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Innovations in organ preservation, surgical technique, and postoperative care have transformed solid
organ transplantation. As organ transplantation becomes more common, potential racial, ethnic, and
socioeconomic inequities in the referral and selection process are also emerging. Research studies
highlight that patients from minoritized and low socioeconomic groups experience lower rates of
referrals, reduced access to the transplant waitlist, higher rates of postoperative complications, and
higher mortality rates for cardiothoracic (lung/heart) and abdominal (liver/kidney/pancreas) trans-
plants. Yet, the drivers of these inequities are understudied and thus poorly understood. Strategies that
address the root causes and mitigate these inequities are urgently needed. The purpose of this
manuscript is not to be a systematic review, partially because there is limited research in this area, but
to lay a roadmap toward equity in lung transplant. We highlight the available literature on lung
transplantation inequities, identify critical needs, and propose strategies for the next steps. Our goal is
to urge a call to action for the research community to systematically address the research in lung
transplant disparities, and for health systems, organizations, and policymakers to implement the or-
ganizational and health system changes to meaningfully reduce these disparities.

JHLT Open 2023;2:100012

© 2023 The Authors. Published by Elsevier Inc. on behalf of International Society for Heart and Lung
Transplantation. All rights reserved. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Organ transplantation has become a viable option for
many advanced diseases. The global increases in organ
transplantation are likely due to improved donor avail-
ability, transplant surgical technique, postsurgical care, and
outcomes. Despite this progress, contemporary research
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across the field of organ transplantation highlights the re-
duced access, longer wait to transplant, increased post-
operative complications, and higher mortality rates in
patients from minority and low socioeconomic groups, and
women.'~ Disparities research in organ transplantation is
critical for advancing care, as highlighted by several clinical
trials in abdominal transplantation.”’ The lung transplan-
tation field is notably smaller in relation to the heart or
abdominal organs, but there are even fewer studies pub-
lished focusing on this area, which impedes progress.” The
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limited research on disparities in lung transplantation stands
in contrast to the comparatively larger research on dis-
parities of pulmonary disease burden, access to treatment,
and patient outcomes.”

Previous attempts have been made to reduce inequities
in access to donor lungs in the United States (US). These
include the implementation of the lung allocation score
(LAS) in 2005 prioritizing access for sicker and older pa-
tients, the adjustment of the LAS in waitlist patients with
idiopathic pulmonary artery hypertension,'~ and expanding
the primary allocation unit for donor lungs from the local
donation service area to a 250-nautical mile radius around
the donor hospital.”“ However, these well-intended efforts
may have led to untended consequences such as increasing
costs, reduced efficiencies, and worsening access to short-
stature individuals, and patients in need of multiorgan
transplants.' >’ Very recently, the Organ Procurement and
Transplantation Network (OPTN) implemented a con-
tinuous allocation score (CAS) that takes donor and re-
cipient factors into consideration, with the candidate’s score
changing with each donor-recipient match run.'® In simu-
lation models, CAS reduced geographic disparities, in-
creased equity in organ allocation, and reduced waitlist
mortality.'” In contrast to these efforts, very few steps have
been taken to improve access to the transplant waitlist.
There is a critical need for systematic evaluation of patient-
level and process-driven inequities across the continuum of
lung transplant care—from waitlist access to postoperative
health, ultimately to inform the development of strategic
solutions.

In this perspective, we aim to highlight what is known
about lung transplant inequities, identify the critical gaps in
understanding, and propose strategies for the next steps
toward mitigation. We outline this for 3 phases of lung
transplant care: (1) the referral process, (2) the transplan-
tation process (evaluation, listing, and allocation), and (3)
post-transplant care. Our goal is to urge a systematic ap-
proach to lung transplant inequities research that facilitates
individual, societal, and health system changes to mean-
ingfully reduce disparities. We review the extent of this
problem within the US with a brief global overview,
highlighting common themes and issues unique to other
countries.

