The cumulative incidence of composite transplant outcomes for patients with donor hearts with 
HCV was not different than donor hearts without HCV 

SUMMARY
• Previous experience using HCV positive donors was a 

high rate of HCV infection and unacceptably poor 
outcomes in recipients

• The introduction of direct-acting antivirals (DAAs) 
that have a high cure rate of HCV3-4 has renewed 
interest in using organs from HCV-positive donors

• The aim of this study was to compare surrogate 
markers for outcomes, including HeartCare® multi-
center SHORE registry

• Outcomes of interest were rejection defined as ISHLT 
≥ 2R and/or AMR ≥ 1 and average AlloSure® levels 
during the first year.​ A composite outcome of de 
novo DSA, rejection, decline in LVEF, and/or 
development of CAV at one year was also assessed

Presenter
Presentation Notes
Sean Pinney confirmed



AlloSure® Variability Identifies Risk of Adverse Outcomes

31Kamath M, et al., 2022 ISHLT Abstract. - UCLA

Higher variability in dd-cfDNA over time was associated with an increased risk of mortality after OHTx

SUMMARY
• 72 adult HTx patients from a single center 

monitored with AlloMap® and AlloSure®

• AlloSure® Variability (ASV) was defined as standard 
deviation of the 3 most recent (3-value) or all (all-
value) sequential dd-cfDNA results and scaled x 10 
for analysis (ASV*10)

• Used Cox proportional hazards model to assess the 
association between ASV and mortality and a 
survival classification and regression tree (CART) 
algorithm to define a threshold for increased 
mortality 

Presenter
Presentation Notes
Sean Pinney confirmed



Substantial Reduction in Biopsies with Initiation of Non-Invasive Rejection 
Surveillance at One Month Post-Transplant

32
Henricksen, E et al., 2022 ISHLT Abstract. - Stanford

Initiation of non-invasive surveillance at 28 days post-transplant significantly reduces the 
number of biopsies, with similar 1 year survival

SUMMARY
• 106 HT recipients were included and divided into six 

cohorts

• Patients in later cohorts had fewer EMB in the first 
six months post transplant compared to those at 
the initiation of protocol (p<0.01) 

• The July 2018 and July 2019 cohorts each had two 
patients expire, making their one-year survival 88% 
and 87% respectively

• All other cohorts had 100% survival. Baseline 
characteristics, immunosuppression and use of 
induction was similar between groups

Presenter
Presentation Notes
Sean Pinney confirmed



Should We Be Comforted By A “Negative” Endomyocardial Biopsy? Risk Of 
Future Events With Donor Derived Cell Free DNA In The Setting Of Histologic 
Quiescence

33
Teuteberg, J et al., 2022 ISHLT Oral Presentation. - Stanford

The use of dd-cfDNA may be a better method to determine true quiescence and call into question the utility of the EMB 
as the gold standard for cardiac allograft monitoring

SUMMARY
• Retrospective analysis via the preliminary SHORE 

registry
• A total of 648 HT recipients with a mean age 57, 

74% male, white 64%, 60% of which had PRA < 1% 
and had a total of 982 paired biopsies with a 
median dd-cfDNA of 0.05% for those with a Grade 
0R and 0.06% for Grade 1R biopsy (Figure 1a)

• The dd-cfDNA was measured a median of 112 days 
post-transplant for Grade 0R and 109 days post-
transplant for Grade 1R. Despite negative 
histology on EMB, those with a cfDNA >= 0.20% 
were at significantly higher risk for the 
development of significant rejection (14.3% v 
5.2%, p<0.01) and dnDSA (11.3% v. 6.8%, p<0.01) 
over the subsequent year.

Presenter
Presentation Notes
Sean Pinney confirmed
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Donor-derived Cell-free DNA:  
A Useful Adjunct in the Lung Transplant Clinic 

October 10, 2022

Anil J. Trindade, MD
Associate Medical Director, Lung Transplant Program

Assistant Professor of Medicine
Allergy, Pulmonary and Critical Care Medicine 



Disclosures and Funding

+   CareDx, Inc.
• PI on IIT “dd-cfDNA as a Biomarker for CLAD”
• PI on IIT “dd-cfDNA to Assess Recovery from Acute Cellular Rejection”
• Site PI and Steering Committee Member on TEAMMATE Study 
• Member, National Scientific Advisory Committee
• Speaker fees 

+   Veloxis Pharmaceuticals 
• PI on IIT “Early Use Envarsus Post- Lung Transplant to Mitigate Side Effects.”

