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Overview

•Pre-transplant
-Evolution of candidate selection
-Allocation Policy
-Recipient management

•Post-transplant
-The changing face of transplant rejection
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Pre-transplant
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General selection criteria

Individuals with 
advanced lung 
disease

-NYHA Class III - IV
-Unacceptable   
quality of life 
-50% survival < 3 
years despite 
maximal medical 
therapy
Accelerated clinical 
course

Individuals with limited co-
morbidities:

CAD: unstable, inducible, 
uncorrectable
Renal insufficiency
Cirrhosis
Connective tissue disease with 
skin or peripheral vessel 
involvement
Malignancy
Chronic Infection: Hepatitis, 
HIV



6

Demographics of lung transplantation

OPTN/SRTR 2019 Annual Data Report: Lung

Candidate Listing Transplantation
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Demographics of transplantation
• Improvements in survival in advanced lung disease impact men more 

than women
• minority populations represent a disproportionate number of patients 

with end stage lung disease
• Between 2016 - 2020, non-white patients represented 20-30% of lung 

transplant recipients in the United States.
• At present, Black candidates represent 12.6% of the national lung 

transplant waiting list, while Hispanic candidates represent 15.6%.
• While national policy changes have had an impact on racial disparities in 

the listed population, such efforts have limited impact on referrals and 
candidate acceptance rates Am J Transplant 2006; 6: 2436

Res Health Sci 2020; 5: 48
J Heart Lung Transplant 2013; 32:684
J Heart Lung Transplant 2015; 34: 1
https://optn.transplant.hrsa.gov/data/view-
data-reports/national-data/#



8

Equity Initiatives

https://insights.unos.org/equity-in-
access/
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Describing the need

• Institution of the Lung Allocation Scoring System in 
2005
• Minimize waiting list deaths
• (maximize post-transplant survival)

• Liberalization of recipient acceptance criteria
• Increasing age
• Increasing acuity
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Describing the need 

Am J Transplantation 2021; 21: 441
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Functional status and lung transplant outcomes

Am J Resp Crit Care Med 2015: 192: 843
Ann Thor Surg 2018; 106: 79
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The result – the waiting is the hardest part

Need to support the more 
acutely ill candidate:
-Increased age
-Increased disease severity
- Unchanged need to 
maintain functional status



13

Concurrent technological advances

Thor CV Surg 2013; 145: 862
Clin Chest Med 2011; 32: 245
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Ex vivo lung perfusion

Clin Chest Med 2011; 32: 233-44
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Ex vivo lung perfusion

N Engl J Med 2011; 364: 1431-40
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• Current system: places 
candidates into rank-ordered 
classifications reviewed in 
sequence 

• New framework: ranks all 
candidates using a composite 
allocation score, without 
categorizing into classifications

• The composite score is 
determined by multiple 
factors, called “attributes,” 
that are weighted against 
each other during the 
calculation

Continuous distribution of organs
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Continuous distribution of organs
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Protocol development: transplantation using 
hepatitis C positive donors

• Open-label, pilot, safety and efficacy trial for adults on heart or lung transplant 
wait list eligible for an organ from an increased risk donor with:
– Active HCV infection à NAT1 positive

– or –

– Prior HCV infection à Ab2 positive and NAT negative 

Study
Arm

Donor 
HCV Status

Timing of 
Anti-viral Initiation Treatment Regimen 

Arm A NAT+ Day of transplant sofosbuvir/velpatasvir
4 weeks

Arm B Ab+ / NAT–
Evidence of HCV 

viremia
sofosbuvir/velpatasvir

6 weeks
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New Engl J Med 2019; 380: 1606
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New Engl J Med 2019; 380: 1606
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Post-transplant
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Available registry data focuses on BOS
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Pathophysiology of rejection

Chest 2016; 150: 219
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“Chronic Rejection”

J Heart Lung Transplant 2007; 26: 1229
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Bronchiolitis obliterans syndrome (BOS)

J Heart Lung Transplant 2002; 21: 297
J Heart Lung Transplant 2019; 38: 493
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Restrictive allograft syndrome (RAS)

J Heart Lung Trans 2011; 30: 735
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Restrictive allograft syndrome

J Heart Lung Trans 2011; 30: 735
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Chronic lung allograft dysfunction (CLAD)

J Heart Lung Transplant 2019; 38: 493
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Post-transplant donor specific antibodies

JHLT 2014; 33: 1255
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Post-transplant donor specific antibodies

J Heart Lung Trans 2014; 33: 1288
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Antibody mediated lung allograft rejection 
(AMR)

JHLT 2010; 29: 395
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Antibody mediated rejection

JHLT 2009; 28: 96
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Pathology of antibody mediated rejection

JHLT 2013; 32: 14
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– C4d Background 
antibody staining 
not clearly defined

– Positive staining is 
variable, non-
specific pattern

– Cannot be used 
alone to detect AMR

Pathology of antibody mediated rejection

JHLT 2003; 3: 1143  JHLT 2010; 29: 395
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Diagnostic challenges

J Heart Lung Transplant  2016; 35: 397



36

The evolving face of rejection in lung 
transplantation
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• Lung allocation prioritizes survival benefits, 
which leads to higher acuity and complexity of 
candidates

• Lung transplant candidates often require 
mechanical support in the pretransplant 
period to allow for successful bridge to 
transplant

• The recovery from the transplant procedure is 
therefore often longer and more complex

Key Points
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• Rejection remains the main impediment to 
long term survival benefits after lung 
transplantation

• Rejection presents with a variety of 
phenotypes, and requires a comprehensive 
evaluation platform for diagnosis

• Further study to create a more personalized 
approach to treatment of rejection is still 
needed.

Key Points
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• A 40 year old woman with cystic fibrosis is 2 
years post bilateral lung transplant. She 
presents with new onset dyspnea with 
exercise. Saturations are stable. CXR shows no 
infiltrates or effusions. Spirometry shows a 
15% decline in FEV1. A bronchoscopy is 
performed. This shows no inflammatory 
infiltrate but a paucity of obvious terminal 
airways is noted.

Question
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• The most likely diagnosis is:
1) Sampling error
2) Obstructive CLAD
3) Restrictive CLAD
4) AMR

Question
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Thank you