Road to referral: upstream factors that
influence transplant care

It is important to recognize that health care disparities can
impact patients before they ever enter transplant care.
Disparities in other health care domains can have significant
consequences that carry forward through the transplant care
continuum. Any process that contributes to inequities in
access to clean air, environmental exposures, diagnosis, and
management of disease can drive inequities in access to
lung transplant referrals. Populations with limited resources
across the globe are disproportionately burdened with

chronic lung conditions resulting from early childhood
disadvantages and exposure to environmental toxins, such
as outdoor and indoor pollutants, pesticides, and
smoking.'**" Additionally, patients from minoritized and
low socioeconomic groups are known to experience delays
in the diagnosis of chronic lung conditions, such as chronic
obstructive pulmonary disease and sarcoidosis,” > and
reduced access to effective treatments, such as pulmonary
rehabilitation.”* These populations can also experience
limited access to preventative strategies such as smoking
cessation interventions” and poor treatment adherence””
that can further contribute to higher morbidity and mortality
rates.”® Inequities in access to health care,”’ secondary to
income and racial segregation in neighborhoods,”*’ can
adversely impact access to lung transplantation. A recent
study in the US population demonstrates that median zip
code income and geographic proximity of a lung transplant
center were associated with a lower likelihood of receiving
lung transplantation among patients with idiopathic pul-
monary fibrosis (IPF).‘;”

To help inform and standardize the referral process, the
International Society for Heart and Lung Transplantation
provides comprehensive, disease-specific lung transplant
referral guidelines.‘” However, the processes of a referral
including patient selection, initiation of the transplant re-
ferral, and following the center-specific guidelines fall so-
lely on the local pulmonary providers, can be burdensome
and resource-consuming. This point in care is likely one of
the important drivers of inequities in access to lung trans-
plantation, but data evaluating these referral processes
systematically are sparse. Providers affiliated with a lung
transplant center are more likely to refer due to familiarity
with the referral process, as suggested in the above study of
IPF patients.”” For those who receive these referrals, further
challenges exist for resource-limited populations such as
unequal geographic access to transplantation programs,
insurance coverage, limitations associated with Medicaid,
relocation requirements, logistics, and financial costs for the
patients and their caregivers. We argue that disparities in
lung transplant reflect and are affected by health disparities
more broadly. We call to the attention of lung transplant
clinicians these parallels to encourage greater efforts by this
community to ensure lung transplant research and care or-
ganizations treat equitable access as a priority shared by
primary care physicians, pulmonologists, and transplant
clinicians alike.

In Table 1, we summarize current gaps in the referral
process and recommend strategies for the next steps. Ana-
lysis of referral patterns, assessment of pulmonologists’
experience in accessing transplant evaluations, their re-
source needs, and education needs could be crucial in im-
proving access to lung transplant referrals for eligible
candidates. A key limitation for the referral analyses is the
lack of national or international lung transplant referral
datasets. Establishing national lung transplant referral re-
gistries, compilation of all chronic lung disease registries,
and potential linkage of these to the transplant registries
could help mitigate this critical gap. Once these referral
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Table 1 Inequities in Lung Transplant Care Continuum

Inequities in lung transplantation Knowledge gap Proposed focus for future research
Referral process
Referrals to lung transplantation do ® National referral patterns are ® Building national lung transplantation
not reflect the demographic unknown referral datasets
characteristics of advanced lung ® Rationale for provider referral, or ® Compilation and assessment of all chronic
disease patients lack thereof is unknown lung disease registries
® Patient preferences for transplant ® |inking chronic lung disease registries to

are unknown

transplantation registries such as OPTN

® Transplant referral education and ® Transplant organizations develop focused

experience is unknown

Transplantation process

working groups to analyze referrals across
lung transplant programs

® Foster cross-collaboration among programs
to address the geographic gap points

® Develop robust referral pathways at the
health systems level to assist referring
providers in discussion of transplant as a
treatment strategy

® Pulmonary societies and organizations assess
educational needs and review current
guidelines for pulmonary care to include
transplant as a potential treatment strategy

Access to a transplant program and ® |ack of objective data or registry ® Mandated reporting of waitlist denials for all
access to the transplant waitlist varies data to assess the extent of programs
from center to center inequity in the lung transplant ® Minimizing variations and standardizing
Lung transplant evaluations include evaluation process processes across the programs
social and economic reviews that could  ® Many of the current assessments do ~ ® Conduct validation research of current
introduce bias and drive inequities not have validation studies on standardized assessments with a focus on
Geographic variations in lung outcomes outcomes
transplant evaluations can introduce ® (rucial data on access to a ® |inking unique patient identifiers to
unintended inequities transplant program and waitlist is registries while ensuring data protection
currently not captured by national
registries
Racial, socioeconomic, and gender
differences in waitlist mortality and ® Unclear etiology of mortality ® (enter-specific and national registry analysis
access to organs differences to identify areas of opportunity

® Unclear impact of donor allocation ® Focused efforts to follow recommendations

system changes

of the “Realizing the Promise of Equity in the

® (auses for variability in donor Organ Transplantation System”
acceptance are unknown