+   NIAID 1U01AI167789-01 
• VUMC Site PI on “Comparison of High Dose vs. Standard Dose of Influenza   

Vaccines in Lung Allograft Recipients.”
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Objectives

1) ALAD and CLAD limit lung allograft survival 

2) dd-cfDNA: Evidence in lung transplantation &
How I use dd-cfDNA in the clinic

3) Future directions for dd-cfDNA in lung transplantation
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Why Do We Perform Lung Transplants?

For Patients with Advanced Pulmonary Disease

1)  Progressive lung disease despite optimal medical management
2)  Expected two-year survival < 50% 

Improved Survival Improved 
Quality of Life
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Survival Benefit of Solid Organ Transplantation 
for Wait-List Patients 1987- 2012

Rana JAMA Surg. 2015;150(3):252-259. 

Organ                    Median
Type                 Survival (yrs)

Kidney                         12.4
Liver                            11.6
Heart                           9.5
Lung                             5.2
Pancreas-Kidney        14.5
Pancreas                     13.3
Intestine                      5.1
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Median Survival for Lung Transplant Recipients Continues to Improve
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Adult Lung Transplants Kaplan-Meier Survival by Era 

Median survival (years): 
1992-2001: 4.7; Conditional=7.5; 
2002-2009: 6.5; Conditional=8.8; 
2010-6/2017: 6.7; Conditional=NA

ISHLT International Registry JHLT 2019, Oct; 38(10): 1015-1066
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Major Causes of Death Post- Lung Transplantation

ISHLT International Registry JHLT 2018
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Chronic Lung Allograft Dysfunction:  An Accumulation of Injury 



Spirometry is an Imprecise Tool for Assessing Lung Injury

Bronchiolitis
Obliterans 
Syndrome 

(BOS)

Restrictive 
Allograft 

Syndrome
(RAS)

Radiography Spirometry
OBSTRUCTION

Stages (Compare to 
Post-TXP baseline) 

Stage 1: FEV1 < 80%
Stage 2: FEV1< 65%
Stage 3: FEV1 <50%
Stage 4: FEV1 <30%

RESTRICTION
Stages (Compare to 
Post-TXP baseline) 

Stage 1: FEV1 < 80%
Stage 2: FEV1< 65%
Stage 3: FEV1 <50%
Stage 4: FEV1 <30%

Hyperinflation

Reticular Opacities



Dd-cfDNA is a Biomarker of Lung Allograft Injury

• DNA released into plasma by apoptotic cells

• dd-cfDNA (AlloSure®, CareDx, Inc)

- Distinguishes individual cfDNA without genotyping 
either the donor or the recipient

- Assesses differences in homozygosity in a standard 
SNP-set of 405 SNPs to differentiate donor and    
recipient 

Grskovic et al., J. Molecular  Diagnostics 2016
Dengu Transplantation Reviews 2020 
Keller, Agbor-Enoh Curr Transplant Reports 2021
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Objectives

1) ALAD and CLAD limit lung allograft survival 

2) dd-cfDNA: Evidence in lung transplantation &
How I use dd-cfDNA in the clinic

3) Future directions for dd-cfDNA in lung transplantation
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Case #1: A1 ACR- Of Minimal Importance? 

• 57yo M with A1AT-deficiency s/p bilateral lung transplant 9-months ago.  CMV 
D+/R+ s/p 6-months pre-emptive CMV prophylaxis with valganciclovir. Course 
c/b CMV viremia at 7-months, with improvement with valganciclovir.

• FEV1 stable (?) at 3.50L (88% of post-txp peak baseline, down 8% from prior).

• 9-month surveillance bronchoscopy A1B0.

• Donor-specific antibody screen negative

• No GERD, cultures negative, adherent with meds, non-smoker.

• Do you augment immunosuppression? 
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+  Retrospective cohort of 259 
patients at Barnes-Jewish 
(St. Louis, MO)

+  A1 and A2 ACR increases 
risk for BOS stage 1 and 2 

+ A2 ACR is a risk factor for 
stage 3 BOS 

Khalifah, Hachem Am J. Transplantation 2005

Acute Cellular Rejection (ACR) is a Major CLAD Risk Factor

ACR is associated with decreased freedom from CLAD
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Why Does Acute Cellular Rejection Occur?

Acute Lung Injury Results In:

+  Graft injury and antigen / peptide shedding 
PGD/ IRLI, GERD, Infection

+  Presentation of donor peptides by antigen presenting cells

+  Activation of T lymphocytes due to recognition of self vs. not self
Number of HLA mismatches is proportional to ACR risk 

+  Binding of activated T cell receptor to allograft or APCs



48Stewart, et al. JHLT 2007

Acute Cellular Rejection is a Histologic Diagnosis

A1- Minimal A2- Mild A3- Moderate A4- Severe

+  Infrequent perivascular lymphocytes 
+  Adventitial cuffing 2-3 cells deep
+  Venules
+  No endothelialitis  
+  Rarely seen on low power (40X), 

+  Frequent perivascular lymphocytes
+ Can see macrophages and eosinophils 
+  Adventitial cuffing 2-3 cells deep
+  Venules and Arterioles involved
+  Endothelialitis can be appreciated
+  Can seen on low power (40X), 

+  Frequent, dense perivascular lymphs
that extends into the alveolar septae

+ Can also see macs, eos and pmns
+  Venules and Arterioles involved
+  Endothelialitis is more apparent
+  Can seen on low power (40X)

+  Diffuse mononuclear infiltrate 
(vasculature, airways, interstitium

+ Can also see macs, eos and pmns
+  Diffuse alveolar damage
+  Can see areas of necrosis
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Transbronchial Biopsies are NOT Benign 

Hopkins et al., JHLT 2002
www.myupchar.com
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Acute Cellular Rejection- Treatment (and Efficacy)

There are limited  studies regarding therapies for ACR in lung transplantation

Aboyoun, et al. AJRCCM 2001

+  Single-center retrospective 
study (Sydney, Australia)

+  99 patients with >A2 ACR 
had follow-up TBBx within 
45 days.

+  Persistent >A2 ACR seen in 26% 

+  Persistent >B2 ACR seen in 22%
.

Steroids: There is limited evidence for 
antithymocyte globulin, 

alemtuzumab, 
or extracorporeal photopheresis 

for ACR treatment .

There are pros and cons 
to each of these therapies

ACR prevention is also 
encouraged

(GERD, infection, smoking 
cessation, adherence)
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Dd-cfDNA: A Biomarker of ACR in Lung Recipients

Jang, et al. J Heart Lung Transplant 2021

+  Prospective, multicenter study of 148 
lung transplant recipients  followed for 
median 19.6 months post-txp.

+ TBBx samples compared to %dd-cfDNA

+ dd-cfDNA% identified using shotgun 
sequencing of donor and recipient SNPs

+  Single lung transplant values doubled

+  30 episodes ACR with graft dysfunction
- 7 episodes of A1 ACR 
- 23 episodes > A2 ACR  
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Dd-cfDNA: A Biomarker of ACR in Lung Recipients

Jang, et al. J Heart Lung Transplant 2021

Median 
% dd-cfDNA=

0.41
(0.15 – 1.06)

Median 
% dd-cfDNA=

0.68
(0.2 – 3.10)

Median 
% dd-cfDNA=

1.16
(0.5 – 2.04)

Comparing Clinical ACR vs No ACR:

median %dd-cfDNA= 
1.23

(0.65 – 2.03) 
(p < 0.01)

For the threshold of >1% dd-cfDNA:
Sensitivity = 77% 
Specificity = 84% 

Positive Predictive Value =64%
Negative Predictive Value= 90% 
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Dd-cfDNA: A Biomarker of ALAD in Lung Recipients

Negative Predictive Value of dd-cfDNA = 96.5%
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Case #2: de novo DSA  Are You OK? 