Post-transplantation process

Racial, socioeconomic, and gender ® FEtiology and factors driving post- ® Expansion of national registry data to
differences in outcomes after lung transplant mortality differences are include biological markers

transplant unknown ® Expanded collection of social determinants
Reported worst outcomes in recipients  ® Factors leading to worse outcomes of health (SDOH) from national and
of donor lungs from minorities and associated with Black race and international registries

women female gender are unknown ® Multilevel advocacy in addressing disparities

in lung health before the transplant
® Research studies focused on donor lung
exposure to SDOH and associated outcomes

Abbreviation: OPTN, Organ Procurement and Transplantation Network.

data are available, the health systems, transplant societies,
and organizations, such as OPTN, could collaborate to
analyze the datasets. Pulmonary societies could address the
observed geographic gaps in lung transplant referrals
through need-based interventions and advocacy. Pulmonary
care guidelines may be opportune for informing educational
needs at the health system, provider, and patient levels.

Transplantation process: Evaluation, listing,
and allocation

Race, ethnicity, and socioeconomic status can negatively
impact the lung transplant evaluation process. An ob-
servational study of patients with cystic fibrosis and
Medicaid insurance recipients demonstrated 1.56-fold
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higher odds of not being accepted for lung transplant than
patients without Medicaid.”” Patients who did not complete
high school and who reside in the lowest ZIP code median
household income category experienced 2.37-fold and 1.39-
fold higher odds respectively of not being accepted for a
lung transplant. Additionally, race and ethnicity can nega-
tively impact the psychosocial evaluation,” posing further
barriers to being listed. Thus access to the waitlist after a
referral is another understudied area. Practices vary from
center to center and this crucial data are not captured by any
national registries. This is a hidden driver of inequities in
the field of lung transplantation and we propose mandated
reporting of evaluation and listing data for all programs.
This reported data, in turn, can improve transparency,
provide a unique insight for health-system based research,
and identify areas of opportunity to ensure equal access to
lung transplant waitlists.

Once listed for transplant, disparities in access to lung
allografts”** as well as delisting or death after listing™
have been observed among racial groups and women. These
disparities are likely driven by differences in disease man-
agement, timing of referral, and transplant center evaluation
and waitlist management practices.”” A retrospective ana-
lysis of patients listed for lung transplant in the OPTN
database from 1984 until 2019 reported that 51.7% of those
listed were men. The median waitlist time for transplanted
males was 43 days while for transplanted females it was
80 days. White patients accounted for 82.6% and 84.3% of
listed and transplanted patients, respectively.’® These find-
ings persisted despite changes in donor allocation with the
LAS* 7 and were thought to be due to differences in
disease severity at the time of listing. The LAS surprisingly
did not account for sex-differences in allocation priority, in
spite of documented differences in waitlist mortality.””
Expansion of the primary allocation unit in 2017 from a
donor service area to a 250-mile radius resulted in moderate
improvements in waitlist outcomes, but significant geo-
graphic disparities persist.'” The most recent adoption of
the CAS promises to improve waitlist mortality, more
equitable organ allocation, and reduction in geographic
boundaries in simulation models,'” but it is too early to
assess its real impact on these inequities.

A recent report from the National Academies of
Sciences, Engineering, and Medicine outlines wide and
persistent disparities in access to the transplant waitlist, al-
location, and transplantation of donor organs.’’ Their re-
commendations, although based on research in the field of
abdominal transplant, are widely applicable to lung trans-
plant. We believe the specific recommendations to expand
data collection to include center-based evaluation processes,
to improve equity in organ allocation algorithms, and to
increase accountability declines for organ are important next
steps toward equity in the field of lung transplantation. Ef-
forts to increase transparency and accountability for organ
offers and to establish informatics to track performance
within and across centers would provide much needed data
for mitigation strategies.”’

Life after transplant: Post-transplant care

Race and socioeconomic status can negatively impact post-
transplant morbidity and mortality. A recent study evalu-
ating 19,504 lung transplant donor and recipient pairs found
that post-transplant mortality rates for non-Hispanic Black
recipients are 18% higher than those for Hispanic recipients
and 11% higher than those for non-Hispanic White re-
cipients. As the authors point out, this disproportionately
high mortality in non-Hispanic Black recipients may reflect
the biological embodiment of social adversity across the life
course.”® Previous research also attributes low socio-
economic status or certain residential areas to high post-
transplant mortality,”” and higher need for aggressive
postoperative interventions, such as dialysis in racial and
ethnic minorities."’