• 67yo F with ILD s/p right single lung transplant 15 months ago. Pre-transplant 
allo-sensitized with HLA class II DR52 Ab (crossmatch negative), though 
undetectable post-transplant. 

• Post-transplant course is unremarkable.

• Developed COVID19 and treated with Remdesevir and Dexamethasone. 
Discharged to inpatient rehab due to deconditioning. 

• Now returns to clinic for f/u.  FEV1 and FVC are down 7% from prior. DSA screen 
with DR52 with MFI= 4800.  Does not bind C1q. 

• Do you treat this DSA?



55Valenzuela and Reed. JCI 2017 

Antibody Mediated Rejection Results in Endothelial Damage

1) CD4-T cells activate immature B cells

2) Activated B-cells then differentiate into 
plasma cells

3) Plasma cells = “factories for Ab production”
Complement-binding Abs cause endothelial cell activation, 

leukocyte recruitment and binding and injury.



56Levine, et al. JHLT (Consensus Statement) 2016 

The Clinical Diagnosis of AMR in Lung is… Difficult

AMR Diagnosis Depends On:

1) Allograft Dysfunction
2) de novo DSA
3) Complement Activation (C4d)
4) Capillaritis
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%dd-cfDNA Can Distinguish AMR Diagnostic Sub-Classes

Levine  DJ, et al. Am J. Transplant 2022;22 (suppl 3)

Jang, et al. JHLT 2021
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Case #3: When the Sniffles Can Kill

• 65yo F with ILD s/p left single lung transplant 6-months prior, undergoes for-
cause bronchoscopy for fever, rhinorrhea, mild dyspnea.  FEV1 unchanged. 

• Bronchoscopy results:
- Anastomoses intact
- Thin airway secretions in periphery.
- BALF= 80% macs, 3% pmns, 17% lymphs
- AXB0  No ACR on 4 pieces.

• The next day BAL fluid is positive for parainfluenza type III virus 

• How do you manage this patient?
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Respiratory Virus Infection is a Risk Factor for Allograft Injury

Transplantation  89(8), 2010. 

60% LTRs
with FEV1 decline 

of ~15%

20% of LTRs
Ultimately 

developed CLAD

+ 59 lung transplant recipients at UCSF 6/2009-6/2011

+ 4-10 weeks following RVI had TBBx to assess for ACR

+ Incidence of post-CARV ACR= 8.9% (same as control)

+ CARV associated with -6.4% decline in FEV1.
Rhinovirus = -4.6% decline 
Non-rhinovirus= -8.8%  (p < 0.05)

Sayah, et al. Clinical Transplantation 2013
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%dd-cfDNA Can Predict Patients that Develop CLAD induced by CARV

American  J Transplantation 2022 

+ 39 patients in GRAfT Cohort with RVI followed for 1 year 

+ %dd-cfDNA assessed by shotgun sequencing within 
7 days of infection 

+ CLAD (spirometry) and allograft survival assessed by 
based on high (>1%) vs. low %dd-cfDNA (<1%)
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Case #3: When the Sniffles Can Kill

How do you manage this patient?
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Case #4: FEV1 is Declining  CLAD vs. LARD? 

• 72yo M with COPD s/p bilateral lung transplant 6 years ago. 
With history of ACR x 2 (treated with pulse steroids), GERD s/p Nissen, and 
an episode of CMV viremia, which resolved with GCV.  FEV1= 85% of post-
transplant peak average (on Azithromycin).

• Has not been seen in past 1 year due to COVID pandemic and patient’s anxiety. 

• Home spirometry ”stable”.  Patient feels “out of shape”. 

• Weight now increased by 20lbs.  FEV1 and FVC have declined by 12%.
CT chest with bibasilar atelectasis, otherwise no changes. 
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What Happens with dd-cfDNA Over Time?