Another area of potential inequity arises from intense
post-transplant care. Lung transplant recipients experience
shorter survival, frequent rejections, and infectious com-
plications in comparison to abdominal organ transplanta-
tion."' This requires care at lung transplant centers
indefinitely, as opposed to delegation to local providers.
This system of centralized care can expose resource-limited
lung transplant recipients to unintended and unrecognized
inequities related to the cost of travel and caregiver lost
wages. These can be mitigated with adequate preparation
and planning for resources during the waitlisting process
and harnessing the power of advanced technology such as
virtual visits and remote digital monitoring.

Global challenges

The 2021 Global Observatory on Donation and
Transplantation data report an 8.9% increase in lung
transplants globally. Austria, Belgium, and Canada report a
higher number of lung transplants per million population in
comparison to the US.”” This data suggests better access
across the continuum of care in these countries. A 2020
study evaluating the longitudinal data from the Canadian
and US Cystic Fibrosis (CF) Foundation Registries reported
lower 1-, 3-, and 5-year survival rates of 88.3%, 71.8%, and
60.3% in the US population, respectively, in comparison to
90.5%, 79.9%, and 69.7% rates in Canadians. Additionally,
CF patients from the US experienced higher waitlist mor-
tality, with an estimated 7.5 years of survival benefit to
Canadian CF patients.”” Another prospective cohort study
evaluating fibrotic interstitial lung disease (FILD) outcomes
reported that FILD in the US from areas with greater
neighborhood-level disadvantage experience higher mor-
tality and lower odds of lung transplantation. These dis-
parities were not observed in Canadian FLID patients.*"
Further research addressing these adverse outcomes in the
US population is warranted to close these gaps. European
Society of Transplantation (ESOT) also brings to light the
widespread inequities among European countries stemming



Price et al.

Future strategies for inequities In lung transplantation 5

from varied awareness and education of health care pro-
fessionals about lung transplantation and treatment, al-
though further work is still needed to understand the factors
that drive them. To address these inequities, ESOT plans to
launch international data-driven registries, work with pa-
tient associations to establish a multilingual and culturally
competent transplant information portal for patients, and
develop an health care professional communication guide.”
These international collaborations and registries can be
crucial in advancing transplant research, clinical care, and
the quick sharing of best practices globally.

Data in this area from Australia and New Zealand are
sparse. However based on reports of poorer lung health in
Indigenous populations than their non-Indigenous counter-
parts’® and poor access to kidney transplantation,”’ it is
possible that the Indigenous population may be experiencing
disparities currently unrecognized. Thoracic transplant activ-
ities are rapidly growing in developing economies such as
Brazil and India.”” For these programs it will be particularly
important to monitor new policies for emerging disparities or
unintended consequences. African nations experience worse
geographic disparities in access to solid organ transplants due
to a lack of skilled workforce, infrastructure, and institutional
support in program development.”**’ Thus inequalities in
access to lung transplantation exist globally in various forms
and shapes and require an in-depth evaluation. The WHO task
force plans to address these global challenges by developing a
framework for the exchange of best practices and technical
expertise to ensure proper care is delivered globally.”’ The
international guidelines will be especially important for many
countries with emerging transplant programs or without es-
tablished programs but development plans in the future.

Call for action

We ultimately believe that the medical and surgical scientific
advancements in the field of lung transplantation would be
futile if not accessible to those who need it the most. The
time has come to apply the same scientific rigor and dollars
to these inequities that we apply to medical risk factors and
surgical techniques. With the recent Health Resources and
Service Administration proposal of doubling the funding for
organ procurement and transplantation to 67 million dollars
and to modernize the OTPN, we should seize the opportunity
to organize and focus research efforts related to access to
lung transplantation.”’ The 2022 report from the National
Academies is an excellent first step framework to address
health inequities. In Table 1, we propose focused quality
improvement and research efforts across the lung trans-
plantation care continuum. These are built upon health equity
research principles of a multilevel approach and intentional
engagement with regulatory bodies, health systems, profes-
sional societies, and community-based organizations. With
effective implementation, these interventions could be
longitudinally sustainable and highly impactful in mitigating
inequities among patients who would need a referral, and
those who are actually referred to, evaluated for, waitlisted

for, or undergoing lung transplantation care (Table 1). A key
component will be an investment in improved informatics
systems at individual centers as well as national and inter-
national registries.

These US-based strategies, in collaboration with the
action plan from ESOT, and the WHO framework of
sharing best practices and technical experiences, can be
instrumental in improving cross-collaboration among in-
ternational programs, mitigating lung transplant inequities,
and advancing care forward globally.
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