In a prospective study of 51 patients 
> 2-years post-lung transplant that 

were clinically stable:

Median %dd-cfDNA= 
0.45

(0.26 – 0.69)

95th percentile= 1.54%
CVI= 26% 
CVG= 47% 

Reference change value= 73%

Trindade, et al. Transplantation Direct 2022 (Accepted)
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Can dd-cfDNA be a Biomarker for CLAD?
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Objectives

1) ALAD and CLAD limit lung allograft survival 

2) dd-cfDNA: Evidence in lung transplantation &
How I use dd-cfDNA in the clinic

3) Future directions for dd-cfDNA in lung transplantation
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dd-cfDNA to Assess for ACR Recovery
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Follow-Up Transbronchial Biopsy is Important  to Assess Treatment Response 

Guilinger, et al. AJRCCM 1995

+  Single-center retrospective study (Pittsburgh)

+  Bronchoscopy performed 2-6 weeks after therapy.

+  Incidence of persistent ACR was 30%.
.

Aboyoun, et al. AJRCCM 2001

+  Single-center retrospective study   
(Sydney, Australia)

+  99 patients with >A2 ACR 
had follow-up TBBx within 45 days.

+  Persistent >A2 ACR seen in 26%

+  Persistent >B2 ACR seen in 22%
.

The ~25% of patients with 
steroid-refractory ACR 

may have unmitigated inflammation 
for  4-6 weeks
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Transbronchial Biopsies are NOT Benign 

2017 Medicare National Average Payment (www.cms.gov) 

Patient “Costs”

+ Travel Expenses
+ Lost time / revenue
+ Procedure AnxietyHopkins et al., JHLT 2002



69

Can %dd-cfDNA 
be a biomarker of 

ACR resolution following 
therapy with steroids?
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2) To assess whether early dd-cfDNA kinetics can discriminate between  
glucocorticoid responders vs. non-responders following therapy for ACR.   

1) To determine %dd-cfDNA levels in patients with histologic resolution of ACR.

3) Compare transcriptional (miRNA and mRNA) profiles between GC responders 
and non-responders within the first few days following ACR therapy.

Specific Aims for Pilot Study:
dd-cfDNA as a Biomarker for ACR-recovery
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Study Design:
dd-cfDNA as a Biomarker for ACR-recovery



72

Aim 1:  dd-cfDNA as a Biomarker for ACR-Recovery

Biopsy-
Proven ACR

Dd-cfDNA 
< 1%

Dd-cfDNA 
> 1%

Resolved 11 3 14

Unresolved 1 5 6

Total 12 8 20

Assuming:
1) a 30% rate of GC-refractory ACR 
2) %dd-cfDNA sensitivity for ACR of ~80% 

Diagnostic ability of 1% dd-cfDNA 
as a threshold to exclude ACR

Compare median 
%dd-cfDNA between 
biopsy resolved and 

unresolved ACR 
using a Wilcoxon Rank 

Sum test. 



Aim 2:  dd-cfDNA decline to Distinguish Early GC-Response
%

dd
-c

fD
N

A

Time (days)

= GC non-responders
= GC responders

Slope of EARLY dd-cfDNA% Decay Between Glucocorticoid Responders and Non-responders

△slope within first 3-days 
of treatment (pulse steroids) 

will be compared 
between biopsy-proven

GC responders 
and GC- non-responders.



= GC- non-responders
= GC- responders

Slope #1

Slope #2

%
dd

-c
fD

N
A

Time (days)

mRNA
Refractory ACR- Day 3       

mRNA 
Untreated ACR

N =5

N =5
mRNA

Treated ACR- Day 3       
mRNA 

Untreated ACR

Aim 3:  Whole Blood Transcriptional Profiling to Identify 
Early Inflammatory Pathways Associated with (GC)-responsiveness in ACR
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dd-cfDNA to Titrate 
Immunosuppression



Transplant Pulmonologists Transplant Surgeons

David Erasmus, MD- Medical Director
Anil J. Trindade MD – Assoc. Med Director
Ivan M. Robbins, MD 
Katie A. McPherson, MD
Stephanie Norfolk, MD
Ciara Shaver MD, PhD

Eric Lambright, MD- Surgical Director
Matthew Bacchetta MD, MBA – VLI Surgical Director
Caitlin T. Demarest, MD, PhD
Erin Gillaspie, MD
Eric Grogan, MD

Office Phone:  615-936-0393
Office FAX: 615-936-0396

https://www.vanderbilthealth.com/program/lung-transplant

THANK YOU!

https://www.vanderbilthealth.com/program/lung-transplant
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